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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.


      
        Thinking AI models emit 50x more CO2--and often for nothing
        Every query typed into a large language model (LLM), such as ChatGPT, requires energy and produces CO2 emissions. Emissions, however, depend on the model, the subject matter, and the user. Researchers have now compared 14 models and found that complex answers cause more emissions than simple answers, and that models that provide more accurate answers produce more emissions. Users can, however, to an extent, control the amount of CO2 emissions caused by AI by adjusting their personal use of the te...

      

      
        Microscopic heist: How lung bacteria forge weapons to steal iron and survive
        Researchers investigating the enigmatic and antibiotic-resistant Pandoraea bacteria have uncovered a surprising twist: these pathogens don't just pose risks they also produce powerful natural compounds. By studying a newly discovered gene cluster called pan, scientists identified two novel molecules Pandorabactin A and B that allow the bacteria to steal iron from their environment, giving them a survival edge in iron-poor places like the human body. These molecules also sabotage rival bacteria by...

      

      
        Massive thread of hot gas found linking galaxies -- and it's 10 times the mass of the Milky Way
        Astronomers have uncovered a colossal, searing-hot filament of gas linking four galaxy clusters in the Shapley Supercluster a discovery that could finally solve the mystery of the Universe s missing matter. This giant thread, 10 times the mass of the Milky Way and stretching 23 million light-years, is one of the best confirmations yet of what cosmological simulations have long predicted: that vast, faint filaments connect the Universe s largest structures in a cosmic web.

      

      
        The AI that writes climate-friendly cement recipes in seconds
        AI researchers in Switzerland have found a way to dramatically cut cement s carbon footprint by redesigning its recipe. Their system simulates thousands of ingredient combinations, pinpointing those that keep cement strong while emitting far less CO2 all in seconds.

      

      
        How can we make fewer mistakes? US Navy invests $860k in placekeeping
        With $860K in Navy funding, MSU psychologists are developing tools to spot people who can handle complex tasks under pressure. The key? Mastering "placekeeping" staying focused and accurate even when sleep-deprived or interrupted.

      

      
        You hear the beep, but can't find the car: The hidden flaw in electric vehicle safety
        As electric vehicles grow more popular, their warning sounds may not be doing enough to protect pedestrians. A Swedish study shows that these signals are hard to locate, especially when multiple vehicles are involved, leaving people unable to tell where danger is coming from or how many cars are nearby.

      

      
        Defying Darwin: Scientists discover worms rewrote their DNA to survive on land
        New research is shaking up our understanding of evolution by revealing that some species may not evolve gradually at all. Instead, scientists discovered that certain marine worms experienced an explosive genetic makeover when they transitioned to life on land over 200 million years ago. Their entire genome broke into pieces and was randomly reassembled an event so extreme it stunned researchers. This radical shift supports the theory of "punctuated equilibrium," where species remain unchanged for...

      

      
        Winter sea ice supercharges Southern Ocean's CO2 uptake
        A breakthrough study has uncovered that the Southern Ocean's power to pull carbon dioxide from the atmosphere fluctuates dramatically depending on winter sea ice. When sea ice lingers longer into winter, the ocean absorbs up to 20% more CO2, thanks to a protective effect that blocks turbulent winds from stirring up deeper, carbon-loaded waters. This subtle seasonal shield plays a vital role in buffering our planet against climate change. But here s the twist: winter data from the Southern Ocean i...

      

      
        A thousand colors, one galaxy: Astronomers reveal a cosmic masterpiece
        Astronomers have produced the most detailed map yet of the Sculptor Galaxy, revealing hundreds of previously unseen celestial features in stunning color and resolution. By combining over 50 hours of observations using the European Southern Observatory s Very Large Telescope, scientists captured a full-spectrum portrait that unravels the galaxy s stellar makeup in thousands of colors. This revolutionary technique offers an unprecedented look at the age, composition, and motion of stars and gas acr...

      

      
        AI sniffs earwax and detects Parkinson's with 94% accuracy
        Imagine diagnosing Parkinson s disease not with pricey scans or subjective checklists, but with a simple ear swab. Scientists in China have developed a promising early screening method that detects Parkinson s from subtle changes in the scent of ear wax yes, really. By analyzing specific volatile compounds in ear wax and feeding that data into an AI-powered olfactory system, they achieved 94% accuracy in identifying who had the disease. If expanded successfully, this low-cost, non-invasive techni...

      

      
        From shortage to supremacy: How Sandia and the CHIPS Act aim to reboot US chip power
        Once a global leader in chipmaking, the U.S. now lags behind. Sandia National Laboratories is spearheading a strategic comeback by joining a powerful new coalition the National Semiconductor Technology Center. Through cutting-edge research, collaborative partnerships, and workforce development, Sandia is aiming to reclaim semiconductor dominance, safeguard national security, and revolutionize tech innovation for everything from self-driving cars to AI processors.

      

      
        Forever chemicals' toxic cousin: MCCPs detected in U. S. air for first time
        In a surprising twist during an air quality study in Oklahoma, researchers detected MCCPs an industrial pollutant never before measured in the Western Hemisphere's atmosphere. The team suspects these toxic compounds are entering the air through biosolid fertilizers derived from sewage sludge. While these pollutants are not yet regulated like their SCCP cousins, their similarity to dangerous "forever chemicals" and unexpected presence raise red flags about how chemical substitutions and waste disp...

      

      
        This tiny patch could replace biopsies--and revolutionize how we detect cancer
        A new nanotechnology breakthrough may soon eliminate the need for painful biopsies. Scientists have developed a patch filled with nanoneedles thinner than a human hair that can painlessly extract molecular data from tissues without removing or damaging them. This enables real-time disease monitoring, particularly for conditions like brain cancer and Alzheimer s, and could radically change how doctors diagnose and track disease. The patch works quickly, integrates with common medical tools, and pr...

      

      
        MIT uncovers the hidden playbook your brain uses to outsmart complicated problems
        When faced with a tricky maze task involving hidden information, humans instinctively toggle between two clever mental strategies: simplifying in steps or mentally rewinding. MIT researchers showed that people shift methods based on how reliable their memory is echoed by AI models mimicking the same constraints.

      

      
        These beetles can see a color most insects can't
        Beetles that can see the color red? That s exactly what scientists discovered in two Mediterranean species that defy the norm of insect vision. While most insects are blind to red, these beetles use specialized photoreceptors to detect it and even show a strong preference for red flowers like poppies and anemones. This breakthrough challenges long-standing assumptions about how flower colors evolved and opens a new path for studying how pollinators influence plant traits over time.

      

      
        Biggest boom since the Big Bang? Astronomers record 25x supernova brightness
        Astronomers have identified a new kind of cosmic explosion extreme nuclear transients so powerful they outshine typical supernovae by orders of magnitude and stay bright for years. Triggered when massive stars are torn apart by supermassive black holes, these rare events emit energy that challenges previous theories of stellar death.

      

      
        Monster salamander with powerful jaws unearthed in Tennessee fossil find
        A massive, extinct salamander with jaws like a vice once roamed ancient Tennessee and its fossil has just rewritten what we thought we knew about Appalachian amphibians. Named Dynamognathus robertsoni, this powerful predator wasn t just a curiosity; it may have sparked an evolutionary chain reaction, shaping the region s remarkably diverse salamander population. Once thought to be isolated to southern Alabama, salamanders like this one were clearly far more widespread and potentially far more inf...

      

      
        Saving energy: New method guides magnetism without magnets
        In a leap toward greener tech, researchers at the Paul Scherrer Institute have discovered a way to control magnetic textures using electric fields no bulky magnets needed. Their star material? A strange crystal called copper oxyselenide, where magnetic patterns like helices and cones swirl at low temperatures. By zapping it with different electric fields, they could bend, twist, and even flip these patterns a first in the world of magnetoelectrics. This opens the door to ultra-efficient data stor...

      

      
        Heavy particles, big secrets: What happened right after the Big Bang
        Smashing atomic nuclei together at mind-bending speeds recreates the fiery conditions of the early universe and scientists are finally getting a better handle on what happens next. A sweeping new study dives deep into how ultra-heavy particles behave after these high-energy collisions, revealing they don t just vanish after the initial impact but continue interacting like silent messengers from the dawn of time. This behavior, once overlooked, may hold the key to unraveling the universe s most my...

      

      
        Cozmic's Milky Way clones are cracking the universe's dark code
        Scientists have built detailed Milky Way simulations under strange new physical laws to probe dark matter, revealing how different versions of the universe might behave and helping us get closer to the real one.

      

      
        Rainbow reefs revealed: The secret 112-million-year saga of glowing fish
        Scientists have uncovered that fish biofluorescence a captivating ability to glow in vivid colors has ancient roots stretching back over 100 million years. This trait evolved independently in reef fish more than 100 times, likely influenced by post-dinosaur-extinction reef expansion. The glowing spectacle is more diverse than previously imagined, spanning multiple colors across hundreds of species.

      

      
        Clever worms form superorganism towers to hitch rides on insects
        Nematodes tiny yet mighty form wriggling towers to survive and travel as a team. Long thought to exist only in labs, scientists have now spotted these towers naturally forming in rotting orchard fruit. Remarkably, the worms aren t just piling up they build responsive, coordinated structures that hitch rides on insects to escape harsh conditions.

      

      
        Black coffee, longer life: The science behind your morning perk
        Coffee might be doing more than fueling your morning routine it could be extending your life. A large-scale study by Tufts University suggests that drinking one to three cups of caffeinated coffee daily is associated with lower overall mortality, particularly from cardiovascular causes. But there s a catch: the benefits drop when sugar and saturated fats like cream are added in excess.

      

      
        Robots that feel heat, pain, and pressure? This new "skin" makes it possible
        Researchers have created a revolutionary robotic skin that brings machines closer to human-like touch. Made from a flexible, low-cost gel material, this skin transforms the entire surface of a robotic hand into a sensitive, intelligent sensor. Unlike traditional robotic skins that rely on a patchwork of different sensors, this material can detect pressure, temperature, pain, and even distinguish multiple contact points all at once.

      

      
        Cluck once, and the river shakes: Inside the Amazon's giant snake saga
        A lifelong fascination with nature and fieldwork led this researcher to the world of ethnobiology a field where ecology, culture, and community come together. Investigating how local people relate to species like the anaconda, their work blends traditional knowledge with scientific methods for better conservation. The tale of the mythic Great Snake morphs into economic concerns over vanishing chickens, revealing how cultural beliefs and practical needs coexist.

      

      
        Tiny orange beads found by Apollo astronauts reveal moon's explosive past
        When Apollo astronauts stumbled across shimmering orange beads on the moon, they had no idea they were gazing at ancient relics of violent volcanic activity. These glass spheres, tiny yet mesmerizing, formed billions of years ago during fiery eruptions that launched molten droplets skyward, instantly freezing in space. Now, using advanced instruments that didn't exist in the 1970s, scientists have examined the beads in unprecedented detail. The result is a remarkable window into the moon s dynami...

      

      
        The invisible killer: PM 1 pollution uncovered across America
        A groundbreaking 25-year analysis using satellite technology has now mapped PM 1 levels across the U.S., uncovering how wildfires, vehicle emissions, and industrial byproducts have shaped the air we breathe. Although regulations have improved air quality over time, rising wildfire activity poses a growing challenge. This new dataset gives scientists and regulators a vital tool for targeting the most harmful pollutants and protecting public health.

      

      
        600-million-year-old body blueprint found in sea anemones
        Sea anemones may hold the key to the ancient origins of body symmetry. A study from the University of Vienna shows they use a molecular mechanism known as BMP shuttling, once thought unique to bilaterally symmetrical animals like humans, insects, and worms. This surprising discovery implies that the blueprint for forming a back-to-belly body axis could date back over 600 million years, to a common ancestor of cnidarians and bilaterians.

      

      
        Only 13 % know: The one-minute self-exam that could save young men's lives
        A new survey shows most Americans wrongly think testicular cancer is an older man's issue, despite it most commonly affecting men aged 20 40. Early detection is key but misconceptions about symptoms and screening remain widespread.

      

      
        Magnetic mayhem at the sun's poles: First images reveal a fiery mystery
        For the first time in history, we re seeing the Sun from an angle no one ever has: from above and below its poles. Thanks to the European Space Agency s Solar Orbiter and its tilted orbit, scientists have captured groundbreaking images and data that are unlocking mysteries about the Sun s magnetic field, its puzzling 11-year cycle, and the powerful solar wind. Instruments aboard the spacecraft are already revealing strange, chaotic magnetic behavior near the Sun s south pole and tracking solar pa...

      

      
        Your brain has a hidden beat -- and smarter minds sync to it
        When we focus, switch tasks, or face tough mental challenges, the brain starts to sync its internal rhythms, especially in the midfrontal region. A new study has found that smarter individuals show more precise and flexible coordination of slow theta waves during key decision-making moments. Using EEG recordings and cognitive testing, researchers discovered that it s not constant brainwave synchronization that matters most, but the brain s ability to dynamically adapt its rhythms like a well-tune...

      

      
        Scientists discover llama antibodies that shut down COVID -- and its future variants
        Powerful llama-derived antibodies could be the key to stopping not just current SARS viruses, but future ones too. Scientists have discovered a unique class of nanobodies that clamp the coronavirus spike protein shut at a highly conserved region, rendering it unable to infect cells. Unlike existing therapies that target mutating regions, this approach strikes at the virus s core machinery, giving it little room to evolve. Even when pushed to mutate, the virus faltered, making this a high-potentia...

      

      
        Single psilocybin trip delivers two years of depression relief for cancer patients
        Psilocybin, the active ingredient in magic mushrooms, might just revolutionize how depression and anxiety are treated in cancer patients. In a groundbreaking trial, a single dose combined with therapy significantly reduced emotional suffering, and these effects often lasted over two years. As follow-up studies expand the research to multiple doses and larger samples, scientists are eyeing a possible new standard of care that merges psychedelics with psychological support.

      

      
        Galactic mystery: Why massive stars struggle to form in the Milky Way's center
        At the heart of our galaxy lies a cosmic puzzle: although the Galactic Center is packed with star-making material, massive stars form there surprisingly slowly. Using NASA's retired SOFIA observatory, scientists captured rare high-resolution infrared views that revealed dozens of new stars being born, but not in the numbers or sizes one might expect.

      

      
        Tiny wasp's shocking reproductive trick may transform global agriculture
        Aphid-hunting wasps can reproduce with or without sex, challenging previous assumptions. This unique flexibility could boost sustainable pest control if its hidden drawbacks can be managed.

      

      
        83% of Earth's climate-critical fungi are still unknown
        Underground fungi may be one of Earth s most powerful and overlooked allies in the fight against climate change, yet most of them remain unknown to science. Known only by DNA, these "dark taxa" make up a shocking 83% of ectomycorrhizal species fungi that help forests store carbon and thrive. Their hotspots lie in tropical forests and other underfunded regions. Without names, they re invisible to conservation efforts. But scientists are urging more DNA sequencing and global collaboration to bring ...

      

      
        Impossible signal from deep beneath Antarctic ice baffles physicists
        A cosmic particle detector in Antarctica has emitted a series of bizarre signals that defy the current understanding of particle physics, according to an international research group that includes scientists from Penn State. The unusual radio pulses were detected by the Antarctic Impulsive Transient Antenna (ANITA) experiment, a range of instruments flown on balloons high above Antarctica that are designed to detect radio waves from cosmic rays hitting the atmosphere.

      

      
        Scientists reveal the hidden trigger behind massive floods
        Atmospheric rivers, while vital for replenishing water on the U.S. West Coast, are also the leading cause of floods though storm size alone doesn t dictate their danger. A groundbreaking study analyzing over 43,000 storms across four decades found that pre-existing soil moisture is a critical factor, with flood peaks multiplying when the ground is already saturated.

      

      
        Koalas on the brink: Precision DNA test offers a lifeline to Australia's icons
        A University of Queensland-led project has developed a tool to standardise genetic testing of koala populations, providing a significant boost to conservation and recovery efforts.

      

      
        AI Reveals Milky Way's Black Hole Spins Near Top Speed
        AI has helped astronomers crack open some of the universe s best-kept secrets by analyzing massive datasets about black holes. Using over 12 million simulations powered by high-throughput computing, scientists discovered that the Milky Way's central black hole is spinning at nearly maximum speed. Not only did this redefine theories about black hole behavior, but it also showed that the emission is driven by hot electrons in the disk, not jets, challenging long-standing models.

      

      
        Fruit-eating mastodons? Ancient fossils confirm a long-lost ecological alliance
        Ten thousand years after mastodons disappeared, scientists have unearthed powerful fossil evidence proving these elephant cousins were vital seed spreaders for large-fruited trees in South America. Using dental wear, isotope analysis, and fossilized plant residue, researchers confirmed that mastodons regularly consumed fruit supporting a decades-old theory that many tropical plants evolved alongside giant animals. The extinction of these megafauna left a permanent ecological void, with some plant...

      

      
        Passive cooling breakthrough could slash data center energy use
        UC San Diego engineers have created a passive evaporative cooling membrane that could dramatically slash energy use in data centers. As demand for AI and cloud computing soars, traditional cooling systems struggle to keep up efficiently. This innovative fiber membrane uses capillary action to evaporate liquid and draw heat away without fans or pumps. It performs with record-breaking heat flux and is stable under high-stress operation.

      

      
        Why giant planets might form faster than we thought
        Astronomers using ALMA have uncovered how gas and dust in planet-forming disks evolve separately an insight that reshapes our understanding of how different types of planets form. While dust lingers, gas dissipates quickly, narrowing the window for the formation of gas giants like Jupiter.

      

      
        CRISPR-edited stem cells reveal hidden causes of autism
        A team at Kobe University has created a game-changing resource for autism research: 63 mouse embryonic stem cell lines, each carrying a genetic mutation strongly associated with the disorder. By pairing classic stem cell manipulation with precise CRISPR gene editing, they ve built a standardized platform that mirrors autism-linked genetic conditions in mice. These models not only replicate autism-related traits but also expose key dysfunctions, like the brain s inability to clean up faulty protei...

      

      
        Space-laser AI maps forest carbon in minutes--a game-changer for climate science
        A pioneering study reveals how archaeologists' satellite tools can be repurposed to tackle climate change. By using AI and satellite LiDAR imagery from NASA and ESA, researchers have found a faster, more accurate way to map forest biomass critical for tracking carbon. This innovative fusion of space tech and machine learning could revolutionize how we manage and preserve forests in a warming world.

      

      
        This quantum sensor tracks 3D movement without GPS
        Physicists at the University of Colorado Boulder have created a groundbreaking quantum device that can measure 3D acceleration using ultracold atoms, something once thought nearly impossible. By chilling rubidium atoms to near absolute zero and splitting them into quantum superpositions, the team has built a compact atom interferometer guided by AI to decode acceleration patterns. While the sensor still lags behind traditional GPS and accelerometers, it's poised to revolutionize navigation for ve...

      

      
        Africa's pangolin crisis: The delicacy that's driving a species to the brink
        Study suggests that appetite for bushmeat -- rather than black market for scales to use in traditional Chinese medicine -- is driving West Africa's illegal hunting of one of the world's most threatened mammals. Interviews with hundreds of hunters show pangolins overwhelmingly caught for food, with majority of scales thrown away. Survey work shows pangolin is considered the most palatable meat in the region.

      

      
        Brain food fight: Rutgers maps the hidden switch that turns cravings on and off
        Rutgers scientists have uncovered a tug-of-war inside the brain between hunger and satiety, revealing two newly mapped neural circuits that battle over when to eat and when to stop. These findings offer an unprecedented glimpse into how hormones and brain signals interact, with implications for fine-tuning today's weight-loss drugs like Ozempic.

      

      
        Scientists just solved a 40-year-old mystery about quasicrystals
        Scientists at the University of Michigan have unlocked a long-standing mystery about quasicrystals exotic materials that straddle the line between the orderly structure of crystals and the chaos of glass. These rare solids, which once seemed to break the rules of physics, are now shown to be fundamentally stable through cutting-edge quantum simulations. The findings not only validate their existence but also open the door to designing next-generation materials using powerful new computational tec...

      

      
        Webb space telescope reveals starburst galaxies that lit up the early universe
        Data from NASA's James Webb Space Telescope has revealed dozens of small galaxies that played a starring role in a cosmic makeover that transformed the early universe into the one we know today.
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Thinking AI models emit 50x more CO2-and often for nothing | ScienceDaily
No matter which questions we ask an AI, the model will come up with an answer. To produce this information - regardless of whether than answer is correct or not - the model uses tokens. Tokens are words or parts of words that are converted into a string of numbers that can be processed by the LLM.


						
This conversion, as well as other computing processes, produce CO2 emissions. Many users, however, are unaware of the substantial carbon footprint associated with these technologies. Now, researchers in Germany measured and compared CO2 emissions of different, already trained, LLMs using a set of standardized questions.

"The environmental impact of questioning trained LLMs is strongly determined by their reasoning approach, with explicit reasoning processes significantly driving up energy consumption and carbon emissions," said first author Maximilian Dauner, a researcher at Hochschule Munchen University of Applied Sciences and first author of the Frontiers in Communication study. "We found that reasoning-enabled models produced up to 50 times more CO2 emissions than concise response models."

'Thinking' AI causes most emissions

The researchers evaluated 14 LLMs ranging from seven to 72 billion parameters on 1,000 benchmark questions across diverse subjects. Parameters determine how LLMs learn and process information.

Reasoning models, on average, created 543.5 'thinking' tokens per questions, whereas concise models required just 37.7 tokens per question. Thinking tokens are additional tokens that reasoning LLMs generate before producing an answer. A higher token footprint always means higher CO2 emissions. It doesn't, however, necessarily mean the resulting answers are more correct, as elaborate detail that is not always essential for correctness.

The most accurate model was the reasoning-enabled Cogito model with 70 billion parameters, reaching 84.9% accuracy. The model produced three times more CO2 emissions than similar sized models that generated concise answers. "Currently, we see a clear accuracy-sustainability trade-off inherent in LLM technologies," said Dauner. "None of the models that kept emissions below 500 grams of CO2 equivalent achieved higher than 80% accuracy on answering the 1,000 questions correctly." CO2 equivalent is the unit used to measure the climate impact of various greenhouse gases.




Subject matter also resulted in significantly different levels of CO2 emissions. Questions that required lengthy reasoning processes, for example abstract algebra or philosophy, led to up to six times higher emissions than more straightforward subjects, like high school history.

Practicing thoughtful use 

The researchers said they hope their work will cause people to make more informed decisions about their own AI use. "Users can significantly reduce emissions by prompting AI to generate concise answers or limiting the use of high-capacity models to tasks that genuinely require that power," Dauner pointed out.

Choice of model, for instance, can make a significant difference in CO2 emissions. For example, having DeepSeek R1 (70 billion parameters) answer 600,000 questions would create CO2 emissions equal to a round-trip flight from London to New York. Meanwhile, Qwen 2.5 (72 billion parameters) can answer more than three times as many questions (about 1.9 million) with similar accuracy rates while generating the same emissions.

The researchers said that their results may be impacted by the choice of hardware used in the study, an emission factor that may vary regionally depending on local energy grid mixes, and the examined models. These factors may limit the generalizability of the results.

"If users know the exact CO2 cost of their AI-generated outputs, such as casually turning themselves into an action figure, they might be more selective and thoughtful about when and how they use these technologies," Dauner concluded.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250619035520.htm
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Microscopic heist: How lung bacteria forge weapons to steal iron and survive | ScienceDaily

Despite the high health risk posed by Pandoraea, their molecular properties were hardly known until now. "We only knew that these bacteria occur in nature and that they can be pathogenic because they have been found in the lung microbiome of patients with cystic fibrosis or sepsis," explains Herzog.

 The race for iron 

As for most living organisms, iron is also essential for bacteria. "Iron plays a central role in enzymes and the respiratory chain of living organisms, for example," explains Herzog. Particularly in iron-poor environments such as the human body, the conditions for sufficient absorption of the element are anything but ideal. Many microorganisms therefore produce so-called siderophores: small molecules that bind iron from the environment and transport it into the cell.

"However, there were no known virulence or niche factors in the Pandoraea bacteria that could help them survive," says Herzog. The research team therefore wanted to find out how Pandoraea strains can survive in such a competitive environment.

Using bioinformatic analyses, the team identified a previously unknown gene cluster called pan. It codes for a non-ribosomal peptide synthetase - a typical enzyme for the production of siderophores. "We started with a gene cluster analysis and specifically searched for genes that could be responsible for the production of siderophores," reports Herzog.

Through targeted inactivation of genes as well as culture-based methods and state-of-the-art analytical techniques - including mass spectrometry, NMR spectroscopy, chemical degradation and derivatization - the researchers from Jena succeeded in isolating two new natural products and elucidating their chemical structure: Pandorabactin A and B. Both are able to complex iron and could play an important role in how Pandoraea strains survive in difficult environments. "The molecules help the bacteria to take up iron when it is scarce in their environment," says Herzog.




Less iron, fewer competitors 

Bioassays have also shown that pandorabactins inhibit the growth of other bacteria such as Pseudomonas, Mycobacterium and Stenotrophomonas by removing iron from these competitors.

Analyses of sputum samples from the lungs of cystic fibrosis patients further revealed that the detection of the pan gene cluster correlates with changes in the lung microbiome. Pandorabactins could therefore have a direct influence on microbial communities in diseased lungs.

"However, it is still too early to derive medical applications from these findings," emphasizes Herzog. Nevertheless, the discovery provides important information on the survival strategies of bacteria of the genus Pandoraea and on the complex competition for vital resources in the human body.

The study was carried out in close cooperation between the Leibniz-HKI and the universities of Jena, Heidelberg and Hong Kong. It was conducted as part of the "Balance of the Microverse" Cluster of Excellence and the ChemBioSys Collaborative Research Center and was funded by the German Research Foundation. The imaging mass spectrometer used for the analyses was funded by the Free State of Thuringia and co-financed by the European Union.
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Massive thread of hot gas found linking galaxies - and it's 10 times the mass of the Milky Way | ScienceDaily
Astronomers have discovered a huge filament of hot gas bridging four galaxy clusters. At 10 times as massive as our galaxy, the thread could contain some of the Universe's 'missing' matter, addressing a decades-long mystery.


						
The astronomers used the European Space Agency's XMM-Newton and JAXA's Suzaku X-ray space telescopes to make the discovery.

Over one-third of the 'normal' matter in the local Universe - the visible stuff making up stars, planets, galaxies, life - is missing. It hasn't yet been seen, but it's needed to make our models of the cosmos work properly.

Said models suggest that this elusive matter might exist in long strings of gas, or filaments, bridging the densest pockets of space. While we've spotted filaments before, it's tricky to make out their properties; they're typically faint, making it difficult to isolate their light from that of any galaxies, black holes, and other objects lying nearby.

New research is now one ofthe first to do just this, finding and accurately characterizing a single filament of hot gas stretching between four clusters of galaxies in the nearby Universe.

"For the first time, our results closely match what we see in our leading model of the cosmos - something that's not happened before," says lead researcher Konstantinos Migkas of Leiden Observatory in the Netherlands. "It seems that the simulations were right all along."

XMM-Newton on the case

Clocking in at over 10 million degrees, the filament contains around 10 times the mass of the Milky Way and connects four galaxy clusters: two on one end, two on the other. All are part of the Shapley Supercluster, a collection of more than 8000 galaxies that forms one of the most massive structures in the nearby Universe.




The filament stretches diagonally away from us through the supercluster for 23 million light-years, the equivalent of traversing the Milky Way end to end around 230 times.

Konstantinos and colleagues characterized the filament by combining X-ray observations from XMM-Newton and Suzaku, and digging into optical data from several others.

The two X-ray telescopes were ideal partners. Suzaku mapped the filament's faint X-ray light over a wide region of space, while XMM-Newton pinpointed very precisely contaminating sources of X-rays - namely, supermassive black holes - lying within the filament.

"Thanks to XMM-Newton we could identify and remove these cosmic contaminants, so we knew we were looking at the gas in the filament and nothing else," adds co-author Florian Pacaud of the University of Bonn, Germany. "Our approach was really successful, and reveals that the filament is exactly as we'd expect from our best large-scale simulations of the Universe."

Not truly missing

As well as revealing a huge and previously unseen thread of matter running through the nearby cosmos, the finding shows how some of the densest and most extreme structures in the Universe - galaxy clusters - are connected over colossal distances.




It also sheds light on the very nature of the 'cosmic web', the vast, invisible cobweb of filaments that underpins the structure of everything we see around us.

"This research is a great example of collaboration between telescopes, and creates a new benchmark for how to spot the light coming from the faint filaments of the cosmic web," adds Norbert Schartel, ESA XMM-Newton Project Scientist.

"More fundamentally, it reinforces our standard model of the cosmos and validates decades of simulations: it seems that the 'missing' matter may truly be lurking in hard-to-see threads woven across the Universe."

Piecing together an accurate picture of the cosmic web is the domain of ESA's Euclid mission. Launched in 2023, Euclid is exploring this web's structure and history. The mission is also digging deep into the nature of dark matter and energy - neither of which have ever been observed, despite accounting for a whopping 95% of the Universe - and working with other dark Universe detectives to solve some of the biggest and longest-standing cosmic mysteries.
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The AI that writes climate-friendly cement recipes in seconds | ScienceDaily

The cement industry produces around eight percent of global CO2 emissions - more than the entire aviation sector worldwide. Researchers at the Paul Scherrer Institute PSI have developed an AI-based model that helps to accelerate the discovery of new cement formulations that could yield the same material quality with a better carbon footprint.

The rotary kilns in cement plants are heated to a scorching 1,400 degrees Celsius to burn ground limestone down to clinker, the raw material for ready-to-use cement. Unsurprisingly, such temperatures typically can't be achieved with electricity alone. They are the result of energy-intensive combustion processes that emit large amounts of carbon dioxide (CO2). What may be surprising, however, is that the combustion process accounts for less than half of these emissions, far less. The majority is contained in the raw materials needed to produce clinker and cement: CO2 that is chemically bound in the limestone is released during its transformation in the high-temperature kilns.

One promising strategy for reducing emissions is to modify the cement recipe itself - replacing some of the clinker with alternative cementitious materials. That is exactly what an interdisciplinary team in the Laboratory for Waste Management in PSI's Center for Nuclear Engineering and Sciences has been investigating. Instead of relying solely on time-consuming experiments or complex simulations, the researchers developed a modelling approach based on machine learning. "This allows us to simulate and optimise cement formulations so that they emit significantly less CO2 while maintaining the same high level of mechanical performance," explains mathematician Romana Boiger, first author of the study. "Instead of testing thousands of variations in the lab, we can use our model to generate practical recipe suggestions within seconds - it's like having a digital cookbook for climate-friendly cement."

With their novel approach, the researchers were able to selectively filter out those cement formulations that could meet the desired criteria. "The range of possibilities for the material composition - which ultimately determines the final properties - is extraordinarily vast," says Nikolaos Prasianakis head of the Transport Mechanisms Research Group at PSI, who was the initiator and co-author of the study. "Our method allows us to significantly accelerate the development cycle by selecting promising candidates for further experimental investigation." The results of the study were published in the journal Materials and Structures.

The right recipe

Already today, industrial by-products such as slag from iron production and fly ash from coal-fired power plants are already being used to partially replace clinker in cement formulations and thus reduce CO2 emissions. However, the global demand for cement is so enormous that these materials alone cannot meet the need. "What we need is the right combination of materials that are available in large quantities and from which high-quality, reliable cement can be produced," says John Provis, head of the Cement Systems Research Group at PSI and co-author of the study.




Finding such combinations, however, is challenging: "Cement is basically a mineral binding agent - in concrete, we use cement, water, and gravel to artificially create minerals that hold the entire material together," Provis explains. "You could say we're doing geology in fast motion." This geology - or rather, the set of physical processes behind it - is enormously complex, and modelling it on a computer is correspondingly computationally intensive and expensive. That is why the research team is relying on artificial intelligence.

AI as computational accelerator

Artificial neural networks are computer models that are trained, using existing data, to speed up complex calculations. During training, the network is fed a known data set and learns from it by adjusting the relative strength or "weighting" of its internal connections so that it can quickly and reliably predict similar relationships. This weighting serves as a kind of shortcut - a faster alternative to otherwise computationally intensive physical modelling.

The researchers at PSI also made use of such a neural network. They themselves generated the data required for training: "With the help of the open-source thermodynamic modelling software GEMS, developed at PSI, we calculated - for various cement formulations - which minerals form during hardening and which geochemical processes take place," explains Nikolaos Prasianakis. By combining these results with experimental data and mechanical models, the researchers were able to derive a reliable indicator for mechanical properties - and thus for the material quality of the cement. For each component used, they also applied a corresponding CO2 factor, a specific emission value that made it possible to determine the total CO2 emissions. "That was a very complex and computationally intensive modelling exercise," the scientist says.

But it was worth the effort - with the data generated in this way, the AI model was able to learn. "Instead of seconds or minutes, the trained neural network can now calculate mechanical properties for an arbitrary cement recipe in milliseconds - that is, around a thousand times faster than with traditional modelling," Boiger explains.

From output to input

How can this AI now be used to find optimal cement formulations - with the lowest possible CO2 emissions and high material quality? One possibility would be to try out various formulations, use the AI model to calculate their properties, and then select the best variants. A more efficient approach, however, is to reverse the process. Instead of trying out all options, ask the question the other way around: Which cement composition meets the desired specifications regarding CO2 balance and material quality?




Both the mechanical properties and the CO2 emissions depend directly on the recipe. "Viewed mathematically, both variables are functions of the composition - if this changes, the respective properties also change," the mathematician explains. To determine an optimal recipe, the researchers formulate the problem as a mathematical optimisation task: They are looking for a composition that simultaneously maximises mechanical properties and minimises CO2 emissions. "Basically, we are looking for a maximum and a minimum - from this we can directly deduce the desired formulation," the mathematician says.

To find the solution, the team integrated in the workflow an additional AI technology, the so-called genetic algorithms - computer-assisted methods inspired by natural selection. This enabled them to selectively identify formulations that ideally combine the two target variables.

The advantage of this "reverse approach": You no longer have to blindly test countless recipes and then evaluate their resulting properties; instead you can specifically search for those that meet specific desired criteria - in this case, maximum mechanical properties with minimum CO2 emissions.

Interdisciplinary approach with great potential

Among the cement formulations identified by the researchers, there are already some promising candidates. "Some of these formulations have real potential," says John Provis, "not only in terms of CO2 reduction and quality, but also in terms of practical feasibility in production." To complete the development cycle, however, the recipes must first be tested in the laboratory. "We're not going to build a tower with them right away without testing them first," Nikolaos Prasianakis says with a smile.

The study primarily serves as a proof of concept - that is, as evidence that promising formulations can be identified purely by mathematical calculation. "We can extend our AI modelling tool as required and integrate additional aspects, such as the production or availability of raw materials, or where the building material is to be used - for example, in a marine environment, where cement and concrete behave differently, or even in the desert," says Romana BoigerNikolaos Prasianakis is already looking ahead: "This is just the beginning. The time savings offered by such a general workflow are enormous - making it a very promising approach for all sorts of material and system designs."

Without the interdisciplinary background of the researchers, the project would never have come to fruition: "We needed cement chemists, thermodynamics experts, AI specialists - and a team that could bring all of this together," Prasianakis says. "Added to this was the important exchange with other research institutions such as EMPA within the framework of the SCENE project." SCENE (the Swiss Centre of Excellence on Net Zero Emissions) is an interdisciplinary research programme that aims to develop scientifically sound solutions for drastically reducing greenhouse gas emissions in industry and the energy supply. The study was carried out as part of this project.
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How can we make fewer mistakes? US Navy invests $860k in placekeeping | ScienceDaily
A team of cognitive psychologists from the Michigan State University Department of Psychology have received a $860,000 grant from the Office of Naval Research to develop assessments for identifying people who are good at performing complex procedural tasks, even under challenging conditions like sleep deprivation and frequent interruptions.


						
"If we develop the right tools, we can identify people who are going to be better at performing a wide range of procedures. This is important because Navy personnel are increasingly called upon to do lots of different tasks as military systems become more complex," said Erik Altmann, lead investigator of the study and professor in MSU's psychology department. "The goal is to get the right person in the right job at the right time."

This multiyear study will look at individual differences in placekeeping, which is the cognitive ability to remember what step you are on in a procedural sequence. The researchers will also test whether incorporating task interruptions during training can help personnel develop cognitive strategies for placekeeping during deployment, when personnel may be sleep-deprived.

"We know that under conditions of sleep deprivation, people make more procedural errors, especially when they're interrupted in the middle of a task. Procedural errors can be catastrophic, so the Navy is interested in reducing them," said Altmann.

The research team, which also includes cognitive psychologists Kimberly Fenn and Zach Hambrick, has been funded since 2016 by the Office of Naval Research, with past studies looking at multitasking and the effect of sleep on cognitive performance.

The results of this study could improve personnel selection and classification in the Navy and in other fields where procedural accuracy is critical; results also could suggest approaches to training that make people more resilient to effects of stressors like sleep deprivation and task interruption.

Why this matters
    	This research will help to identify people who can successfully perform a wide range of procedures, namely military personnel, as they often are sought to undertake complex tasks.
    	Results from the study could offer new training approaches to help make people more resilient to effects of stressors, such as sleep deprivation or task interruption.
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You hear the beep, but can't find the car: The hidden flaw in electric vehicle safety | ScienceDaily
As electric cars become more common, vulnerable road users are encountering more and more warning signals from them. Now, new research from Chalmers University of Technology in Sweden, shows that one of the most common signal types is very difficult for humans to locate, especially when multiple similar vehicles are in motion simultaneously.


						
In a recently published study, researchers from Chalmers investigated how well people can locate three common types of warning (or AVAS -Acoustic Vehicle Alerting System) signals from hybrid and electric vehicles moving at low speeds. The researchers' tests showed that all the signal types were harder to locate than the sound of an internal combustion engine. For one of the signals, the majority of test subjects were unable to distinguish the direction of the sound or determine whether they were hearing one, two or more vehicles simultaneously.

"The requirements placed on car manufacturers relate to detection, or detectability, not about locating sound direction or the number of vehicles involved. But if you imagine, say, a supermarket carpark, it's not inconceivable that several similar car models with the same AVAS signal will be moving at the same time and in different directions," says Leon Muller, a doctoral student at the Department of Architecture and Civil Engineering at Chalmers.

Today's electric and hybrid vehicles meet the requirements set for acoustic warning systems according to international standards. In Europe, plus China and Japan, for example, vehicles travelling at a speed below 20 kph must emit a warning signal consisting of tones or noise, to allow pedestrians, cyclists and other non-car users to detect them. In the United States, warning signals are required from vehicles traveling at speeds of up to 30 kph.

"The way the requirements are worded allows car manufacturers to design their own signature sounds. These warning signals are often tested without the complication of background noise. But in a real traffic environment there are usually many different types of sound," says Wolfgang Kropp, professor of acoustics at the Department of Architecture and Civil Engineering at Chalmers.

Trying multiple different signals

The experiments involved some 52 test subjects and were conducted in Chalmers' acoustics laboratory in soundproofed, anechoic chambers. The aim of the tests was to emulate real conditions in, say, larger carparks. The subject was placed at the center of the room and surrounded by 24 loudspeakers placed in a ring at chest height. Three types of simulated vehicle sounds were played on the loudspeakers, corresponding to the signals from one, two or more electric and hybrid vehicles, plus an internal combustion engine. One of the signals consisted of two tones, one had multiple tones and one was just noise. The test subjects heard a vehicle warning signal at about 7.5 meters away, mixed with pre-recorded background noise from a quiet city carpark. When they heard the signal, the subjects had to mark the direction it was coming from as quickly as possible. The signal comprising two tones coming from three vehicles simultaneously was the most difficult and none of the test subjects managed to locate all the two-tone signals within the ten-second time limit.




New signal types needed

The test subjects were easily able to locate the sound corresponding to an internal combustion engine. Leon Muller says this sound consists of short pulses comprising all frequencies; something that is easier for the ear to perceive than a fixed tone at a single frequency. The fact that people can more easily perceive this type of sound may also be because of its familiarity.

"Naturally, as acousticians, we welcome the fact that electric cars are significantly quieter than internal combustion engines but it's important to find a balance," says Muller.

Existing research has focused mainly on detectability and what is usually referred to as "detection distance." No previous studies have investigated what happens when two or three cars emit the same type of signal. The researchers see a major need for further knowledge of how people react in traffic situations involving electric vehicles.

"From a traffic safety point of view, it would be desirable to find a signal that's as effective as possible in terms of detection and localisation but which doesn't affect people negatively; something our previous research has shown to be true of traffic noise," says Kropp.

In a follow-up study, the researchers have begun investigating how AVAS signals are perceived and what effect they may have on non-road users.

About the study

The article Auditory Localization of Multiple Stationary Electric Vehicles, is published in The Journal of the Acoustical Society of America.

The authors are Leon Muller, Jens Forssen and Wolfgang Kropp, all working at the Division of Engineering Acoustics, Department of Architecture and Civil Engineering at Chalmers University of Technology in Sweden.
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Defying Darwin: Scientists discover worms rewrote their DNA to survive on land | ScienceDaily
In 1859, Darwin imagined evolution as a slow, gradual progress, with species accumulating small changes over time. But even he was surprised to find the fossil record offered no missing links: the intermediate forms which should have told this story step by step were simply not there. His explanation was as uncomfortable as it was unavoidable: basically, the fossil record is an archive where most of the pages have been torn out.


						
In 1972, the scarcity of intermediate forms led the palaeontologists Stephen Jay Gould and Niles Eldredge to propose a provocative idea: punctuated equilibrium. According to this theory, rather than changing slowly, species remain stable for millions of years and then suddenly make rapid, radical evolutionary jumps. This model would explain why the fossil record seems so silent between species: large changes would happen suddenly and in small, isolated populations, well off the palaeontological radar. Although some fossils support this pattern, the scientific community remains divided: is this a rule of evolution, or an eye-catching exception?

Now a research team led by the Institute of Evolutionary Biology (IBE), a mixed research centre belonging to the Spanish National Research Council (CSIC) and Pompeu Fabra University (UPF), points for the first time to a mechanism of rapid, massive genomic reorganisation which could have played a part in the transition of marine to land animals 200 million years ago. The team has shown that marine annelids (worms) reorganised their genome from top to bottom, leaving it unrecognisable, when they left the oceans. Their observations are consistent with a punctuated equilibrium model, and could indicate that not only gradual but sudden changes in the genome could have occurred as these animals adapted to terrestrial settings. The genetic mechanism identified could transform our concept of animal evolution and revolutionise the established laws of genome evolution.

An unprecedented invertebrate genomic library 

The team sequenced for the first time the high-quality genome of various earthworms, and compared to them to other closely related annelid species (leeches and bristle worms or polychaetes). The level of precision was the same as for sequencing human genomes, although in this case starting from scratch, with no existing references for the studied species. Until now, the lack of complete genomes had prevented the study of chromosomal-level patterns and characteristics for many species, limiting research to smaller-scale phenomena - population studies of a handful of genes, rather than macroevolutionary changes at the full-genome level.

After putting together each of the genomic jigsaw puzzles, the team was able to travel back in time with great precision more than 200 million years, to when the ancestors of the sequenced species were alive. "This is an essential episode in the evolution of life on our planet, given that many species, such as worms and vertebrates, which had been living in the ocean, now ventured onto land for the first time," comments Rosa Fernandez, lead researcher of the IBE's Metazoa Phylogenomics and Genome Evolution Lab.

The analysis of these genomes has revealed an unexpected result: the annelids' genomes were not transformed gradually, as Neo-Darwinian theory would predict, but in isolated explosions of deep genetic remodelling. "The enormous reorganisation of the genomes we observed in the worms as they moved from the ocean to land cannot be explained with the parsimonious mechanism Darwin proposed; our observations chime much more with Gould and Eldredge's theory of punctuated equilibrium," Fernandez adds.




A radical genetic mechanism which could provide evolutionary responses

The team has discovered that marine worms broke their genome into a thousand pieces only to reconstruct it and continue their evolutionary path on land. This phenomenon challenges the models of genome evolution known to date, given that if we observe almost any species, whether a sponge, a coral, or a mammal, many of their genomic structures are almost perfectly conserved. "The entire genome of the marine worms was broken down and then reorganised in a completely random way, in a very short period on the evolutionary scale," Fernandez says. "I made my team repeat the analysis again and again, because I just couldn't believe it."

The reason why this drastic deconstruction did not lead to extinction could be in the 3D structure of the genome. Fernandez's team has discovered that the chromosomes of these modern worms are much more flexible than those of vertebrates and other model organisms. Thanks to this flexibility, it is possible that genes in different parts of the genome could change places and continue working together.

Major changes in their DNA could have helped the worms adapt quickly to life on land, reorganising their genes to respond better to new challenges such as breathing air or being exposed to sunlight. The study suggests that these adjustments not only moved genes around, but also joined fragments that had been separated, creating new "genetic chimeras" which would have driven their evolution. "You could think that this chaos would mean the lineage would die out, but it's possible that some species' evolutionary success is based on that superpower," comments Fernandez.

The observations in the study are consistent with a punctuated equilibrium model, where we observe an explosion of genomic changes after a long period of stability. However, the lack of experimental data for or against -- in this case, 200-million-year-old fossils -- makes it difficult to validate this theory.

Chromosomal chaos: problem or solution?

It seems from this study that conserving the genomic structure at the linear level -- i.e., where the genes are more or less in the same place in different species -- may not be as essential as had been thought. "In fact, stability could be the exception and not the rule in animals, which could benefit from a more fluid genome," Fernandez says.




This phenomenon of extreme genetic reorganisation had previously been observed in the progression of cancer in humans. The term chromoanagenesis covers several mechanisms which break down and reorganise chromosomes in cancerous cells, where we see similar changes to those observed in the earthworms. The only difference is that while these genomic breakdowns and reorganisations are tolerated by the worms, in humans they lead to diseases. The results of this study open the door to a better understanding of the potency of this radical genomic mechanism, with implications for human health.

The study has also reawakened one of the liveliest scientific debates of our time. "Both visions, Darwin's and Gould's, are compatible and complementary. While Neo-Darwinism can explain the evolution of populations perfectly, it has not yet been able to explain some exceptional and crucial episodes in the history of life on Earth, such as the initial explosion of animal life in the oceans over 500 million years ago, or the transition from the sea to land 200 million years ago in the case of earthworms," Fernandez notes. "This is where the punctuated equilibrium theory could offer some answers."

In the future, a larger investigation of the genomic architecture of less-studied invertebrates could shed light on the genomic mechanisms shaping the evolution of the species. "There is a great diversity we know nothing about, hidden in the invertebrates, and studying them could bring new discoveries about the diversity and plasticity of genomic organisation, and challenge dogmas on how we think genomes are organised," Fernandez concludes.

The study involved the collaboration of research staff from the Universitat Autonoma de Barcelona, Trinity College, the Universidad Complutense de Madrid, the University of Koln, and the Universite Libre de Bruxelles.

The study received support from SEA2LAND (Starting Grant funded by the European Research Council), and from the Catalan Biogenome Project, which funded the sequencing of one of the worm genomes.
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Winter sea ice supercharges Southern Ocean's CO2 uptake | ScienceDaily
New research reveals the importance of winter sea ice in the year-to-year variability of the amount of atmospheric CO2 absorbed by a region of the Southern Ocean.


						
In years when sea ice lasts longer in winter, the ocean will overall absorb 20% more CO2 from the atmosphere than in years when sea ice forms late or disappears early. This is because sea ice protects the ocean from strong winter winds that drive mixing between the surface of the ocean and its deeper, carbon-rich layers.

The findings, based on data collected in a coastal system along the west Antarctic Peninsula, show that what happens in winter is crucial in explaining this variability in CO2 uptake.

The study was led by scientists at the University of East Anglia (UEA), in collaboration with colleagues from the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research (AWI, Germany), British Antarctic Survey (BAS, UK) and Institute of Marine Research (IMR, Norway). It is published today in the journal Communications Earth & Environment.

The global ocean takes up about a quarter of all CO2 that humans emit into the atmosphere. The Southern Ocean is responsible for about 40% of this and the researchers wanted to know why it varies so much from year to year.

Lead author Dr Elise Droste, of UEA's School of Environmental Sciences, said: "Our picture of the Southern Ocean's carbon cycle is incomplete, and so we cannot predict whether its atmospheric CO2 uptake - and therefore its contribution to climate change mitigation - will increase, decrease, or remain the same in the future.

"Whatever it does, it will affect what our climate will look like and how fast it will change. To improve predictions, our work suggests that we need to look at how sea ice affects the exchange of carbon between the deep and shallow parts of the ocean. To do this, we need more wintertime observations in the Southern Ocean."

Much of the Southern Ocean surrounding the west Antarctic Peninsula is covered by sea ice in winter, which disappears in spring and summer. In spring and summer, phytoplankton growth and melt water lead to low CO2 concentrations at the ocean surface. This allows the Southern Ocean to absorb large amounts of atmospheric CO2, significantly reducing the global impact of anthropogenic emissions.




In winter, as sea ice forms, the ocean underneath mixes with deeper waters that contain lots of 'natural' carbon that has been in the ocean for centuries. This can cause CO2 at the ocean surface to increase to the point where it can be released into the atmosphere.

Sea ice blocks a large amount of this CO2 'outgassing'. However, it is part of the natural seasonal cycle that some CO2 does escape the ocean. This seasonal balance means that the total amount of CO2 absorbed by the Southern Ocean within one year often depends on how much CO2 is absorbed in summer and how much is released in winter.

"We don't have a good grasp on what is driving this year-to-year variability, which is making it difficult to fully understand the system and to improve the predictability of how the ocean's CO2 uptake will change in the future," said Dr Droste. "One major reason is because we have relatively little data on the Southern Ocean, particularly in the wintertime.

"It is extremely challenging to collect observations in the harsh weather and sea conditions of the Southern Ocean, not to mention sea ice cover making much of it inaccessible, even for the strongest icebreaker. However, this study takes us a step in the right direction."

The study draws on data for 2010-2020, a time series led and maintained by BAS, which collects year-round measurements along the west Antarctic Peninsula. At Rothera, the UK's Antarctic research station, ocean scientists measured physical aspects of the seawater in Ryder Bay and collected samples for nutrient and CO2 analysis, carried out at both Rothera and UEA.

Using other physical and chemical data collected at the same time, the team was able to study why years with long sea ice duration differed from those with short sea ice duration.




Dr Hugh Venables, from BAS, said: "A series of ocean scientists have wintered at Rothera on the Antarctic Peninsula to collect these and other samples, from either a small boat or a sea ice sledge, to build a unique time series of year-round oceanographic conditions for the last 25 years.

"This important result shows the importance of this winter sampling and will hopefully lead to more year-round sampling in the Southern Ocean, both by humans and autonomous technology."

Prof Dorothee Bakker, Professor in Marine Biogeochemistry at UEA, added: "The fact that this data has been collected throughout the year at the same location allows us to investigate which mechanisms are important to explain the year-to-year variability of CO2 uptake by the ocean at this particular location, but we can also use these insights to better understand how the rest of the Southern Ocean works."

The study also involved scientists from the National Institute of Oceanography and Applied Geophysics (Italy) and University of Gothenburg (Sweden). It was supported by funding from the UK's Natural Environment Research Council and European Union's Horizon 2020 research and innovation program.
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A thousand colors, one galaxy: Astronomers reveal a cosmic masterpiece | ScienceDaily
Astronomers have created a galactic masterpiece: an ultra-detailed image that reveals previously unseen features in the Sculptor Galaxy. Using the European Southern Observatory's Very Large Telescope (ESO's VLT), they observed this nearby galaxy in thousands of colors simultaneously. By capturing vast amounts of data at every single location, they created a galaxy-wide snapshot of the lives of stars within Sculptor.


						
"Galaxies are incredibly complex systems that we are still struggling to understand," says ESO researcher Enrico Congiu, who led a new Astronomy & Astrophysics study on Sculptor. Reaching hundreds of thousands of light-years across, galaxies are extremely large, but their evolution depends on what's happening at much smaller scales. "The Sculptor Galaxy is in a sweet spot," says Congiu. "It is close enough that we can resolve its internal structure and study its building blocks with incredible detail, but at the same time, big enough that we can still see it as a whole system."

A galaxy's building blocks  -- stars, gas and dust  -- emit light at different colors. Therefore, the more shades of color there are in an image of a galaxy, the more we can learn about its inner workings. While conventional images contain only a handful of colors, this new Sculptor map comprises thousands. This tells astronomers everything they need to know about the stars, gas and dust within, such as their age, composition, and motion.

To create this map of the Sculptor Galaxy, which is 11 million light-years away and is also known as NGC 253, the researchers observed it for over 50 hours with the Multi Unit Spectroscopic Explorer (MUSE) instrument on ESO's VLT. The team had to stitch together over 100 exposures to cover an area of the galaxy about 65,000 light-years wide.

According to co-author Kathryn Kreckel from Heidelberg University, Germany, this makes the map a potent tool: "We can zoom in to study individual regions where stars form at nearly the scale of individual stars, but we can also zoom out to study the galaxy as a whole."

In their first analysis of the data, the team uncovered around 500 planetary nebulae, regions of gas and dust cast off from dying Sun-like stars, in the Sculptor Galaxy. Co-author Fabian Scheuermann, a doctoral student at Heidelberg University, puts this number into context: "Beyond our galactic neighborhood, we usually deal with fewer than 100 detections per galaxy."

Because of the properties of planetary nebulae, they can be used as distance markers to their host galaxies. "Finding the planetary nebulae allows us to verify the distance to the galaxy -- a critical piece of information on which the rest of the studies of the galaxy depend," says Adam Leroy, a professor at The Ohio State University, USA, and study co-author.




Future projects using the map will explore how gas flows, changes its composition, and forms stars all across this galaxy. "How such small processes can have such a big impact on a galaxy whose entire size is thousands of times bigger is still a mystery," says Congiu.

More information 

This research was presented in a paper accepted for publication in Astronomy & Astrophysics.

The team is composed of E. Congiu (European Southern Observatory, Chile [ESO Chile]), F. Scheuermann (Astronomisches Rechen-Institut, Zentrum fur Astronomie der Universitat Heidelberg, Germany [ARI-ZAH]), K. Kreckel (ARI-ZAH), A. Leroy (Department of Astronomy and Center for Cosmology and Astroparticle Physics, The Ohio State University [OSU], USA), E. Emsellem (European Southern Observatory, Germany [ESO Garching] and Univ. Lyon, Univ. Lyon1, ENS de Lyon, CNRS, Centre de Recherche Astrophysique de Lyon, France), F. Belfiore (INAF - Osservatorio Astrofisico di Arcetri, Italy), J. Hartke (Finnish Centre for Astronomy with ESO [FINCA] and Tuorla Observatory, Department of Physics and Astronomy [Tuorla], University of Turku, Finland), G. Anand (Space Telescope Science Institute, USA), O. V. Egorov (ARI-ZAH), B. Groves (International Centre for Radio Astronomy Research, University of Western Australia, Australia), T. Kravtsov (Tuorla and FINCA), D. Thilker (Department of Physics and Astronomy, The Johns Hopkins University, USA), C. Tovo (Dipartimento di Fisica e Astronomia 'G. Galilei', Universit'a di Padova, Italy), F. Bigiel (Argelander-Institut fur Astronomie, Universitat Bonn, Germany), G. A. Blanc (Observatories of the Carnegie Institution for Science, USA, and Departamento de Astronomia, Universidad de Chile, Chile), A. D. Bolatto and S. A. Cronin (Department of Astronomy, University of Maryland, USA), D. A. Dale (Department of Physics and Astronomy, University of Wyoming, USA), R. McClain (OSU), J. E. Mendez-Delgado (Instituto de Astronomia, Universidad Nacional Autonoma de Mexico, Mexico), E. K. Oakes (Department of Physics, University of Connecticut, USA), R. S. Klessen (Universitat Heidelberg, Zentrum fur Astronomie, Institut fur Theoretische Astrophysik and Interdisziplinares Zentrum fur Wissenschaftliches Rechnen, Germany, Center for Astrophysics Harvard & Smithsonian, USA, and Elizabeth S. and Richard M. Cashin Fellow at the Radcliffe Institute for Advanced Studies at Harvard University, USA) E. Schinnerer (Max-Planck-Institut fur Astronomie, Germany), T. G. Williams (Sub-department of Astrophysics, Department of Physics, University of Oxford, UK).

The European Southern Observatory (ESO) enables scientists worldwide to discover the secrets of the Universe for the benefit of all. We design, build and operate world-class observatories on the ground -- which astronomers use to tackle exciting questions and spread the fascination of astronomy -- and promote international collaboration for astronomy. Established as an intergovernmental organisation in 1962, today ESO is supported by 16 Member States (Austria, Belgium, Czechia, Denmark, France, Finland, Germany, Ireland, Italy, the Netherlands, Poland, Portugal, Spain, Sweden, Switzerland and the United Kingdom), along with the host state of Chile and with Australia as a Strategic Partner. ESO's headquarters and its visitor centre and planetarium, the ESO Supernova, are located close to Munich in Germany, while the Chilean Atacama Desert, a marvelous place with unique conditions to observe the sky, hosts our telescopes. ESO operates three observing sites: La Silla, Paranal and Chajnantor. At Paranal, ESO operates the Very Large Telescope and its Very Large Telescope Interferometer, as well as survey telescopes such as VISTA. Also at Paranal ESO will host and operate the Cherenkov Telescope Array South, the world's largest and most sensitive gamma-ray observatory. Together with international partners, ESO operates ALMA on Chajnantor, a facility that observes the skies in the millimeter and submillimeter range. At Cerro Armazones, near Paranal, we are building "the world's biggest eye on the sky" -- ESO's Extremely Large Telescope. From our offices in Santiago, Chile we support our operations in the country and engage with Chilean partners and society.
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AI sniffs earwax and detects Parkinson's with 94% accuracy | ScienceDaily
Most treatments for Parkinson's disease (PD) only slow disease progression. Early intervention for the neurological disease that worsens over time is therefore critical to optimize care, but that requires early diagnosis. Current tests, like clinical rating scales and neural imaging, can be subjective and costly. Now, researchers in ACS' Analytical Chemistry report the initial development of a system that inexpensively screens for PD from the odors in a person's earwax.


						
Previous research has shown that changes in sebum, an oily substance secreted by the skin, could help identify people with PD. Specifically, sebum from people with PD may have a characteristic smell because volatile organic compounds (VOCs) released by sebum are altered by disease progression -- including neurodegeneration, systemic inflammation and oxidative stress. However, when sebum on the skin is exposed to environmental factors like air pollution and humidity, its composition can be altered, making it an unreliable testing medium. But the skin inside the ear canal is kept away from the elements. So, Hao Dong, Danhua Zhu and colleagues wanted to focus their PD screening efforts on ear wax, which mostly consists of sebum and is easily sampled.

To identify potential VOCs related to PD in ear wax, the researchers swabbed the ear canals of 209 human subjects (108 of whom were diagnosed with PD). They analyzed the collected secretions using gas chromatography and mass spectrometry techniques. Four of the VOCs the researchers found in ear wax from people with PD were significantly different than the ear wax from people without the disease. They concluded that these four VOCs, including ethylbenzene, 4-ethyltoluene, pentanal, and 2-pentadecyl-1,3-dioxolane, are potential biomarkers for PD.

Dong, Zhu and colleagues then trained an artificial intelligence olfactory (AIO) system with their ear wax VOC data. The resulting AIO-based screening model categorized with 94% accuracy ear wax samples from people with and without PD. The AIO system, the researchers say, could be used as a first-line screening tool for early PD detection and could pave the way for early medical intervention, thereby improving patient care.

"This method is a small-scale single-center experiment in China," says Dong. "The next step is to conduct further research at different stages of the disease, in multiple research centers and among multiple ethnic groups, in order to determine whether this method has greater practical application value."

The authors acknowledge funding from the National Natural Sciences Foundation of Science, Pioneer and Leading Goose R&D Program of Zhejiang Province, and the Fundamental Research Funds for the Central Universities.
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From shortage to supremacy: How Sandia and the CHIPS Act aim to reboot US chip power | ScienceDaily
Sandia National Laboratories has joined a new partnership aimed at helping the United States regain its leadership in semiconductor manufacturing.


						
While the U.S. was considered a powerhouse in chip production in the 1990s, fabricating more than 35% of the world's semiconductors, that share has since dropped to 12%. Today, the U.S. manufactures none of the world's most advanced chips which power technologies like smartphones, owned by 71% of the world's population, as well as self-driving cars, quantum computers, and artificial intelligence-powered devices and programs.

Sandia hopes to help change that. It recently became the first national lab to join the U.S. National Semiconductor Technology Center. The NSTC was established under the CHIPS and Science Act to accelerate innovation and address some of the country's most pressing technology challenges.

"We have pioneered the way for other labs to join," said Mary Monson, Sandia's senior manager of Technology Partnerships and Business Development. "The CHIPS Act has brought the band back together, you could say. By including the national labs, U.S. companies, and academia, it's really a force multiplier."

Sandia has a long history of contributing to the semiconductor industry through research and development partnerships, its Microsystems Engineering, Science and Applications facility known as MESA, and its advanced cleanrooms for developing next-generation technologies. Through its NSTC partnerships, Sandia hopes to strengthen U.S. semiconductor manufacturing and research and development, enhance national security production, and foster the innovation of new technologies that sets the nation apart globally.

"The big goal is to strengthen capabilities. Industry is moving fast, so we are keeping abreast of everything happening and incorporating what will help us deliver more efficiently on our national security mission. It's about looking at innovative ways of partnering and expediting the process," Monson said.

The urgency of the effort is evident. The pandemic provided a perfect example, as car lots were left bare and manufacturers sat idle, waiting for chips to be produced to build new vehicles.




"An average car contains 1,400 chips and electric vehicles use more than 3,000," said Rick McCormick, Sandia's senior scientist for semiconductor technology strategy. McCormick is helping lead Sandia's new role. "Other nations around the globe are investing more than $300 billion to be leaders in semiconductor manufacturing. The U.S. CHIPS Act is our way of 'keeping up with the Joneses.' One goal is for the U.S. to have more than 25% of the global capacity for state-of-the-art chips by 2032."

Sandia is positioned to play a key role in creating the chips of the future.

"More than $12 billion in research and development spending is planned under CHIPS, including a $3 billion program to create an ecosystem for packaging assemblies of chiplets," McCormick said. "These chiplets communicate at low energy and high speed as if they were a large expensive chip."

Modern commercial AI processors use this approach, and Sandia's resources and partnerships can help expand access to small companies and national security applications. MESA already fabricates high-reliability chiplet assembly products for the stockpile and nonproliferation applications.

McCormick said Sandia could also play a major role in training the workforce of the future. The government has invested billions of dollars in new factories, all of which need to be staffed by STEM students.

"There is a potential crisis looming," McCormick said. "The Semiconductor Industry Association anticipates that the U.S. will need 60,000 to 70,000 more workers, so we need to help engage the STEM workforce. That effort will also help Sandia bolster its staffing pipeline."

As part of its membership, Sandia will offer access to some of its facilities to other NSTC members, fostering collaboration and partnerships. Tech transfer is a core part of Sandia's missions, and this initiative will build on that by helping private partners increase their stake in the industry while enabling Sandia to build on its own mission.

"We will be helping develop suppliers and strengthen our capabilities," Monson said. "We are a government resource for semiconductor knowledge. We are in this evolving landscape and have a front row seat to what it will look like over the next 20 years. We are helping support technology and strengthening our national security capabilities and mission delivery."
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Forever chemicals' toxic cousin: MCCPs detected in U. S. air for first time | ScienceDaily
Once in a while, scientific research resembles detective work. Researchers head into the field with a hypothesis and high hopes of finding specific results, but sometimes, there's a twist in the story that requires a deeper dive into the data.


						
That was the case for the University of Colorado Boulder researchers who led a field campaign in an agricultural region of Oklahoma. Using a high-tech instrument to measure how aerosol particles form and grow in the atmosphere, they stumbled upon something unexpected: the first-ever airborne measurements of Medium Chain Chlorinated Paraffins (MCCPs), a kind of toxic organic pollutant, in the Western Hemisphere. Their results published today in ACS Environmental Au.

"It's very exciting as a scientist to find something unexpected like this that we weren't looking for," said Daniel Katz, CU Boulder chemistry PhD student and lead author of the study. "We're starting to learn more about this toxic, organic pollutant that we know is out there, and which we need to understand better."

MCCPs are currently under consideration for regulation by the Stockholm Convention, a global treaty to protect human health from long-standing and widespread chemicals. While the toxic pollutants have been measured in Antarctica and Asia, researchers haven't been sure how to document them in the Western Hemisphere's atmosphere until now.

MCCPs are used in fluids for metal working and in the construction of PVC and textiles. They are often found in wastewater and as a result, can end up in biosolid fertilizer, also called sewage sludge, which is created when liquid is removed from wastewater in a treatment plant. In Oklahoma, researchers suspect the MCCPs they identified came from biosolid fertilizer in the fields near where they set up their instrument.

"When sewage sludges are spread across the fields, those toxic compounds could be released into the air," Katz said. "We can't show directly that that's happening, but we think it's a reasonable way that they could be winding up in the air. Sewage sludge fertilizers have been shown to release similar compounds."

MCCPs little cousins, Short Chain Chlorinated Paraffins (SCCPs), are currently regulated by the Stockholm Convention, and since 2009, by the EPA here in the United States. Regulation came after studies found the toxic pollutants, which travel far and last a long time in the atmosphere, were harmful to human health. But researchers hypothesize that the regulation of SCCPs may have increased MCCPs in the environment.




"We always have these unintended consequences of regulation, where you regulate something, and then there's still a need for the products that those were in," said Ellie Browne, CU Boulder chemistry professor, CIRES Fellow, and co-author of the study. "So they get replaced by something."

Measurement of aerosols led to a new and surprising discovery

Using a nitrate chemical ionization mass spectrometer, which allows scientists to identify chemical compounds in the air, the team measured air at the agricultural site 24 hours a day for one month. As Katz cataloged the data, he documented the different isotopic patterns in the compounds. The compounds measured by the team had distinct patterns, and he noticed new patterns that he immediately identified as different from the known chemical compounds. With some additional research, he identified them as chlorinated paraffins found in MCCPs.

Katz says the makeup of MCCPs are similar to PFAS, long-lasting toxic chemicals that break down slowly over time. Known as "forever chemicals," their presence in soils recently led the Oklahoma Senate to ban biosolid fertilizer.

Now that researchers know how to measure MCCPs, the next step might be to measure the pollutants at different times throughout the year to understand how levels change each season. Many unknowns surrounding MCCPs remain, and there's much more to learn about their environmental impacts.

"We identified them, but we still don't know exactly what they do when they are in the atmosphere, and they need to be investigated further," Katz said. "I think it's important that we continue to have governmental agencies that are capable of evaluating the science and regulating these chemicals as necessary for public health and safety."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250617014222.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



This tiny patch could replace biopsies-and revolutionize how we detect cancer | ScienceDaily
A patch containing tens of millions of microscopic nanoneedles could soon replace traditional biopsies, scientists have found.


						
The patch offers a painless and less invasive alternative for millions of patients worldwide who undergo biopsies each year to detect and monitor diseases like cancer and Alzheimer's.

Biopsies are among the most common diagnostic procedures worldwide, performed millions of times every year to detect diseases. However, they are invasive, can cause pain and complications, and can deter patients from seeking early diagnosis or follow-up tests. Traditional biopsies also remove small pieces of tissue, limiting how often and how comprehensively doctors can analyse diseased organs like the brain.

Now, scientists at King's College London have developed a nanoneedle patch that painlessly collects molecular information from tissues without removing or damaging them. This could allow healthcare teams to monitor disease in real time and perform multiple, repeatable tests from the same area - something impossible with standard biopsies.

Because the nanoneedles are 1,000 times thinner than a human hair and do not remove tissue, they cause no pain or damage, making the process less painful for patients compared to standard biopsies. For many, this could mean earlier diagnosis and more regular monitoring, transforming how diseases are tracked and treated.

Dr Ciro Chiappini, who led the research published today in Nature Nanotechnology, said: "We have been working on nanoneedles for twelve years, but this is our most exciting development yet. It opens a world of possibilities for people with brain cancer, Alzheimer's, and for advancing personalised medicine. It will allow scientists - and eventually clinicians - to study disease in real time like never before."

The patch is covered in tens of millions of nanoneedles. In preclinical studies, the team applied the patch to brain cancer tissue taken from human biopsies and mouse models. The nanoneedles extracted molecular 'fingerprints' -- including lipids, proteins, and mRNAs -- from cells, without removing or harming the tissue.




The tissue imprint is then analysed using mass spectrometry and artificial intelligence, giving healthcare teams detailed insights into whether a tumour is present, how it is responding to treatment, and how disease is progressing at the cellular level.

Dr Chiappini said: "This approach provides multidimensional molecular information from different types of cells within the same tissue. Traditional biopsies simply cannot do that. And because the process does not destroy the tissue, we can sample the same tissue multiple times, which was previously impossible."

This technology could be used during brain surgery to help surgeons make faster, more precise decisions. For example, by applying the patch to a suspicious area, results could be obtained within 20 minutes and guide real-time decisions about removing cancerous tissue.

Made using the same manufacturing techniques as computer chips, the nanoneedles can be integrated into common medical devices such as bandages, endoscopes and contact lenses.

Dr Chippani added: "This could be the beginning of the end for painful biopsies. Our technology opens up new ways to diagnose and monitor disease safely and painlessly - helping doctors and patients make better, faster decisions."

The breakthrough was possible through close collaboration across nanoengineering, clinical oncology, cell biology, and artificial intelligence -- each field bringing essential tools and perspectives that, together, unlocked a new approach to non-invasive diagnostics.

The study was supported by the European Research Council through its flagship Starting Grant programme, Wellcome Leap, and UKRI's EPSRC and MRC, which enabled acquisition of key analytical instrumentation.
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MIT uncovers the hidden playbook your brain uses to outsmart complicated problems | ScienceDaily
The human brain is very good at solving complicated problems. One reason for that is that humans can break problems apart into manageable subtasks that are easy to solve one at a time.


						
This allows us to complete a daily task like going out for coffee by breaking it into steps: getting out of our office building, navigating to the coffee shop, and once there, obtaining the coffee. This strategy helps us to handle obstacles easily. For example, if the elevator is broken, we can revise how we get out of the building without changing the other steps.

While there is a great deal of behavioral evidence demonstrating humans' skill at these complicated tasks, it has been difficult to devise experimental scenarios that allow precise characterization of the computational strategies we use to solve problems.

In a new study, MIT researchers have successfully modeled how people deploy different decision-making strategies to solve a complicated task -- in this case, predicting how a ball will travel through a maze when the ball is hidden from view. The human brain cannot perform this task perfectly because it is impossible to track all of the possible trajectories in parallel, but the researchers found that people can perform reasonably well by flexibly adopting two strategies known as hierarchical reasoning and counterfactual reasoning.

The researchers were also able to determine the circumstances under which people choose each of those strategies.

"What humans are capable of doing is to break down the maze into subsections, and then solve each step using relatively simple algorithms. Effectively, when we don't have the means to solve a complex problem, we manage by using simpler heuristics that get the job done," says Mehrdad Jazayeri, a professor of brain and cognitive sciences, a member of MIT's McGovern Institute for Brain Research, an investigator at the Howard Hughes Medical Institute, and the senior author of the study.

Mahdi Ramadan PhD '24 and graduate student Cheng Tang are the lead authors of the paper, which appears today in Nature Human Behavior. Nicholas Watters PhD '25 is also a co-author.




Rational strategies

When humans perform simple tasks that have a clear correct answer, such as categorizing objects, they perform extremely well. When tasks become more complex, such as planning a trip to your favorite cafe, there may no longer be one clearly superior answer. And, at each step, there are many things that could go wrong. In these cases, humans are very good at working out a solution that will get the task done, even though it may not be the optimal solution.

Those solutions often involve problem-solving shortcuts, or heuristics. Two prominent heuristics humans commonly rely on are hierarchical and counterfactual reasoning. Hierarchical reasoning is the process of breaking down a problem into layers, starting from the general and proceeding toward specifics. Counterfactual reasoning involves imagining what would have happened if you had made a different choice. While these strategies are well-known, scientists don't know much about how the brain decides which one to use in a given situation.

"This is really a big question in cognitive science: How do we problem-solve in a suboptimal way, by coming up with clever heuristics that we chain together in a way that ends up getting us closer and closer until we solve the problem?" Jazayeri says.

To overcome this, Jazayeri and his colleagues devised a task that is just complex enough to require these strategies, yet simple enough that the outcomes and the calculations that go into them can be measured.

The task requires participants to predict the path of a ball as it moves through four possible trajectories in a maze. Once the ball enters the maze, people cannot see which path it travels. At two junctions in the maze, they hear an auditory cue when the ball reaches that point. Predicting the ball's path is a task that is impossible for humans to solve with perfect accuracy.




"It requires four parallel simulations in your mind, and no human can do that. It's analogous to having four conversations at a time," Jazayeri says. "The task allows us to tap into this set of algorithms that the humans use, because you just can't solve it optimally."

The researchers recruited about 150 human volunteers to participate in the study. Before each subject began the ball-tracking task, the researchers evaluated how accurately they could estimate timespans of several hundred milliseconds, about the length of time it takes the ball to travel along one arm of the maze.

For each participant, the researchers created computational models that could predict the patterns of errors that would be seen for that participant (based on their timing skill) if they were running parallel simulations, using hierarchical reasoning alone, counterfactual reasoning alone, or combinations of the two reasoning strategies.

The researchers compared the subjects' performance with the models' predictions and found that for every subject, their performance was most closely associated with a model that used hierarchical reasoning but sometimes switched to counterfactual reasoning.

That suggests that instead of tracking all the possible paths that the ball could take, people broke up the task. First, they picked the direction (left or right), in which they thought the ball turned at the first junction, and continued to track the ball as it headed for the next turn. If the timing of the next sound they heard wasn't compatible with the path they had chosen, they would go back and revise their first prediction -- but only some of the time.

Switching back to the other side, which represents a shift to counterfactual reasoning, requires people to review their memory of the tones that they heard. However, it turns out that these memories are not always reliable, and the researchers found that people decided whether to go back or not based on how good they believed their memory to be.

"People rely on counterfactuals to the degree that it's helpful," Jazayeri says. "People who take a big performance loss when they do counterfactuals avoid doing them. But if you are someone who's really good at retrieving information from the recent past, you may go back to the other side."

Human limitations

To further validate their results, the researchers created a machine-learning neural network and trained it to complete the task. A machine-learning model trained on this task will track the ball's path accurately and make the correct prediction every time, unless the researchers impose limitations on its performance.

When the researchers added cognitive limitations similar to those faced by humans, they found that the model altered its strategies. When they eliminated the model's ability to follow all possible trajectories, it began to employ hierarchical and counterfactual strategies like humans do. If the researchers reduced the model's memory recall ability, it began to switch to hierarchical only if it thought its recall would be good enough to get the right answer -- just as humans do.

"What we found is that networks mimic human behavior when we impose on them those computational constraints that we found in human behavior," Jazayeri says. "This is really saying that humans are acting rationally under the constraints that they have to function under."

By slightly varying the amount of memory impairment programmed into the models, the researchers also saw hints that the switching of strategies appears to happen gradually, rather than at a distinct cut-off point. They are now performing further studies to try to determine what is happening in the brain as these shifts in strategy occur.

The research was funded by a Lisa K. Yang ICoN Fellowship, a Friends of the McGovern Institute Student Fellowship, a National Science Foundation Graduate Research Fellowship, the Simons Foundation, the Howard Hughes Medical Institute, and the McGovern Institute.
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These beetles can see a color most insects can't | ScienceDaily
Insect eyes are generally sensitive to ultraviolet, blue and green light. With the exception of some butterflies, they cannot see the color red. Nevertheless, bees and other insects are also attracted to red flowers such as poppies. In this case, however, they are not attracted by the red color, but because they recognize the UV light reflected by the poppy flower.


						
However, two beetle species from the eastern Mediterranean region can indeed perceive the color red, as an international research team was able to show. The beetles are Pygopleurus chrysonotus and Pygopleurus syriacus from the family Glaphyridae. They feed mainly on pollen and prefer to visit plants with red flowers, such as poppies, anemones and buttercups.

Beetles Have Photoreceptors for long-wave Light

'To our knowledge, we are the first to have experimentally demonstrated that beetles can actually perceive the color red,' says Dr Johannes Spaethe from the Chair of Zoology II at the Biocentre of Julius-Maximilians-Universitat (JMU) Wurzburg in Bavaria, Germany. He gained the new insights together with Dr Elena Bencurova from the Wurzburg Bioinformatics Chair and researchers from the Universities of Ljubljana (Slovenia) and Groningen (Netherlands). The study has been published in the Journal of Experimental Biology.

The scientists used electrophysiology, behavioral experiments and color trapping. Among other things, they found that the two Mediterranean beetles possess four types of photoreceptors in their retinas that respond to UV light as well as blue, green and deep red light. Field experiments also showed that the animals use true color vision to identify red targets and that they have a clear preference for red colors.

New Model System for Ecological and Evolutionary Questions

The researchers consider the Glaphyrid family to be a promising new model system for investigating the visual ecology of beetles and the evolution of flower signals and flower detection by pollinators.

'The prevailing opinion in science is that flower colors have adapted to the visual systems of pollinators over the course of evolution,' says Johannes Spaethe. However, based on the new findings, it is now possible to speculate whether this evolutionary scenario also applies to Glaphyrid beetles and the flowers they visit.

Why do the researchers think this? The three genera of this beetle family (Eulasia, Glaphyrus and Pygopleurus) show considerable differences in their preferences for flower colors, which vary between red, violet, white and yellow. This suggests that the physiological and/or behavioral basis for seeing red and other colors is relatively labile.

The great variety of flower colors in the Mediterranean region and the considerable variation in the color preferences of the beetles made it plausible that the visual systems of these pollinators may adapt to flower colors than is commonly assumed.
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Biggest boom since the Big Bang? Astronomers record 25x supernova brightness | ScienceDaily
Astronomers from the University of Hawai`i's Institute for Astronomy (IfA) have discovered the most energetic cosmic explosions yet discovered, naming the new class of events "extreme nuclear transients" (ENTs). These extraordinary phenomena occur when massive stars--at least three times heavier than our Sun--are torn apart after wandering too close to a supermassive black hole. Their disruption releases vast amounts of energy visible across enormous distances. The team's findings were recently detailed in the journal Science Advances.


						
"We've observed stars getting ripped apart as tidal disruption events for over a decade, but these ENTs are different beasts, reaching brightnesses nearly ten times more than what we typically see," said Jason Hinkle, who led the study as the final piece of his doctoral research at IfA. "Not only are ENTs far brighter than normal tidal disruption events, but they remain luminous for years, far surpassing the energy output of even the brightest known supernova explosions."

The immense luminosities and energies of these ENTs are truly unprecedented. The most energetic ENT studied, named Gaia18cdj, emitted an astonishing 25 times more energy than the most energetic supernovae known. While typical supernovae emit as much energy in just one year as the Sun does in its 10 billion-year lifetime, ENTs radiate the energy of 100 Suns over a single year.

ENTs were first uncovered when Hinkle began a systematic search of public transient surveys for long-lived flares emanating from the centers of galaxies. He identified two unusual flares in data from the European Space Agency's Gaia mission that brightened over a timescale much longer than known transients and without characteristics common to known transients.

"Gaia doesn't tell you what a transient is, just that something changed in brightness," said Hinkle. "But when I saw these smooth, long-lived flares from the centers of distant galaxies, I knew we were looking at something unusual."

The discovery launched a multi-year follow-up campaign to figure out what these sources were. With help from UH's Asteroid Terrestrial-impact Last Alert System, the W. M. Keck Observatory, and other telescopes across the globe, the team gathered data across the electromagnetic spectrum. Because ENTs evolve slowly over several years, capturing their full story took patience and persistence. Recently, a third event with similar properties was discovered by the Zwicky Transient Facility and reported independently by two teams, adding strong support that ENTs are a distinct new class of extreme astrophysical events.

The authors determined these extraordinary events could not be supernovae because they release far more energy than any known stellar explosion. The sheer energy budget, combined with their smooth and prolonged light curves, firmly pointed to an alternative mechanism: accretion onto a supermassive black hole.




However, ENTs differ significantly from normal black hole accretion which typically shows irregular and unpredictable changes in brightness. The smooth and long-lived flares of ENTs indicated a distinct physical process--the gradual accretion of a disrupted star by a supermassive black hole.

Benjamin Shappee, Associate Professor at IfA and study co-author, emphasized the implications: "ENTs provide a valuable new tool for studying massive black holes in distant galaxies. Because they're so bright, we can see them across vast cosmic distances--and in astronomy, looking far away means looking back in time. By observing these prolonged flares, we gain insights into black hole growth when the universe was half its current age when galaxies were happening places--forming stars and feeding their supermassive black holes 10 times more vigorously than they do today."

The rarity of ENTs, occurring at least 10 million times less frequently than supernovae, makes their detection challenging and dependent on sustained monitoring of the cosmos. Future observatories like the Vera C. Rubin Observatory and NASA's Roman Space Telescope promise to uncover many more of these spectacular events, revolutionizing our understanding of black hole activity in the distant, early universe.

"These ENTs don't just mark the dramatic end of a massive star's life. They illuminate the processes responsible for growing the largest black holes in the universe," concluded Hinkle.
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Monster salamander with powerful jaws unearthed in Tennessee fossil find | ScienceDaily
A giant, strong-jawed salamander once tunneled through ancient Tennessee soil.


						
And thanks to a fossil unearthed near East Tennessee State University, scientists now better understand how it helped shape Appalachian amphibian diversity.

The giant plethodontid salamander now joins the remarkable roster of fossils from the Gray Fossil Site & Museum.

The findings appeared in the journal Historical Biology, authored by a team of researchers from the Gray Fossil Site & Museum and ETSU: Assistant Collections Manager Davis Gunnin, Director and Professor of Geosciences Dr. Blaine Schubert, Head Curator and Associate Professor of Geosciences Dr. Joshua Samuels, Museum Specialist Keila Bredehoeft and Assistant Collections Manager Shay Maden.

"Our researchers are not only uncovering ancient life, they are modeling the kind of collaboration and curiosity that define ETSU," said Dr. Joe Bidwell, dean of the College of Arts and Sciences. "This exciting find underscores the vital role our university plays in preserving and exploring Appalachia's deep natural history."

Today, Southern Appalachian forests are renowned for their diversity and abundance of salamander species, especially lungless salamanders of the family Plethodontidae. Tennessee alone is home to more than 50 different salamanders - one in eight of all living salamander species.

Dusky salamanders, common in Appalachian Mountain streams, likely evolved from burrowing ancestors, relatives of Alabama's Red Hills salamander, a large, underground-dwelling species with a worm-like body and small limbs. Their explosive diversification began around 12 million years ago, shaping much of the region's salamander diversity today.




Dynamognathus robertsoni, the powerful, long-extinct salamander recently discovered at the site, had a bite to match its name. Roughly 16 inches long, it ranked among the largest salamanders ever to crawl across the region's ancient forests.

"Finding something that looks like a Red Hills salamander here in East Tennessee was a bit of a surprise," Gunnin said. "Today they're only found in a few counties in southern Alabama, and researchers thought of them as a highly specialized dead-end lineage not particularly relevant to the evolution of the dusky salamanders. Discovery of Dynamognathus robertsoni here in Southern Appalachia shows that these types of relatively large, burrowing salamanders were once more widespread in eastern North America and may have had a profound impact on the evolution of Appalachian salamander communities."

Dynamognathus robertsoni is "the largest plethodontid salamander and one of the largest terrestrial salamanders in the world," Gunnin said. Dusky salamanders in the Appalachians today reach only seven inches long at their largest.

Researchers believe predators like this one may have driven the rapid evolution of Appalachian stream-dwelling salamanders, highlighting the region's key role in salamander diversification.

"The warmer climate in Tennessee 5 million years ago, followed by cooling during the Pleistocene Ice Ages, may have restricted large, burrowing salamanders to lower latitudes, like southern Alabama, where the Red Hills salamander lives today," said Samuels.

Maden explained the naming of this new salamander.




"This group of salamanders has unusual cranial anatomy that gives them a strong bite force, so the genus name - Dynamognathus - Greek for 'powerful jaw,' is given to highlight the great size and power of the salamander compared to its living relatives," said Maden.

The species name robertsoni honors longtime Gray Fossil Site volunteer Wayne Robertson, who discovered the first specimen of the new salamander and has personally sifted through more than 50 tons of fossil-bearing sediment since 2000.

From volunteers and students to staff to faculty, the ETSU Gray Fossil Site & Museum is represented by a dynamic team of lifelong learners and is one of the many reasons ETSU is the flagship institution of Appalachia.

"The latest salamander publication is a testament to this teamwork and search for answers," said Schubert. "When Davis Gunnin, the lead author, began volunteering at the museum as a teenager with an interest in fossil salamanders, I was thrilled, because this region is known for its salamander diversity today, and we know so little about their fossil record. Thus, the possibility of finding something exciting seemed imminent."
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Saving energy: New method guides magnetism without magnets | ScienceDaily
Researchers at Paul Scherrer Institute PSI have demonstrated an innovative method to control magnetism in materials using an energy-efficient electric field. The discovery focuses on materials known as magnetoelectrics, which offer promise for next-generation energy technologies, data storage, energy conversion, and medical devices. The findings are published in the journal Nature Communications.


						
With AI and data centers demanding more and more energy, scientists are searching for smarter, greener technologies. That's where magnetoelectric materials come in -- special compounds where electric and magnetic properties are linked. This connection lets researchers control magnetism using electric fields, which could pave the way for super-energy-efficient memory and computing devices.

One such magnetoelectric material is the olive-green crystalcopper oxyselenide(Cu2OSeO3). At low temperatures, the atomic spins arrange themselves into exotic magnetic textures, forming structures such as helices and cones. These patterns are much larger than the underlying atomic lattice and not fixed to its geometry, making them highly tuneable.

Neutrons watch as electric fields redirect magnetism

Now, scientists at PSI have demonstrated that an electric field can steer these magnetic textures inside copper oxyselenide. In typical materials, magnetic structures - formed from the twisting and alignment of atomic spins -- are locked in specific orientations. In copper oxyselenide with the right voltage, the researchers could nudge and reorient them.

This is the first time that the propagation direction of a magnetic texture could be continuously reorientated in a material using an electric field - an effect known as magnetoelectric deflection.

To investigate the magnetic structures, the team used the SANS-I beamline at the Swiss Spallation Neutron Source SINQ, a facility that uses beams of neutrons to map the arrangement and orientation of magnetic structures within a solid at the nanoscale. A custom-designed sample environment enabled the researchers to apply a high electric field whilst simultaneously probing the magnetisation inside the crystal with small-angle neutron scattering (SANS).




"The ability to steer such large magnetic textures with electric fields shows what's possible when creative experiments are paired with world-class research infrastructures," says Jonathan White, beamline scientist at PSI. "The reason we can capture such a subtle effect as magnetoelectric deflection is due to the exceptional resolution and versatility of SANS-I."

From novelphysics to new tech

The newly discovered magnetoelectric deflection response prompted a deeper investigation into its underlying physics. What they found was intriguing: the magnetic structures didn't just respond -- they behaved in three distinct ways depending on the strength of the electric field. Low electric fields gently deflected the magnetic structures with a linear response. Medium fields brought in more complex, non-linear behaviour. High fields caused dramatic 90-degree flips in the direction of propagation of the magnetic texture.

"Each of these regimes present unique signatures that could be integrated into sensing and storage devices," says Sam Moody, postdoctoral researcher at PSI and lead author of the study. "One particularly exciting possibility is hybrid devices that use the ability to tune the onset of these regimes by varying the strength of the applied magnetic field."

The magnetoelectric deflection response offers a powerful new tool to control magnetism without relying on energy-intensive magnetic fields. The high level of flexibility with which the researchers could manipulate the magnetism makes their discovery an exciting prospect for applications in sustainable technology.
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Heavy particles, big secrets: What happened right after the Big Bang | ScienceDaily
An international team of scientists has published a new report that moves towards a better understanding of the behaviour of some of the heaviest particles in the universe under extreme conditions, which are similar to those just after the big bang. The paper, published in the journal Physics Reports, is signed by physicists Juan M. Torres-Rincon, from the Institute of Cosmos Sciences at the University of Barcelona (ICCUB), Santosh K. Das, from the Indian Institute of Technology Goa (India), and Ralf Rapp, from Texas A&M University (United States).


						
The authors have published a comprehensive review that explores how particles containing heavy quarks (known as charm and bottom hadrons) interact in a hot, dense environment called hadronic matter. This environment is created in the last phase of high-energy collisions of atomic nuclei, such as those taking place at the Large Hadron Collider (LHC) and the Relativistic Heavy Ion Collider (RHIC). The new study highlights the importance of including hadronic interactions in simulations to accurately interpret data from experiments at these large scientific infrastructures.

The study broadens the perspective on how matter behaves under extreme conditions and helps to solve some great unknowns about the origin of the universe.

Reproducing the primordial universe

When two atomic nuclei collide at near-light speeds, they generate temperatures more than a 1,000 times higher than those at the centre of the Sun. These collisions briefly produce a state of matter called a quark-gluon plasma (QGP), a soup of fundamental particles that existed microseconds after the big bang. As this plasma cools, it transforms into hadronic matter, a phase composed of particles such as protons and neutrons, as well as other baryons and mesons.

The study focuses on what happens to heavy-flavour hadrons (particles containing charmed or background quarks, such as D and B mesons) during this transition and the hadronic phase expansion that follows it.

Heavy particles as probes

Heavy quarks are like tiny sensors. Being so massive, they are produced just after the initial nuclear collision and move more slowly, thus interacting differently with the surrounding matter. Knowing how they scatter and spread is key to learning about the properties of the medium through which they travel.




Researchers have reviewed a wide range of theoretical models and experimental data to understand how heavy hadrons, such as D and B mesons, interact with light particles in the hadronic phase. They have also examined how these interactions affect observable quantities such as particle flux and momentum loss.

"To really understand what we see in the experiments, it is crucial to observe how the heavy particles move and interact also during the later stages of these nuclear collisions," says Juan M. Torres-Rincon, member of the Department of Quantum Physics and Astrophysics and ICCUB.

"This phase, when the system has already cooled down, still plays an important role in how the particles lose energy and flow together. It is also necessary to address the microscopic and transport properties of these heavy systems right at the transition point to the quark-gluon plasma," he continues. "This is the only way to achieve the degree of precision required by current experiments and simulations."

A simple analogy can be used to better understand these results: when we drop a heavy ball into a crowded pool, even after the biggest waves have dissipated, the ball continues to move and collide with people. Similarly, heavy particles created in nuclear collisions continue to interact with other particles around them, even after the hottest and most chaotic phase. These continuous interactions subtly modify the motion of particles, and studying these changes helps scientists to better understand the conditions of the early universe. Ignoring this phase would therefore mean missing an important part of the story.

Looking to the future

Understanding how heavy particles behave in hot matter is fundamental to mapping the properties of the early universe and the fundamental forces that rule it. The findings also pave the way for future experiments at lower energies, such as those planned at CERN's Super Proton Super Synchrotron (SPS) and the future FAIR facility in Darmstadt, Germany.        
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Cozmic's Milky Way clones are cracking the universe's dark code | ScienceDaily
A USC-led research team has created a series of supercomputer-simulated twins of our Milky Way galaxy -- which could help scientists unlock new answers about one of the biggest mysteries in the universe: dark matter, the invisible substance that makes up about 85% of all matter in existence.


						
The research was led by cosmologist Vera Gluscevic, who is an associate professor at the USC Dornsife College of Letters, Arts, and Sciences; as well as Ethan Nadler, formerly a postdoc at USC and Carnegie Observatories who is now an assistant professor at University of California, San Diego; and Andrew Benson, a staff scientist at Carnegie Observatories.

They called their simulation project "COZMIC" -- short for "Cosmological Zoom-in Simulations with Initial Conditions beyond Cold Dark Matter."

Scientists have known for decades that dark matter exists -- but until now, they could not study how galaxies are born and evolve in a universe where dark and normal matter interact. COZMIC has made that possible, the team said.

The development of COZMIC and the team's results are described in a trio of studies published on June 16 in The Astrophysical Journal, a publication of the American Astronomical Society.

The heart of dark matter

Scientists know that dark matter is real because it affects how galaxies move and stick together. For example, galaxies spin so fast that they should fly apart, but they don't. Something invisible holds them together; many scientists believe that dark matter is at the heart of this -- an idea first suggested in 1933 by a Swiss researcher, Fritz Zwicky. Research on dark matter has evolved ever since.




Dark matter is tricky to study because it doesn't emit any light or energy that can be easily detected. Scientists study dark matter by watching how it affects motions and structures like galaxies. However, that is somewhat like studying someone's shadow without being able to examine in detail the actual person who cast the shadow.

For the suite of studies, the research team took the step of deploying new physics -- not just standard particle physics and relativity -- and programmed a supercomputer to create very detailed cosmological simulations through COZMIC to test different ideas about what dark matter might be doing.

"We want to measure the masses and other quantum properties of these particles, and we want to measure how they interact with everything else," Gluscevic said. "With COZMIC, for the first time, we're able to simulate galaxies like our own under radically different physical laws -- and test those laws against real astronomical observations."

In addition to Glusevic, Nadler and Benson, the team behind COZMIC includes Hai-Bo Yu of UC Riverside; Daneng Yang, formerly of UC Riverside and now at Purple Mountain Observatory CAS; Xiaolong Du of UCLA; and Rui An, formerly of USC.

Several dark matter scenarios

"Our simulations reveal that observations of the smallest galaxies can be used to distinguish dark matter models," said Nadler.




For the studies with COZMIC, the scientists accounted for the following dark matter behavior scenarios:
    	Billiard-ball model: In this first study, every dark matter particle collides with protons early in the universe, much like billiard balls when they are first set in motion. This interaction smooths out small-scale structures and eliminates satellite galaxies in the Milky Way. The study also includes scenarios where dark matter moves at high speeds, and others in which it is composed of extremely low-mass particles.
    	Mixed-sector model: This second study is a hybrid scenario in which some dark matter particles interact with normal matter, but others pass through it.
    	Self-interacting model: For this third study, the scientists simulated a scenario in which dark matter interacts with itself both at the dawn of time and today, modifying galaxy formation across cosmic history.

While running these simulations, the scientists input new physics into the supercomputer to produce a galaxy whose structure bears the signatures of those interactions between normal and dark matter, said Benson.

Gluscevic added: "While many previous simulation suites have explored the effects of dark matter mass or self-interactions, until now, none have simulated dark matter interactions with normal matter. Such interactions are not exotic or implausible. They are, in fact, likely to exist."

A new day for dark matter

The team says it is a big step forward in figuring out what dark matter really is. They hope that by comparing their twin galaxies to real telescope images, they can get even closer to solving one of space's biggest mysteries.

"We're finally able to ask, 'Which version of the universe looks most like ours?'" Gluscevic said.

The COZMIC team plans to expand their work by directly testing the predictions from their simulations with telescope data so they may discover signatures of dark matter behavior in real galaxies.

This next stage could bring scientists closer than ever to understanding what dark matter is, and how it shapes the cosmos.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250617014153.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Rainbow reefs revealed: The secret 112-million-year saga of glowing fish | ScienceDaily
New research led by scientists at the American Museum of Natural History sheds light on the ancient origins of biofluorescence in fishes and the range of brilliant colors involved in this biological phenomenon. Detailed in two complementary studies recently published in Nature Communications and PLOS One, the findings suggest that biofluorescence dates back at least 112 million years and, since then, has evolved independently more than 100 times, with the majority of that activity happening among fish that live on coral reefs.


						
The new work also reveals that in marine fishes, biofluorescence -- which occurs when an organism absorbs light, transforms it, and emits it as a different color -- involves a greater variety of colors than previously reported, spanning multiple wavelengths of green, yellow, orange, and red.

"Researchers have known for a while that biofluorescence is quite widespread in marine animals, from sea turtles to corals, and especially among fishes," said Emily Carr, a Ph.D. student in the Museum's Richard Gilder Graduate School and the lead author on the two new studies. "But to really get to the root of why and how these species use this unique adaptation -- whether for camouflage, predation, or reproduction -- we need to understand the underlying evolutionary story as well as the scope of biofluorescence as it currently exists."

For the Nature Communications study, Carr led a comprehensive survey of all known biofluorescent teleosts -- a type of bony fish that make up by far the largest group of vertebrates alive today. This resulted in a list of 459 biofluorescent species, including 48 species that were previously unknown to be biofluorescent. The researchers found that biofluorescence evolved more than 100 times in marine teleosts and is estimated to date back about 112 million years, with the first instance occurring in eels.

The team also found that fish species that live in or around coral reefs evolve biofluorescence at about 10 times the rate of non-reef species, with an increase in the number of fluorescent species following the Cretaceous-Paleogene (K-Pg) extinction about 66 million years ago, when all of the non-avian dinosaurs died off.

"This trend coincides with the rise of modern coral-dominated reefs and the rapid colonization of reefs by fishes, which occurred following a significant loss of coral diversity in the K-Pg extinction," Carr said. "These correlations suggest that the emergence of modern coral reefs could have facilitated the diversification of fluorescence in reef-associated teleost fishes."

Of the 459 known biofluorescent teleosts reported in this study, the majority are associated with coral reefs.




For the PLOS One study, Carr and colleagues used a specialized photography setup with ultraviolet and blue excitation lights and emission filters to look at the wavelengths of light emitted by fishes in the Museum's Ichthyology collection. Collected over the last decade and a half on Museum expeditions to the Solomon Islands, Greenland, and Thailand, the specimens in the study were previously observed fluorescing, but the full range of their biofluorescent emissions was unknown.

The new work reveals far more diversity in colors emitted by teleosts -- some families of which exhibit at least six distinct fluorescent emission peaks, which correspond with wavelengths across multiple colors -- than had previously been reported.

"The remarkable variation we observed across a wide array of these fluorescent fishes could mean that these animals use incredibly diverse and elaborate signaling systems based on species-specific fluorescent emission patterns," said Museum Curator John Sparks, an author on the new studies and Carr's advisor. "As these studies show, biofluorescence is both pervasive and incredibly phenotypically variable among marine fishes. What we would really like to understand better is how fluorescence functions in these highly variable marine lineages, as well as its role in diversification."

The researchers also note that the numerous wavelengths of fluorescent emissions found in this study could have implications for identifying novel fluorescent molecules, which are routinely used in biomedical applications, including fluorescence-guided disease diagnosis and therapy.

Other authors involved in this work include Rene Martin, from the Museum and the University of Nebraska-Lincoln; Mason Thurman, from Clemson University; Karly Cohen, from California State University; Jonathan Huie, from George Washington University; David Gruber, from Baruch College and The Graduate Center, City University of New York; and Tate Sparks, Rutgers University.

Research in the Solomon Islands was supported by the National Science Foundation under Grant Number DEB-1257555.

The Museum greatly acknowledges the Dalio Foundation for its generous support of the inaugural Explore21 Expedition.




The Museum's Exlopre21 initiative is generously supported by the leadership contributions of Katheryn P. and Thomas L. Kempner, Jr. 

The 2019 Constantine S. Niarchos Expedition to Greenland was generously supported by the Stavros Niarchos Foundation. 

Research in Thailand was funded by the Museum and the National Science Foundation Graduate Research Fellowship Program under Grant Number DEB-1938103.

Additional funding for this work was provided by the National Science Foundation under Grant Number DGE-1746914.
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Clever worms form superorganism towers to hitch rides on insects | ScienceDaily
Nematodes are the most abundant animal on earth, but when times get tough, these tiny worms have a hard time moving up and out. So, they play to the strength of their clade. If food runs out and competition turns fierce, they slither towards their numerous kin. They climb onto each other and over one another until their bodies forge a living tower that twists skyward where they might hitch a ride on a passing animal to greener and roomier pastures.


						
At least that's what scientists assumed. For decades, these worm structures were more mythical than material. Such aggregations, in which animals link bodies for group movement, are rare in nature. Only slime molds, fire ants, and spider mites are known to move in this way. For nematodes, nobody had even seen the aggregations -- known as towers -- forming anywhere but within the artificial confines of laboratories and growth chambers; and nobody really knew what they were for. Did towers even exist in the real world?

Now, researchers in Konstanz, Germany, have recorded video footage of worms towering in fallen apples and pears from local orchards. The team from the Max Planck Institute of Animal Behavior (MPI-AB) and the University of Konstanz combined fieldwork with laboratory experiments to provide the first direct evidence that towering behavior occurs naturally and functions as a means of collective transport.

 Natural towers 

"I was ecstatic when I saw these natural towers for the first time," says senior author Serena Ding, group leader at the MPI-AB, of the moment when co-author Ryan Greenway sent her a video recording from the field. "For so long natural worm towers existed only in our imaginations. But with the right equipment and lots of curiosity, we found them hiding in plain sight."

Greenway, a technical assistant at the MPI-AB, spent months with a digital microscope combing through decaying fruit in orchards near the university to record natural occurrences and behavior of worm towers. Some of these whole towers were brought into the lab. What was inside the towers surprised the team. Although the fruits were crawling with many species of nematodes, natural towers were made only of a single species, all at the tough larval stage known as a "dauer."

"A nematode tower is not just a pile of worms," says the first author Daniela Perez, a postdoctoral researcher at MPI-AB. "It's a coordinated structure, a superorganism in motion."

 Function of towers 




The team observed the natural dauer towers waving in unison, much like individual nematodes do by standing on their tails to latch onto a passing animal. But their new findings showed that entire worm towers could respond to touch, detach from surfaces, and collectively attach to insects such as fruit flies -- hitchhiking on mass to new environments.

To probe deeper, Perez built a controlled tower using laboratory cultures of C. elegans. When placed on food-free agar with a small vertical post -- a toothbrush bristle -- hungry worms began to self-assemble. Within two hours, living towers emerged, stable for over 12 hours, and capable of extending exploratory "arms" into surrounding space. Some even formed bridges across gaps to reach new surfaces.

"The towers are actively sensing and growing," says Perez. "When we touched them, they responded immediately, growing toward the stimulus and attaching to it."

This behavior, it turns out, is not restricted to the so-called "dauer" larval stage seen from the wild samples. Adult C. elegans and all larval stages in the lab also towered -- an unexpected twist that suggests towering may be a more generalized strategy for group movement than previously assumed.

Yet despite the architectural complexity of these towers, the worms inside showed no obvious role differentiation. Individuals from the base and the apex were equally mobile, fertile, and strong, hinting at a form of egalitarian cooperation. But so far only, the authors point out, in the controlled conditions of the laboratory. "C. elegans is a clonal culture and so it makes sense that there is no differentiation within the tower. In natural towers, we might see separate genetic compositions and roles, which prompts fascinating questions about who cooperates and who cheats."

As researchers seek to understand how group behavior evolves -- from insect swarms to bird migrations -- these microscopic worm towers might rise to provide some of the answers.

"Our study opens up a whole new system for exploring how and why animals move together," says Ding who leads a research program on nematode behavior and genetics. "By harnessing the genetic tools available for C. elegans, we now have a powerful model to study the ecology and evolution of collective dispersal."
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Black coffee, longer life: The science behind your morning perk | ScienceDaily
While you're probably not pouring your morning cup for the long-term health benefits, coffee consumption has been linked to lower risk of mortality. In a new observational study, researchers from the Gerald J. and Dorothy R. Friedman School of Nutrition Science and Policy at Tufts University found the association between coffee consumption and mortality risk changes with the amount of sweeteners and saturated fat added to the beverage.


						
The study, published online in The Journal of Nutrition, found that consumption of 1-2 cups of caffeinated coffee per day was linked to a lower risk of death from all causes and death from cardiovascular disease. Black coffee and coffee with low levels of added sugar and saturated fat were associated with a 14% lower risk of all-cause mortality as compared to no coffee consumption. The same link was not observed for coffee with high amounts of added sugar and saturated fat.

"Coffee is among the most-consumed beverages in the world, and with nearly half of American adults reporting drinking at least one cup per day, it's important for us to know what it might mean for health," said Fang Fang Zhang, senior author of the study and the Neely Family Professor at the Friedman School. "The health benefits of coffee might be attributable to its bioactive compounds, but our results suggest that the addition of sugar and saturated fat may reduce the mortality benefits."

The study analyzed data from nine consecutive cycles of the National Health and Nutrition Examination Survey (NHANES) from 1999 to 2018, linked to National Death Index Mortality Data. The study included a nationally representative sample of 46,000 adults aged 20 years and older who completed valid first-day 24-hour dietary recalls. Coffee consumption was categorized by type (caffeinated or decaffeinated), sugar, and saturated fat content. Mortality outcomes included all-cause, cancer, and cardiovascular disease. Low added sugar (from granulated sugar, honey, and syrup) was defined as under 5% of the Daily Value, which is 2.5 grams per 8-ounce cup or approximately half a teaspoon of sugar. Low saturated fat (from milk, cream, and half-and-half) was defined as 5% of the Daily Value, or 1 gram per 8-ounce cup or the equivalent of 5 tablespoons of 2% milk, 1 tablespoon of light cream, or 1 tablespoon of half-and-half.

In the study, consumption of at least one cup per day was associated with a 16% lower risk of all-cause mortality. At 2-3 cups per day, the link rose to 17%. Consumption beyond three cups per day was not associated with additional reductions, and the link between coffee and a lower risk of death by cardiovascular disease weakened when coffee consumption was more than three cups per day. No significant associations were seen between coffee consumption and cancer mortality.

"Few studies have examined how coffee additives could impact the link between coffee consumption and mortality risk, and our study is among the first to quantify how much sweetener and saturated fat are being added," said first author Bingjie Zhou, a recent Ph.D. graduate from the nutrition epidemiology and data science program at the Friedman School. "Our results align with the Dietary Guidelines for Americans which recommend limiting added sugar and saturated fat."

Limitations of the study include the fact that self-reported recall data is subject to measurement error due to day-to-day variations in food intake. The lack of significant associations between decaffeinated coffee and all-cause mortality could be due to the low consumption among the population studied.

Additional authors are Yongyi Pan and Lu Wang, both of the Friedman School, and Mengyuan Ruan, a graduate of the Friedman School.

The study was supported by the National Institutes of Health's National Institute on Minority Health and Health Disparities under award number R01MD011501. Complete information on methodology is available in the published paper. The content is the sole responsibility of the authors and does not necessarily represent the official views the National Institutes of Health.
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Robots that feel heat, pain, and pressure? This new "skin" makes it possible | ScienceDaily
Scientists have developed a low-cost, durable, highly-sensitive robotic 'skin' that can be added to robotic hands like a glove, enabling robots to detect information about their surroundings in a way that's similar to humans.


						
The researchers, from the University of Cambridge and University College London (UCL), developed the flexible, conductive skin, which is easy to fabricate and can be melted down and formed into a wide range of complex shapes. The technology senses and processes a range of physical inputs, allowing robots to interact with the physical world in a more meaningful way.

Unlike other solutions for robotic touch, which typically work via sensors embedded in small areas and require different sensors to detect different types of touch, the entirety of the electronic skin developed by the Cambridge and UCL researchers is a sensor, bringing it closer to our own sensor system: our skin.

Although the robotic skin is not as sensitive as human skin, it can detect signals from over 860,000 tiny pathways in the material, enabling it to recognise different types of touch and pressure - like the tap of a finger, a hot or cold surface, damage caused by cutting or stabbing, or multiple points being touched at once - in a single material.

The researchers used a combination of physical tests and machine learning techniques to help the robotic skin 'learn' which of these pathways matter most, so it can sense different types of contact more efficiently.

In addition to potential future applications for humanoid robots or human prosthetics where a sense of touch is vital, the researchers say the robotic skin could be useful in industries as varied as the automotive sector or disaster relief. The results are reported in the journal Science Robotics.

Electronic skins work by converting physical information - like pressure or temperature - into electronic signals. In most cases, different types of sensors are needed for different types of touch - one type of sensor to detect pressure, another for temperature, and so on - which are then embedded into soft, flexible materials. However, the signals from these different sensors can interfere with each other, and the materials are easily damaged.




"Having different sensors for different types of touch leads to materials that are complex to make," said lead author Dr David Hardman from Cambridge's Department of Engineering. "We wanted to develop a solution that can detect multiple types of touch at once, but in a single material."

"At the same time, we need something that's cheap and durable, so that it's suitable for widespread use," said co-author Dr Thomas George Thuruthel from UCL.

Their solution uses one type of sensor that reacts differently to different types of touch, known as multi-modal sensing. While it's challenging to separate out the cause of each signal, multi-modal sensing materials are easier to make and more robust.

The researchers melted down a soft, stretchy and electrically conductive gelatine-based hydrogel, and cast it into the shape of a human hand. They tested a range of different electrode configurations to determine which gave them the most useful information about different types of touch. From just 32 electrodes placed at the wrist, they were able to collect over 1.7 million pieces of information over the whole hand, thanks to the tiny pathways in the conductive material.

The skin was then tested on different types of touch: the researchers blasted it with a heat gun, pressed it with their fingers and a robotic arm, gently touched it with their fingers, and even cut it open with a scalpel. The team then used the data gathered during these tests to train a machine learning model so the hand would recognize what the different types of touch meant.

"We're able to squeeze a lot of information from these materials - they can take thousands of measurements very quickly," said Hardman, who is a postdoctoral researcher in the lab of co-author Professor Fumiya Iida. "They're measuring lots of different things at once, over a large surface area."

"We're not quite at the level where the robotic skin is as good as human skin, but we think it's better than anything else out there at the moment," said Thuruthel. "Our method is flexible and easier to build than traditional sensors, and we're able to calibrate it using human touch for a range of tasks."

In future, the researchers are hoping to improve the durability of the electronic skin, and to carry out further tests on real-world robotic tasks.

The research was supported by Samsung Global Research Outreach Program, the Royal Society, and the Engineering and Physical Sciences Research Council (EPSRC), part of UK Research and Innovation (UKRI). Fumiya Iida is a Fellow of Corpus Christi College, Cambridge.
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Cluck once, and the river shakes: Inside the Amazon's giant snake saga | ScienceDaily

As a child, I was fascinated by reports and documentaries about field research and often wondered what it took to be there and what kind of knowledge was being produced. Later, as an ecologist, I felt the need for approaches that better connected scientific research with real-world contexts. I became especially interested in perspectives that viewed humans not as separate from nature, but as part of ecological systems. This led me to explore integrative methods that incorporate local and traditional knowledge, aiming to make research more relevant and accessible to the communities involved.

Can you tell us about the research you're currently working on? 

My research focuses on ethnobiology, an interdisciplinary field intersecting ecology, conservation, and traditional knowledge. We investigate not only the biodiversity of an area but also the relationship local communities have with surrounding species, providing a better understanding of local dynamics and areas needing special attention for conservation. After all, no one knows a place better than those who have lived there for generations. This deep familiarity allows for early detection of changes or environmental shifts. Additionally, developing a collaborative project with residents generates greater engagement, as they recognize themselves as active contributors; and collective participation is essential for effective conservation.

Could you tell us about one of the legends surrounding anacondas? 

One of the greatest myths is about the Great Snake -- a huge snake that is said to inhabit the Amazon River and sleep beneath the town. According to the dwellers, the Great Snake is an anaconda that has grown too large; its movements can shake the river's waters, and its eyes look like fire in the darkness of night. People say anacondas can grow so big that they can swallow large animals -- including humans or cattle -- without difficulty.

What could be the reasons why the traditional role of anacondas as a spiritual and mythological entity has changed? Do you think the fact that fewer anacondas have been seen in recent years contributes to their diminished importance as an mythological entity? 

Not exactly. I believe the two are related, but not in a direct way. The mythology still exists, but among Aritapera dwellers, there's a more practical, everyday concern -- mainly the fear of losing their chickens. As a result, anacondas have come to be seen as stealthy thieves. These traits are mostly associated with smaller individuals (up to around 2-2.5 meters), while the larger ones -- which may still carry the symbolic weight of the 'Great Snake' -- tend to retreat to more sheltered areas; because of the presence of houses, motorized boats, and general noise, they are now seen much less frequently.




Can you share some of the quotes you've collected in interviews that show the attitude of community members towards anacondas? How do chickens come into play? 

When talking about anacondas, one thing always comes up: chickens. "Chicken is her [the anaconda's] favorite dish. If one clucks, she comes," said one dweller. This kind of remark helps explain why the conflict is often framed in economic terms. During the interviews and conversations with local dwellers, many emphasized the financial impact of losing their animals: "The biggest loss is that they keep taking chicks and chickens..." or "You raise the chicken -- you can't just let it be eaten for free, right?"

For them, it's a loss of investment, especially since corn, which is used as chicken feed, is expensive. As one person put it: "We spend time feeding and raising the birds, and then the snake comes and takes them." One dweller shared that, in an attempt to prevent another loss, he killed the anaconda and removed the last chicken it had swallowed from its belly -- "it was still fresh," he said -- and used it for his meal, cooking the chicken for lunch so it wouldn't go to waste.

Some interviewees reported that they had to rebuild their chicken coops and pigsties because too many anacondas were getting in. Participants would point out where the anaconda had entered and explained that they came in through gaps or cracks but couldn't get out afterwards because they 'tufavam' -- a local term referring to the snake's body swelling after ingesting prey.

We saw chicken coops made with mesh, with nylon, some that worked and some that didn't. Guided by the locals' insights, we concluded that the best solution to compensate for the gaps between the wooden slats is to line the coop with a fine nylon mesh (to block smaller animals), and on the outside, a layer of wire mesh, which protects the inner mesh and prevents the entry of larger animals.

Are there any common misconceptions about this area of research? How would you address them? 

Yes, very much. Although ethnobiology is an old science, it's still underexplored and often misunderstood. In some fields, there are ongoing debates about the robustness and scientific validity of the field and related areas. This is largely because the findings don't always rely only on hard statistical data.




However, like any other scientific field, it follows standardized methodologies, and no result is accepted without proper grounding. What happens is that ethnobiology leans more toward the human sciences, placing human beings and traditional knowledge as key variables within its framework.

To address these misconceptions, I believe it's important to emphasize that ethnobiology produces solid and relevant knowledge -- especially in the context of conservation and sustainable development. It offers insights that purely biological approaches might overlook and helps build bridges between science and society.

What are some of the areas of research you'd like to see tackled in the years ahead? 

I'd like to see more conservation projects that include local communities as active participants rather than as passive observers. Incorporating their voices, perspectives, and needs not only makes initiatives more effective, but also more just. There is also great potential in recognizing and valuing traditional knowledge. Beyond its cultural significance, certain practices -- such as the use of natural compounds -- could become practical assets for other vulnerable regions. Once properly documented and understood, many of these approaches offer adaptable forms of environmental management and could help inform broader conservation strategies elsewhere.

How has open science benefited the reach and impact of your research? 

Open science is crucial for making research more accessible. By eliminating access barriers, it facilitates a broader exchange of knowledge -- important especially for interdisciplinary research like mine which draws on multiple knowledge systems and gains value when shared widely. For scientific work, it ensures that knowledge reaches a wider audience, including practitioners and policymakers. This openness fosters dialogue across different sectors, making research more inclusive and encouraging greater collaboration among diverse groups.
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Tiny orange beads found by Apollo astronauts reveal moon's explosive past | ScienceDaily
The Apollo astronauts didn't know what they'd find when they explored the surface of the moon, but they certainly didn't expect to see drifts of tiny, bright orange glass beads glistening among the otherwise monochrome piles of rocks and dust.


						
The beads, each less than 1 mm across, formed some 3.3 to 3.6 billion years ago during volcanic eruptions on the surface of the then-young satellite. "They're some of the most amazing extraterrestrial samples we have," said Ryan Ogliore, an associate professor of physics in Arts & Sciences at Washington University in St. Louis, home to a large repository of lunar samples that were returned to Earth. "The beads are tiny, pristine capsules of the lunar interior."

Using a variety of microscopic analysis techniques not available when the Apollo astronauts first returned samples from the moon, Ogliore and a team of researchers have been able to take a close look at the microscopic mineral deposits on the outside of lunar beads. The unprecedented view of the ancient lunar artifacts was published in Icarus. The investigation was led by Thomas Williams, Stephen Parman and Alberto Saal from Brown University.

The study relied, in part, on the NanoSIMS 50, an instrument at WashU that uses a high-energy ion beam to break apart small samples of material for analysis. WashU researchers have used the device for decades to study interplanetary dust particles, presolar grains in meteorites, and other small bits of debris from our solar system.

The study combined a variety of techniques -- atom probe tomography, scanning electron microscopy, transmission electron microscopy and energy dispersive X-ray spectroscopy -- at other institutions to get a closer look at the surface of the beads. "We've had these samples for 50 years, but we now have the technology to fully understand them," Ogliore said. "Many of these instruments would have been unimaginable when the beads were first collected."

As Ogliore explained, each glass bead tells its own story of the moon's past. The beads -- some shiny orange, some glossy black -- formed when lunar volcanoes shot material from the interior to the surface, where each drop of lava solidified instantly in the cold vacuum that surrounds the moon. "The very existence of these beads tells us the moon had explosive eruptions, something like the fire fountains you can see in Hawaii today," he said. Because of their origins, the beads have a color, shape and chemical composition unlike anything found on Earth.

Tiny minerals on the surface of the beads could react with oxygen and other components of Earth's atmosphere. To avoid this possibility, the researchers extracted beads from deep within samples and kept them protected from air exposure through every step of the analysis. "Even with the advanced techniques we used, these were very difficult measurements to make," Ogliore said.

The minerals (including zinc sulfides) and isotopic composition of the bead surfaces serve as probes into the different pressure, temperature and chemical environment of lunar eruptions 3.5 billion years ago. Analyses of orange and black lunar beads have shown that the style of volcanic eruptions changed over time. "It's like reading the journal of an ancient lunar volcanologist," Ogliore said.
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The invisible killer: PM 1 pollution uncovered across America | ScienceDaily
Air pollution causes health problems and is attributable to some 50,000 annual deaths in the United States, but not all air pollutants pack the same punch.


						
Scientists have tracked the scope of "PM 2.5" pollution over decades. PM 2.5 is a size of "particulate matter" that is less than 2.5 microns in diameter. But less information was available about its even tinier cousin, described as "submicron" or "PM 1" particulate matter, which is less than 1 micron in diameter. Why does that matter? Because the "little guys" might be the source of worse health effects.

With a study now published in The Lancet Planetary Health, researchers at Washington University in St. Louis have quantified the amount of PM 1 over the United States from the past 25 years.

"This measurement serves as a starting point to understand which pollutants regulators could target to make the most effective health impact," said Randall Martin, the Raymond R. Tucker Distinguished Professor of energy, environmental and chemical engineering in the McKelvey School of Engineering. "This effort builds upon WashU's strengths in satellite remote sensing and modeling atmospheric aerosols that were leveraged in this study," he added.

Chi Li, research assistant professor in Martin's atmospheric composition analysis group, is the first author of the work. Li said these estimates will enable further investigation into both the health and environmental effects of submicron particles.

Li said the very small particles quantified in this study generally come from direct air emissions, such as the black carbon particles released by diesel engines or the smoke from wildfires. Sometimes PM 1 can also form through secondary processes when sulfur dioxide or nitrogen oxides are spit out through fuel combustion and burning coal.

It makes intuitive sense that smaller particles of air pollution could do more damage to the human body because they are able to slip past the body's innate defenses. These submicron particles are at least 6 times smaller than blood cells.




Air particles are not always one single thing, but mixtures of other materials stacked together.

The larger sizes of particles are critically more dominated by components that are not easily modifiable like mineral dust, noted Li.

The researchers were able to calculate their submicron estimates based on the known ratios of what makes up PM 2.5 particles, which include seven main components such as sulfate, nitrate and mineral dust.

"Putting the seven species together, we can calculate the total PM 1 concentration over the country," Li said.

This research sets the stage for further analysis of where, how and why certain types of particles congregate, and how they can affect the environment and human body.

"When EPA first promulgated a fine PM air quality standard in 1997, there was considerable discussion about regulating PM 1 or PM2.5," said Jay Turner, the James McKelvey Professor of Engineering Education and co-author on the study. "For numerous reasons, including but not limited to the lack of health impacts studies for PM 1 compared to studies for PM 2.5, the latter was chosen. This study provides a comprehensive, nationwide dataset to examine PM1 impacts on health."

A next step will involve working with epidemiologists to assess the association of PM 1 with health outcomes.




The new dataset revealed another notable fact: pollution regulation does help. Across the contiguous U.S., average PM 1 levels in the air people breathe dropped sharply from 1998 to 2022, thanks to decades of environmental regulations like the Clean Air Act. However, this progress has slowed since 2010, mainly because of rising wildfire activity. Future pollution controls will need to address emerging, non-fossil fuel sources, study authors said.

Other countries like China have a head start tracking nationwide PM 1, but now the U.S. can quickly catch up.

"This dataset offers unprecedented information for the United States about an important pollutant for which few other measurements exist," Martin said.

Funding from National Institute of Environmental Health Sciences, National Institutes of Health.
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600-million-year-old body blueprint found in sea anemones | ScienceDaily
A new study from the University of Vienna reveals that sea anemones use a molecular mechanism known from bilaterian animals to form their back-to-belly body axis. This mechanism ("BMP shuttling") enables cells to organize themselves during development by interpreting signaling gradients. The findings, published in Science Advances, suggest that this system evolved much earlier than previously assumed and was already present in the common ancestor of cnidarians and bilaterians.


						
Most animals exhibit bilateral symmetry -- a body plan with a head and tail, a back and belly, and left and right sides. This body organization characterizes the vast group known as Bilateria, which includes animals as diverse as vertebrates, insects, molluscs and worms. In contrast, cnidarians, such as jellyfish and sea anemones, are traditionally described as radially symmetric, and indeed jellyfish are. However, the situation is different is the sea anemones: despite superficial radiality, they are bilaterally symmetric - first at the level of gene expression in the embryo and later also anatomically as adults. This raises a fundamental evolutionary question: did bilateral symmetry arise in the common ancestor of Bilateria and Cnidaria, or did it evolve independently in multiple animal lineages? Researchers at the University of Vienna have addressed this question by investigating whether a key developmental mechanism called BMP shuttling is already present in cnidarians.

Shuttling for development

In bilaterian animals, the back-to-belly axis is patterned by a signaling system involving Bone Morphogenetic Proteins (BMPs) and their inhibitor Chordin. BMPs act as molecular messengers, telling embryonic cells where they are and what kind of tissue they should become. In bilaterian embryos, Chordin binds BMPs and blocks their activity in a process called "local Inhibition." At the same time, in some but not all bilaterian embryonic models, Chordin can also transport bound BMPs to other regions in the embryo, where they are released again - a mechanism known as "BMP shuttling." Animals as evolutionary distant as sea urchins, flies and frogs use BMP shuttling, however, until now it was unclear whether they all evolved shuttling independently or inherited it from their last common ancestor some 600 million years ago. Both, local inhibition and BMP shuttling, create a gradient of BMP activity across the embryo. Cells in the early embryo detect this gradient and adopt different fates depending on BMP levels. For example, in vertebrates, the central nervous system forms where BMP signaling is lowest, kidneys will develop at intermediate BMP signaling levels, and the skin of the belly will form in the area of maximum BMP signaling. This way, the body's layout from back to belly is established. To find out whether BMP shuttling by Chordin represents an ancestral mechanism for patterning the back to belly axis, the researchers had to look at bilaterally symmetric animals outside Bilateria - the sea anemones.

An Ancient Blueprint

To test whether sea anemones use Chordin as a local inhibitor or as a shuttle, the researchers first blocked Chordin production in the embryos of the model sea anemone Nematostella vectensis. In Nematostella, unlike in Bilateria, BMP signaling requires the presence of Chordin, so, without Chordin, BMP signaling ceased and the formation of the second body axis failed. Chordin was then reintroduced into a small part of the embryo to see if it could restore axis formation. BMP signaling resumed -- but it was unclear whether this was because Chordin simply blocked BMPs locally, allowing a gradient to form from existing BMP sources, or because it actively transported BMPs to distant parts of the embryo, shaping the gradient more directly. To answer this, two versions of Chordin were tested -- one membrane-bound and immobile, the other diffusible. If Chordin acted as a local inhibitor, both, the immobile and the diffusible Chordin would restore BMP signaling on the side of the embryo opposite to the Chordin producing cells. However, only diffusible Chordin can act as a BMP shuttle. The results were clear: Only the diffusible form was able to restore BMP signaling at a distance from its source, demonstrating that Chordin acts as a BMP shuttle in sea anemones -- just as it does in flies and frogs.

A shared strategy across over 600 million years of evolution?

The presence of BMP shuttling in both cnidarians and bilaterians suggests that this molecular mechanism predates their evolutionary divergence some 600-700 million years ago. "Not all Bilateria use Chordin-mediated BMP shuttling, for example, frogs do, but fish don't, however, shuttling seems to pop up over and over again in very distantly related animals making it a good candidate for an ancestral patterning mechanism. The fact that not only bilaterians but also sea anemones use shuttling to shape their body axes, tells us that this mechanism is incredibly ancient," says David Morsdorf, first author of the study and postdoctoral researcher at the Department of Neurosciences and Developmental Biology at the University of Vienna. "It opens up exciting possibilities for rethinking how body plans evolved in early animals."

Grigory Genikhovich, senior author and group leader at the same department, adds: "We might never be able to exclude the possibility that bilaterians and bilaterally symmetric cnidarians evolved their bilateral body plans independently. However, if the last common ancestor of Cnidaria and Bilateria was a bilaterally symmetric animal, chances are that it used Chordin to shuttle BMPs to make its back-to-belly axis. Our new study showed that."

The study was supported by the Austrian Science Fund (FWF), grants P32705 and M3291.
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Only 13 % know: The one-minute self-exam that could save young men's lives | ScienceDaily
A recent survey commissioned by The Ohio State University Comprehensive Cancer Center -- Arthur G. James Cancer Hospital and Richard J. Solove Research Institute (OSUCCC -- James) focused on Americans' perceptions of testicular cancer. The results suggest more can be done to educate the public about the disease, which affects nearly 10,000 adults in the United States each year according to the American Cancer Society.


						
The OSUCCC -- James survey found that only 13% of U.S. adults -- just over 1 in 10 -- correctly identified testicular cancer as most commonly affecting men under 40. This is significant, as the disease is most prevalent among men between the ages of 20 and 40.

Additionally, two-thirds (65%) of respondents believe an evaluation should be part of an annual exam after age 40. However, cancer experts note that self-exams are most relevant between the ages of 20 and 40.

"In my experience, a lot of men are surprised that testicular cancer is most common among young men," said Shawn Dason, MD, urologic oncologist at the OSUCCC -- James. "It's something you're just not expecting in your twenties or thirties. A lot of young men's focus might be on developing their career, their day-to-day life. That's a very different track of mind than perhaps your health."

Survey results In the survey of 1,008 respondents aged 18 and older, 6 in 10 (63%) correctly identified that testicular cancer is often curable if caught early, and just over half (54%) correctly said that monthly self-checks should be conducted.

"We are really fortunate in testicular cancer that the vast majority of patients are diagnosed at an early stage," said Dason, also an associate clinical professor of urology at Ohio State College of Medicine. "That means the vast majority of patients are actually diagnosed before the cancer has had an opportunity to spread to other parts of the body."

Younger Americans, age 18-29, and adults, age 30-49, were more likely than their older counterparts to say that testicular cancer affects fertility (68% and 61%, respectively). However, younger adults were also more likely than all other age groups to incorrectly agree with the statement that testicular cancer symptoms are always painful (18%).




"Testicular cancer does not typically come with painful symptoms," said Dason. "That's why routine self-exams are so important to detect any lumps or changes to the testicle. If you feel something out of the ordinary, like a lump or bump, or if the testicle changes in size, call your doctor."

Survey methodology

This survey was conducted by SSRS on its Opinion Panel Omnibus platform. The SSRS Opinion Panel Omnibus is a national, twice-per-month, probability-based survey. Data collection was conducted from May 2 -- May 5, 2025, among a sample of 1,008 respondents. The survey was conducted via web (n=978) and telephone (n=30) and administered in English. The margin of error for total respondents is +/-3.6 percentage points at the 95% confidence level. All SSRS Opinion Panel Omnibus data are weighted to represent the target population of U.S. adults ages 18 or older.

To learn more about cancer treatment and clinical trials at the OSUCCC -- James, visit cancer.osu.edu or call 1-800-293-5066.
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Magnetic mayhem at the sun's poles: First images reveal a fiery mystery | ScienceDaily
Thanks to its newly tilted orbit around the Sun, the European Space Agency-led Solar Orbiter spacecraft is the first to image the Sun's poles from outside the ecliptic plane. Solar Orbiter's unique viewing angle will change our understanding of the Sun's magnetic field, the solar cycle and the workings of space weather.


						
Any image you have ever seen of the Sun was taken from around the Sun's equator. This is because Earth, the other planets, and all other modern spacecraft orbit the Sun within a flat disc around the Sun called the ecliptic plane. By tilting its orbit out of this plane, Solar Orbiter reveals the Sun from a whole new angle.

The video titled 'EUI video SolarOrbiter Sun south pole' compares Solar Orbiter's view (in yellow) with the one from Earth (grey), on 23 March 2025. At the time, Solar Orbiter was viewing the Sun from an angle of 17deg below the solar equator, enough to directly see the Sun's south pole. Over the coming years, the spacecraft will tilt its orbit even further, so the best views are yet to come.

"Today we reveal humankind's first-ever views of the Sun's pole" says Prof. Carole Mundell, ESA's Director of Science. "The Sun is our nearest star, giver of life and potential disruptor of modern space and ground power systems, so it is imperative that we understand how it works and learn to predict its behaviour. These new unique views from our Solar Orbiter mission are the beginning of a new era of solar science."

All eyes on the Sun's south pole

A collage shows the Sun's south pole as recorded on March 16-17, 2025, when Solar Orbiter was viewing the Sun from an angle of 15deg below the solar equator. This was the mission's first high-angle observation campaign, a few days before reaching its current maximum viewing angle of 17deg.

The images shown in the collage were taken by three of Solar Orbiter's scientific instruments: the Polarimetric and Helioseismic Imager (PHI), the Extreme Ultraviolet Imager (EUI), and the Spectral Imaging of the Coronal Environment (SPICE) instrument. Click on the image to zoom in and see video versions of the data.




"We didn't know what exactly to expect from these first observations - the Sun's poles are literally terra incognita," says Prof. Sami Solanki, who leads the PHI instrument team from the Max Planck Institute for Solar System Research (MPS) in Germany.

The instruments each observe the Sun in a different way. PHI images the Sun in visible light (top left of the collage) and maps the Sun's surface magnetic field (top centre). EUI images the Sun in ultraviolet light (top right), revealing the million-degree charged gas in the Sun's outer atmosphere, the corona. The SPICE instrument (bottom row) captures light coming from different temperatures of charged gas above the Sun's surface, thereby revealing different layers of the Sun's atmosphere.

By comparing and analysing the complementary observations made by these three imaging instruments, we can learn about how material moves in the Sun's outer layers. This may reveal unexpected patterns, such as polar vortices (swirling gas) similar to those seen around the poles of Venus and Saturn.

These groundbreaking new observations are also key to understanding the Sun's magnetic field and why it flips roughly every 11 years, coinciding with a peak in solar activity. Current models and predictions of the 11-year solar cycle fall short of being able to predict exactly when and how powerfully the Sun will reach its most active state.

Messy magnetism at solar maximum 

One of the first scientific findings from Solar Orbiter's polar observations is the discovery that at the south pole, the Sun's magnetic field is currently a mess. While a normal magnet has a clear north and south pole, the PHI instrument's magnetic field measurements show that both north and south polarity magnetic fields are present at the Sun's south pole.




This happens only for a short time during each solar cycle, at solar maximum, when the Sun's magnetic field flips and is at its most active. After the field flip, a single polarity should slowly build up and take over the Sun's poles. In 5-6 years from now, the Sun will reach its next solar minimum, during which its magnetic field is at its most orderly and the Sun displays its lowest levels of activity.

"How exactly this build-up occurs is still not fully understood, so Solar Orbiter has reached high latitudes at just the right time to follow the whole process from its unique and advantageous perspective," notes Sami.

PHI's view of the full Sun's magnetic field puts these measurements in context (see 'PHI_south-pole-Bmap' and 'PHI_global-Bmap_20250211-20250429'). The darker the colour (red/blue), the stronger the magnetic field is along the line of sight from Solar Orbiter to the Sun.

The strongest magnetic fields are found in two bands either side of the Sun's equator. The dark red and dark blue regions highlight active regions, where magnetic field gets concentrated in sunspots on the Sun's surface (photosphere).

Meanwhile, both the Sun's south and north poles are speckled with red and blue patches. This demonstrates that at small scales, the Sun's magnetic field has a complex and ever-changing structure.

SPICE measures movement for the first time

Another interesting 'first' for Solar Orbiter comes from the SPICE instrument. Being an imaging spectrograph, SPICE measures the light (spectral lines) sent out by specific chemical elements - among which hydrogen, carbon, oxygen, neon and magnesium - at known temperatures. For the last five years, SPICE has used this to reveal what happens in different layers above the Sun's surface.

Now for the first time, the SPICE team has also managed to use precise tracking of spectral lines to measure how fast clumps of solar material are moving. This is known as a 'Doppler measurement', named after the same effect that makes passing ambulance sirens change pitch as they drive by.

The resulting velocity map reveals how solar material moves within a specific layer of the Sun. By comparing the SPICE doppler and intensity maps, you can directly compare the location and movement of particles (carbon ions) in a thin layer called the 'transition region', where the Sun's temperature rapidly increases from 10 000 degC to hundreds of thousands of degrees.

The SPICE intensity map reveals the locations of clumps of carbon ions. The SPICE doppler map includes the blue and red colours to indicate how fast the carbon ions are moving towards and away from the Solar Orbiter spacecraft, respectively. Darker blue and red patches are related to material flowing faster due to small plumes or jets.

Crucially, Doppler measurements can reveal how particles are flung out from the Sun in the form of solar wind. Uncovering how the Sun produces solar wind is one of Solar Orbiter's key scientific goals.

"Doppler measurements of solar wind setting off from the Sun by current and past space missions have been hampered by the grazing view of the solar poles. Measurements from high latitudes, now possible with Solar Orbiter, will be a revolution in solar physics," says SPICE team leader, Frederic Auchere from the University of Paris-Saclay (France).

The best is yet to come

These are just the first observations made by Solar Orbiter from its newly inclined orbit, and much of this first set of data still awaits further analysis. The complete dataset of Solar Orbiter's first full 'pole-to-pole' flight past the Sun is expected to arrive on Earth by October 2025. All ten of Solar Orbiter's scientific instruments will collect unprecedented data in the years to come.

"This is just the first step of Solar Orbiter's 'stairway to heaven': in the coming years, the spacecraft will climb further out of the ecliptic plane for ever better views of the Sun's polar regions. These data will transform our understanding of the Sun's magnetic field, the solar wind, and solar activity," notes Daniel Muller, ESA's Solar Orbiter project scientist.

Notes for editors

Solar Orbiter is the most complex scientific laboratory ever to study our life-giving star, taking images of the Sun from closer than any spacecraft before and being the first to look at its polar regions.

In February 2025, Solar Orbiter officially began the 'high latitude' part of its journey around the Sun by tilting its orbit to an angle of 17deg with respect to the Sun's equator. In contrast, the planets and all other Sun-observing spacecraft orbit in the ecliptic plane, tilted at most 7deg from the solar equator.

The only exception to this is the ESA/NASA Ulysses mission (1990-2009), which flew over the Sun's poles but did not carry any imaging instruments. Solar Orbiter's observations will complement Ulysses' by observing the poles for the first time with telescopes, in addition to a full suite of in-situ sensors, while flying much closer to the Sun. Additionally, Solar Orbiter will monitor changes at the poles throughout the solar cycle.

Solar Orbiter will continue to orbit around the Sun at this tilt angle until 24 December 2026, when its next flight past Venus will tilt its orbit to 24deg. From 10 June 2029, the spacecraft will orbit the Sun at an angle of 33deg. (Overview of Solar Orbiter's journey around the Sun.)

Solar Orbiter is a space mission of international collaboration between ESA and NASA, operated by ESA. Solar Orbiter's Polarimetric and Helioseismic Imager (PHI) instrument is led by the Max Planck Institute for Solar System Research (MPS), Germany. The Extreme Ultraviolet Imager (EUI) instrument is led by the Royal Observatory of Belgium (ROB). The Spectral Imaging of the Coronal Environment (SPICE) instrument is a European-led facility instrument, led by the Institut d'Astrophysique Spatiale (IAS) in Paris, France.
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Your brain has a hidden beat - and smarter minds sync to it | ScienceDaily
When the brain is under pressure, certain neural signals begin to move in sync - much like a well-rehearsed orchestra. A new study from Johannes Gutenberg University Mainz (JGU) is the first to show how flexibly this neural synchrony adjusts to different situations and that this dynamic coordination is closely linked to cognitive abilities. "Specific signals in the midfrontal brain region are better synchronized in people with higher cognitive ability - especially during demanding phases of reasoning," explained Professor Anna-Lena Schubert from JGU's Institute of Psychology, lead author of the study recently published in the Journal of Experimental Psychology: General.


						
The researchers focused on the midfrontal area of the brain and the measurable coordination of the so-called theta waves. These brainwaves oscillate between four and eight hertz and belong to the group of slower neural frequencies. "They tend to appear when the brain is particularly challenged such as during focused thinking or when we need to consciously control our behavior," said Schubert, who heads the Analysis and Modeling of Complex Data Lab at JGU.

Being able to focus even next to a buzzing phone

The 148 participants in the study, aged between 18 and 60, first completed tests assessing memory and intelligence before their brain activity was recorded using electroencephalography (EEG). This method measures tiny electrical signals in the brain using electrodes placed on the scalp and is a well-established technique for gaining precise insights into cognitive processes. During EEG recording, participants completed three mentally demanding tasks designed to assess cognitive control.

The researchers were interested in the participants' ability to flexibly shift between changing rules, which is an essential aspect of intelligent information processing. For example, participants had to press a button to decide whether a number was even or odd, and moments later whether it was greater or less than five. Each switch of rules required rapid adjustment of mental strategies - a process that allowed researchers to closely observe how the brain's networks coordinate in real time.

As a result, individuals with higher cognitive abilities showed especially strong synchronization of theta waves during crucial moments, particularly when making decisions. Their brains were better at sustaining purposeful thought when it mattered most. "People with stronger midfrontal theta connectivity are often better at maintaining focus and tuning out distractions, be it that your phone buzzes while you're working or that you intend to read a book in a busy train station," explained Schubert.

A flexible rhythm in the brain

Professor Anna-Lena Schubert was particularly surprised by how closely this brain rhythm coordination was tied to cognitive abilities. "We did not expect the relationship to be this clear," she said. What mattered most was not continuous synchronization, but the brain's ability to adapt its timing flexibly and contextually - like an orchestra that follows a skilled conductor. The midfrontal region often sets the tone in this coordination but works in concert with other areas across the brain. This midfrontal theta connectivity appears to be particularly relevant during the execution of decisions, however not during the preparatory mental adjustment to new task rules.

Previous EEG studies on cognitive ability mostly examined activity in isolated brain regions. In contrast, this study took a network-level approach, examining how different areas interact across multiple tasks to identify stable, overarching patterns. The findings show that individual differences in cognitive ability are linked to the brain's dynamic network behavior.

"Potential applications such as brain-based training tools or diagnostics are still a long way off," emphasized Schubert. "But our study offers important groundwork for understanding how intelligence functions at a neural level." A follow-up study, now seeking participants aged 40 and older from the Rhine-Main region, will explore which biological and cognitive factors further support this kind of efficient brain coordination and the role of additional cognitive abilities, such as processing speed and working memory.
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Scientists discover llama antibodies that shut down COVID - and its future variants | ScienceDaily
Scientists have discovered a unique class of small antibodies that are strongly protective against a wide range of SARS coronaviruses, including SARS-CoV-1 and numerous early and recent SARS-CoV-2 variants. The unique antibodies target an essential highly conserved site at the base of the virus's spike protein, effectively clamping it shut and preventing the virus from infecting cells. The findings, published in Nature Communications, offer a promising route to developing broad-spectrum antiviral treatments that could remain effective against future viral variants.


						
SARS-CoV-2, the virus behind COVID-19, continues to be a potential threat as it evolves into newer variants that are resistant to currently approved antibody therapies. Resistance largely emerges because antibodies typically target virus regions, such as the receptor binding domain of the spike protein, that also frequently mutate, enabling escape from antibody recognition.

To address this, a research team led by Prof. Xavier Saelens and Dr. Bert Schepens at the VIB-UGent Center for Medical Biotechnology explored a different strategy by focusing on one of the more stable subunits of the spike protein. The so-called S2 subunit is critical for the virus's ability to fuse with host cells, a process essential for infection, and it is more conserved across different coronaviruses.

A molecular clamp on the virus

The team turned to llamas (more specifically a llama called Winter). Llamas generate so-called single-domain antibodies, also known as VHHs or nanobodies, that are much smaller than the antibodies generated by most animals, including humans. The researchers identified several llama antibodies that strongly neutralize a broad panel of SARS coronaviruses.

What makes these antibodies particularly promising is their unique mode of action: they act like a molecular clamp. They latch onto the poorly exposed, highly conserved region (a coiled coil of 3 alpha helices) at the base of the virus's spike protein. In doing so, they lock the spike protein in its original shape, physically preventing it from unfolding into the form the virus needs to infect cells.

The antibodies showed strong protection against infection in lab animals, even at low doses. And when researchers attempted to force the virus to evolve resistance, the virus struggled, producing only rare escape variants that were much less infectious. This points to a powerful, hard-to-evade treatment option.




"This region is so crucial to the virus that it can't easily mutate without weakening the virus itself," explains Schepens, senior author of the study. "That gives us a rare advantage: a target that's both essential and stable across variants."

Better treatments

This discovery marks a significant advancement in the quest for durable and broadly effective antiviral therapies, offering hope for treatments that can keep pace with viral evolution.

"The combination of high potency, broad activity against numerous viral variants, and a high barrier to resistance is incredibly promising," adds Saelens. "This work provides a strong foundation for developing next-generation antibodies that could be vital in combating not only current but also future coronavirus threats."

This research was made possible with financial support from, among others, the Research Foundation - Flanders (FWO), EOS, EU Horizon 2021, and Exevir.
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Single psilocybin trip delivers two years of depression relief for cancer patients | ScienceDaily
New results from a clinical trial reveal that a single dose of psilocybin -- a naturally occurring psychedelic compound found in mushrooms -- can provide sustained reductions in depression and anxiety in individuals with cancer suffering from major depressive disorder. The findings are published by Wiley online in CANCER, a peer-reviewed journal of the American Cancer Society.


						
People with cancer often struggle with depression. In this phase 2 trial, 28 patients with cancer and major depressive disorder received psychological support from a therapist prior to, during, and following a single 25-mg dose of psilocybin.

During clinical interviews conducted 2 years later, 15 (53.6%) patients demonstrated a significant reduction in depression, and 14 (50%) had sustained depression reduction as well as remission. Similarly, psilocybin reduced anxiety for 12 (42.9%) patients at 2 years.

An ongoing randomized, double-blind trial is currently evaluating up to two doses of 25 mg of psilocybin versus placebo as treatment for depression and anxiety in patients with cancer. This study is building on the single-dose study in an effort to bring a larger majority of the patients into remission of depression and anxiety.

"One dose of psilocybin with psychological support to treat depression has a long-term positive impact on relieving depression for as much as 2 years for a substantial portion of patients with cancer, and we're exploring whether repeating the treatment resolves depression for more than half of the patients," said lead author Manish Agrawal, MD, of Sunstone Therapies. "If randomized testing shows similar results, this could lead to greater use of psilocybin to treat depression in patients with cancer."
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Galactic mystery: Why massive stars struggle to form in the Milky Way's center | ScienceDaily
New research led by Dr. James De Buizer at the SETI Institute and Dr. Wanggi Lim at IPAC at Caltech revealed surprising results about the rate at which high-mass stars form in the Galactic Center of the Milky Way. The researchers based their study primarily on observations from NASA's now-retired SOFIA airborne observatory, focusing on three star-forming regions -- Sgr B1, Sgr B2, and Sgr C -- located at the heart of the Galaxy. Although the central part of our Galaxy has a much higher density of star-forming material than the rest of the Milky Way, in the Galactic Center, the current rate of formation of massive stars (those larger than 8 times the mass of our Sun) appears to be lower compared to the rest of the Galaxy.


						
The team compared these three Galactic Center star-forming regions to similar-sized regions further out in the Galaxy, including those closer to our Sun, and confirmed that the rate of star formation is below average near the Galactic Center. Their study finds that despite the Galactic Center's dense clouds of gas and dust, conditions that typically produce stars with high masses, these star-forming regions struggle to form high-mass stars. Furthermore, the studied areas appear to lack sufficient material for continued star formation, suggesting such regions effectively produce just one generation of stars, unlike typical star-forming regions.

"Recent studies have concluded that star formation is likely depressed near the Galactic Center, and even that there may be no present star formation occurring there," said De Buizer, lead author of the study. "Since presently-forming massive stars are brightest at long infrared wavelengths, we obtained the highest resolution infrared images of our Galaxy's central-most star-forming regions. The data show that, contrarily, massive stars are presently forming there, but confirm at a relatively low rate."

The study suggests that the reason for the slowdown in star formation is due to the extreme conditions in the Galactic Center. These regions orbit swiftly around the black hole at the center of the Galaxy, interacting with older stars and possibly with other material falling toward the black hole. These conditions could inhibit gas clouds from holding together long enough to form stars in the first place and prevent those that do form stars from staying together long enough for continued future star formation.

However, Sgr B2 appears to be the exception. Although its rate of present massive star formation is unusually low, like the other Galactic Center regions studied, it seems to have maintained its reservoir of dense gas and dust, allowing for a future emergent star cluster to be born.

Traditionally, astronomers have viewed giant H II regions -- large clouds of gas, mainly hydrogen, in space like Sgr B1 and Sgr C -- as hosts of massive star clusters still embedded in their birth clouds. This study challenges that assumption. The team argues these two regions may not fit the classical definition at all, or they may represent a new, previously unrecognized category of stellar nursery.

Enshrouded in gas and dust that obscure these star-forming regions from view in all but the longest infrared wavelengths, SOFIA's high-resolution infrared eyes allowed the team to identify more than six dozen presently-forming massive stars within the Galactic Center regions. However, these regions formed fewer stars -- and topped out at a lower stellar mass -- than the Galactic average.

"These Galactic Center star-forming regions are in many ways very similar to the massive star-forming regions in the relatively calm backwaters of our galaxy," said Lim. "However, the most massive stars we are finding in these Galactic Center regions, though still remarkably large, fall short in both size and quantity compared to those found in similar regions elsewhere in our Galaxy. Furthermore, such star-forming regions typically hang on to large reservoirs of star-forming material and continue to produce multiple epochs of stars, but that appears to not be the case for these Galactic Center regions."

Lim will present the results of this study at the 246th meeting of the American Astronomical Society in Anchorage, AK.
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Tiny wasp's shocking reproductive trick may transform global agriculture | ScienceDaily
Scientists have shed new light on the evolution of an important species of wasp - and believe that the findings could help improve the effectiveness of natural pest control.


						
Dr Rebecca Boulton, from the University of Stirling, has shown, for the first time, that Lysiphlebus fabarum - a tiny species of wasp - can reproduce with or without a mate. This discovery challenges the previous assumption that asexual females could not mate and produce offspring sexually.

Significantly, the wasps lay their eggs inside small sap-sucking insects called aphids before consuming their host from the inside out -- meaning that they are natural pest controllers.

Lysiphlebus fabarum is known to have both sexual and asexual populations but, until now, it was not known whether asexual females could reproduce sexually with males. The discovery opens up new possibilities for improving biological pest control.

Many species of parasitoid wasps are mass-reared and released as a natural alternative to pesticides because they lay their eggs on or in other species, many of which are pests, before the developing wasp larvae consumes their host, killing it in the process.

Asexual reproduction makes it easy to produce large numbers of wasps, but these need to be suitably adapted to local pests and environments to be effective. Currently, Lysiphlebus fabarum is not used commercially despite being found worldwide and naturally targeting aphids.

Developing an understanding of how the species reproduce could help boost genetic diversity in commercially reared lines, making future biocontrol agents more resilient and better adapted.




Dr Boulton, a lecturer in Biological and Environmental Sciences at the University's Faculty of Natural Sciences, led the study. She said: "In an evolutionary sense, facultative sex seems like a perfect strategy - asexual reproduction is highly efficient, and takes away the costs of finding a mate as well as the risks of failing to find one.

"But sex is really important for evolution. When females reproduce asexually they don't mix their genes up with any others which limits the potential for evolution to happen.

"If the environment changes, asexual species may be unable to adapt in the same way that sexuals can.

"Facultative sex brings the efficiency of asexual reproduction with the evolutionary benefits of sex and so has been touted as the best of both worlds.

"The results of my study show that there might be hidden costs to facultative sex though as it reduces female wasps' reproductive success, and this might limit how frequently it occurs in nature.

"The wasps that I studied are an important natural enemy of aphids, they aren't currently commercially reared, but they are found globally.




"My findings could be used to develop new biocontrol agents that can be used to control aphids throughout the world, harnessing their natural reproductive behavior to ensure that they are adapted to the hosts and environments that are specific to different regions."

Dr Boulton reared the wasps in a Controlled Environment Facility (CEF) at the University and had initially planned to put asexual and sexual wasps together, in direct competition, to see which parasitized the most aphids.

However, in the early stages of these experiments she realized the female asexual wasps were behaving unexpectedly and were mating with males from the sexual population.

This led to a change in strategy, as she started to record this behavior in more detail, before carrying out wasp paternity testing to see whether the asexual females were just mating or actually fertilizing eggs.

Once it confirmed that the asexual wasps were engaging in facultative sex, Dr Boulton carried out an experiment where asexual females either mated or didn't, before examining how successful these females, and their daughters, were at parasitizing aphids.

The study involved putting around 300 wasps, each around 1mm long, in their own petri dish with a colony of sap-sucking aphids and counting how many were parasitized.

Lysiphlebus fabarum wasps only live a few days but spend two weeks developing as larvae on their hosts.

The entire experiment, which was carried out across two generations of wasps, took six weeks to run.

On completion Dr Boulton extracted DNA from the wasps and sent it to be paternity tested. When the results were returned it was clear that the asexual wasps which mated were, in most cases, reproducing sexually as their offspring had bits of DNA that were only found in the fathers.

The study, Is facultative sex the best of both worlds in the parasitoid wasp Lysiphlebus fabarum? is published in the Royal Society of Open Science.

It was funded through a BBSRC Discovery fellowship.

Professor Anne Ferguson-Smith, Executive Chair of BBSRC, said: "This is an exciting example of how BBSRC's Discovery Fellowships are helping talented early career researchers explore fundamental questions in bioscience with real-world relevance.

"Dr Boulton's work, which measures the costs of sex in this predominantly asexual parasitoid wasp, opens up promising avenues for more sustainable pest control. Supporting curiosity-driven research like this not only strengthens the UK's research base, but helps drive innovation that benefits the environment, food systems and society at large."
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83% of Earth's climate-critical fungi are still unknown | ScienceDaily
Mycorrhizal fungi help regulate Earth's climate and ecosystems by forming underground networks that provide plants with essential nutrients, while drawing carbon deep into soils. Scientists and conservationists have been racing to find ways to protect these underground fungi, but they keep finding dark taxa - species that are known only by their DNA sequences that can't be linked to named or described species.


						
It is estimated that only 155,000 of the roughly 2-3 million fungal species on the planet have been formally described. Now, a review published in Current Biology on June 9 shows that as much as 83% of ectomycorrhizal species are so-called dark taxa. The study helps identify underground hotspots of unknown mycorrhizal species occurring in tropical forests in southeast Asia and Central and South America, tropical forests and shrublands in central Africa, Sayan montane conifer forests above Mongolia, and more. This discovery has serious implications for conservation.

Names are important in the natural sciences. Traditionally, once a species is described, it is given a binomial - a name made of two Latin words that describe the species and genus. These names are used to categorize fungi, plants, and animals, and are critical identifiers for conservation and research. Most mycorrhizal fungi in the wild are found using environmental DNA (eDNA) -- genetic material that organisms shed into their surroundings. Scientists extract fungal eDNA from soil and root samples, sequence that DNA, and then run those sequences through a bioinformatics pipeline that matches a sequence with a described species. For dark taxa there are no matches - just strings of As, Gs, Cs, and Ts.

"We are a long way out from getting all fungal DNA sequences linked to named species," says lead author Laura van Galen, a microbial ecologist working with the Society for the Protection of Underground Networks (SPUN) and ETH University, Switzerland. "Environmental DNA has enormous potential as a research tool to detect fungal species, but we can't include unnamed species in conservation initiatives. How can you protect something that hasn't yet been named?"

Ectomycorrhizal fungi are one of the largest groups of mycorrhizal fungi and form symbiotic partnerships with about 25% of global vegetation. Ectomycorrhizal fungi facilitate the drawdown of over 9 billion tons of CO2 annually (over 25% of yearly fossil fuel emissions) and help Earth's forests function by regulating nutrient cycles, enhancing stress tolerance, and even breaking down pollutants.

The researchers' work has uncovered that dark taxa of ectomycorrhizal fungi are not spread evenly across the Earth. "There are hotspots of high dark taxa around the globe, but particularly they are concentrated in tropical regions in Southeast Asia and parts of South America and Africa," says van Galen. "Most of the research on ectomycorrhizal fungi has been focused in the North, but mid-latitude and southern-hemisphere regions show signs of being home to many unknown species. This means there is a mismatch in resources and funding. We need to bridge this gap and facilitate more tropical researchers and those from southern-hemisphere regions to focus on identifying these super-important fungi."

The researchers have suggestions of how we can start bringing these fungi out of the shadows. "One way to reduce the dark taxa problem is to collect, study and sequence mushrooms and other fungi," says co-author Camille Truong, a mycorrhizal ecologist at SPUN and research scientist at the Royal Botanic Gardens Victoria in Australia. "Conversely, there are mushrooms that have been sitting for decades in collections of botanical gardens. These should be urgently sequenced so that we can, hopefully, start matching them up with some of these dark taxa."

Many of the unidentified fungal species are associated with plants that are themselves endangered. "We're at risk here," says van Galen. "If we lose these host plants, we might also be losing really important fungal communities that we don't know anything about yet."

The technology is available - what's missing is attention. "We really need to pay so much more attention to fungi in the soil so that we can understand the species and protect them and conserve them before we lose them," says van Galen. The team hopes that conservation organizations will use the information to protect hotspots of underground biodiversity, even if these species remain nameless.
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Impossible signal from deep beneath Antarctic ice baffles physicists | ScienceDaily
A cosmic particle detector in Antarctica has emitted a series of bizarre signals that defy the current understanding of particle physics, according to an international research group that includes scientists from Penn State. The unusual radio pulses were detected by the Antarctic Impulsive Transient Antenna (ANITA) experiment, a range of instruments flown on balloons high above Antarctica that are designed to detect radio waves from cosmic rays hitting the atmosphere.


						
The goal of the experiment is to gain insight into distant cosmic events by analyzing signals that reach the Earth. Rather than reflecting off the ice, the signals -- a form of radio waves -- appeared to be coming from below the horizon, an orientation that cannot be explained by the current understanding of particle physics and may hint at new types of particles or interactions previously unknown to science, the team said.

The researchers published their results in the journal Physical Review Letters.

"The radio waves that we detected were at really steep angles, like 30 degrees below the surface of the ice," said Stephanie Wissel, associate professor of physics, astronomy and astrophysics who worked on the ANITA team searching for signals from elusive particles called neutrinos.

She explained that by their calculations, the anomalous signal had to pass through and interact with thousands of kilometers of rock before reaching the detector, which should have left the radio signal undetectable because it would have been absorbed into the rock.

"It's an interesting problem because we still don't actually have an explanation for what those anomalies are, but what we do know is that they're most likely not representing neutrinos," Wissel said.

Neutrinos, a type of particle with no charge and the smallest mass of all subatomic particles, are abundant in the universe. Usually emitted by high-energy sources like the sun or major cosmic events like supernovas or even the Big Bang, there are neutrino signals everywhere. The problem with these particles, though, is that they are notoriously difficult to detect, Wissel explained.




"You have a billion neutrinos passing through your thumbnail at any moment, but neutrinos don't really interact," she said. "So, this is the double-edged sword problem. If we detect them, it means they have traveled all this way without interacting with anything else. We could be detecting a neutrino coming from the edge of the observable universe."

Once detected and traced to their source, these particles can reveal more about cosmic events than even the most high-powered telescopes, Wissel added, as the particles can travel undisturbed and almost as fast as the speed of light, giving clues about cosmic events that happened lightyears away.

Wissel and teams of researchers around the world have been working to design and build special detectors to capture sensitive neutrino signals, even in relatively small amounts. Even one small signal from a neutrino holds a treasure trove of information, so all data has significance, she said.

"We use radio detectors to try to build really, really large neutrino telescopes so that we can go after a pretty low expected event rate," said Wissel, who has designed experiments to spot neutrinos in Antarctica and South America.

ANITA is one of these detectors, and it was placed in Antarctica because there is little chance of interference from other signals. To capture the emission signals, the balloon-borne radio detector is sent to fly over stretches of ice, capturing what are called ice showers.

"We have these radio antennas on a balloon that flies 40 kilometers above the ice in Antarctica," Wissel said. "We point our antennas down at the ice and look for neutrinos that interact in the ice, producing radio emissions that we can then sense on our detectors."

These special ice-interacting neutrinos, called tau neutrinos, produce a secondary particle called a tau lepton that is released out of the ice and decays, the physics term referring to how the particle loses energy as it travels over space and breaks down into its constituents. This produces emissions known as air showers.




If they were visible to the naked eye, air showers might look like a sparkler waved in one direction, with sparks trailing it, Wissel explained. The researchers can distinguish between the two signals -- ice and air showers -- to determine attributes about the particle that created the signal.

These signals can then be traced back to their origin, similar to how a ball thrown at an angle will predictably bounce back at the same angle, Wissel said. The recent anomalous findings, though, cannot be traced back in such a manner as the angle is much sharper than existing models predict.

By analyzing data collected from multiple ANITA flights and comparing it with mathematical models and extensive simulations of both regular cosmic rays and upward-going air showers, the researchers were able to filter out background noise and eliminate the possibility of other known particle-based signals.

The researchers then cross-referenced signals from other independent detectors like the IceCube Experiment and the Pierre Auger Observatory to see if data from upward-going air showers, similar to those found by ANITA, were captured by other experiments.

Analysis revealed the other detectors did not register anything that could have explained what ANITA detected, which led the researchers to describe the signal as "anomalous," meaning that the particles causing the signal are not neutrinos, Wissel explained. The signals do not fit within the standard picture of particle physics, and while several theories suggest that it may be a hint of dark matter, the lack of follow-up observations with IceCube and Auger really narrow the possibilities, she said.

Penn State has built detectors and analyzed neutrino signals for close to 10 years, Wissel explained, and added that her team is currently designing and building the next big detector. The new detector, called PUEO, will be larger and better at detecting neutrino signals, Wissel said, and it will hopefully shed light on what exactly the anomalous signal is.

"My guess is that some interesting radio propagation effect occurs near ice and also near the horizon that I don't fully understand, but we certainly explored several of those, and we haven't been able to find any of those yet either," Wissel said. "So, right now, it's one of these long-standing mysteries, and I'm excited that when we fly PUEO, we'll have better sensitivity. In principle, we should pick up more anomalies, and maybe we'll actually understand what they are. We also might detect neutrinos, which would in some ways be a lot more exciting."

The other Penn State co-author is Andrew Zeolla, a doctoral candidate in physics. The research conducted by scientists from Penn State was funded by the U.S. Department of Energy and the U.S. National Science Foundation. The paper contains the full list of collaborators and authors.
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Scientists reveal the hidden trigger behind massive floods | ScienceDaily
Atmospheric rivers are responsible for most flooding on the West Coast of the U.S., but also bring much needed moisture to the region. The size of these storms doesn't always translate to flood risk, however, as other factors on the ground play important roles. Now, a new study helps untangle the other drivers of flooding to help communities and water managers better prepare.


						
The research, published June 4 in the Journal of Hydrometeorology, analyzed more than 43,000 atmospheric river storms across 122 watersheds on the West Coast between 1980 and 2023. The researchers found that one of the primary driving forces of flooding is wet soils that can't absorb more water when a storm hits. They showed that flood peaks were 2-4.5 times higher, on average, when soils were already wet. These findings can help explain why some atmospheric river storms cause catastrophic flooding while others of comparable intensity do not. Even weaker storms can generate major floods if their precipitation meets a saturated Earth, while stronger storms may bring needed moisture to a parched landscape without causing flooding.

"The main finding comes down to the fact that flooding from any event, but specifically from atmospheric river storms, is a function not only of the storm size and magnitude, but also what's happening on the land surface," said Mariana Webb, lead author of the study who is completing her Ph.D. at DRI and the University of Nevada, Reno. "This work demonstrates the key role that pre-event soil moisture can have in moderating flood events. Interestingly, flood magnitudes don't increase linearly as soil moisture increases, there's this critical threshold of soil moisture wetness above which you start to see much larger flows."

The study also untangled the environmental conditions of regions where soil moisture has the largest influence on flooding. In arid places like California and southwestern Oregon, storms that hit when soils are already saturated are more likely to cause floods. This is because watersheds in these regions typically have shallow, clay-rich soils and limited water storage capacity. Due to lower precipitation and higher evaporation rates, soil moisture is also more variable in these areas. In contrast, in lush Washington and the interior Cascades and Sierra Nevada regions, watersheds tend to have deeper soils and snowpack, leading to a higher water storage capacity. Although soil saturation can still play a role in driving flooding in these areas, accounting for soil moisture is less valuable for flood management because soils are consistently wet or insulated by snow.

"We wanted to identify the watersheds where having additional information about the soil moisture could enhance our understanding of flood risk," Webb said. "It's the watersheds in more arid climates, where soil moisture is more variable due to evaporation and less consistent precipitation, where we can really see improvements in flood prediction."

Although soil moisture data is currently measured at weather monitoring stations like the USDA's SNOTEL Network, observations are relatively sparse compared to other measures like rainfall. Soil moisture can also vary widely within a single watershed, so often multiple stations are required to give experts a clear picture that can help inform flooding predictions. Increased monitoring in watersheds identified as high-risk, including real-time soil moisture observations, could significantly enhance early warning systems and flood management as atmospheric rivers become more frequent and intense.

By tailoring flood risk evaluations to a specific watershed's physical characteristics and climate, the study could improve flood-risk predictions. The research demonstrates how flood risk increases not just with storm size and magnitude, but with soil moisture, highlighting the value of integrating land surface conditions into impact assessments for atmospheric rivers. "My research really focuses on this interdisciplinary space between atmospheric science and hydrology," Webb said. "There's sometimes a disconnect where atmospheric scientists think about water up until it falls as rain, and hydrologists start their work once the water is on the ground. I wanted to explore how we can better connect these two fields."

Webb worked with DRI ecohydrologist Christine Albano to produce the research, building on Albano's extensive expertise studying atmospheric rivers, their risks, and their impacts on the landscape.

"While soil saturation is widely recognized as a key factor in determining flood risk, Mari's work helps to quantify the point at which this level of saturation leads to large increases in flood risk across different areas along the West Coast," Albano said. "Advances in weather forecasting allow us to see atmospheric rivers coming toward the coast several days before they arrive. By combining atmospheric river forecast information with knowledge of how close the soil moisture is to critical saturation levels for a given watershed, we can further improve flood early warning systems."
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Koalas on the brink: Precision DNA test offers a lifeline to Australia's icons | ScienceDaily
A University of Queensland-led project has developed a tool to standardize genetic testing of koala populations, providing a significant boost to conservation and recovery efforts.


						
Dr Lyndal Hulse from UQ's School of the Environment said the standardized koala genetic marker panel provides a consistent method for researchers nationwide to capture and share koala genetic variation, enabling improved collaboration and data integration across studies.

"Koalas in the wild are under increasing pressure from habitat loss, disease and vehicle strikes, forcing them to live in increasingly smaller and more isolated pockets with limited access to breeding mates outside their group," Dr Hulse said.

"Population inbreeding can mean detrimental effects on their health.

"A standardized panel for directly comparing genetic markers enables researchers, conservationists and government agencies to better understand the genetic diversity of koala populations, allowing for greater collaboration to ensure their survival."

Saurabh Shrivastava, Senior Account Manager at project partner the Australian Genome Research Facility (AGRF Ltd), said the new screening tool was a single nucleotide polymorphism (SNP) array that used next-generation sequencing technologies.

"The Koala SNP-array can accommodate good quality DNA, so is suitable for broad-scale monitoring of wild koala populations," Mr Shrivastava said.




"Importantly, it is available to all researchers and managers."

Dr Hulse said ideally the tool could help guide targeted koala relocations across regions.

"There are very strict rules about relocating koalas, but this could be key to improving and increasing the genetics of populations under threat," she said.

"These iconic Australian marsupials are listed as endangered in Queensland, New South Wales and the ACT - and in 50 years we may only be able to see koalas in captivity.

"Understanding the genetic diversity of different populations of koalas is crucial if we're going to save them from extinction."

The project included researchers from the Australasian Wildlife Genomics Group at the University of New South Wales.

AGRF Ltd is a not-for-profit organization advancing Australian genomics through nationwide access to expert support and cutting-edge technology across a broad range of industries including biomedical, health, agriculture and environmental sectors.
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AI Reveals Milky Way's Black Hole Spins Near Top Speed | ScienceDaily
An international team of astronomers has trained a neural network with millions of synthetic simulations and artificial intelligence (AI) to tease out new cosmic curiosities about black holes, revealing the one at the center of our Milky Way is spinning at nearly top speed.


						
These large ensembles of simulations were generated by throughput computing capabilities provided by the Center for High Throughput Computing (CHTC), a joint entity of the Morgridge Institute for Research and the University of Wisconsin-Madison. The astronomers published their results and methodology today in three papers in the journal Astronomy & Astrophysics.

High-throughput computing, celebrating its 40th anniversary this year, was pioneered by Wisconsin computer scientist Miron Livny. It's a novel form of distributed computing that automates computing tasks across a network of thousands of computers, essentially turning a single massive computing challenge into a supercharged fleet of smaller ones. This computing innovation is helping fuel big-data discovery across hundreds of scientific projects worldwide, including the search for cosmic neutrinos, subatomic particles and gravitational waves as well as to unravel antibiotic resistance.

In 2019, the Event Horizon Telescope (EHT) Collaboration released the first image of a supermassive black hole at the center of the galaxy M87. In 2022, they presented the image of the black hole at the center of our Milky Way, Sagittarius A*. However, the data behind the images still contained a wealth of hard-to-crack information. An international team of researchers trained a neural network to extract as much information as possible from the data.

From a handful to millions

Previous studies by the EHT Collaboration used only a handful of realistic synthetic data files. Funded by the National Science Foundation (NSF) as part of the Partnership to Advance Throughput Computing (PATh) project, the Madison-based CHTC enabled the astronomers to feed millions of such data files into a so-called Bayesian neural network, which can quantify uncertainties. This allowed the researchers to make a much better comparison between the EHT data and the models.

Thanks to the neural network, the researchers now suspect that the black hole at the center of the Milky Way is spinning at almost top speed. Its rotation axis points to the Earth. In addition, the emission near the black hole is mainly caused by extremely hot electrons in the surrounding accretion disk and not by a so-called jet. Also, the magnetic fields in the accretion disk appear to behave differently from the usual theories of such disks.




"That we are defying the prevailing theory is of course exciting," says lead researcher Michael Janssen, of Radboud University Nijmegen, the Netherlands. "However, I see our AI and machine learning approach primarily as a first step. Next, we will improve and extend the associated models and simulations."

Impressive scaling

"The ability to scale up to the millions of synthetic data files required to train the model is an impressive achievement," adds Chi-kwan Chan, an Associate Astronomer of Steward Observatory at the University of Arizonaand a longtime PATh collaborator. "It requires dependable workflow automation, and effective workload distribution across storage resources and processing capacity."

"We are pleased to see EHT leveraging our throughput computing capabilities to bring the power of AI to their science," says Professor Anthony Gitter, a Morgridge Investigator and a PATh Co-PI. "Like in the case of other science domains, CHTC's capabilities allowed EHT researchers to assemble the quantity and quality of AI-ready data needed to train effective models that facilitate scientific discovery."

The NSF-funded Open Science Pool, operated by PATh, offers computing capacity contributed by more than 80 institutions across the United States. The Event Horizon black hole project performed more than 12 million computing jobs in the past three years.

"A workload that consists of millions of simulations is a perfect match for our throughput-oriented capabilities that were developed and refined over four decades" says Livny, director of the CHTC and lead investigator of PATh. "We love to collaborate with researchers who have workloads that challenge the scalability of our services."
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Fruit-eating mastodons? Ancient fossils confirm a long-lost ecological alliance | ScienceDaily
Ten thousand years ago, mastodons vanished from South America. With them, an ecologically vital function also disappeared: the dispersal of seeds from large-fruited plants. A new study led by the University of O'Higgins, Chile, with key contributions from IPHES-CERCA, demonstrates for the first time -- based on direct fossil evidence -- that these extinct elephant relatives regularly consumed fruit and were essential allies of many tree species. Their loss was not only zoological; it was also botanical, ecological, and evolutionary. Some plant species that relied on mastodons for seed dispersal are now critically endangered.


						
Published in Nature Ecology & Evolution, the research presents the first solid evidence of frugivory in Notiomastodon platensis, a South American Pleistocene mastodon. The findings are based on a multiproxy analysis of 96 fossil teeth collected over a span of more than 1,500 kilometers, from Los Vilos to Chiloe Island in southern Chile. Nearly half of the specimens come from the emblematic site of Lake Tagua Tagua, an ancient lake basin rich in Pleistocene fauna, located in the present-day O'Higgins Region.

The study was led by Dr. Erwin Gonzalez-Guarda, researcher at the University of O'Higgins and associate at IPHES-CERCA, alongside an international team that includes IPHES-CERCA researchers Dr. Florent Rivals, a paleodiet specialist; Dr. Carlos Tornero and Dr. Ivan Ramirez-Pedraza, experts in stable isotopes and paleoenvironmental reconstruction; and Alia Petermann-Pichincura. The research was carried out in collaboration with the Universitat Rovira i Virgili (URV) and the Universitat Autonoma de Barcelona (UAB).

An ecological hypothesis finally proven

In 1982, biologist Daniel Janzen and paleontologist Paul Martin proposed a revolutionary idea: many tropical plants developed large, sweet, and colorful fruits to attract large animals -- such as mastodons, native horses, or giant ground sloths -- that would serve as seed dispersers. Known as the "neotropical anachronisms hypothesis," this theory remained unconfirmed for over forty years. Now, the study led by Gonzalez-Guarda provides direct fossil evidence that validates it. To understand the lifestyle of this mastodon, the team employed various techniques: isotopic analysis, microscopic dental wear studies, and fossil calculus analysis. "We found starch residues and plant tissues typical of fleshy fruits, such as those of the Chilean palm (Jubaea chilensis)," explains Florent Rivals, ICREA research professor at IPHES-CERCA and an expert in paleodiet. "This directly confirms that these animals frequently consumed fruit and played a role in forest regeneration."

The forgotten role of large seed dispersers

"Through stable isotope analysis, we were able to reconstruct the animals' environment and diet with great precision," notes Ivan Ramirez-Pedraza. The data point to a forested ecosystem rich in fruit resources, where mastodons traveled long distances and dispersed seeds along the way. That ecological function remains unreplaced.




"Dental chemistry gives us a direct window into the past," says Carlos Tornero. "By combining different lines of evidence, we've been able to robustly confirm their frugivory and the key role they played in these ecosystems."

A future threatened by an incomplete past

The extinction of mastodons broke a co-evolutionary alliance that had lasted for millennia. The researchers applied a machine learning model to compare the current conservation status of megafauna-dependent plants across different South American regions. The results are alarming: in central Chile, 40% of these species are now threatened -- a rate four times higher than in tropical regions where animals such as tapirs or monkeys still act as alternative seed dispersers.

"Where that ecological relationship between plants and animals has been entirely severed, the consequences remain visible even thousands of years later," says study co-author Andrea P. Loayza.

Species like the gomortega (Gomortega keule), the Chilean palm, and the monkey puzzle tree (Araucaria araucana) now survive in small, fragmented populations with low genetic diversity. They are living remnants of an extinct interaction.

Paleontology as a key to conservation

Beyond its fossil discoveries, the study sends a clear message: understanding the past is essential to addressing today's ecological crises. "Paleontology isn't just about telling old stories," concludes Florent Rivals. "It helps us recognize what we've lost -- and what we still have a chance to save."
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Passive cooling breakthrough could slash data center energy use | ScienceDaily
Engineers at the University of California San Diego have developed a new cooling technology that could significantly improve the energy efficiency of data centers and high-powered electronics. The technology features a specially engineered fiber membrane that passively removes heat through evaporation. It offers a promising alternative to traditional cooling systems like fans, heat sinks and liquid pumps. It could also reduce the water use associated with many current cooling systems.


						
The advance is detailed in a paper published on June 13 in the journal Joule.

As artificial intelligence (AI) and cloud computing continue to expand, the demand for data processing -- and the heat it generates -- is skyrocketing. Currently, cooling accounts for up to 40% of a data center's total energy use. If trends continue, global energy use for cooling could more than double by 2030.

The new evaporative cooling technology could help curb that trend. It uses a low-cost fiber membrane with a network of tiny, interconnected pores that draw cooling liquid across its surface using capillary action. As the liquid evaporates, it efficiently removes heat from the electronics underneath -- no extra energy required. The membrane sits on top of microchannels above the electronics, pulling in liquid that flows through the channels and efficiently dissipating heat.

"Compared to traditional air or liquid cooling, evaporation can dissipate higher heat flux while using less energy," said Renkun Chen, professor in the Department of Mechanical and Aerospace Engineering at the UC San Diego Jacobs School of Engineering, who co-led the project with professors Shengqiang Cai and Abhishek Saha, both from the same department. Mechanical and aerospace engineering Ph.D. student Tianshi Feng and postdoctoral researcher Yu Pei, both members of Chen's research group, are co-first authors on the study.

Many applications currently rely on evaporation for cooling. Heat pipes in laptops and evaporators in air conditioners are some examples, explained Chen. But applying it effectively to high-power electronics has been a challenge. Previous attempts using porous membranes -- which have high surface areas that are ideal for evaporation -- have been unsuccessful because their pores were either too small they would clog or too large they would trigger unwanted boiling. "Here, we use porous fiber membranes with interconnected pores with the right size," said Chen. This design achieves efficient evaporation without those downsides.

When tested across variable heat fluxes, the membrane achieved record-breaking performance. It managed heat fluxes exceeding 800 watts of heat per square centimeter -- one of the highest levels ever recorded for this kind of cooling system. It also proved stable over multiple hours of operation.




"This success showcases the potential of reimagining materials for entirely new applications," said Chen. "These fiber membranes were originally designed for filtration, and no one had previously explored their use in evaporation. We recognized that their unique structural characteristics -- interconnected pores and just the right pore size -- could make them ideal for efficient evaporative cooling. What surprised us was that, with the right mechanical reinforcement, they not only withstood the high heat flux-they performed extremely well under it."

While the current results are promising, Chen says the technology is still operating well below its theoretical limit. The team is now working to refine the membrane and optimize performance. Next steps include integrating it into prototypes of cold plates, which are flat components that attach to chips like CPUs and GPUs to dissipate heat. The team is also launching a startup company to commercialize the technology.

This research was supported by the National Science Foundation (grants CMMI-1762560 and DMR-2005181). The work was performed in part at the San Diego Nanotechnology Infrastructure (SDNI) at UC San Diego, a member of the National Nanotechnology Coordinated Infrastructure, which is supported by the National Science Foundation (grant ECCS-2025752).

Disclosures: A patent related to this work was filed by the Regents of the University of California (PCT Application No. PCT/US24/46923.). The authors declare that they have no other competing interests.
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Why giant planets might form faster than we thought | ScienceDaily
An international team of astronomers including researchers at the University of Arizona Lunar and Planetary Laboratory has unveiled groundbreaking findings about the disks of gas and dust surrounding nearby young stars, using the powerful Atacama Large Millimeter/submillimeter Array, or ALMA.


						
The findings, published in 12 papers in a focus issue of the Astrophysical Journal, are part of an ALMA large program called the ALMA Survey of Gas Evolution of PROtoplanetary Disks, or AGE-PRO. AGE-PRO observed 30 planet-forming disks around sunlike stars to measure gas disk mass at different ages. The study revealed that gas and dust components in these disks evolve at different rates.

Prior ALMA observations have examined the evolution of dust in disks; AGE-PRO, for the first time, traces the evolution of gas, providing the first measurements of gas disk masses and sizes across the lifetime of planet-forming disks, according to the project's principal investigator, Ke Zhang of the University of Wisconsin-Madison.

"Now we have both, the gas and the dust," said Ilaria Pascucci, a professor at planetary sciences at the U of A and one of three AGE-PRO co-principal investigators. "Observing the gas is much more difficult because it takes much more observing time, and that's why we have to go for a large program like this one to obtain a statistically significant sample."

A protoplanetary disk swirls around its host star for several million years as its gas and dust evolve and dissipate, setting the timescale for giant planets to form. The disk's initial mass and size, as well as its angular momentum, have a profound influence on the type of planet it could form -- gas giants, icy giants or mini-Neptunes -- and migration paths of planets. The lifetime of the gas within the disk determines the timescale for the growth of dust particles to an object the size of an asteroid, the formation of a planet and finally the planet's migration from where it was born.

In one of the survey's most surprising findings, the team discovered that as disks age, their gas and dust are consumed at different rates and undergo a shift in gas-to-dust mass ratio as the disks evolve: Unlike the dust, which tends to remain inside the disk over a longer time span, the gas disperses relatively quickly, then more slowly as the disk ages. In other words, planet-forming disks blow off more of their gas when they're young.

Zhang said the most surprising finding is that although most disks dissipate after a few million years, the ones that survive have more gas than expected. This would suggest that gaseous planets like Jupiter have less time to form than rocky planets.




ALMA's unique sensitivity allowed researchers to use faint, so-called molecular lines to study the cold gas in these disks, characteristic wavelengths of a light spectrum that essentially act as "fingerprints," identifying different species of gas molecules. The first large-scale chemical survey of its kind, AGE-PRO targeted 30 planet-forming disks in three star-forming regions, ranging from 1 million to 6 million years in age: Ophiuchus (youngest), Lupus (1-3 million years old), and Upper Scorpius (oldest). Using ALMA, AGE-PRO obtained observations of key tracers of gas and dust masses in disks spanning crucial stages of their evolution, from their earliest formation to their eventual dispersal. This ALMA data will serve as a comprehensive legacy library of spectral line observations for a large sample of disks at different evolutionary stages.

Dingshan Deng, a graduate student at LPL who is the lead author on one of the papers, provided the data reduction -- essentially, the image analyses needed to get from radio signals to optical images of the disks -- for the star-forming region in the constellation of Lupus (Latin for "wolf").

"Thanks to these new and long observations, we now have the ability to estimate and trace the gas masses, not only for the brightest and better studied disks in that region, but also the smaller and fainter ones," he said. "Thanks to the discovery of gas tracers in many disks where it hadn't been seen before, we now have a well-studied sample covering a wide range of disk masses in the Lupus star-forming region."

"It took years to figure out the proper data reduction approach and analysis to produce the images used in this paper for the gas masses and in many other papers of the collaboration," Pascucci added.

Carbon monoxide is the most widely used chemical tracer in protoplanetary disks, but to thoroughly measure the mass of gas in a disk, additional molecular tracers are needed. AGE-PRO used N2H+, or diazenylium, an ion used as an indicator for nitrogen gas in interstellar clouds, as an additional gas tracer to significantly improve the accuracy of measurements. ALMA's detections were also set up to receive spectral light signatures from other molecules, including formaldehyde, methyl cyanide and several molecular species containing deuterium, a hydrogen isotope.

"Another finding that surprised us was that the mass ratio between the gas and dust tends to be more consistent across disks of different masses than expected," Deng said. "In other words, different-size disks will share a similar gas-to-dust mass ratio, whereas the literature suggested that smaller disks might shed their gas faster."

Funding for this study was provided by the National Science Foundation, the European Research Council, the Alexander von Humboldt Foundation, FONDECYT (Chile) among other sources. For full funding information, see the research paper.
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CRISPR-edited stem cells reveal hidden causes of autism | ScienceDaily

Although it is well understood that genetics influence the development of autism spectrum disorder, no one could yet pinpoint the precise cause and mechanism. To study the biological background of diseases, researchers use models: Cell models allow us to study how changes in the genes affect the shape and function of the cell, while animal models show how the change in its cellular components affects health and behavior. Despite significant differences between mice and humans, many disease-causing genes are very similar and cause similar conditions across these species. "One of the problems, however, is the lack of a standardized biological model to study the effects of the different mutations associated with autism spectrum disorder. This makes it difficult to find out, for example, whether they have common effects or what is specific to certain cell types," explains Kobe University neuroscientist TAKUMI Toru.

Thus, twelve years ago, Takumi and his team embarked on a journey to change that. Being experts in studying mouse models of the disorder, they combined a conventional manipulation technique for mouse embryonic stem cells -- cells that can be made to develop into almost any kind of cell in the body -- with the then-newly discovered, highly specific and easy-to-handle CRISPR gene editing system. This new method proved highly efficient in making genetic variants of these cells and allowed the Kobe University team to produce a bank of 63 mouse embryonic stem cell lines of the genetic variants most strongly associated with autism spectrum disorder.

In the journal Cell Genomics, Takumi and his team now published that they were able to develop their cells into a broad range of cell types and tissues, and even generate adult mice with their genetic variations. The analysis of these alone proved that their cell lines were adequate models for studying autism spectrum disorder. However, the cell lines also allowed them to conduct large-scale data analyses to clearly identify genes that are abnormally active, and in which cell types this is the case. 

One of the things the data analysis brought to light is that autism-causing mutations often result in neurons being unable to eliminate misshapen proteins. "This is particularly interesting since the local production of proteins is a unique feature in neurons, and a lack of quality control of these proteins may be a causal factor of neuronal defects," explains Takumi.

The Kobe University neuroscientist expects that his team's achievement, which has been made available to other researchers and can be flexibly integrated with other lab techniques and adjusted to other targets, will be an invaluable resource for the scientific community studying autism and trying to find drug targets. He adds: "Interestingly, the genetic variants we studied are also implicated in other neuropsychiatric disorders such as schizophrenia and bipolar disorder. So, this library may be useful for studying other conditions as well."

This research was funded by the Japan Society for the Promotion of Science (grants 16H06316, 16F16110, 21H00202, 21H04813, 23KK0132, 23H04233, 24H00620, 24H01241, 24K22036, 17K07119 and 21K07820), the Japan Agency for Medical Research and Development (grant JP21wm0425011), the Japan Science and Technology Agency (grants JPMJPF2018, JPMJMS2299 and JPMJMS229B), the National Center of Neurology and Psychiatry (grant 6-9), the Takeda Science Foundation, the Smoking Research Foundation, the Tokyo Biochemical Research Foundation, the Kawano Masanori Memorial Public Interest Incorporated Foundation for Promotion of Pediatrics, the Taiju Life Social Welfare Foundation, the Tokumori Yasumoto Memorial Trust for Researches on Tuberous Sclerosis Complex and Related Rare Neurological Diseases, and Takeda Pharmaceutical Company Ltd. It was conducted in collaboration with researchers from the RIKEN Center for Brain Science, Radboud University, the RIKEN Center for Integrative Medical Sciences, the Agency for Science, Technology and Research, the RIKEN Center for Biosystems Dynamics Research, and Hiroshima University.

Kobe University is a national university with roots dating back to the Kobe Higher Commercial School founded in 1902. It is now one of Japan's leading comprehensive research universities with nearly 16,000 students and nearly 1,700 faculty in 11 faculties and schools and 15 graduate schools. Combining the social and natural sciences to cultivate leaders with an interdisciplinary perspective, Kobe University creates knowledge and fosters innovation to address society's challenges.
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Space-laser AI maps forest carbon in minutes-a game-changer for climate science | ScienceDaily
Satellite data used by archaeologists to find traces of ancient ruins hidden under dense forest canopies can also be used to improve the speed and accuracy to measure how much carbon is retained and released in forests.


						
Understanding this carbon cycle is key to climate change research, according to Hamdi Zurqani, an assistant professor of geospatial science for the Arkansas Forest Resources Center and the College of Forestry, Agriculture and Natural Resources at the University of Arkansas at Monticello. The center is headquartered at UAM and conducts research and extension activities through the Arkansas Agricultural Experiment Station and the Cooperative Extension Service, the University of Arkansas System Division of Agriculture's research and outreach arms.

"Forests are often called the lungs of our planet, and for good reason," Zurqani said. "They store roughly 80 percent of the world's terrestrial carbon and play a critical role in regulating Earth's climate."

To measure a forest's carbon cycle, a calculation of forest aboveground biomass is needed. Though effective, traditional ground-based methods for estimating forest aboveground biomass are labor-intensive, time-consuming and limited in spatial coverage abilities, Zurqani said.

In a study recently published in Ecological Informatics, Zurqani shows how information from open-access satellites can be integrated on Google Earth Engine with artificial intelligence algorithms to quickly and accurately map large-scale forest aboveground biomass, even in remote areas where accessibility is often an issue.

Zurqani's novel approach uses data from NASA's Global Ecosystem Dynamics Investigation LiDAR, also known as GEDI LiDAR, which includes three lasers installed on the International Space Station. The system can precisely measure three-dimensional forest canopy height, canopy vertical structure and surface elevation. LiDAR stands for "light detection and ranging" and uses light pulses to measure distance and create 3D models.

Zurqani also used imagery data from the European Space Agency's collection of Earth observation Copernicus Sentinel satellites -- Sentinel-1 and Sentinel-2. Combining the 3D imagery from GEDI and the optical imagery from the Sentinels, Zurqani improved the accuracy of biomass estimations.




The study tested four machine learning algorithms to analyze the data: Gradient tree boosting, random forest, classification and regression trees, or CART, and support vector machine. Gradient tree boosting achieved the highest accuracy score and the lowest error rates. Random forest came in second, proving reliable but slightly less precise. CART provided reasonable estimates but tended to focus on a smaller subset. The support vector machine algorithm struggled, Zurqani said, highlighting that not all AI models are equally suited for estimating aboveground forest biomass in this study.

The most accurate predictions, Zurqani said, came from combining Sentinel-2 optical data, vegetation indices, topographic features, and canopy height with the GEDI LiDAR dataset serving as the reference input for both training and testing the machine learning models, showing that multi-source data integration is critical for reliable biomass mapping.

Why it matters

Zurqani said that accurate forest biomass mapping has real-world implications for better accounting of carbon and improved forest management on a global scale. With more accurate assessments, governments and organizations can more precisely track carbon sequestration and emissions from deforestation to inform policy decisions.

The road ahead

While the study marks a leap forward in measuring aboveground forest biomass, Zurqani said the challenges remaining include the impact weather can have on satellite data. Some regions still lack high-resolution LiDAR coverage. He added that future research may explore deeper AI models, such as neural networks, to refine predictions further.

"One thing is clear," Zurqani said. "As climate change intensifies, technology like this will be indispensable in safeguarding our forests and the planet."
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This quantum sensor tracks 3D movement without GPS | ScienceDaily
In a new study, physicists at the University of Colorado Boulder have used a cloud of atoms chilled down to incredibly cold temperatures to simultaneously measure acceleration in three dimensions -- a feat that many scientists didn't think was possible.


						
The device, a new type of atom "interferometer," could one day help people navigate submarines, spacecraft, cars and other vehicles more precisely.

"Traditional atom interferometers can only measure acceleration in a single dimension, but we live within a three-dimensional world," said Kendall Mehling, a co-author of the new study and a graduate student in the Department of Physics at CU Boulder. "To know where I'm going, and to know where I've been, I need to track my acceleration in all three dimensions."

The researchers published their paper, titled "Vector atom accelerometry in an optical lattice," this month in the journal Science Advances. The team included Mehling; Catie LeDesma, a postdoctoral researcher in physics; and Murray Holland, professor of physics and fellow of JILA, a joint research institute between CU Boulder and the National Institute of Standards and Technology (NIST).

In 2023, NASA awarded the CU Boulder researchers a $5.5 million grant through the agency's Quantum Pathways Institute to continue developing the sensor technology.

The new device is a marvel of engineering: Holland and his colleagues employ six lasers as thin as a human hair to pin a cloud of tens of thousands of rubidium atoms in place. Then, with help from artificial intelligence, they manipulate those lasers in complex patterns -- allowing the team to measure the behavior of the atoms as they react to small accelerations, like pressing the gas pedal down in your car.

Today, most vehicles track acceleration using GPS and traditional, or "classical," electronic devices known as accelerometers. The team's quantum device has a long way to go before it can compete with these tools. But the researchers see a lot of promise for navigation technology based on atoms.




"If you leave a classical sensor out in different environments for years, it will age and decay," Mehling said. "The springs in your clock will change and warp. Atoms don't age."

 Fingerprints of motion 

Interferometers, in some form or another, have been around for centuries -- and they've been used to do everything from transporting information over optical fibers to searching for gravitational waves, or ripples in the fabric of the universe.

The general idea involves splitting things apart and bringing them back together, not unlike unzipping, then zipping back up a jacket.

In laser interferometry, for example, scientists first shine a laser light, then split it into two, identical beams that travel over two separate paths. Eventually, they bring the beams back together. If the lasers have experienced diverging effects along their journeys, such as gravity acting in different ways, they may not mesh perfectly when they recombine. Put differently, the zipper might get stuck. Researchers can make measurements based on how the two beams, once identical, now interfere with each other -- hence the name.

In the current study, the team achieved the same feat, but with atoms instead of light.




Here's how it works: The device currently fits on a bench about the size of an air hockey table. First, the researchers cool a collection of rubidium atoms down to temperatures just a few billionths of a degree above absolute zero.

In that frigid realm, the atoms form a mysterious quantum state of matter known as a Bose-Einstein Condensate (BEC). Carl Wieman, then a physicist at CU Boulder, and Eric Cornell of JILA won a Nobel Prize in 2001 for creating the first BEC.

Next, the team uses laser light to jiggle the atoms, splitting them apart. In this case, that doesn't mean that groups of atoms are separating. Instead, each individual atom exists in a ghostly quantum state called a superposition, in which it can be simultaneously in two places at the same time.

When the atoms split and separate, those ghosts travel away from each other following two different paths. (In the current experiment, the researchers didn't actually move the device itself but used lasers to push on the atoms, causing acceleration).

"Our Bose-Einstein Condensate is a matter-wave pond made of atoms, and we throw stones made of little packets of light into the pond, sending ripples both left and right," Holland said. "Once the ripples have spread out, we reflect them and bring them back together where they interfere."

When the atoms snap back together, they form a unique pattern, just like the two beams of laser light zipping together but more complex. The result resembles a thumb print on a glass.

"We can decode that fingerprint and extract the acceleration that the atoms experienced," Holland said.

Planning with computers 

The group spent almost three years building the device to achieve this feat.

"For what it is, the current experimental device is incredibly compact. Even though we have 18 laser beams passing through the vacuum system that contains our atom cloud, the entire experiment is small enough that we could deploy in the field one day," LeDesma said.

One of the secrets to that success comes down to an artificial intelligence technique called machine learning. Holland explained that splitting and recombining the rubidium atoms requires adjusting the lasers through a complex, multi-step process. To streamline the process, the group trained a computer program that can plan out those moves in advance.

So far, the device can only measure accelerations several thousand times smaller than the force of Earth's gravity. Currently available technologies can do a lot better.

But the group is continuing to improve its engineering and hopes to increase the performance of its quantum device many times over in the coming years. Still, the technology is a testament to just how useful atoms can be.

"We're not exactly sure of all the possible ramifications of this research, because it opens up a door," Holland said.
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Africa's pangolin crisis: The delicacy that's driving a species to the brink | ScienceDaily
The vast majority of pangolin hunting in African forest landscapes is done for meat consumed by people in the region, rather than for scales shipped to East Asia, a new study led by the University of Cambridge suggests.


						
Pangolins are the most heavily trafficked wild mammal in the world. A solitary, insect-eating animal about the size of a large domestic cat*, pangolins are famous for their highly prized keratin scales -- a staple of traditional Chinese medicine.

All eight existing pangolin species are threatened with extinction and on the IUCN's Red List, with three Asian species categorised as critically endangered.

As Asian pangolins have declined dramatically, Nigeria has seen a boom in the export of pangolin scales to Asia. While hunting pangolins is illegal in Nigeria the West African country is now the world's largest hub for the criminal trade in pangolin products.

However, a new study published in the journal Nature Ecology & Evolution suggests that some 98% of Nigerian pangolins are caught for meat first and foremost, with around two-thirds of scales from these animals simply thrown away.

A research team led by Cambridge collected data from over eight hundred hunters and traders in thirty-three locations across Nigeria's Cross River Forest region, primarily between 2020 and 2023, during which time the conservationists estimate that around 21,000 pangolins were killed annually in the area.

Almost all pangolins were captured "opportunistically" or during general hunting trips (97%) rather than sought out, and caught primarily for meat (98%). Around 71% of pangolins were consumed by hunters themselves, with 27% traded locally as food.




Perhaps surprisingly, given their potential overseas value, around 70% of the scales were discarded, while less than 30% were sold on. However, researchers calculated that, per animal, pangolin meat fetched 3-4 times the price of scales at local Nigerian markets.

"Thousands of kilos of pangolin scales are seized at Nigeria's ports, creating the impression that the international demand for scales is behind pangolin exploitation in West Africa," said study lead author and Gates Cambridge Scholar Dr Charles Emogor, who conducted the research for his PhD at the University of Cambridge's Department of Zoology.

"When we spoke to hunters and traders on the ground around the Cross River forest, the largest stronghold for Nigeria's pangolins, it was obvious that meat was the motivation for almost all of the pangolin killings."

"We found that dedicated pangolin hunts are virtually non-existent. Most pangolins are killed by hunters out for any type of game," said Emogor, now a Schmidt Science Fellow split between Cambridge, UK, and Harvard, US.

"Around a third of pangolins are caught opportunistically, often while people are working in the fields. Pangolins curl into a ball when threatened, which sadly makes them easy to catch." Among frequent hunters, by far the most common method of catching pangolins was given as simply picking them up by hand.

While Emogor says the demands of traditional medicine markets are exacerbating the decline of African pangolins -- his previous research showed that just shipments intercepted by Nigerian authorities between 2010 and 2021 amounted to 190,407 kilos of pangolin scales taken from around 800,000 dead creatures -- pangolins have been exploited in West Africa long before being trafficked to Asia.




The meat is a delicacy in parts of Nigeria, often procured for pregnant women in the belief it helps produce strong babies. Emogor and colleagues surveyed hunters and Cross River locals on "palatability": asking them to rank the tastiness of almost a hundred different animals eaten in the region, from domestic beef and chicken to catfish, monkeys and antelope.

The three major African pangolin species were rated as the most palatable of all available meats, with average scores of almost nine out of ten, and the giant pangolin considered the topmost appetising meat in the region.

"Pangolins face a lethal combination of threats," said Emogor. "Pangolins are easy to hunt, breed slowly, taste good to humans, and are falsely believed to have curative properties in traditional medicines. In addition, their forest habitat is being destroyed."

Emogor's research led him to set up Pangolino in 2021, a global network of volunteers, scientists and pangolin enthusiasts committed to saving the endangered animal. He points out that the cost of policy interventions to tackle meat-driven pangolin trading might be cheaper than those for an international scales market.

These should include anti-poaching patrols as well as community programmes focused on food security. Through Pangolino, Emogor is piloting interventions in four Southeast Nigerian communities by helping create by-laws that prohibit pangolin killing, with financial rewards for compliance.

"Clearly in designing any intervention we need good information on what's motivating the hunters," said Prof Andrew Balmford, co-author from Cambridge's Department of Zoology. "That's why studies such as this are vital for effective conservation of endangered species."

While the latest study focused on Nigeria, researchers say their pangolin hunting and consumption data echo that from countries such as Cameroon and Gabon -- suggesting these patterns may be Africa-wide.

Raised on the edge of the Cross River National Park, home to Nigeria's endangered white-bellied and black-bellied pangolins, Emogor grew up surrounded by wildlife. Yet during childhood he only ever saw dead pangolins, and didn't encounter a living animal until his mid-twenties.

"If we lose the pangolin, we lose 80 million years of evolution," said Emogor. "Pangolins are the only mammals with scales, and their ancestors existed when dinosaurs still roamed the planet," added Emogor.

The latest study was conducted by an international team of researchers from the University of Cambridge, Wildlife Conservation Society, Pangolin Protection Network, University of Washington, CIFOR, CARE International, as well as the UK universities of Oxford, Exeter and Kent.

Notes: 

*While this is a rough size for some African species, such as the White-bellied pangolin, the Giant Pangolin can grow up to 30kg in weight.
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Brain food fight: Rutgers maps the hidden switch that turns cravings on and off | ScienceDaily
Scientists know the stomach talks to the brain, but two new studies from Rutgers Health researchers suggest the conversation is really a tug-of-war, with one side urging another bite, the other signaling "enough."


						
Together, the papers in Nature Metabolism and Nature Communications trace the first complementary wiring diagram of hunger and satiety in ways that could refine today's blockbuster weight-loss drugs and blunt their side effects.

One study, led by Zhiping Pang of Robert Wood Johnson Medical School's Center for NeuroMetabolism, pinpointed a slender bundle of neurons that runs from the hypothalamus to the brainstem.

The cells bristle with GLP-1 receptors, the proteins mimicked by weight-loss drugs such as Ozempic. When Pang's team hit the pathway with pulses of light, well-fed mice quit eating; when they silenced the circuit or deleted the receptor, the animals packed on weight. Fasting weakened the connection until a burst of natural or synthetic GLP-1 restored it.

"The synapse is a volume knob that only turns up when energy stores are low," Pang said, warning that drugs that keep the signal high around the clock could disrupt the brain's normal rhythm and create some of the side effects of GLP-1 drugs such as nausea, vomiting, constipation or diarrhea and muscle wasting.

For the other paper, Mark Rossi, who co-leads the Center for NeuroMetabolism with Pang, charted the circuit that triggers hunger. His group traced inhibitory neurons in the stria terminalis to similar cells in the lateral hypothalamus.

When researchers triggered the connection, a suddenly hungry mouse would sprint for sugar water; when they blocked it, the animals lounged even after a long fast.




Hormones modulated the effect. An injection of ghrelin, the gut's hunger messenger, revved food seeking, while leptin, the satiety signal, slammed it shut. Overfed mice gradually lost the response, but it returned after diets made them thin again.

"Pang's pathway shuts things down," Rossi said. "Ours steps on the accelerator."

Although the circuits sit in different corners of the brain, members of both teams saw the same principle: Energy state rewires synapses quickly. During a fast, the hunger circuit gains sensitivity while the satiety circuit loosens; after a meal, the relationship flips.

It is the first time researchers have watched the push-pull mechanism operate in parallel pathways, a yin-yang arrangement that may explain why diets and drugs that treat only one side of the equation often lose power over time and may help in making drugs that work even better than today's generation of GLP-1 medications.

GLP-1 mimics such as Wegovy and Zepbound can trigger double-digit weight loss but also nausea, diarrhea and, in some cases, muscle wasting. Pang's data suggest a therapy targeting only the brainstem circuit and sparing peripheral organs might curb eating without the side effects. Conversely, Rossi's work hints that restoring the body's response to the hunger-regulating hormone ghrelin could help dieters who plateau after months of calorie cutting.

Both projects relied on the modern toolkit of neural biology - optogenetics to fire axons with laser light, chemogenetics to silence them, fiber-optic photometry to watch calcium pulses and old-fashioned patch-clamp recordings to monitor single synapses. Those techniques allowed the researchers to tune individual pathways with a precision that has only recently become possible.

Follow-up work from both teams will explore more questions that could improve drug design. Pang wants to measure GLP-1 release in real time to see whether short bursts, rather than constant exposure, are enough to calm appetite. Rossi is cataloging the molecular identity of his hunger-trigger cells in hopes of finding drug targets that steer craving without crushing the joy of eating.

"You want to keep the system's flexibility," Rossi said. "It's the difference between dimming the lights and flicking them off."

Allowing the brain to correctly rebalance the desire to eat or stop eating throughout the day, rather than using drugs to keep desire constantly low, may be an important ingredient in tomorrow's weight-loss prescriptions.
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Scientists just solved a 40-year-old mystery about quasicrystals | ScienceDaily
A rare and bewildering intermediate between crystal and glass can be the most stable arrangement for some combinations of atoms, according to a study from the University of Michigan.


						
The findings come from the first quantum-mechanical simulations of quasicrystals -- a type of solid that scientists once thought couldn't exist. While the atoms in quasicrystals are arranged in a lattice, as in a crystal, the pattern of atoms doesn't repeat like it does in conventional crystals. The new simulation method suggests quasicrystals -- like crystals -- are fundamentally stable materials, despite their similarity to disordered solids like glass that form as a consequence of rapid heating and cooling.

"We need to know how to arrange atoms into specific structures if we want to design materials with desired properties," said Wenhao Sun, the Dow Early Career Assistant Professor of Materials Science and Engineering, and the corresponding author of the paper published today in Nature Physics. "Quasicrystals have forced us to rethink how and why certain materials can form. Until our study, it was unclear to scientists why they existed."

Quasicrystals seemed to defy physics when they were first described by Israeli scientist Daniel Shechtman in 1984. While experimenting with alloys of aluminum and manganese, Shechtman realized that some of the metals' atoms were arranged in an icosahedral structure resembling many 20-sided dice joined at their faces. This shape gave the material five-fold symmetry -- identical from five different vantage points.

Scientists at the time thought that the atoms inside crystals could only be arranged in sequences repeating in each direction, but five-fold symmetry precluded such patterns. Shechtman initially faced intense scrutiny for suggesting the impossible, but other labs later produced their own quasicrystals and found them in billion-year-old meteorites.

Shechtman eventually earned the Nobel Prize in Chemistry in 2011 for his discovery, but scientists still couldn't answer fundamental questions on how quasicrystals formed. The roadblock was that density-functional theory -- the quantum-mechanical method for calculating a crystal's stability -- relies on patterns that infinitely repeat in a sequence, which quasicrystals lack.

"The first step to understanding a material is knowing what makes it stable, but it has been hard to tell how quasicrystals were stabilized," said Woohyeon Baek, a U-M doctoral student in materials science and engineering and the study's first author.




The atoms in any given material usually arrange into crystals so that the chemical bonds achieve the lowest possible energy. Scientists call such structures enthalpy-stabilized crystals. But other materials form because they have high entropy, meaning there are a lot of different ways for its atoms to be arranged or vibrate.

Glass is one example of an entropy-stabilized solid. It forms when melted silica quickly cools, flash-freezing the atoms into a patternless form. But if the cooling rates slow, or a base is added to heated silica, the atoms can arrange into quartz crystals -- the preferred, lowest energy state at room temperature. Quasicrystals are a puzzling intermediate between glass and crystal. They have locally ordered atomic arrangements like crystals, but like glass, they do not form long-range, repeating patterns.

To determine if quasicrystals are enthalpy- or entropy-stabilized, the researcher's method scoops out smaller nanoparticles from a larger simulated block of quasicrystal. The researchers then calculate the total energy in each nanoparticle, which doesn't require an infinite sequence because the particle has defined boundaries.

Since the energy in a nanoparticle is related to its volume and surface area, repeating the calculations for nanoparticles of increasing sizes allows the researchers to extrapolate the total energy inside a larger block of quasicrystal. With this method, the researchers discovered that two well-studied quasicrystals are enthalpy-stabilized. One is an alloy of scandium and zinc, the other of ytterbium and cadmium.

The most accurate estimates of quasicrystal energy require the largest particles possible, but scaling up the nanoparticles is difficult with standard algorithms. For nanoparticles with only hundreds of atoms, doubling the atoms increases the computing time eightfold. But the researchers found a solution for the computing bottleneck, too.

"In conventional algorithms, every computer processor needs to communicate with one another, but our algorithm is up to 100 times faster because only the neighboring processors communicate, and we effectively use GPU acceleration in supercomputers," said study co-author Vikram Gavini, a U-M professor of mechanical engineering and materials science and engineering.

"We can now simulate glass and amorphous materials, interfaces between different crystals, as well as crystal defects that can enable quantum computing bits."

The research is funded by the U.S. Department of Energy and relied on computing resources housed at the University of Texas, Lawrence Berkeley National Laboratory and Oak Ridge National Laboratory.
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Webb space telescope reveals starburst galaxies that lit up the early universe | ScienceDaily
Astronomers using data from NASA's James Webb Space Telescope have identified dozens of small galaxies that played a starring role in a cosmic makeover that transformed the early universe into the one we know today.


						
"When it comes to producing ultraviolet light, these small galaxies punch well above their weight," said Isak Wold, an assistant research scientist at Catholic University of America in Washington and NASA's Goddard Space Flight Center in Greenbelt, Maryland. "Our analysis of these tiny but mighty galaxies is 10 times more sensitive than previous studies, and shows they existed in sufficient numbers and packed enough ultraviolet power to drive this cosmic renovation."

Wold discussed his findings Wednesday at the 246th meeting of the American Astronomical Society in Anchorage, Alaska. The study took advantage of existing imaging collected by Webb's NIRCam (Near-Infrared Camera) instrument, as well as new observations made with its NIRSpec (Near-Infrared Spectrograph) instrument.

The tiny galaxies were discovered by Wold and his Goddard colleagues, Sangeeta Malhotra and James Rhoads, by sifting through Webb images captured as part of the UNCOVER (Ultradeep NIRSpec and NIRCam ObserVations before the Epoch of Reionization) observing program, led by Rachel Bezanson at the University of Pittsburgh in Pennsylvania.

The project mapped a giant galaxy cluster known as Abell 2744, nicknamed Pandora's cluster, located about 4 billion light-years away in the southern constellation Sculptor. The cluster's mass forms a gravitational lens that magnifies distant sources, adding to Webb's already considerable reach.

For much of its first billion years, the universe was immersed in a fog of neutral hydrogen gas. Today, this gas is ionized -- stripped of its electrons. Astronomers, who refer to this transformation as reionization, have long wondered which types of objects were most responsible: big galaxies, small galaxies, or supermassive black holes in active galaxies. As one of its main goals, NASA's Webb was specifically designed to address key questions about this major transition in the history of the universe.

Recent studies have shown that small galaxies undergoing vigorous star formation could have played an outsized role. Such galaxies are rare today, making up only about 1% of those around us. But they were abundant when the universe was about 800 million years old, an epoch astronomers refer to as redshift 7, when reionization was well underway.




The team searched for small galaxies of the right cosmic age that showed signs of extreme star formation, called starbursts, in NIRCam images of the cluster.

"Low-mass galaxies gather less neutral hydrogen gas around them, which makes it easier for ionizing ultraviolet light to escape," Rhoads said. "Likewise, starburst episodes not only produce plentiful ultraviolet light -- they also carve channels into a galaxy's interstellar matter that helps this light break out."

The astronomers looked for strong sources of a specific wavelength of light that signifies the presence of high-energy processes: a green line emitted by oxygen atoms that have lost two electrons. Originally emitted as visible light in the early cosmos, the green glow from doubly ionized oxygen was stretched into the infrared as it traversed the expanding universe and eventually reached Webb's instruments.

This technique revealed 83 small starburst galaxies as they appear when the universe was 800 million years old, or about 6% of its current age of 13.8 billion years. The team selected 20 of these for deeper inspection using NIRSpec.

"These galaxies are so small that, to build the equivalent stellar mass of our own Milky Way galaxy, you'd need from 2,000 to 200,000 of them," Malhotra said. "But we are able to detect them because of our novel sample selection technique combined with gravitational lensing."

Similar types of galaxies in the present-day universe, such as green peas, release about 25% of their ionizing ultraviolet light into surrounding space. If the low-mass starburst galaxies explored by Wold and his team release a similar amount, they can account for all of the ultraviolet light needed to convert the universe's neutral hydrogen to its ionized form.

The James Webb Space Telescope is the world's premier space science observatory. Webb is solving mysteries in our solar system, looking beyond to distant worlds around other stars, and probing the mysterious structures and origins of our universe and our place in it. Webb is an international program led by NASA with its partners, ESA (European Space Agency) and CSA (Canadian Space Agency).
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        Microscopic heist: How lung bacteria forge weapons to steal iron and survive
        Researchers investigating the enigmatic and antibiotic-resistant Pandoraea bacteria have uncovered a surprising twist: these pathogens don't just pose risks they also produce powerful natural compounds. By studying a newly discovered gene cluster called pan, scientists identified two novel molecules Pandorabactin A and B that allow the bacteria to steal iron from their environment, giving them a survival edge in iron-poor places like the human body. These molecules also sabotage rival bacteria by...

      

      
        Massive thread of hot gas found linking galaxies -- and it's 10 times the mass of the Milky Way
        Astronomers have uncovered a colossal, searing-hot filament of gas linking four galaxy clusters in the Shapley Supercluster a discovery that could finally solve the mystery of the Universe s missing matter. This giant thread, 10 times the mass of the Milky Way and stretching 23 million light-years, is one of the best confirmations yet of what cosmological simulations have long predicted: that vast, faint filaments connect the Universe s largest structures in a cosmic web.

      

      
        The AI that writes climate-friendly cement recipes in seconds
        AI researchers in Switzerland have found a way to dramatically cut cement s carbon footprint by redesigning its recipe. Their system simulates thousands of ingredient combinations, pinpointing those that keep cement strong while emitting far less CO2 all in seconds.

      

      
        How can we make fewer mistakes? US Navy invests $860k in placekeeping
        With $860K in Navy funding, MSU psychologists are developing tools to spot people who can handle complex tasks under pressure. The key? Mastering "placekeeping" staying focused and accurate even when sleep-deprived or interrupted.

      

      
        Defying Darwin: Scientists discover worms rewrote their DNA to survive on land
        New research is shaking up our understanding of evolution by revealing that some species may not evolve gradually at all. Instead, scientists discovered that certain marine worms experienced an explosive genetic makeover when they transitioned to life on land over 200 million years ago. Their entire genome broke into pieces and was randomly reassembled an event so extreme it stunned researchers. This radical shift supports the theory of "punctuated equilibrium," where species remain unchanged for...

      

      
        Winter sea ice supercharges Southern Ocean's CO2 uptake
        A breakthrough study has uncovered that the Southern Ocean's power to pull carbon dioxide from the atmosphere fluctuates dramatically depending on winter sea ice. When sea ice lingers longer into winter, the ocean absorbs up to 20% more CO2, thanks to a protective effect that blocks turbulent winds from stirring up deeper, carbon-loaded waters. This subtle seasonal shield plays a vital role in buffering our planet against climate change. But here s the twist: winter data from the Southern Ocean i...

      

      
        A thousand colors, one galaxy: Astronomers reveal a cosmic masterpiece
        Astronomers have produced the most detailed map yet of the Sculptor Galaxy, revealing hundreds of previously unseen celestial features in stunning color and resolution. By combining over 50 hours of observations using the European Southern Observatory s Very Large Telescope, scientists captured a full-spectrum portrait that unravels the galaxy s stellar makeup in thousands of colors. This revolutionary technique offers an unprecedented look at the age, composition, and motion of stars and gas acr...

      

      
        AI sniffs earwax and detects Parkinson's with 94% accuracy
        Imagine diagnosing Parkinson s disease not with pricey scans or subjective checklists, but with a simple ear swab. Scientists in China have developed a promising early screening method that detects Parkinson s from subtle changes in the scent of ear wax yes, really. By analyzing specific volatile compounds in ear wax and feeding that data into an AI-powered olfactory system, they achieved 94% accuracy in identifying who had the disease. If expanded successfully, this low-cost, non-invasive techni...

      

      
        Forever chemicals' toxic cousin: MCCPs detected in U. S. air for first time
        In a surprising twist during an air quality study in Oklahoma, researchers detected MCCPs an industrial pollutant never before measured in the Western Hemisphere's atmosphere. The team suspects these toxic compounds are entering the air through biosolid fertilizers derived from sewage sludge. While these pollutants are not yet regulated like their SCCP cousins, their similarity to dangerous "forever chemicals" and unexpected presence raise red flags about how chemical substitutions and waste disp...

      

      
        MIT uncovers the hidden playbook your brain uses to outsmart complicated problems
        When faced with a tricky maze task involving hidden information, humans instinctively toggle between two clever mental strategies: simplifying in steps or mentally rewinding. MIT researchers showed that people shift methods based on how reliable their memory is echoed by AI models mimicking the same constraints.

      

      
        These beetles can see a color most insects can't
        Beetles that can see the color red? That s exactly what scientists discovered in two Mediterranean species that defy the norm of insect vision. While most insects are blind to red, these beetles use specialized photoreceptors to detect it and even show a strong preference for red flowers like poppies and anemones. This breakthrough challenges long-standing assumptions about how flower colors evolved and opens a new path for studying how pollinators influence plant traits over time.

      

      
        Biggest boom since the Big Bang? Astronomers record 25x supernova brightness
        Astronomers have identified a new kind of cosmic explosion extreme nuclear transients so powerful they outshine typical supernovae by orders of magnitude and stay bright for years. Triggered when massive stars are torn apart by supermassive black holes, these rare events emit energy that challenges previous theories of stellar death.

      

      
        Monster salamander with powerful jaws unearthed in Tennessee fossil find
        A massive, extinct salamander with jaws like a vice once roamed ancient Tennessee and its fossil has just rewritten what we thought we knew about Appalachian amphibians. Named Dynamognathus robertsoni, this powerful predator wasn t just a curiosity; it may have sparked an evolutionary chain reaction, shaping the region s remarkably diverse salamander population. Once thought to be isolated to southern Alabama, salamanders like this one were clearly far more widespread and potentially far more inf...

      

      
        Saving energy: New method guides magnetism without magnets
        In a leap toward greener tech, researchers at the Paul Scherrer Institute have discovered a way to control magnetic textures using electric fields no bulky magnets needed. Their star material? A strange crystal called copper oxyselenide, where magnetic patterns like helices and cones swirl at low temperatures. By zapping it with different electric fields, they could bend, twist, and even flip these patterns a first in the world of magnetoelectrics. This opens the door to ultra-efficient data stor...

      

      
        Heavy particles, big secrets: What happened right after the Big Bang
        Smashing atomic nuclei together at mind-bending speeds recreates the fiery conditions of the early universe and scientists are finally getting a better handle on what happens next. A sweeping new study dives deep into how ultra-heavy particles behave after these high-energy collisions, revealing they don t just vanish after the initial impact but continue interacting like silent messengers from the dawn of time. This behavior, once overlooked, may hold the key to unraveling the universe s most my...

      

      
        Cozmic's Milky Way clones are cracking the universe's dark code
        Scientists have built detailed Milky Way simulations under strange new physical laws to probe dark matter, revealing how different versions of the universe might behave and helping us get closer to the real one.

      

      
        Rainbow reefs revealed: The secret 112-million-year saga of glowing fish
        Scientists have uncovered that fish biofluorescence a captivating ability to glow in vivid colors has ancient roots stretching back over 100 million years. This trait evolved independently in reef fish more than 100 times, likely influenced by post-dinosaur-extinction reef expansion. The glowing spectacle is more diverse than previously imagined, spanning multiple colors across hundreds of species.

      

      
        Clever worms form superorganism towers to hitch rides on insects
        Nematodes tiny yet mighty form wriggling towers to survive and travel as a team. Long thought to exist only in labs, scientists have now spotted these towers naturally forming in rotting orchard fruit. Remarkably, the worms aren t just piling up they build responsive, coordinated structures that hitch rides on insects to escape harsh conditions.

      

      
        Cluck once, and the river shakes: Inside the Amazon's giant snake saga
        A lifelong fascination with nature and fieldwork led this researcher to the world of ethnobiology a field where ecology, culture, and community come together. Investigating how local people relate to species like the anaconda, their work blends traditional knowledge with scientific methods for better conservation. The tale of the mythic Great Snake morphs into economic concerns over vanishing chickens, revealing how cultural beliefs and practical needs coexist.

      

      
        Tiny orange beads found by Apollo astronauts reveal moon's explosive past
        When Apollo astronauts stumbled across shimmering orange beads on the moon, they had no idea they were gazing at ancient relics of violent volcanic activity. These glass spheres, tiny yet mesmerizing, formed billions of years ago during fiery eruptions that launched molten droplets skyward, instantly freezing in space. Now, using advanced instruments that didn't exist in the 1970s, scientists have examined the beads in unprecedented detail. The result is a remarkable window into the moon s dynami...

      

      
        600-million-year-old body blueprint found in sea anemones
        Sea anemones may hold the key to the ancient origins of body symmetry. A study from the University of Vienna shows they use a molecular mechanism known as BMP shuttling, once thought unique to bilaterally symmetrical animals like humans, insects, and worms. This surprising discovery implies that the blueprint for forming a back-to-belly body axis could date back over 600 million years, to a common ancestor of cnidarians and bilaterians.

      

      
        Magnetic mayhem at the sun's poles: First images reveal a fiery mystery
        For the first time in history, we re seeing the Sun from an angle no one ever has: from above and below its poles. Thanks to the European Space Agency s Solar Orbiter and its tilted orbit, scientists have captured groundbreaking images and data that are unlocking mysteries about the Sun s magnetic field, its puzzling 11-year cycle, and the powerful solar wind. Instruments aboard the spacecraft are already revealing strange, chaotic magnetic behavior near the Sun s south pole and tracking solar pa...

      

      
        Your brain has a hidden beat -- and smarter minds sync to it
        When we focus, switch tasks, or face tough mental challenges, the brain starts to sync its internal rhythms, especially in the midfrontal region. A new study has found that smarter individuals show more precise and flexible coordination of slow theta waves during key decision-making moments. Using EEG recordings and cognitive testing, researchers discovered that it s not constant brainwave synchronization that matters most, but the brain s ability to dynamically adapt its rhythms like a well-tune...

      

      
        Single psilocybin trip delivers two years of depression relief for cancer patients
        Psilocybin, the active ingredient in magic mushrooms, might just revolutionize how depression and anxiety are treated in cancer patients. In a groundbreaking trial, a single dose combined with therapy significantly reduced emotional suffering, and these effects often lasted over two years. As follow-up studies expand the research to multiple doses and larger samples, scientists are eyeing a possible new standard of care that merges psychedelics with psychological support.

      

      
        Galactic mystery: Why massive stars struggle to form in the Milky Way's center
        At the heart of our galaxy lies a cosmic puzzle: although the Galactic Center is packed with star-making material, massive stars form there surprisingly slowly. Using NASA's retired SOFIA observatory, scientists captured rare high-resolution infrared views that revealed dozens of new stars being born, but not in the numbers or sizes one might expect.

      

      
        Tiny wasp's shocking reproductive trick may transform global agriculture
        Aphid-hunting wasps can reproduce with or without sex, challenging previous assumptions. This unique flexibility could boost sustainable pest control if its hidden drawbacks can be managed.

      

      
        Impossible signal from deep beneath Antarctic ice baffles physicists
        A cosmic particle detector in Antarctica has emitted a series of bizarre signals that defy the current understanding of particle physics, according to an international research group that includes scientists from Penn State. The unusual radio pulses were detected by the Antarctic Impulsive Transient Antenna (ANITA) experiment, a range of instruments flown on balloons high above Antarctica that are designed to detect radio waves from cosmic rays hitting the atmosphere.

      

      
        Koalas on the brink: Precision DNA test offers a lifeline to Australia's icons
        A University of Queensland-led project has developed a tool to standardise genetic testing of koala populations, providing a significant boost to conservation and recovery efforts.

      

      
        AI Reveals Milky Way's Black Hole Spins Near Top Speed
        AI has helped astronomers crack open some of the universe s best-kept secrets by analyzing massive datasets about black holes. Using over 12 million simulations powered by high-throughput computing, scientists discovered that the Milky Way's central black hole is spinning at nearly maximum speed. Not only did this redefine theories about black hole behavior, but it also showed that the emission is driven by hot electrons in the disk, not jets, challenging long-standing models.

      

      
        Fruit-eating mastodons? Ancient fossils confirm a long-lost ecological alliance
        Ten thousand years after mastodons disappeared, scientists have unearthed powerful fossil evidence proving these elephant cousins were vital seed spreaders for large-fruited trees in South America. Using dental wear, isotope analysis, and fossilized plant residue, researchers confirmed that mastodons regularly consumed fruit supporting a decades-old theory that many tropical plants evolved alongside giant animals. The extinction of these megafauna left a permanent ecological void, with some plant...

      

      
        Passive cooling breakthrough could slash data center energy use
        UC San Diego engineers have created a passive evaporative cooling membrane that could dramatically slash energy use in data centers. As demand for AI and cloud computing soars, traditional cooling systems struggle to keep up efficiently. This innovative fiber membrane uses capillary action to evaporate liquid and draw heat away without fans or pumps. It performs with record-breaking heat flux and is stable under high-stress operation.

      

      
        Why giant planets might form faster than we thought
        Astronomers using ALMA have uncovered how gas and dust in planet-forming disks evolve separately an insight that reshapes our understanding of how different types of planets form. While dust lingers, gas dissipates quickly, narrowing the window for the formation of gas giants like Jupiter.

      

      
        CRISPR-edited stem cells reveal hidden causes of autism
        A team at Kobe University has created a game-changing resource for autism research: 63 mouse embryonic stem cell lines, each carrying a genetic mutation strongly associated with the disorder. By pairing classic stem cell manipulation with precise CRISPR gene editing, they ve built a standardized platform that mirrors autism-linked genetic conditions in mice. These models not only replicate autism-related traits but also expose key dysfunctions, like the brain s inability to clean up faulty protei...

      

      
        Africa's pangolin crisis: The delicacy that's driving a species to the brink
        Study suggests that appetite for bushmeat -- rather than black market for scales to use in traditional Chinese medicine -- is driving West Africa's illegal hunting of one of the world's most threatened mammals. Interviews with hundreds of hunters show pangolins overwhelmingly caught for food, with majority of scales thrown away. Survey work shows pangolin is considered the most palatable meat in the region.

      

      
        Scientists just solved a 40-year-old mystery about quasicrystals
        Scientists at the University of Michigan have unlocked a long-standing mystery about quasicrystals exotic materials that straddle the line between the orderly structure of crystals and the chaos of glass. These rare solids, which once seemed to break the rules of physics, are now shown to be fundamentally stable through cutting-edge quantum simulations. The findings not only validate their existence but also open the door to designing next-generation materials using powerful new computational tec...

      

      
        Webb space telescope reveals starburst galaxies that lit up the early universe
        Data from NASA's James Webb Space Telescope has revealed dozens of small galaxies that played a starring role in a cosmic makeover that transformed the early universe into the one we know today.

      

      
        The 10,000-mile march through fire that made dinosaurs possible
        Despite Earth's most devastating mass extinction wiping out over 80% of marine life and half of land species, a group of early reptiles called archosauromorphs not only survived but thrived, venturing across the supposedly lifeless tropics to eventually evolve into the dinosaurs and crocodiles we know today. Armed with a groundbreaking model dubbed TARDIS, researchers have reconstructed their ancient dispersal routes, revealing how these resilient reptiles conquered a hostile, post-apocalyptic Ea...

      

      
        Guest molecules ride perfect waves in dna droplets--A breakthrough for synthetic biology
        Scientists have uncovered a previously unknown type of molecular motion inside DNA-based droplets: instead of spreading randomly, guest molecules advance in an organized wave. This surprising discovery opens the door to understanding how cells might organize internal processes without membranes. Using customizable DNA condensates as experimental models, the team showed how molecular waves emerge through precise DNA interactions. These insights could not only transform our grasp of cellular signal...

      

      
        
          	
            Latest Science News
          
          	
            Sections
          
          	
            Health News
          
        

      

    

  
	
	Articles
	Sections
	Next



Microscopic heist: How lung bacteria forge weapons to steal iron and survive | ScienceDaily

Despite the high health risk posed by Pandoraea, their molecular properties were hardly known until now. "We only knew that these bacteria occur in nature and that they can be pathogenic because they have been found in the lung microbiome of patients with cystic fibrosis or sepsis," explains Herzog.

 The race for iron 

As for most living organisms, iron is also essential for bacteria. "Iron plays a central role in enzymes and the respiratory chain of living organisms, for example," explains Herzog. Particularly in iron-poor environments such as the human body, the conditions for sufficient absorption of the element are anything but ideal. Many microorganisms therefore produce so-called siderophores: small molecules that bind iron from the environment and transport it into the cell.

"However, there were no known virulence or niche factors in the Pandoraea bacteria that could help them survive," says Herzog. The research team therefore wanted to find out how Pandoraea strains can survive in such a competitive environment.

Using bioinformatic analyses, the team identified a previously unknown gene cluster called pan. It codes for a non-ribosomal peptide synthetase - a typical enzyme for the production of siderophores. "We started with a gene cluster analysis and specifically searched for genes that could be responsible for the production of siderophores," reports Herzog.

Through targeted inactivation of genes as well as culture-based methods and state-of-the-art analytical techniques - including mass spectrometry, NMR spectroscopy, chemical degradation and derivatization - the researchers from Jena succeeded in isolating two new natural products and elucidating their chemical structure: Pandorabactin A and B. Both are able to complex iron and could play an important role in how Pandoraea strains survive in difficult environments. "The molecules help the bacteria to take up iron when it is scarce in their environment," says Herzog.




Less iron, fewer competitors 

Bioassays have also shown that pandorabactins inhibit the growth of other bacteria such as Pseudomonas, Mycobacterium and Stenotrophomonas by removing iron from these competitors.

Analyses of sputum samples from the lungs of cystic fibrosis patients further revealed that the detection of the pan gene cluster correlates with changes in the lung microbiome. Pandorabactins could therefore have a direct influence on microbial communities in diseased lungs.

"However, it is still too early to derive medical applications from these findings," emphasizes Herzog. Nevertheless, the discovery provides important information on the survival strategies of bacteria of the genus Pandoraea and on the complex competition for vital resources in the human body.

The study was carried out in close cooperation between the Leibniz-HKI and the universities of Jena, Heidelberg and Hong Kong. It was conducted as part of the "Balance of the Microverse" Cluster of Excellence and the ChemBioSys Collaborative Research Center and was funded by the German Research Foundation. The imaging mass spectrometer used for the analyses was funded by the Free State of Thuringia and co-financed by the European Union.
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Massive thread of hot gas found linking galaxies - and it's 10 times the mass of the Milky Way | ScienceDaily
Astronomers have discovered a huge filament of hot gas bridging four galaxy clusters. At 10 times as massive as our galaxy, the thread could contain some of the Universe's 'missing' matter, addressing a decades-long mystery.


						
The astronomers used the European Space Agency's XMM-Newton and JAXA's Suzaku X-ray space telescopes to make the discovery.

Over one-third of the 'normal' matter in the local Universe - the visible stuff making up stars, planets, galaxies, life - is missing. It hasn't yet been seen, but it's needed to make our models of the cosmos work properly.

Said models suggest that this elusive matter might exist in long strings of gas, or filaments, bridging the densest pockets of space. While we've spotted filaments before, it's tricky to make out their properties; they're typically faint, making it difficult to isolate their light from that of any galaxies, black holes, and other objects lying nearby.

New research is now one ofthe first to do just this, finding and accurately characterizing a single filament of hot gas stretching between four clusters of galaxies in the nearby Universe.

"For the first time, our results closely match what we see in our leading model of the cosmos - something that's not happened before," says lead researcher Konstantinos Migkas of Leiden Observatory in the Netherlands. "It seems that the simulations were right all along."

XMM-Newton on the case

Clocking in at over 10 million degrees, the filament contains around 10 times the mass of the Milky Way and connects four galaxy clusters: two on one end, two on the other. All are part of the Shapley Supercluster, a collection of more than 8000 galaxies that forms one of the most massive structures in the nearby Universe.




The filament stretches diagonally away from us through the supercluster for 23 million light-years, the equivalent of traversing the Milky Way end to end around 230 times.

Konstantinos and colleagues characterized the filament by combining X-ray observations from XMM-Newton and Suzaku, and digging into optical data from several others.

The two X-ray telescopes were ideal partners. Suzaku mapped the filament's faint X-ray light over a wide region of space, while XMM-Newton pinpointed very precisely contaminating sources of X-rays - namely, supermassive black holes - lying within the filament.

"Thanks to XMM-Newton we could identify and remove these cosmic contaminants, so we knew we were looking at the gas in the filament and nothing else," adds co-author Florian Pacaud of the University of Bonn, Germany. "Our approach was really successful, and reveals that the filament is exactly as we'd expect from our best large-scale simulations of the Universe."

Not truly missing

As well as revealing a huge and previously unseen thread of matter running through the nearby cosmos, the finding shows how some of the densest and most extreme structures in the Universe - galaxy clusters - are connected over colossal distances.




It also sheds light on the very nature of the 'cosmic web', the vast, invisible cobweb of filaments that underpins the structure of everything we see around us.

"This research is a great example of collaboration between telescopes, and creates a new benchmark for how to spot the light coming from the faint filaments of the cosmic web," adds Norbert Schartel, ESA XMM-Newton Project Scientist.

"More fundamentally, it reinforces our standard model of the cosmos and validates decades of simulations: it seems that the 'missing' matter may truly be lurking in hard-to-see threads woven across the Universe."

Piecing together an accurate picture of the cosmic web is the domain of ESA's Euclid mission. Launched in 2023, Euclid is exploring this web's structure and history. The mission is also digging deep into the nature of dark matter and energy - neither of which have ever been observed, despite accounting for a whopping 95% of the Universe - and working with other dark Universe detectives to solve some of the biggest and longest-standing cosmic mysteries.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250619035510.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The AI that writes climate-friendly cement recipes in seconds | ScienceDaily

The cement industry produces around eight percent of global CO2 emissions - more than the entire aviation sector worldwide. Researchers at the Paul Scherrer Institute PSI have developed an AI-based model that helps to accelerate the discovery of new cement formulations that could yield the same material quality with a better carbon footprint.

The rotary kilns in cement plants are heated to a scorching 1,400 degrees Celsius to burn ground limestone down to clinker, the raw material for ready-to-use cement. Unsurprisingly, such temperatures typically can't be achieved with electricity alone. They are the result of energy-intensive combustion processes that emit large amounts of carbon dioxide (CO2). What may be surprising, however, is that the combustion process accounts for less than half of these emissions, far less. The majority is contained in the raw materials needed to produce clinker and cement: CO2 that is chemically bound in the limestone is released during its transformation in the high-temperature kilns.

One promising strategy for reducing emissions is to modify the cement recipe itself - replacing some of the clinker with alternative cementitious materials. That is exactly what an interdisciplinary team in the Laboratory for Waste Management in PSI's Center for Nuclear Engineering and Sciences has been investigating. Instead of relying solely on time-consuming experiments or complex simulations, the researchers developed a modelling approach based on machine learning. "This allows us to simulate and optimise cement formulations so that they emit significantly less CO2 while maintaining the same high level of mechanical performance," explains mathematician Romana Boiger, first author of the study. "Instead of testing thousands of variations in the lab, we can use our model to generate practical recipe suggestions within seconds - it's like having a digital cookbook for climate-friendly cement."

With their novel approach, the researchers were able to selectively filter out those cement formulations that could meet the desired criteria. "The range of possibilities for the material composition - which ultimately determines the final properties - is extraordinarily vast," says Nikolaos Prasianakis head of the Transport Mechanisms Research Group at PSI, who was the initiator and co-author of the study. "Our method allows us to significantly accelerate the development cycle by selecting promising candidates for further experimental investigation." The results of the study were published in the journal Materials and Structures.

The right recipe

Already today, industrial by-products such as slag from iron production and fly ash from coal-fired power plants are already being used to partially replace clinker in cement formulations and thus reduce CO2 emissions. However, the global demand for cement is so enormous that these materials alone cannot meet the need. "What we need is the right combination of materials that are available in large quantities and from which high-quality, reliable cement can be produced," says John Provis, head of the Cement Systems Research Group at PSI and co-author of the study.




Finding such combinations, however, is challenging: "Cement is basically a mineral binding agent - in concrete, we use cement, water, and gravel to artificially create minerals that hold the entire material together," Provis explains. "You could say we're doing geology in fast motion." This geology - or rather, the set of physical processes behind it - is enormously complex, and modelling it on a computer is correspondingly computationally intensive and expensive. That is why the research team is relying on artificial intelligence.

AI as computational accelerator

Artificial neural networks are computer models that are trained, using existing data, to speed up complex calculations. During training, the network is fed a known data set and learns from it by adjusting the relative strength or "weighting" of its internal connections so that it can quickly and reliably predict similar relationships. This weighting serves as a kind of shortcut - a faster alternative to otherwise computationally intensive physical modelling.

The researchers at PSI also made use of such a neural network. They themselves generated the data required for training: "With the help of the open-source thermodynamic modelling software GEMS, developed at PSI, we calculated - for various cement formulations - which minerals form during hardening and which geochemical processes take place," explains Nikolaos Prasianakis. By combining these results with experimental data and mechanical models, the researchers were able to derive a reliable indicator for mechanical properties - and thus for the material quality of the cement. For each component used, they also applied a corresponding CO2 factor, a specific emission value that made it possible to determine the total CO2 emissions. "That was a very complex and computationally intensive modelling exercise," the scientist says.

But it was worth the effort - with the data generated in this way, the AI model was able to learn. "Instead of seconds or minutes, the trained neural network can now calculate mechanical properties for an arbitrary cement recipe in milliseconds - that is, around a thousand times faster than with traditional modelling," Boiger explains.

From output to input

How can this AI now be used to find optimal cement formulations - with the lowest possible CO2 emissions and high material quality? One possibility would be to try out various formulations, use the AI model to calculate their properties, and then select the best variants. A more efficient approach, however, is to reverse the process. Instead of trying out all options, ask the question the other way around: Which cement composition meets the desired specifications regarding CO2 balance and material quality?




Both the mechanical properties and the CO2 emissions depend directly on the recipe. "Viewed mathematically, both variables are functions of the composition - if this changes, the respective properties also change," the mathematician explains. To determine an optimal recipe, the researchers formulate the problem as a mathematical optimisation task: They are looking for a composition that simultaneously maximises mechanical properties and minimises CO2 emissions. "Basically, we are looking for a maximum and a minimum - from this we can directly deduce the desired formulation," the mathematician says.

To find the solution, the team integrated in the workflow an additional AI technology, the so-called genetic algorithms - computer-assisted methods inspired by natural selection. This enabled them to selectively identify formulations that ideally combine the two target variables.

The advantage of this "reverse approach": You no longer have to blindly test countless recipes and then evaluate their resulting properties; instead you can specifically search for those that meet specific desired criteria - in this case, maximum mechanical properties with minimum CO2 emissions.

Interdisciplinary approach with great potential

Among the cement formulations identified by the researchers, there are already some promising candidates. "Some of these formulations have real potential," says John Provis, "not only in terms of CO2 reduction and quality, but also in terms of practical feasibility in production." To complete the development cycle, however, the recipes must first be tested in the laboratory. "We're not going to build a tower with them right away without testing them first," Nikolaos Prasianakis says with a smile.

The study primarily serves as a proof of concept - that is, as evidence that promising formulations can be identified purely by mathematical calculation. "We can extend our AI modelling tool as required and integrate additional aspects, such as the production or availability of raw materials, or where the building material is to be used - for example, in a marine environment, where cement and concrete behave differently, or even in the desert," says Romana BoigerNikolaos Prasianakis is already looking ahead: "This is just the beginning. The time savings offered by such a general workflow are enormous - making it a very promising approach for all sorts of material and system designs."

Without the interdisciplinary background of the researchers, the project would never have come to fruition: "We needed cement chemists, thermodynamics experts, AI specialists - and a team that could bring all of this together," Prasianakis says. "Added to this was the important exchange with other research institutions such as EMPA within the framework of the SCENE project." SCENE (the Swiss Centre of Excellence on Net Zero Emissions) is an interdisciplinary research programme that aims to develop scientifically sound solutions for drastically reducing greenhouse gas emissions in industry and the energy supply. The study was carried out as part of this project.
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How can we make fewer mistakes? US Navy invests $860k in placekeeping | ScienceDaily
A team of cognitive psychologists from the Michigan State University Department of Psychology have received a $860,000 grant from the Office of Naval Research to develop assessments for identifying people who are good at performing complex procedural tasks, even under challenging conditions like sleep deprivation and frequent interruptions.


						
"If we develop the right tools, we can identify people who are going to be better at performing a wide range of procedures. This is important because Navy personnel are increasingly called upon to do lots of different tasks as military systems become more complex," said Erik Altmann, lead investigator of the study and professor in MSU's psychology department. "The goal is to get the right person in the right job at the right time."

This multiyear study will look at individual differences in placekeeping, which is the cognitive ability to remember what step you are on in a procedural sequence. The researchers will also test whether incorporating task interruptions during training can help personnel develop cognitive strategies for placekeeping during deployment, when personnel may be sleep-deprived.

"We know that under conditions of sleep deprivation, people make more procedural errors, especially when they're interrupted in the middle of a task. Procedural errors can be catastrophic, so the Navy is interested in reducing them," said Altmann.

The research team, which also includes cognitive psychologists Kimberly Fenn and Zach Hambrick, has been funded since 2016 by the Office of Naval Research, with past studies looking at multitasking and the effect of sleep on cognitive performance.

The results of this study could improve personnel selection and classification in the Navy and in other fields where procedural accuracy is critical; results also could suggest approaches to training that make people more resilient to effects of stressors like sleep deprivation and task interruption.

Why this matters
    	This research will help to identify people who can successfully perform a wide range of procedures, namely military personnel, as they often are sought to undertake complex tasks.
    	Results from the study could offer new training approaches to help make people more resilient to effects of stressors, such as sleep deprivation or task interruption.
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Defying Darwin: Scientists discover worms rewrote their DNA to survive on land | ScienceDaily
In 1859, Darwin imagined evolution as a slow, gradual progress, with species accumulating small changes over time. But even he was surprised to find the fossil record offered no missing links: the intermediate forms which should have told this story step by step were simply not there. His explanation was as uncomfortable as it was unavoidable: basically, the fossil record is an archive where most of the pages have been torn out.


						
In 1972, the scarcity of intermediate forms led the palaeontologists Stephen Jay Gould and Niles Eldredge to propose a provocative idea: punctuated equilibrium. According to this theory, rather than changing slowly, species remain stable for millions of years and then suddenly make rapid, radical evolutionary jumps. This model would explain why the fossil record seems so silent between species: large changes would happen suddenly and in small, isolated populations, well off the palaeontological radar. Although some fossils support this pattern, the scientific community remains divided: is this a rule of evolution, or an eye-catching exception?

Now a research team led by the Institute of Evolutionary Biology (IBE), a mixed research centre belonging to the Spanish National Research Council (CSIC) and Pompeu Fabra University (UPF), points for the first time to a mechanism of rapid, massive genomic reorganisation which could have played a part in the transition of marine to land animals 200 million years ago. The team has shown that marine annelids (worms) reorganised their genome from top to bottom, leaving it unrecognisable, when they left the oceans. Their observations are consistent with a punctuated equilibrium model, and could indicate that not only gradual but sudden changes in the genome could have occurred as these animals adapted to terrestrial settings. The genetic mechanism identified could transform our concept of animal evolution and revolutionise the established laws of genome evolution.

An unprecedented invertebrate genomic library 

The team sequenced for the first time the high-quality genome of various earthworms, and compared to them to other closely related annelid species (leeches and bristle worms or polychaetes). The level of precision was the same as for sequencing human genomes, although in this case starting from scratch, with no existing references for the studied species. Until now, the lack of complete genomes had prevented the study of chromosomal-level patterns and characteristics for many species, limiting research to smaller-scale phenomena - population studies of a handful of genes, rather than macroevolutionary changes at the full-genome level.

After putting together each of the genomic jigsaw puzzles, the team was able to travel back in time with great precision more than 200 million years, to when the ancestors of the sequenced species were alive. "This is an essential episode in the evolution of life on our planet, given that many species, such as worms and vertebrates, which had been living in the ocean, now ventured onto land for the first time," comments Rosa Fernandez, lead researcher of the IBE's Metazoa Phylogenomics and Genome Evolution Lab.

The analysis of these genomes has revealed an unexpected result: the annelids' genomes were not transformed gradually, as Neo-Darwinian theory would predict, but in isolated explosions of deep genetic remodelling. "The enormous reorganisation of the genomes we observed in the worms as they moved from the ocean to land cannot be explained with the parsimonious mechanism Darwin proposed; our observations chime much more with Gould and Eldredge's theory of punctuated equilibrium," Fernandez adds.




A radical genetic mechanism which could provide evolutionary responses

The team has discovered that marine worms broke their genome into a thousand pieces only to reconstruct it and continue their evolutionary path on land. This phenomenon challenges the models of genome evolution known to date, given that if we observe almost any species, whether a sponge, a coral, or a mammal, many of their genomic structures are almost perfectly conserved. "The entire genome of the marine worms was broken down and then reorganised in a completely random way, in a very short period on the evolutionary scale," Fernandez says. "I made my team repeat the analysis again and again, because I just couldn't believe it."

The reason why this drastic deconstruction did not lead to extinction could be in the 3D structure of the genome. Fernandez's team has discovered that the chromosomes of these modern worms are much more flexible than those of vertebrates and other model organisms. Thanks to this flexibility, it is possible that genes in different parts of the genome could change places and continue working together.

Major changes in their DNA could have helped the worms adapt quickly to life on land, reorganising their genes to respond better to new challenges such as breathing air or being exposed to sunlight. The study suggests that these adjustments not only moved genes around, but also joined fragments that had been separated, creating new "genetic chimeras" which would have driven their evolution. "You could think that this chaos would mean the lineage would die out, but it's possible that some species' evolutionary success is based on that superpower," comments Fernandez.

The observations in the study are consistent with a punctuated equilibrium model, where we observe an explosion of genomic changes after a long period of stability. However, the lack of experimental data for or against -- in this case, 200-million-year-old fossils -- makes it difficult to validate this theory.

Chromosomal chaos: problem or solution?

It seems from this study that conserving the genomic structure at the linear level -- i.e., where the genes are more or less in the same place in different species -- may not be as essential as had been thought. "In fact, stability could be the exception and not the rule in animals, which could benefit from a more fluid genome," Fernandez says.




This phenomenon of extreme genetic reorganisation had previously been observed in the progression of cancer in humans. The term chromoanagenesis covers several mechanisms which break down and reorganise chromosomes in cancerous cells, where we see similar changes to those observed in the earthworms. The only difference is that while these genomic breakdowns and reorganisations are tolerated by the worms, in humans they lead to diseases. The results of this study open the door to a better understanding of the potency of this radical genomic mechanism, with implications for human health.

The study has also reawakened one of the liveliest scientific debates of our time. "Both visions, Darwin's and Gould's, are compatible and complementary. While Neo-Darwinism can explain the evolution of populations perfectly, it has not yet been able to explain some exceptional and crucial episodes in the history of life on Earth, such as the initial explosion of animal life in the oceans over 500 million years ago, or the transition from the sea to land 200 million years ago in the case of earthworms," Fernandez notes. "This is where the punctuated equilibrium theory could offer some answers."

In the future, a larger investigation of the genomic architecture of less-studied invertebrates could shed light on the genomic mechanisms shaping the evolution of the species. "There is a great diversity we know nothing about, hidden in the invertebrates, and studying them could bring new discoveries about the diversity and plasticity of genomic organisation, and challenge dogmas on how we think genomes are organised," Fernandez concludes.

The study involved the collaboration of research staff from the Universitat Autonoma de Barcelona, Trinity College, the Universidad Complutense de Madrid, the University of Koln, and the Universite Libre de Bruxelles.

The study received support from SEA2LAND (Starting Grant funded by the European Research Council), and from the Catalan Biogenome Project, which funded the sequencing of one of the worm genomes.
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Winter sea ice supercharges Southern Ocean's CO2 uptake | ScienceDaily
New research reveals the importance of winter sea ice in the year-to-year variability of the amount of atmospheric CO2 absorbed by a region of the Southern Ocean.


						
In years when sea ice lasts longer in winter, the ocean will overall absorb 20% more CO2 from the atmosphere than in years when sea ice forms late or disappears early. This is because sea ice protects the ocean from strong winter winds that drive mixing between the surface of the ocean and its deeper, carbon-rich layers.

The findings, based on data collected in a coastal system along the west Antarctic Peninsula, show that what happens in winter is crucial in explaining this variability in CO2 uptake.

The study was led by scientists at the University of East Anglia (UEA), in collaboration with colleagues from the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research (AWI, Germany), British Antarctic Survey (BAS, UK) and Institute of Marine Research (IMR, Norway). It is published today in the journal Communications Earth & Environment.

The global ocean takes up about a quarter of all CO2 that humans emit into the atmosphere. The Southern Ocean is responsible for about 40% of this and the researchers wanted to know why it varies so much from year to year.

Lead author Dr Elise Droste, of UEA's School of Environmental Sciences, said: "Our picture of the Southern Ocean's carbon cycle is incomplete, and so we cannot predict whether its atmospheric CO2 uptake - and therefore its contribution to climate change mitigation - will increase, decrease, or remain the same in the future.

"Whatever it does, it will affect what our climate will look like and how fast it will change. To improve predictions, our work suggests that we need to look at how sea ice affects the exchange of carbon between the deep and shallow parts of the ocean. To do this, we need more wintertime observations in the Southern Ocean."

Much of the Southern Ocean surrounding the west Antarctic Peninsula is covered by sea ice in winter, which disappears in spring and summer. In spring and summer, phytoplankton growth and melt water lead to low CO2 concentrations at the ocean surface. This allows the Southern Ocean to absorb large amounts of atmospheric CO2, significantly reducing the global impact of anthropogenic emissions.




In winter, as sea ice forms, the ocean underneath mixes with deeper waters that contain lots of 'natural' carbon that has been in the ocean for centuries. This can cause CO2 at the ocean surface to increase to the point where it can be released into the atmosphere.

Sea ice blocks a large amount of this CO2 'outgassing'. However, it is part of the natural seasonal cycle that some CO2 does escape the ocean. This seasonal balance means that the total amount of CO2 absorbed by the Southern Ocean within one year often depends on how much CO2 is absorbed in summer and how much is released in winter.

"We don't have a good grasp on what is driving this year-to-year variability, which is making it difficult to fully understand the system and to improve the predictability of how the ocean's CO2 uptake will change in the future," said Dr Droste. "One major reason is because we have relatively little data on the Southern Ocean, particularly in the wintertime.

"It is extremely challenging to collect observations in the harsh weather and sea conditions of the Southern Ocean, not to mention sea ice cover making much of it inaccessible, even for the strongest icebreaker. However, this study takes us a step in the right direction."

The study draws on data for 2010-2020, a time series led and maintained by BAS, which collects year-round measurements along the west Antarctic Peninsula. At Rothera, the UK's Antarctic research station, ocean scientists measured physical aspects of the seawater in Ryder Bay and collected samples for nutrient and CO2 analysis, carried out at both Rothera and UEA.

Using other physical and chemical data collected at the same time, the team was able to study why years with long sea ice duration differed from those with short sea ice duration.




Dr Hugh Venables, from BAS, said: "A series of ocean scientists have wintered at Rothera on the Antarctic Peninsula to collect these and other samples, from either a small boat or a sea ice sledge, to build a unique time series of year-round oceanographic conditions for the last 25 years.

"This important result shows the importance of this winter sampling and will hopefully lead to more year-round sampling in the Southern Ocean, both by humans and autonomous technology."

Prof Dorothee Bakker, Professor in Marine Biogeochemistry at UEA, added: "The fact that this data has been collected throughout the year at the same location allows us to investigate which mechanisms are important to explain the year-to-year variability of CO2 uptake by the ocean at this particular location, but we can also use these insights to better understand how the rest of the Southern Ocean works."

The study also involved scientists from the National Institute of Oceanography and Applied Geophysics (Italy) and University of Gothenburg (Sweden). It was supported by funding from the UK's Natural Environment Research Council and European Union's Horizon 2020 research and innovation program.
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A thousand colors, one galaxy: Astronomers reveal a cosmic masterpiece | ScienceDaily
Astronomers have created a galactic masterpiece: an ultra-detailed image that reveals previously unseen features in the Sculptor Galaxy. Using the European Southern Observatory's Very Large Telescope (ESO's VLT), they observed this nearby galaxy in thousands of colors simultaneously. By capturing vast amounts of data at every single location, they created a galaxy-wide snapshot of the lives of stars within Sculptor.


						
"Galaxies are incredibly complex systems that we are still struggling to understand," says ESO researcher Enrico Congiu, who led a new Astronomy & Astrophysics study on Sculptor. Reaching hundreds of thousands of light-years across, galaxies are extremely large, but their evolution depends on what's happening at much smaller scales. "The Sculptor Galaxy is in a sweet spot," says Congiu. "It is close enough that we can resolve its internal structure and study its building blocks with incredible detail, but at the same time, big enough that we can still see it as a whole system."

A galaxy's building blocks  -- stars, gas and dust  -- emit light at different colors. Therefore, the more shades of color there are in an image of a galaxy, the more we can learn about its inner workings. While conventional images contain only a handful of colors, this new Sculptor map comprises thousands. This tells astronomers everything they need to know about the stars, gas and dust within, such as their age, composition, and motion.

To create this map of the Sculptor Galaxy, which is 11 million light-years away and is also known as NGC 253, the researchers observed it for over 50 hours with the Multi Unit Spectroscopic Explorer (MUSE) instrument on ESO's VLT. The team had to stitch together over 100 exposures to cover an area of the galaxy about 65,000 light-years wide.

According to co-author Kathryn Kreckel from Heidelberg University, Germany, this makes the map a potent tool: "We can zoom in to study individual regions where stars form at nearly the scale of individual stars, but we can also zoom out to study the galaxy as a whole."

In their first analysis of the data, the team uncovered around 500 planetary nebulae, regions of gas and dust cast off from dying Sun-like stars, in the Sculptor Galaxy. Co-author Fabian Scheuermann, a doctoral student at Heidelberg University, puts this number into context: "Beyond our galactic neighborhood, we usually deal with fewer than 100 detections per galaxy."

Because of the properties of planetary nebulae, they can be used as distance markers to their host galaxies. "Finding the planetary nebulae allows us to verify the distance to the galaxy -- a critical piece of information on which the rest of the studies of the galaxy depend," says Adam Leroy, a professor at The Ohio State University, USA, and study co-author.




Future projects using the map will explore how gas flows, changes its composition, and forms stars all across this galaxy. "How such small processes can have such a big impact on a galaxy whose entire size is thousands of times bigger is still a mystery," says Congiu.

More information 

This research was presented in a paper accepted for publication in Astronomy & Astrophysics.

The team is composed of E. Congiu (European Southern Observatory, Chile [ESO Chile]), F. Scheuermann (Astronomisches Rechen-Institut, Zentrum fur Astronomie der Universitat Heidelberg, Germany [ARI-ZAH]), K. Kreckel (ARI-ZAH), A. Leroy (Department of Astronomy and Center for Cosmology and Astroparticle Physics, The Ohio State University [OSU], USA), E. Emsellem (European Southern Observatory, Germany [ESO Garching] and Univ. Lyon, Univ. Lyon1, ENS de Lyon, CNRS, Centre de Recherche Astrophysique de Lyon, France), F. Belfiore (INAF - Osservatorio Astrofisico di Arcetri, Italy), J. Hartke (Finnish Centre for Astronomy with ESO [FINCA] and Tuorla Observatory, Department of Physics and Astronomy [Tuorla], University of Turku, Finland), G. Anand (Space Telescope Science Institute, USA), O. V. Egorov (ARI-ZAH), B. Groves (International Centre for Radio Astronomy Research, University of Western Australia, Australia), T. Kravtsov (Tuorla and FINCA), D. Thilker (Department of Physics and Astronomy, The Johns Hopkins University, USA), C. Tovo (Dipartimento di Fisica e Astronomia 'G. Galilei', Universit'a di Padova, Italy), F. Bigiel (Argelander-Institut fur Astronomie, Universitat Bonn, Germany), G. A. Blanc (Observatories of the Carnegie Institution for Science, USA, and Departamento de Astronomia, Universidad de Chile, Chile), A. D. Bolatto and S. A. Cronin (Department of Astronomy, University of Maryland, USA), D. A. Dale (Department of Physics and Astronomy, University of Wyoming, USA), R. McClain (OSU), J. E. Mendez-Delgado (Instituto de Astronomia, Universidad Nacional Autonoma de Mexico, Mexico), E. K. Oakes (Department of Physics, University of Connecticut, USA), R. S. Klessen (Universitat Heidelberg, Zentrum fur Astronomie, Institut fur Theoretische Astrophysik and Interdisziplinares Zentrum fur Wissenschaftliches Rechnen, Germany, Center for Astrophysics Harvard & Smithsonian, USA, and Elizabeth S. and Richard M. Cashin Fellow at the Radcliffe Institute for Advanced Studies at Harvard University, USA) E. Schinnerer (Max-Planck-Institut fur Astronomie, Germany), T. G. Williams (Sub-department of Astrophysics, Department of Physics, University of Oxford, UK).

The European Southern Observatory (ESO) enables scientists worldwide to discover the secrets of the Universe for the benefit of all. We design, build and operate world-class observatories on the ground -- which astronomers use to tackle exciting questions and spread the fascination of astronomy -- and promote international collaboration for astronomy. Established as an intergovernmental organisation in 1962, today ESO is supported by 16 Member States (Austria, Belgium, Czechia, Denmark, France, Finland, Germany, Ireland, Italy, the Netherlands, Poland, Portugal, Spain, Sweden, Switzerland and the United Kingdom), along with the host state of Chile and with Australia as a Strategic Partner. ESO's headquarters and its visitor centre and planetarium, the ESO Supernova, are located close to Munich in Germany, while the Chilean Atacama Desert, a marvelous place with unique conditions to observe the sky, hosts our telescopes. ESO operates three observing sites: La Silla, Paranal and Chajnantor. At Paranal, ESO operates the Very Large Telescope and its Very Large Telescope Interferometer, as well as survey telescopes such as VISTA. Also at Paranal ESO will host and operate the Cherenkov Telescope Array South, the world's largest and most sensitive gamma-ray observatory. Together with international partners, ESO operates ALMA on Chajnantor, a facility that observes the skies in the millimeter and submillimeter range. At Cerro Armazones, near Paranal, we are building "the world's biggest eye on the sky" -- ESO's Extremely Large Telescope. From our offices in Santiago, Chile we support our operations in the country and engage with Chilean partners and society.
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AI sniffs earwax and detects Parkinson's with 94% accuracy | ScienceDaily
Most treatments for Parkinson's disease (PD) only slow disease progression. Early intervention for the neurological disease that worsens over time is therefore critical to optimize care, but that requires early diagnosis. Current tests, like clinical rating scales and neural imaging, can be subjective and costly. Now, researchers in ACS' Analytical Chemistry report the initial development of a system that inexpensively screens for PD from the odors in a person's earwax.


						
Previous research has shown that changes in sebum, an oily substance secreted by the skin, could help identify people with PD. Specifically, sebum from people with PD may have a characteristic smell because volatile organic compounds (VOCs) released by sebum are altered by disease progression -- including neurodegeneration, systemic inflammation and oxidative stress. However, when sebum on the skin is exposed to environmental factors like air pollution and humidity, its composition can be altered, making it an unreliable testing medium. But the skin inside the ear canal is kept away from the elements. So, Hao Dong, Danhua Zhu and colleagues wanted to focus their PD screening efforts on ear wax, which mostly consists of sebum and is easily sampled.

To identify potential VOCs related to PD in ear wax, the researchers swabbed the ear canals of 209 human subjects (108 of whom were diagnosed with PD). They analyzed the collected secretions using gas chromatography and mass spectrometry techniques. Four of the VOCs the researchers found in ear wax from people with PD were significantly different than the ear wax from people without the disease. They concluded that these four VOCs, including ethylbenzene, 4-ethyltoluene, pentanal, and 2-pentadecyl-1,3-dioxolane, are potential biomarkers for PD.

Dong, Zhu and colleagues then trained an artificial intelligence olfactory (AIO) system with their ear wax VOC data. The resulting AIO-based screening model categorized with 94% accuracy ear wax samples from people with and without PD. The AIO system, the researchers say, could be used as a first-line screening tool for early PD detection and could pave the way for early medical intervention, thereby improving patient care.

"This method is a small-scale single-center experiment in China," says Dong. "The next step is to conduct further research at different stages of the disease, in multiple research centers and among multiple ethnic groups, in order to determine whether this method has greater practical application value."

The authors acknowledge funding from the National Natural Sciences Foundation of Science, Pioneer and Leading Goose R&D Program of Zhejiang Province, and the Fundamental Research Funds for the Central Universities.
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Forever chemicals' toxic cousin: MCCPs detected in U. S. air for first time | ScienceDaily
Once in a while, scientific research resembles detective work. Researchers head into the field with a hypothesis and high hopes of finding specific results, but sometimes, there's a twist in the story that requires a deeper dive into the data.


						
That was the case for the University of Colorado Boulder researchers who led a field campaign in an agricultural region of Oklahoma. Using a high-tech instrument to measure how aerosol particles form and grow in the atmosphere, they stumbled upon something unexpected: the first-ever airborne measurements of Medium Chain Chlorinated Paraffins (MCCPs), a kind of toxic organic pollutant, in the Western Hemisphere. Their results published today in ACS Environmental Au.

"It's very exciting as a scientist to find something unexpected like this that we weren't looking for," said Daniel Katz, CU Boulder chemistry PhD student and lead author of the study. "We're starting to learn more about this toxic, organic pollutant that we know is out there, and which we need to understand better."

MCCPs are currently under consideration for regulation by the Stockholm Convention, a global treaty to protect human health from long-standing and widespread chemicals. While the toxic pollutants have been measured in Antarctica and Asia, researchers haven't been sure how to document them in the Western Hemisphere's atmosphere until now.

MCCPs are used in fluids for metal working and in the construction of PVC and textiles. They are often found in wastewater and as a result, can end up in biosolid fertilizer, also called sewage sludge, which is created when liquid is removed from wastewater in a treatment plant. In Oklahoma, researchers suspect the MCCPs they identified came from biosolid fertilizer in the fields near where they set up their instrument.

"When sewage sludges are spread across the fields, those toxic compounds could be released into the air," Katz said. "We can't show directly that that's happening, but we think it's a reasonable way that they could be winding up in the air. Sewage sludge fertilizers have been shown to release similar compounds."

MCCPs little cousins, Short Chain Chlorinated Paraffins (SCCPs), are currently regulated by the Stockholm Convention, and since 2009, by the EPA here in the United States. Regulation came after studies found the toxic pollutants, which travel far and last a long time in the atmosphere, were harmful to human health. But researchers hypothesize that the regulation of SCCPs may have increased MCCPs in the environment.




"We always have these unintended consequences of regulation, where you regulate something, and then there's still a need for the products that those were in," said Ellie Browne, CU Boulder chemistry professor, CIRES Fellow, and co-author of the study. "So they get replaced by something."

Measurement of aerosols led to a new and surprising discovery

Using a nitrate chemical ionization mass spectrometer, which allows scientists to identify chemical compounds in the air, the team measured air at the agricultural site 24 hours a day for one month. As Katz cataloged the data, he documented the different isotopic patterns in the compounds. The compounds measured by the team had distinct patterns, and he noticed new patterns that he immediately identified as different from the known chemical compounds. With some additional research, he identified them as chlorinated paraffins found in MCCPs.

Katz says the makeup of MCCPs are similar to PFAS, long-lasting toxic chemicals that break down slowly over time. Known as "forever chemicals," their presence in soils recently led the Oklahoma Senate to ban biosolid fertilizer.

Now that researchers know how to measure MCCPs, the next step might be to measure the pollutants at different times throughout the year to understand how levels change each season. Many unknowns surrounding MCCPs remain, and there's much more to learn about their environmental impacts.

"We identified them, but we still don't know exactly what they do when they are in the atmosphere, and they need to be investigated further," Katz said. "I think it's important that we continue to have governmental agencies that are capable of evaluating the science and regulating these chemicals as necessary for public health and safety."
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MIT uncovers the hidden playbook your brain uses to outsmart complicated problems | ScienceDaily
The human brain is very good at solving complicated problems. One reason for that is that humans can break problems apart into manageable subtasks that are easy to solve one at a time.


						
This allows us to complete a daily task like going out for coffee by breaking it into steps: getting out of our office building, navigating to the coffee shop, and once there, obtaining the coffee. This strategy helps us to handle obstacles easily. For example, if the elevator is broken, we can revise how we get out of the building without changing the other steps.

While there is a great deal of behavioral evidence demonstrating humans' skill at these complicated tasks, it has been difficult to devise experimental scenarios that allow precise characterization of the computational strategies we use to solve problems.

In a new study, MIT researchers have successfully modeled how people deploy different decision-making strategies to solve a complicated task -- in this case, predicting how a ball will travel through a maze when the ball is hidden from view. The human brain cannot perform this task perfectly because it is impossible to track all of the possible trajectories in parallel, but the researchers found that people can perform reasonably well by flexibly adopting two strategies known as hierarchical reasoning and counterfactual reasoning.

The researchers were also able to determine the circumstances under which people choose each of those strategies.

"What humans are capable of doing is to break down the maze into subsections, and then solve each step using relatively simple algorithms. Effectively, when we don't have the means to solve a complex problem, we manage by using simpler heuristics that get the job done," says Mehrdad Jazayeri, a professor of brain and cognitive sciences, a member of MIT's McGovern Institute for Brain Research, an investigator at the Howard Hughes Medical Institute, and the senior author of the study.

Mahdi Ramadan PhD '24 and graduate student Cheng Tang are the lead authors of the paper, which appears today in Nature Human Behavior. Nicholas Watters PhD '25 is also a co-author.




Rational strategies

When humans perform simple tasks that have a clear correct answer, such as categorizing objects, they perform extremely well. When tasks become more complex, such as planning a trip to your favorite cafe, there may no longer be one clearly superior answer. And, at each step, there are many things that could go wrong. In these cases, humans are very good at working out a solution that will get the task done, even though it may not be the optimal solution.

Those solutions often involve problem-solving shortcuts, or heuristics. Two prominent heuristics humans commonly rely on are hierarchical and counterfactual reasoning. Hierarchical reasoning is the process of breaking down a problem into layers, starting from the general and proceeding toward specifics. Counterfactual reasoning involves imagining what would have happened if you had made a different choice. While these strategies are well-known, scientists don't know much about how the brain decides which one to use in a given situation.

"This is really a big question in cognitive science: How do we problem-solve in a suboptimal way, by coming up with clever heuristics that we chain together in a way that ends up getting us closer and closer until we solve the problem?" Jazayeri says.

To overcome this, Jazayeri and his colleagues devised a task that is just complex enough to require these strategies, yet simple enough that the outcomes and the calculations that go into them can be measured.

The task requires participants to predict the path of a ball as it moves through four possible trajectories in a maze. Once the ball enters the maze, people cannot see which path it travels. At two junctions in the maze, they hear an auditory cue when the ball reaches that point. Predicting the ball's path is a task that is impossible for humans to solve with perfect accuracy.




"It requires four parallel simulations in your mind, and no human can do that. It's analogous to having four conversations at a time," Jazayeri says. "The task allows us to tap into this set of algorithms that the humans use, because you just can't solve it optimally."

The researchers recruited about 150 human volunteers to participate in the study. Before each subject began the ball-tracking task, the researchers evaluated how accurately they could estimate timespans of several hundred milliseconds, about the length of time it takes the ball to travel along one arm of the maze.

For each participant, the researchers created computational models that could predict the patterns of errors that would be seen for that participant (based on their timing skill) if they were running parallel simulations, using hierarchical reasoning alone, counterfactual reasoning alone, or combinations of the two reasoning strategies.

The researchers compared the subjects' performance with the models' predictions and found that for every subject, their performance was most closely associated with a model that used hierarchical reasoning but sometimes switched to counterfactual reasoning.

That suggests that instead of tracking all the possible paths that the ball could take, people broke up the task. First, they picked the direction (left or right), in which they thought the ball turned at the first junction, and continued to track the ball as it headed for the next turn. If the timing of the next sound they heard wasn't compatible with the path they had chosen, they would go back and revise their first prediction -- but only some of the time.

Switching back to the other side, which represents a shift to counterfactual reasoning, requires people to review their memory of the tones that they heard. However, it turns out that these memories are not always reliable, and the researchers found that people decided whether to go back or not based on how good they believed their memory to be.

"People rely on counterfactuals to the degree that it's helpful," Jazayeri says. "People who take a big performance loss when they do counterfactuals avoid doing them. But if you are someone who's really good at retrieving information from the recent past, you may go back to the other side."

Human limitations

To further validate their results, the researchers created a machine-learning neural network and trained it to complete the task. A machine-learning model trained on this task will track the ball's path accurately and make the correct prediction every time, unless the researchers impose limitations on its performance.

When the researchers added cognitive limitations similar to those faced by humans, they found that the model altered its strategies. When they eliminated the model's ability to follow all possible trajectories, it began to employ hierarchical and counterfactual strategies like humans do. If the researchers reduced the model's memory recall ability, it began to switch to hierarchical only if it thought its recall would be good enough to get the right answer -- just as humans do.

"What we found is that networks mimic human behavior when we impose on them those computational constraints that we found in human behavior," Jazayeri says. "This is really saying that humans are acting rationally under the constraints that they have to function under."

By slightly varying the amount of memory impairment programmed into the models, the researchers also saw hints that the switching of strategies appears to happen gradually, rather than at a distinct cut-off point. They are now performing further studies to try to determine what is happening in the brain as these shifts in strategy occur.

The research was funded by a Lisa K. Yang ICoN Fellowship, a Friends of the McGovern Institute Student Fellowship, a National Science Foundation Graduate Research Fellowship, the Simons Foundation, the Howard Hughes Medical Institute, and the McGovern Institute.
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These beetles can see a color most insects can't | ScienceDaily
Insect eyes are generally sensitive to ultraviolet, blue and green light. With the exception of some butterflies, they cannot see the color red. Nevertheless, bees and other insects are also attracted to red flowers such as poppies. In this case, however, they are not attracted by the red color, but because they recognize the UV light reflected by the poppy flower.


						
However, two beetle species from the eastern Mediterranean region can indeed perceive the color red, as an international research team was able to show. The beetles are Pygopleurus chrysonotus and Pygopleurus syriacus from the family Glaphyridae. They feed mainly on pollen and prefer to visit plants with red flowers, such as poppies, anemones and buttercups.

Beetles Have Photoreceptors for long-wave Light

'To our knowledge, we are the first to have experimentally demonstrated that beetles can actually perceive the color red,' says Dr Johannes Spaethe from the Chair of Zoology II at the Biocentre of Julius-Maximilians-Universitat (JMU) Wurzburg in Bavaria, Germany. He gained the new insights together with Dr Elena Bencurova from the Wurzburg Bioinformatics Chair and researchers from the Universities of Ljubljana (Slovenia) and Groningen (Netherlands). The study has been published in the Journal of Experimental Biology.

The scientists used electrophysiology, behavioral experiments and color trapping. Among other things, they found that the two Mediterranean beetles possess four types of photoreceptors in their retinas that respond to UV light as well as blue, green and deep red light. Field experiments also showed that the animals use true color vision to identify red targets and that they have a clear preference for red colors.

New Model System for Ecological and Evolutionary Questions

The researchers consider the Glaphyrid family to be a promising new model system for investigating the visual ecology of beetles and the evolution of flower signals and flower detection by pollinators.

'The prevailing opinion in science is that flower colors have adapted to the visual systems of pollinators over the course of evolution,' says Johannes Spaethe. However, based on the new findings, it is now possible to speculate whether this evolutionary scenario also applies to Glaphyrid beetles and the flowers they visit.

Why do the researchers think this? The three genera of this beetle family (Eulasia, Glaphyrus and Pygopleurus) show considerable differences in their preferences for flower colors, which vary between red, violet, white and yellow. This suggests that the physiological and/or behavioral basis for seeing red and other colors is relatively labile.

The great variety of flower colors in the Mediterranean region and the considerable variation in the color preferences of the beetles made it plausible that the visual systems of these pollinators may adapt to flower colors than is commonly assumed.
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Biggest boom since the Big Bang? Astronomers record 25x supernova brightness | ScienceDaily
Astronomers from the University of Hawai`i's Institute for Astronomy (IfA) have discovered the most energetic cosmic explosions yet discovered, naming the new class of events "extreme nuclear transients" (ENTs). These extraordinary phenomena occur when massive stars--at least three times heavier than our Sun--are torn apart after wandering too close to a supermassive black hole. Their disruption releases vast amounts of energy visible across enormous distances. The team's findings were recently detailed in the journal Science Advances.


						
"We've observed stars getting ripped apart as tidal disruption events for over a decade, but these ENTs are different beasts, reaching brightnesses nearly ten times more than what we typically see," said Jason Hinkle, who led the study as the final piece of his doctoral research at IfA. "Not only are ENTs far brighter than normal tidal disruption events, but they remain luminous for years, far surpassing the energy output of even the brightest known supernova explosions."

The immense luminosities and energies of these ENTs are truly unprecedented. The most energetic ENT studied, named Gaia18cdj, emitted an astonishing 25 times more energy than the most energetic supernovae known. While typical supernovae emit as much energy in just one year as the Sun does in its 10 billion-year lifetime, ENTs radiate the energy of 100 Suns over a single year.

ENTs were first uncovered when Hinkle began a systematic search of public transient surveys for long-lived flares emanating from the centers of galaxies. He identified two unusual flares in data from the European Space Agency's Gaia mission that brightened over a timescale much longer than known transients and without characteristics common to known transients.

"Gaia doesn't tell you what a transient is, just that something changed in brightness," said Hinkle. "But when I saw these smooth, long-lived flares from the centers of distant galaxies, I knew we were looking at something unusual."

The discovery launched a multi-year follow-up campaign to figure out what these sources were. With help from UH's Asteroid Terrestrial-impact Last Alert System, the W. M. Keck Observatory, and other telescopes across the globe, the team gathered data across the electromagnetic spectrum. Because ENTs evolve slowly over several years, capturing their full story took patience and persistence. Recently, a third event with similar properties was discovered by the Zwicky Transient Facility and reported independently by two teams, adding strong support that ENTs are a distinct new class of extreme astrophysical events.

The authors determined these extraordinary events could not be supernovae because they release far more energy than any known stellar explosion. The sheer energy budget, combined with their smooth and prolonged light curves, firmly pointed to an alternative mechanism: accretion onto a supermassive black hole.




However, ENTs differ significantly from normal black hole accretion which typically shows irregular and unpredictable changes in brightness. The smooth and long-lived flares of ENTs indicated a distinct physical process--the gradual accretion of a disrupted star by a supermassive black hole.

Benjamin Shappee, Associate Professor at IfA and study co-author, emphasized the implications: "ENTs provide a valuable new tool for studying massive black holes in distant galaxies. Because they're so bright, we can see them across vast cosmic distances--and in astronomy, looking far away means looking back in time. By observing these prolonged flares, we gain insights into black hole growth when the universe was half its current age when galaxies were happening places--forming stars and feeding their supermassive black holes 10 times more vigorously than they do today."

The rarity of ENTs, occurring at least 10 million times less frequently than supernovae, makes their detection challenging and dependent on sustained monitoring of the cosmos. Future observatories like the Vera C. Rubin Observatory and NASA's Roman Space Telescope promise to uncover many more of these spectacular events, revolutionizing our understanding of black hole activity in the distant, early universe.

"These ENTs don't just mark the dramatic end of a massive star's life. They illuminate the processes responsible for growing the largest black holes in the universe," concluded Hinkle.
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Monster salamander with powerful jaws unearthed in Tennessee fossil find | ScienceDaily
A giant, strong-jawed salamander once tunneled through ancient Tennessee soil.


						
And thanks to a fossil unearthed near East Tennessee State University, scientists now better understand how it helped shape Appalachian amphibian diversity.

The giant plethodontid salamander now joins the remarkable roster of fossils from the Gray Fossil Site & Museum.

The findings appeared in the journal Historical Biology, authored by a team of researchers from the Gray Fossil Site & Museum and ETSU: Assistant Collections Manager Davis Gunnin, Director and Professor of Geosciences Dr. Blaine Schubert, Head Curator and Associate Professor of Geosciences Dr. Joshua Samuels, Museum Specialist Keila Bredehoeft and Assistant Collections Manager Shay Maden.

"Our researchers are not only uncovering ancient life, they are modeling the kind of collaboration and curiosity that define ETSU," said Dr. Joe Bidwell, dean of the College of Arts and Sciences. "This exciting find underscores the vital role our university plays in preserving and exploring Appalachia's deep natural history."

Today, Southern Appalachian forests are renowned for their diversity and abundance of salamander species, especially lungless salamanders of the family Plethodontidae. Tennessee alone is home to more than 50 different salamanders - one in eight of all living salamander species.

Dusky salamanders, common in Appalachian Mountain streams, likely evolved from burrowing ancestors, relatives of Alabama's Red Hills salamander, a large, underground-dwelling species with a worm-like body and small limbs. Their explosive diversification began around 12 million years ago, shaping much of the region's salamander diversity today.




Dynamognathus robertsoni, the powerful, long-extinct salamander recently discovered at the site, had a bite to match its name. Roughly 16 inches long, it ranked among the largest salamanders ever to crawl across the region's ancient forests.

"Finding something that looks like a Red Hills salamander here in East Tennessee was a bit of a surprise," Gunnin said. "Today they're only found in a few counties in southern Alabama, and researchers thought of them as a highly specialized dead-end lineage not particularly relevant to the evolution of the dusky salamanders. Discovery of Dynamognathus robertsoni here in Southern Appalachia shows that these types of relatively large, burrowing salamanders were once more widespread in eastern North America and may have had a profound impact on the evolution of Appalachian salamander communities."

Dynamognathus robertsoni is "the largest plethodontid salamander and one of the largest terrestrial salamanders in the world," Gunnin said. Dusky salamanders in the Appalachians today reach only seven inches long at their largest.

Researchers believe predators like this one may have driven the rapid evolution of Appalachian stream-dwelling salamanders, highlighting the region's key role in salamander diversification.

"The warmer climate in Tennessee 5 million years ago, followed by cooling during the Pleistocene Ice Ages, may have restricted large, burrowing salamanders to lower latitudes, like southern Alabama, where the Red Hills salamander lives today," said Samuels.

Maden explained the naming of this new salamander.




"This group of salamanders has unusual cranial anatomy that gives them a strong bite force, so the genus name - Dynamognathus - Greek for 'powerful jaw,' is given to highlight the great size and power of the salamander compared to its living relatives," said Maden.

The species name robertsoni honors longtime Gray Fossil Site volunteer Wayne Robertson, who discovered the first specimen of the new salamander and has personally sifted through more than 50 tons of fossil-bearing sediment since 2000.

From volunteers and students to staff to faculty, the ETSU Gray Fossil Site & Museum is represented by a dynamic team of lifelong learners and is one of the many reasons ETSU is the flagship institution of Appalachia.

"The latest salamander publication is a testament to this teamwork and search for answers," said Schubert. "When Davis Gunnin, the lead author, began volunteering at the museum as a teenager with an interest in fossil salamanders, I was thrilled, because this region is known for its salamander diversity today, and we know so little about their fossil record. Thus, the possibility of finding something exciting seemed imminent."
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Saving energy: New method guides magnetism without magnets | ScienceDaily
Researchers at Paul Scherrer Institute PSI have demonstrated an innovative method to control magnetism in materials using an energy-efficient electric field. The discovery focuses on materials known as magnetoelectrics, which offer promise for next-generation energy technologies, data storage, energy conversion, and medical devices. The findings are published in the journal Nature Communications.


						
With AI and data centers demanding more and more energy, scientists are searching for smarter, greener technologies. That's where magnetoelectric materials come in -- special compounds where electric and magnetic properties are linked. This connection lets researchers control magnetism using electric fields, which could pave the way for super-energy-efficient memory and computing devices.

One such magnetoelectric material is the olive-green crystalcopper oxyselenide(Cu2OSeO3). At low temperatures, the atomic spins arrange themselves into exotic magnetic textures, forming structures such as helices and cones. These patterns are much larger than the underlying atomic lattice and not fixed to its geometry, making them highly tuneable.

Neutrons watch as electric fields redirect magnetism

Now, scientists at PSI have demonstrated that an electric field can steer these magnetic textures inside copper oxyselenide. In typical materials, magnetic structures - formed from the twisting and alignment of atomic spins -- are locked in specific orientations. In copper oxyselenide with the right voltage, the researchers could nudge and reorient them.

This is the first time that the propagation direction of a magnetic texture could be continuously reorientated in a material using an electric field - an effect known as magnetoelectric deflection.

To investigate the magnetic structures, the team used the SANS-I beamline at the Swiss Spallation Neutron Source SINQ, a facility that uses beams of neutrons to map the arrangement and orientation of magnetic structures within a solid at the nanoscale. A custom-designed sample environment enabled the researchers to apply a high electric field whilst simultaneously probing the magnetisation inside the crystal with small-angle neutron scattering (SANS).




"The ability to steer such large magnetic textures with electric fields shows what's possible when creative experiments are paired with world-class research infrastructures," says Jonathan White, beamline scientist at PSI. "The reason we can capture such a subtle effect as magnetoelectric deflection is due to the exceptional resolution and versatility of SANS-I."

From novelphysics to new tech

The newly discovered magnetoelectric deflection response prompted a deeper investigation into its underlying physics. What they found was intriguing: the magnetic structures didn't just respond -- they behaved in three distinct ways depending on the strength of the electric field. Low electric fields gently deflected the magnetic structures with a linear response. Medium fields brought in more complex, non-linear behaviour. High fields caused dramatic 90-degree flips in the direction of propagation of the magnetic texture.

"Each of these regimes present unique signatures that could be integrated into sensing and storage devices," says Sam Moody, postdoctoral researcher at PSI and lead author of the study. "One particularly exciting possibility is hybrid devices that use the ability to tune the onset of these regimes by varying the strength of the applied magnetic field."

The magnetoelectric deflection response offers a powerful new tool to control magnetism without relying on energy-intensive magnetic fields. The high level of flexibility with which the researchers could manipulate the magnetism makes their discovery an exciting prospect for applications in sustainable technology.
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Heavy particles, big secrets: What happened right after the Big Bang | ScienceDaily
An international team of scientists has published a new report that moves towards a better understanding of the behaviour of some of the heaviest particles in the universe under extreme conditions, which are similar to those just after the big bang. The paper, published in the journal Physics Reports, is signed by physicists Juan M. Torres-Rincon, from the Institute of Cosmos Sciences at the University of Barcelona (ICCUB), Santosh K. Das, from the Indian Institute of Technology Goa (India), and Ralf Rapp, from Texas A&M University (United States).


						
The authors have published a comprehensive review that explores how particles containing heavy quarks (known as charm and bottom hadrons) interact in a hot, dense environment called hadronic matter. This environment is created in the last phase of high-energy collisions of atomic nuclei, such as those taking place at the Large Hadron Collider (LHC) and the Relativistic Heavy Ion Collider (RHIC). The new study highlights the importance of including hadronic interactions in simulations to accurately interpret data from experiments at these large scientific infrastructures.

The study broadens the perspective on how matter behaves under extreme conditions and helps to solve some great unknowns about the origin of the universe.

Reproducing the primordial universe

When two atomic nuclei collide at near-light speeds, they generate temperatures more than a 1,000 times higher than those at the centre of the Sun. These collisions briefly produce a state of matter called a quark-gluon plasma (QGP), a soup of fundamental particles that existed microseconds after the big bang. As this plasma cools, it transforms into hadronic matter, a phase composed of particles such as protons and neutrons, as well as other baryons and mesons.

The study focuses on what happens to heavy-flavour hadrons (particles containing charmed or background quarks, such as D and B mesons) during this transition and the hadronic phase expansion that follows it.

Heavy particles as probes

Heavy quarks are like tiny sensors. Being so massive, they are produced just after the initial nuclear collision and move more slowly, thus interacting differently with the surrounding matter. Knowing how they scatter and spread is key to learning about the properties of the medium through which they travel.




Researchers have reviewed a wide range of theoretical models and experimental data to understand how heavy hadrons, such as D and B mesons, interact with light particles in the hadronic phase. They have also examined how these interactions affect observable quantities such as particle flux and momentum loss.

"To really understand what we see in the experiments, it is crucial to observe how the heavy particles move and interact also during the later stages of these nuclear collisions," says Juan M. Torres-Rincon, member of the Department of Quantum Physics and Astrophysics and ICCUB.

"This phase, when the system has already cooled down, still plays an important role in how the particles lose energy and flow together. It is also necessary to address the microscopic and transport properties of these heavy systems right at the transition point to the quark-gluon plasma," he continues. "This is the only way to achieve the degree of precision required by current experiments and simulations."

A simple analogy can be used to better understand these results: when we drop a heavy ball into a crowded pool, even after the biggest waves have dissipated, the ball continues to move and collide with people. Similarly, heavy particles created in nuclear collisions continue to interact with other particles around them, even after the hottest and most chaotic phase. These continuous interactions subtly modify the motion of particles, and studying these changes helps scientists to better understand the conditions of the early universe. Ignoring this phase would therefore mean missing an important part of the story.

Looking to the future

Understanding how heavy particles behave in hot matter is fundamental to mapping the properties of the early universe and the fundamental forces that rule it. The findings also pave the way for future experiments at lower energies, such as those planned at CERN's Super Proton Super Synchrotron (SPS) and the future FAIR facility in Darmstadt, Germany.        
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Cozmic's Milky Way clones are cracking the universe's dark code | ScienceDaily
A USC-led research team has created a series of supercomputer-simulated twins of our Milky Way galaxy -- which could help scientists unlock new answers about one of the biggest mysteries in the universe: dark matter, the invisible substance that makes up about 85% of all matter in existence.


						
The research was led by cosmologist Vera Gluscevic, who is an associate professor at the USC Dornsife College of Letters, Arts, and Sciences; as well as Ethan Nadler, formerly a postdoc at USC and Carnegie Observatories who is now an assistant professor at University of California, San Diego; and Andrew Benson, a staff scientist at Carnegie Observatories.

They called their simulation project "COZMIC" -- short for "Cosmological Zoom-in Simulations with Initial Conditions beyond Cold Dark Matter."

Scientists have known for decades that dark matter exists -- but until now, they could not study how galaxies are born and evolve in a universe where dark and normal matter interact. COZMIC has made that possible, the team said.

The development of COZMIC and the team's results are described in a trio of studies published on June 16 in The Astrophysical Journal, a publication of the American Astronomical Society.

The heart of dark matter

Scientists know that dark matter is real because it affects how galaxies move and stick together. For example, galaxies spin so fast that they should fly apart, but they don't. Something invisible holds them together; many scientists believe that dark matter is at the heart of this -- an idea first suggested in 1933 by a Swiss researcher, Fritz Zwicky. Research on dark matter has evolved ever since.




Dark matter is tricky to study because it doesn't emit any light or energy that can be easily detected. Scientists study dark matter by watching how it affects motions and structures like galaxies. However, that is somewhat like studying someone's shadow without being able to examine in detail the actual person who cast the shadow.

For the suite of studies, the research team took the step of deploying new physics -- not just standard particle physics and relativity -- and programmed a supercomputer to create very detailed cosmological simulations through COZMIC to test different ideas about what dark matter might be doing.

"We want to measure the masses and other quantum properties of these particles, and we want to measure how they interact with everything else," Gluscevic said. "With COZMIC, for the first time, we're able to simulate galaxies like our own under radically different physical laws -- and test those laws against real astronomical observations."

In addition to Glusevic, Nadler and Benson, the team behind COZMIC includes Hai-Bo Yu of UC Riverside; Daneng Yang, formerly of UC Riverside and now at Purple Mountain Observatory CAS; Xiaolong Du of UCLA; and Rui An, formerly of USC.

Several dark matter scenarios

"Our simulations reveal that observations of the smallest galaxies can be used to distinguish dark matter models," said Nadler.




For the studies with COZMIC, the scientists accounted for the following dark matter behavior scenarios:
    	Billiard-ball model: In this first study, every dark matter particle collides with protons early in the universe, much like billiard balls when they are first set in motion. This interaction smooths out small-scale structures and eliminates satellite galaxies in the Milky Way. The study also includes scenarios where dark matter moves at high speeds, and others in which it is composed of extremely low-mass particles.
    	Mixed-sector model: This second study is a hybrid scenario in which some dark matter particles interact with normal matter, but others pass through it.
    	Self-interacting model: For this third study, the scientists simulated a scenario in which dark matter interacts with itself both at the dawn of time and today, modifying galaxy formation across cosmic history.

While running these simulations, the scientists input new physics into the supercomputer to produce a galaxy whose structure bears the signatures of those interactions between normal and dark matter, said Benson.

Gluscevic added: "While many previous simulation suites have explored the effects of dark matter mass or self-interactions, until now, none have simulated dark matter interactions with normal matter. Such interactions are not exotic or implausible. They are, in fact, likely to exist."

A new day for dark matter

The team says it is a big step forward in figuring out what dark matter really is. They hope that by comparing their twin galaxies to real telescope images, they can get even closer to solving one of space's biggest mysteries.

"We're finally able to ask, 'Which version of the universe looks most like ours?'" Gluscevic said.

The COZMIC team plans to expand their work by directly testing the predictions from their simulations with telescope data so they may discover signatures of dark matter behavior in real galaxies.

This next stage could bring scientists closer than ever to understanding what dark matter is, and how it shapes the cosmos.
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Rainbow reefs revealed: The secret 112-million-year saga of glowing fish | ScienceDaily
New research led by scientists at the American Museum of Natural History sheds light on the ancient origins of biofluorescence in fishes and the range of brilliant colors involved in this biological phenomenon. Detailed in two complementary studies recently published in Nature Communications and PLOS One, the findings suggest that biofluorescence dates back at least 112 million years and, since then, has evolved independently more than 100 times, with the majority of that activity happening among fish that live on coral reefs.


						
The new work also reveals that in marine fishes, biofluorescence -- which occurs when an organism absorbs light, transforms it, and emits it as a different color -- involves a greater variety of colors than previously reported, spanning multiple wavelengths of green, yellow, orange, and red.

"Researchers have known for a while that biofluorescence is quite widespread in marine animals, from sea turtles to corals, and especially among fishes," said Emily Carr, a Ph.D. student in the Museum's Richard Gilder Graduate School and the lead author on the two new studies. "But to really get to the root of why and how these species use this unique adaptation -- whether for camouflage, predation, or reproduction -- we need to understand the underlying evolutionary story as well as the scope of biofluorescence as it currently exists."

For the Nature Communications study, Carr led a comprehensive survey of all known biofluorescent teleosts -- a type of bony fish that make up by far the largest group of vertebrates alive today. This resulted in a list of 459 biofluorescent species, including 48 species that were previously unknown to be biofluorescent. The researchers found that biofluorescence evolved more than 100 times in marine teleosts and is estimated to date back about 112 million years, with the first instance occurring in eels.

The team also found that fish species that live in or around coral reefs evolve biofluorescence at about 10 times the rate of non-reef species, with an increase in the number of fluorescent species following the Cretaceous-Paleogene (K-Pg) extinction about 66 million years ago, when all of the non-avian dinosaurs died off.

"This trend coincides with the rise of modern coral-dominated reefs and the rapid colonization of reefs by fishes, which occurred following a significant loss of coral diversity in the K-Pg extinction," Carr said. "These correlations suggest that the emergence of modern coral reefs could have facilitated the diversification of fluorescence in reef-associated teleost fishes."

Of the 459 known biofluorescent teleosts reported in this study, the majority are associated with coral reefs.




For the PLOS One study, Carr and colleagues used a specialized photography setup with ultraviolet and blue excitation lights and emission filters to look at the wavelengths of light emitted by fishes in the Museum's Ichthyology collection. Collected over the last decade and a half on Museum expeditions to the Solomon Islands, Greenland, and Thailand, the specimens in the study were previously observed fluorescing, but the full range of their biofluorescent emissions was unknown.

The new work reveals far more diversity in colors emitted by teleosts -- some families of which exhibit at least six distinct fluorescent emission peaks, which correspond with wavelengths across multiple colors -- than had previously been reported.

"The remarkable variation we observed across a wide array of these fluorescent fishes could mean that these animals use incredibly diverse and elaborate signaling systems based on species-specific fluorescent emission patterns," said Museum Curator John Sparks, an author on the new studies and Carr's advisor. "As these studies show, biofluorescence is both pervasive and incredibly phenotypically variable among marine fishes. What we would really like to understand better is how fluorescence functions in these highly variable marine lineages, as well as its role in diversification."

The researchers also note that the numerous wavelengths of fluorescent emissions found in this study could have implications for identifying novel fluorescent molecules, which are routinely used in biomedical applications, including fluorescence-guided disease diagnosis and therapy.

Other authors involved in this work include Rene Martin, from the Museum and the University of Nebraska-Lincoln; Mason Thurman, from Clemson University; Karly Cohen, from California State University; Jonathan Huie, from George Washington University; David Gruber, from Baruch College and The Graduate Center, City University of New York; and Tate Sparks, Rutgers University.

Research in the Solomon Islands was supported by the National Science Foundation under Grant Number DEB-1257555.

The Museum greatly acknowledges the Dalio Foundation for its generous support of the inaugural Explore21 Expedition.




The Museum's Exlopre21 initiative is generously supported by the leadership contributions of Katheryn P. and Thomas L. Kempner, Jr. 

The 2019 Constantine S. Niarchos Expedition to Greenland was generously supported by the Stavros Niarchos Foundation. 

Research in Thailand was funded by the Museum and the National Science Foundation Graduate Research Fellowship Program under Grant Number DEB-1938103.

Additional funding for this work was provided by the National Science Foundation under Grant Number DGE-1746914.
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Clever worms form superorganism towers to hitch rides on insects | ScienceDaily
Nematodes are the most abundant animal on earth, but when times get tough, these tiny worms have a hard time moving up and out. So, they play to the strength of their clade. If food runs out and competition turns fierce, they slither towards their numerous kin. They climb onto each other and over one another until their bodies forge a living tower that twists skyward where they might hitch a ride on a passing animal to greener and roomier pastures.


						
At least that's what scientists assumed. For decades, these worm structures were more mythical than material. Such aggregations, in which animals link bodies for group movement, are rare in nature. Only slime molds, fire ants, and spider mites are known to move in this way. For nematodes, nobody had even seen the aggregations -- known as towers -- forming anywhere but within the artificial confines of laboratories and growth chambers; and nobody really knew what they were for. Did towers even exist in the real world?

Now, researchers in Konstanz, Germany, have recorded video footage of worms towering in fallen apples and pears from local orchards. The team from the Max Planck Institute of Animal Behavior (MPI-AB) and the University of Konstanz combined fieldwork with laboratory experiments to provide the first direct evidence that towering behavior occurs naturally and functions as a means of collective transport.

 Natural towers 

"I was ecstatic when I saw these natural towers for the first time," says senior author Serena Ding, group leader at the MPI-AB, of the moment when co-author Ryan Greenway sent her a video recording from the field. "For so long natural worm towers existed only in our imaginations. But with the right equipment and lots of curiosity, we found them hiding in plain sight."

Greenway, a technical assistant at the MPI-AB, spent months with a digital microscope combing through decaying fruit in orchards near the university to record natural occurrences and behavior of worm towers. Some of these whole towers were brought into the lab. What was inside the towers surprised the team. Although the fruits were crawling with many species of nematodes, natural towers were made only of a single species, all at the tough larval stage known as a "dauer."

"A nematode tower is not just a pile of worms," says the first author Daniela Perez, a postdoctoral researcher at MPI-AB. "It's a coordinated structure, a superorganism in motion."

 Function of towers 




The team observed the natural dauer towers waving in unison, much like individual nematodes do by standing on their tails to latch onto a passing animal. But their new findings showed that entire worm towers could respond to touch, detach from surfaces, and collectively attach to insects such as fruit flies -- hitchhiking on mass to new environments.

To probe deeper, Perez built a controlled tower using laboratory cultures of C. elegans. When placed on food-free agar with a small vertical post -- a toothbrush bristle -- hungry worms began to self-assemble. Within two hours, living towers emerged, stable for over 12 hours, and capable of extending exploratory "arms" into surrounding space. Some even formed bridges across gaps to reach new surfaces.

"The towers are actively sensing and growing," says Perez. "When we touched them, they responded immediately, growing toward the stimulus and attaching to it."

This behavior, it turns out, is not restricted to the so-called "dauer" larval stage seen from the wild samples. Adult C. elegans and all larval stages in the lab also towered -- an unexpected twist that suggests towering may be a more generalized strategy for group movement than previously assumed.

Yet despite the architectural complexity of these towers, the worms inside showed no obvious role differentiation. Individuals from the base and the apex were equally mobile, fertile, and strong, hinting at a form of egalitarian cooperation. But so far only, the authors point out, in the controlled conditions of the laboratory. "C. elegans is a clonal culture and so it makes sense that there is no differentiation within the tower. In natural towers, we might see separate genetic compositions and roles, which prompts fascinating questions about who cooperates and who cheats."

As researchers seek to understand how group behavior evolves -- from insect swarms to bird migrations -- these microscopic worm towers might rise to provide some of the answers.

"Our study opens up a whole new system for exploring how and why animals move together," says Ding who leads a research program on nematode behavior and genetics. "By harnessing the genetic tools available for C. elegans, we now have a powerful model to study the ecology and evolution of collective dispersal."
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Cluck once, and the river shakes: Inside the Amazon's giant snake saga | ScienceDaily

As a child, I was fascinated by reports and documentaries about field research and often wondered what it took to be there and what kind of knowledge was being produced. Later, as an ecologist, I felt the need for approaches that better connected scientific research with real-world contexts. I became especially interested in perspectives that viewed humans not as separate from nature, but as part of ecological systems. This led me to explore integrative methods that incorporate local and traditional knowledge, aiming to make research more relevant and accessible to the communities involved.

Can you tell us about the research you're currently working on? 

My research focuses on ethnobiology, an interdisciplinary field intersecting ecology, conservation, and traditional knowledge. We investigate not only the biodiversity of an area but also the relationship local communities have with surrounding species, providing a better understanding of local dynamics and areas needing special attention for conservation. After all, no one knows a place better than those who have lived there for generations. This deep familiarity allows for early detection of changes or environmental shifts. Additionally, developing a collaborative project with residents generates greater engagement, as they recognize themselves as active contributors; and collective participation is essential for effective conservation.

Could you tell us about one of the legends surrounding anacondas? 

One of the greatest myths is about the Great Snake -- a huge snake that is said to inhabit the Amazon River and sleep beneath the town. According to the dwellers, the Great Snake is an anaconda that has grown too large; its movements can shake the river's waters, and its eyes look like fire in the darkness of night. People say anacondas can grow so big that they can swallow large animals -- including humans or cattle -- without difficulty.

What could be the reasons why the traditional role of anacondas as a spiritual and mythological entity has changed? Do you think the fact that fewer anacondas have been seen in recent years contributes to their diminished importance as an mythological entity? 

Not exactly. I believe the two are related, but not in a direct way. The mythology still exists, but among Aritapera dwellers, there's a more practical, everyday concern -- mainly the fear of losing their chickens. As a result, anacondas have come to be seen as stealthy thieves. These traits are mostly associated with smaller individuals (up to around 2-2.5 meters), while the larger ones -- which may still carry the symbolic weight of the 'Great Snake' -- tend to retreat to more sheltered areas; because of the presence of houses, motorized boats, and general noise, they are now seen much less frequently.




Can you share some of the quotes you've collected in interviews that show the attitude of community members towards anacondas? How do chickens come into play? 

When talking about anacondas, one thing always comes up: chickens. "Chicken is her [the anaconda's] favorite dish. If one clucks, she comes," said one dweller. This kind of remark helps explain why the conflict is often framed in economic terms. During the interviews and conversations with local dwellers, many emphasized the financial impact of losing their animals: "The biggest loss is that they keep taking chicks and chickens..." or "You raise the chicken -- you can't just let it be eaten for free, right?"

For them, it's a loss of investment, especially since corn, which is used as chicken feed, is expensive. As one person put it: "We spend time feeding and raising the birds, and then the snake comes and takes them." One dweller shared that, in an attempt to prevent another loss, he killed the anaconda and removed the last chicken it had swallowed from its belly -- "it was still fresh," he said -- and used it for his meal, cooking the chicken for lunch so it wouldn't go to waste.

Some interviewees reported that they had to rebuild their chicken coops and pigsties because too many anacondas were getting in. Participants would point out where the anaconda had entered and explained that they came in through gaps or cracks but couldn't get out afterwards because they 'tufavam' -- a local term referring to the snake's body swelling after ingesting prey.

We saw chicken coops made with mesh, with nylon, some that worked and some that didn't. Guided by the locals' insights, we concluded that the best solution to compensate for the gaps between the wooden slats is to line the coop with a fine nylon mesh (to block smaller animals), and on the outside, a layer of wire mesh, which protects the inner mesh and prevents the entry of larger animals.

Are there any common misconceptions about this area of research? How would you address them? 

Yes, very much. Although ethnobiology is an old science, it's still underexplored and often misunderstood. In some fields, there are ongoing debates about the robustness and scientific validity of the field and related areas. This is largely because the findings don't always rely only on hard statistical data.




However, like any other scientific field, it follows standardized methodologies, and no result is accepted without proper grounding. What happens is that ethnobiology leans more toward the human sciences, placing human beings and traditional knowledge as key variables within its framework.

To address these misconceptions, I believe it's important to emphasize that ethnobiology produces solid and relevant knowledge -- especially in the context of conservation and sustainable development. It offers insights that purely biological approaches might overlook and helps build bridges between science and society.

What are some of the areas of research you'd like to see tackled in the years ahead? 

I'd like to see more conservation projects that include local communities as active participants rather than as passive observers. Incorporating their voices, perspectives, and needs not only makes initiatives more effective, but also more just. There is also great potential in recognizing and valuing traditional knowledge. Beyond its cultural significance, certain practices -- such as the use of natural compounds -- could become practical assets for other vulnerable regions. Once properly documented and understood, many of these approaches offer adaptable forms of environmental management and could help inform broader conservation strategies elsewhere.

How has open science benefited the reach and impact of your research? 

Open science is crucial for making research more accessible. By eliminating access barriers, it facilitates a broader exchange of knowledge -- important especially for interdisciplinary research like mine which draws on multiple knowledge systems and gains value when shared widely. For scientific work, it ensures that knowledge reaches a wider audience, including practitioners and policymakers. This openness fosters dialogue across different sectors, making research more inclusive and encouraging greater collaboration among diverse groups.
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Tiny orange beads found by Apollo astronauts reveal moon's explosive past | ScienceDaily
The Apollo astronauts didn't know what they'd find when they explored the surface of the moon, but they certainly didn't expect to see drifts of tiny, bright orange glass beads glistening among the otherwise monochrome piles of rocks and dust.


						
The beads, each less than 1 mm across, formed some 3.3 to 3.6 billion years ago during volcanic eruptions on the surface of the then-young satellite. "They're some of the most amazing extraterrestrial samples we have," said Ryan Ogliore, an associate professor of physics in Arts & Sciences at Washington University in St. Louis, home to a large repository of lunar samples that were returned to Earth. "The beads are tiny, pristine capsules of the lunar interior."

Using a variety of microscopic analysis techniques not available when the Apollo astronauts first returned samples from the moon, Ogliore and a team of researchers have been able to take a close look at the microscopic mineral deposits on the outside of lunar beads. The unprecedented view of the ancient lunar artifacts was published in Icarus. The investigation was led by Thomas Williams, Stephen Parman and Alberto Saal from Brown University.

The study relied, in part, on the NanoSIMS 50, an instrument at WashU that uses a high-energy ion beam to break apart small samples of material for analysis. WashU researchers have used the device for decades to study interplanetary dust particles, presolar grains in meteorites, and other small bits of debris from our solar system.

The study combined a variety of techniques -- atom probe tomography, scanning electron microscopy, transmission electron microscopy and energy dispersive X-ray spectroscopy -- at other institutions to get a closer look at the surface of the beads. "We've had these samples for 50 years, but we now have the technology to fully understand them," Ogliore said. "Many of these instruments would have been unimaginable when the beads were first collected."

As Ogliore explained, each glass bead tells its own story of the moon's past. The beads -- some shiny orange, some glossy black -- formed when lunar volcanoes shot material from the interior to the surface, where each drop of lava solidified instantly in the cold vacuum that surrounds the moon. "The very existence of these beads tells us the moon had explosive eruptions, something like the fire fountains you can see in Hawaii today," he said. Because of their origins, the beads have a color, shape and chemical composition unlike anything found on Earth.

Tiny minerals on the surface of the beads could react with oxygen and other components of Earth's atmosphere. To avoid this possibility, the researchers extracted beads from deep within samples and kept them protected from air exposure through every step of the analysis. "Even with the advanced techniques we used, these were very difficult measurements to make," Ogliore said.

The minerals (including zinc sulfides) and isotopic composition of the bead surfaces serve as probes into the different pressure, temperature and chemical environment of lunar eruptions 3.5 billion years ago. Analyses of orange and black lunar beads have shown that the style of volcanic eruptions changed over time. "It's like reading the journal of an ancient lunar volcanologist," Ogliore said.
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600-million-year-old body blueprint found in sea anemones | ScienceDaily
A new study from the University of Vienna reveals that sea anemones use a molecular mechanism known from bilaterian animals to form their back-to-belly body axis. This mechanism ("BMP shuttling") enables cells to organize themselves during development by interpreting signaling gradients. The findings, published in Science Advances, suggest that this system evolved much earlier than previously assumed and was already present in the common ancestor of cnidarians and bilaterians.


						
Most animals exhibit bilateral symmetry -- a body plan with a head and tail, a back and belly, and left and right sides. This body organization characterizes the vast group known as Bilateria, which includes animals as diverse as vertebrates, insects, molluscs and worms. In contrast, cnidarians, such as jellyfish and sea anemones, are traditionally described as radially symmetric, and indeed jellyfish are. However, the situation is different is the sea anemones: despite superficial radiality, they are bilaterally symmetric - first at the level of gene expression in the embryo and later also anatomically as adults. This raises a fundamental evolutionary question: did bilateral symmetry arise in the common ancestor of Bilateria and Cnidaria, or did it evolve independently in multiple animal lineages? Researchers at the University of Vienna have addressed this question by investigating whether a key developmental mechanism called BMP shuttling is already present in cnidarians.

Shuttling for development

In bilaterian animals, the back-to-belly axis is patterned by a signaling system involving Bone Morphogenetic Proteins (BMPs) and their inhibitor Chordin. BMPs act as molecular messengers, telling embryonic cells where they are and what kind of tissue they should become. In bilaterian embryos, Chordin binds BMPs and blocks their activity in a process called "local Inhibition." At the same time, in some but not all bilaterian embryonic models, Chordin can also transport bound BMPs to other regions in the embryo, where they are released again - a mechanism known as "BMP shuttling." Animals as evolutionary distant as sea urchins, flies and frogs use BMP shuttling, however, until now it was unclear whether they all evolved shuttling independently or inherited it from their last common ancestor some 600 million years ago. Both, local inhibition and BMP shuttling, create a gradient of BMP activity across the embryo. Cells in the early embryo detect this gradient and adopt different fates depending on BMP levels. For example, in vertebrates, the central nervous system forms where BMP signaling is lowest, kidneys will develop at intermediate BMP signaling levels, and the skin of the belly will form in the area of maximum BMP signaling. This way, the body's layout from back to belly is established. To find out whether BMP shuttling by Chordin represents an ancestral mechanism for patterning the back to belly axis, the researchers had to look at bilaterally symmetric animals outside Bilateria - the sea anemones.

An Ancient Blueprint

To test whether sea anemones use Chordin as a local inhibitor or as a shuttle, the researchers first blocked Chordin production in the embryos of the model sea anemone Nematostella vectensis. In Nematostella, unlike in Bilateria, BMP signaling requires the presence of Chordin, so, without Chordin, BMP signaling ceased and the formation of the second body axis failed. Chordin was then reintroduced into a small part of the embryo to see if it could restore axis formation. BMP signaling resumed -- but it was unclear whether this was because Chordin simply blocked BMPs locally, allowing a gradient to form from existing BMP sources, or because it actively transported BMPs to distant parts of the embryo, shaping the gradient more directly. To answer this, two versions of Chordin were tested -- one membrane-bound and immobile, the other diffusible. If Chordin acted as a local inhibitor, both, the immobile and the diffusible Chordin would restore BMP signaling on the side of the embryo opposite to the Chordin producing cells. However, only diffusible Chordin can act as a BMP shuttle. The results were clear: Only the diffusible form was able to restore BMP signaling at a distance from its source, demonstrating that Chordin acts as a BMP shuttle in sea anemones -- just as it does in flies and frogs.

A shared strategy across over 600 million years of evolution?

The presence of BMP shuttling in both cnidarians and bilaterians suggests that this molecular mechanism predates their evolutionary divergence some 600-700 million years ago. "Not all Bilateria use Chordin-mediated BMP shuttling, for example, frogs do, but fish don't, however, shuttling seems to pop up over and over again in very distantly related animals making it a good candidate for an ancestral patterning mechanism. The fact that not only bilaterians but also sea anemones use shuttling to shape their body axes, tells us that this mechanism is incredibly ancient," says David Morsdorf, first author of the study and postdoctoral researcher at the Department of Neurosciences and Developmental Biology at the University of Vienna. "It opens up exciting possibilities for rethinking how body plans evolved in early animals."

Grigory Genikhovich, senior author and group leader at the same department, adds: "We might never be able to exclude the possibility that bilaterians and bilaterally symmetric cnidarians evolved their bilateral body plans independently. However, if the last common ancestor of Cnidaria and Bilateria was a bilaterally symmetric animal, chances are that it used Chordin to shuttle BMPs to make its back-to-belly axis. Our new study showed that."

The study was supported by the Austrian Science Fund (FWF), grants P32705 and M3291.
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Magnetic mayhem at the sun's poles: First images reveal a fiery mystery | ScienceDaily
Thanks to its newly tilted orbit around the Sun, the European Space Agency-led Solar Orbiter spacecraft is the first to image the Sun's poles from outside the ecliptic plane. Solar Orbiter's unique viewing angle will change our understanding of the Sun's magnetic field, the solar cycle and the workings of space weather.


						
Any image you have ever seen of the Sun was taken from around the Sun's equator. This is because Earth, the other planets, and all other modern spacecraft orbit the Sun within a flat disc around the Sun called the ecliptic plane. By tilting its orbit out of this plane, Solar Orbiter reveals the Sun from a whole new angle.

The video titled 'EUI video SolarOrbiter Sun south pole' compares Solar Orbiter's view (in yellow) with the one from Earth (grey), on 23 March 2025. At the time, Solar Orbiter was viewing the Sun from an angle of 17deg below the solar equator, enough to directly see the Sun's south pole. Over the coming years, the spacecraft will tilt its orbit even further, so the best views are yet to come.

"Today we reveal humankind's first-ever views of the Sun's pole" says Prof. Carole Mundell, ESA's Director of Science. "The Sun is our nearest star, giver of life and potential disruptor of modern space and ground power systems, so it is imperative that we understand how it works and learn to predict its behaviour. These new unique views from our Solar Orbiter mission are the beginning of a new era of solar science."

All eyes on the Sun's south pole

A collage shows the Sun's south pole as recorded on March 16-17, 2025, when Solar Orbiter was viewing the Sun from an angle of 15deg below the solar equator. This was the mission's first high-angle observation campaign, a few days before reaching its current maximum viewing angle of 17deg.

The images shown in the collage were taken by three of Solar Orbiter's scientific instruments: the Polarimetric and Helioseismic Imager (PHI), the Extreme Ultraviolet Imager (EUI), and the Spectral Imaging of the Coronal Environment (SPICE) instrument. Click on the image to zoom in and see video versions of the data.




"We didn't know what exactly to expect from these first observations - the Sun's poles are literally terra incognita," says Prof. Sami Solanki, who leads the PHI instrument team from the Max Planck Institute for Solar System Research (MPS) in Germany.

The instruments each observe the Sun in a different way. PHI images the Sun in visible light (top left of the collage) and maps the Sun's surface magnetic field (top centre). EUI images the Sun in ultraviolet light (top right), revealing the million-degree charged gas in the Sun's outer atmosphere, the corona. The SPICE instrument (bottom row) captures light coming from different temperatures of charged gas above the Sun's surface, thereby revealing different layers of the Sun's atmosphere.

By comparing and analysing the complementary observations made by these three imaging instruments, we can learn about how material moves in the Sun's outer layers. This may reveal unexpected patterns, such as polar vortices (swirling gas) similar to those seen around the poles of Venus and Saturn.

These groundbreaking new observations are also key to understanding the Sun's magnetic field and why it flips roughly every 11 years, coinciding with a peak in solar activity. Current models and predictions of the 11-year solar cycle fall short of being able to predict exactly when and how powerfully the Sun will reach its most active state.

Messy magnetism at solar maximum 

One of the first scientific findings from Solar Orbiter's polar observations is the discovery that at the south pole, the Sun's magnetic field is currently a mess. While a normal magnet has a clear north and south pole, the PHI instrument's magnetic field measurements show that both north and south polarity magnetic fields are present at the Sun's south pole.




This happens only for a short time during each solar cycle, at solar maximum, when the Sun's magnetic field flips and is at its most active. After the field flip, a single polarity should slowly build up and take over the Sun's poles. In 5-6 years from now, the Sun will reach its next solar minimum, during which its magnetic field is at its most orderly and the Sun displays its lowest levels of activity.

"How exactly this build-up occurs is still not fully understood, so Solar Orbiter has reached high latitudes at just the right time to follow the whole process from its unique and advantageous perspective," notes Sami.

PHI's view of the full Sun's magnetic field puts these measurements in context (see 'PHI_south-pole-Bmap' and 'PHI_global-Bmap_20250211-20250429'). The darker the colour (red/blue), the stronger the magnetic field is along the line of sight from Solar Orbiter to the Sun.

The strongest magnetic fields are found in two bands either side of the Sun's equator. The dark red and dark blue regions highlight active regions, where magnetic field gets concentrated in sunspots on the Sun's surface (photosphere).

Meanwhile, both the Sun's south and north poles are speckled with red and blue patches. This demonstrates that at small scales, the Sun's magnetic field has a complex and ever-changing structure.

SPICE measures movement for the first time

Another interesting 'first' for Solar Orbiter comes from the SPICE instrument. Being an imaging spectrograph, SPICE measures the light (spectral lines) sent out by specific chemical elements - among which hydrogen, carbon, oxygen, neon and magnesium - at known temperatures. For the last five years, SPICE has used this to reveal what happens in different layers above the Sun's surface.

Now for the first time, the SPICE team has also managed to use precise tracking of spectral lines to measure how fast clumps of solar material are moving. This is known as a 'Doppler measurement', named after the same effect that makes passing ambulance sirens change pitch as they drive by.

The resulting velocity map reveals how solar material moves within a specific layer of the Sun. By comparing the SPICE doppler and intensity maps, you can directly compare the location and movement of particles (carbon ions) in a thin layer called the 'transition region', where the Sun's temperature rapidly increases from 10 000 degC to hundreds of thousands of degrees.

The SPICE intensity map reveals the locations of clumps of carbon ions. The SPICE doppler map includes the blue and red colours to indicate how fast the carbon ions are moving towards and away from the Solar Orbiter spacecraft, respectively. Darker blue and red patches are related to material flowing faster due to small plumes or jets.

Crucially, Doppler measurements can reveal how particles are flung out from the Sun in the form of solar wind. Uncovering how the Sun produces solar wind is one of Solar Orbiter's key scientific goals.

"Doppler measurements of solar wind setting off from the Sun by current and past space missions have been hampered by the grazing view of the solar poles. Measurements from high latitudes, now possible with Solar Orbiter, will be a revolution in solar physics," says SPICE team leader, Frederic Auchere from the University of Paris-Saclay (France).

The best is yet to come

These are just the first observations made by Solar Orbiter from its newly inclined orbit, and much of this first set of data still awaits further analysis. The complete dataset of Solar Orbiter's first full 'pole-to-pole' flight past the Sun is expected to arrive on Earth by October 2025. All ten of Solar Orbiter's scientific instruments will collect unprecedented data in the years to come.

"This is just the first step of Solar Orbiter's 'stairway to heaven': in the coming years, the spacecraft will climb further out of the ecliptic plane for ever better views of the Sun's polar regions. These data will transform our understanding of the Sun's magnetic field, the solar wind, and solar activity," notes Daniel Muller, ESA's Solar Orbiter project scientist.

Notes for editors

Solar Orbiter is the most complex scientific laboratory ever to study our life-giving star, taking images of the Sun from closer than any spacecraft before and being the first to look at its polar regions.

In February 2025, Solar Orbiter officially began the 'high latitude' part of its journey around the Sun by tilting its orbit to an angle of 17deg with respect to the Sun's equator. In contrast, the planets and all other Sun-observing spacecraft orbit in the ecliptic plane, tilted at most 7deg from the solar equator.

The only exception to this is the ESA/NASA Ulysses mission (1990-2009), which flew over the Sun's poles but did not carry any imaging instruments. Solar Orbiter's observations will complement Ulysses' by observing the poles for the first time with telescopes, in addition to a full suite of in-situ sensors, while flying much closer to the Sun. Additionally, Solar Orbiter will monitor changes at the poles throughout the solar cycle.

Solar Orbiter will continue to orbit around the Sun at this tilt angle until 24 December 2026, when its next flight past Venus will tilt its orbit to 24deg. From 10 June 2029, the spacecraft will orbit the Sun at an angle of 33deg. (Overview of Solar Orbiter's journey around the Sun.)

Solar Orbiter is a space mission of international collaboration between ESA and NASA, operated by ESA. Solar Orbiter's Polarimetric and Helioseismic Imager (PHI) instrument is led by the Max Planck Institute for Solar System Research (MPS), Germany. The Extreme Ultraviolet Imager (EUI) instrument is led by the Royal Observatory of Belgium (ROB). The Spectral Imaging of the Coronal Environment (SPICE) instrument is a European-led facility instrument, led by the Institut d'Astrophysique Spatiale (IAS) in Paris, France.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250616040223.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Your brain has a hidden beat - and smarter minds sync to it | ScienceDaily
When the brain is under pressure, certain neural signals begin to move in sync - much like a well-rehearsed orchestra. A new study from Johannes Gutenberg University Mainz (JGU) is the first to show how flexibly this neural synchrony adjusts to different situations and that this dynamic coordination is closely linked to cognitive abilities. "Specific signals in the midfrontal brain region are better synchronized in people with higher cognitive ability - especially during demanding phases of reasoning," explained Professor Anna-Lena Schubert from JGU's Institute of Psychology, lead author of the study recently published in the Journal of Experimental Psychology: General.


						
The researchers focused on the midfrontal area of the brain and the measurable coordination of the so-called theta waves. These brainwaves oscillate between four and eight hertz and belong to the group of slower neural frequencies. "They tend to appear when the brain is particularly challenged such as during focused thinking or when we need to consciously control our behavior," said Schubert, who heads the Analysis and Modeling of Complex Data Lab at JGU.

Being able to focus even next to a buzzing phone

The 148 participants in the study, aged between 18 and 60, first completed tests assessing memory and intelligence before their brain activity was recorded using electroencephalography (EEG). This method measures tiny electrical signals in the brain using electrodes placed on the scalp and is a well-established technique for gaining precise insights into cognitive processes. During EEG recording, participants completed three mentally demanding tasks designed to assess cognitive control.

The researchers were interested in the participants' ability to flexibly shift between changing rules, which is an essential aspect of intelligent information processing. For example, participants had to press a button to decide whether a number was even or odd, and moments later whether it was greater or less than five. Each switch of rules required rapid adjustment of mental strategies - a process that allowed researchers to closely observe how the brain's networks coordinate in real time.

As a result, individuals with higher cognitive abilities showed especially strong synchronization of theta waves during crucial moments, particularly when making decisions. Their brains were better at sustaining purposeful thought when it mattered most. "People with stronger midfrontal theta connectivity are often better at maintaining focus and tuning out distractions, be it that your phone buzzes while you're working or that you intend to read a book in a busy train station," explained Schubert.

A flexible rhythm in the brain

Professor Anna-Lena Schubert was particularly surprised by how closely this brain rhythm coordination was tied to cognitive abilities. "We did not expect the relationship to be this clear," she said. What mattered most was not continuous synchronization, but the brain's ability to adapt its timing flexibly and contextually - like an orchestra that follows a skilled conductor. The midfrontal region often sets the tone in this coordination but works in concert with other areas across the brain. This midfrontal theta connectivity appears to be particularly relevant during the execution of decisions, however not during the preparatory mental adjustment to new task rules.

Previous EEG studies on cognitive ability mostly examined activity in isolated brain regions. In contrast, this study took a network-level approach, examining how different areas interact across multiple tasks to identify stable, overarching patterns. The findings show that individual differences in cognitive ability are linked to the brain's dynamic network behavior.

"Potential applications such as brain-based training tools or diagnostics are still a long way off," emphasized Schubert. "But our study offers important groundwork for understanding how intelligence functions at a neural level." A follow-up study, now seeking participants aged 40 and older from the Rhine-Main region, will explore which biological and cognitive factors further support this kind of efficient brain coordination and the role of additional cognitive abilities, such as processing speed and working memory.
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Single psilocybin trip delivers two years of depression relief for cancer patients | ScienceDaily
New results from a clinical trial reveal that a single dose of psilocybin -- a naturally occurring psychedelic compound found in mushrooms -- can provide sustained reductions in depression and anxiety in individuals with cancer suffering from major depressive disorder. The findings are published by Wiley online in CANCER, a peer-reviewed journal of the American Cancer Society.


						
People with cancer often struggle with depression. In this phase 2 trial, 28 patients with cancer and major depressive disorder received psychological support from a therapist prior to, during, and following a single 25-mg dose of psilocybin.

During clinical interviews conducted 2 years later, 15 (53.6%) patients demonstrated a significant reduction in depression, and 14 (50%) had sustained depression reduction as well as remission. Similarly, psilocybin reduced anxiety for 12 (42.9%) patients at 2 years.

An ongoing randomized, double-blind trial is currently evaluating up to two doses of 25 mg of psilocybin versus placebo as treatment for depression and anxiety in patients with cancer. This study is building on the single-dose study in an effort to bring a larger majority of the patients into remission of depression and anxiety.

"One dose of psilocybin with psychological support to treat depression has a long-term positive impact on relieving depression for as much as 2 years for a substantial portion of patients with cancer, and we're exploring whether repeating the treatment resolves depression for more than half of the patients," said lead author Manish Agrawal, MD, of Sunstone Therapies. "If randomized testing shows similar results, this could lead to greater use of psilocybin to treat depression in patients with cancer."
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Galactic mystery: Why massive stars struggle to form in the Milky Way's center | ScienceDaily
New research led by Dr. James De Buizer at the SETI Institute and Dr. Wanggi Lim at IPAC at Caltech revealed surprising results about the rate at which high-mass stars form in the Galactic Center of the Milky Way. The researchers based their study primarily on observations from NASA's now-retired SOFIA airborne observatory, focusing on three star-forming regions -- Sgr B1, Sgr B2, and Sgr C -- located at the heart of the Galaxy. Although the central part of our Galaxy has a much higher density of star-forming material than the rest of the Milky Way, in the Galactic Center, the current rate of formation of massive stars (those larger than 8 times the mass of our Sun) appears to be lower compared to the rest of the Galaxy.


						
The team compared these three Galactic Center star-forming regions to similar-sized regions further out in the Galaxy, including those closer to our Sun, and confirmed that the rate of star formation is below average near the Galactic Center. Their study finds that despite the Galactic Center's dense clouds of gas and dust, conditions that typically produce stars with high masses, these star-forming regions struggle to form high-mass stars. Furthermore, the studied areas appear to lack sufficient material for continued star formation, suggesting such regions effectively produce just one generation of stars, unlike typical star-forming regions.

"Recent studies have concluded that star formation is likely depressed near the Galactic Center, and even that there may be no present star formation occurring there," said De Buizer, lead author of the study. "Since presently-forming massive stars are brightest at long infrared wavelengths, we obtained the highest resolution infrared images of our Galaxy's central-most star-forming regions. The data show that, contrarily, massive stars are presently forming there, but confirm at a relatively low rate."

The study suggests that the reason for the slowdown in star formation is due to the extreme conditions in the Galactic Center. These regions orbit swiftly around the black hole at the center of the Galaxy, interacting with older stars and possibly with other material falling toward the black hole. These conditions could inhibit gas clouds from holding together long enough to form stars in the first place and prevent those that do form stars from staying together long enough for continued future star formation.

However, Sgr B2 appears to be the exception. Although its rate of present massive star formation is unusually low, like the other Galactic Center regions studied, it seems to have maintained its reservoir of dense gas and dust, allowing for a future emergent star cluster to be born.

Traditionally, astronomers have viewed giant H II regions -- large clouds of gas, mainly hydrogen, in space like Sgr B1 and Sgr C -- as hosts of massive star clusters still embedded in their birth clouds. This study challenges that assumption. The team argues these two regions may not fit the classical definition at all, or they may represent a new, previously unrecognized category of stellar nursery.

Enshrouded in gas and dust that obscure these star-forming regions from view in all but the longest infrared wavelengths, SOFIA's high-resolution infrared eyes allowed the team to identify more than six dozen presently-forming massive stars within the Galactic Center regions. However, these regions formed fewer stars -- and topped out at a lower stellar mass -- than the Galactic average.

"These Galactic Center star-forming regions are in many ways very similar to the massive star-forming regions in the relatively calm backwaters of our galaxy," said Lim. "However, the most massive stars we are finding in these Galactic Center regions, though still remarkably large, fall short in both size and quantity compared to those found in similar regions elsewhere in our Galaxy. Furthermore, such star-forming regions typically hang on to large reservoirs of star-forming material and continue to produce multiple epochs of stars, but that appears to not be the case for these Galactic Center regions."

Lim will present the results of this study at the 246th meeting of the American Astronomical Society in Anchorage, AK.
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Tiny wasp's shocking reproductive trick may transform global agriculture | ScienceDaily
Scientists have shed new light on the evolution of an important species of wasp - and believe that the findings could help improve the effectiveness of natural pest control.


						
Dr Rebecca Boulton, from the University of Stirling, has shown, for the first time, that Lysiphlebus fabarum - a tiny species of wasp - can reproduce with or without a mate. This discovery challenges the previous assumption that asexual females could not mate and produce offspring sexually.

Significantly, the wasps lay their eggs inside small sap-sucking insects called aphids before consuming their host from the inside out -- meaning that they are natural pest controllers.

Lysiphlebus fabarum is known to have both sexual and asexual populations but, until now, it was not known whether asexual females could reproduce sexually with males. The discovery opens up new possibilities for improving biological pest control.

Many species of parasitoid wasps are mass-reared and released as a natural alternative to pesticides because they lay their eggs on or in other species, many of which are pests, before the developing wasp larvae consumes their host, killing it in the process.

Asexual reproduction makes it easy to produce large numbers of wasps, but these need to be suitably adapted to local pests and environments to be effective. Currently, Lysiphlebus fabarum is not used commercially despite being found worldwide and naturally targeting aphids.

Developing an understanding of how the species reproduce could help boost genetic diversity in commercially reared lines, making future biocontrol agents more resilient and better adapted.




Dr Boulton, a lecturer in Biological and Environmental Sciences at the University's Faculty of Natural Sciences, led the study. She said: "In an evolutionary sense, facultative sex seems like a perfect strategy - asexual reproduction is highly efficient, and takes away the costs of finding a mate as well as the risks of failing to find one.

"But sex is really important for evolution. When females reproduce asexually they don't mix their genes up with any others which limits the potential for evolution to happen.

"If the environment changes, asexual species may be unable to adapt in the same way that sexuals can.

"Facultative sex brings the efficiency of asexual reproduction with the evolutionary benefits of sex and so has been touted as the best of both worlds.

"The results of my study show that there might be hidden costs to facultative sex though as it reduces female wasps' reproductive success, and this might limit how frequently it occurs in nature.

"The wasps that I studied are an important natural enemy of aphids, they aren't currently commercially reared, but they are found globally.




"My findings could be used to develop new biocontrol agents that can be used to control aphids throughout the world, harnessing their natural reproductive behavior to ensure that they are adapted to the hosts and environments that are specific to different regions."

Dr Boulton reared the wasps in a Controlled Environment Facility (CEF) at the University and had initially planned to put asexual and sexual wasps together, in direct competition, to see which parasitized the most aphids.

However, in the early stages of these experiments she realized the female asexual wasps were behaving unexpectedly and were mating with males from the sexual population.

This led to a change in strategy, as she started to record this behavior in more detail, before carrying out wasp paternity testing to see whether the asexual females were just mating or actually fertilizing eggs.

Once it confirmed that the asexual wasps were engaging in facultative sex, Dr Boulton carried out an experiment where asexual females either mated or didn't, before examining how successful these females, and their daughters, were at parasitizing aphids.

The study involved putting around 300 wasps, each around 1mm long, in their own petri dish with a colony of sap-sucking aphids and counting how many were parasitized.

Lysiphlebus fabarum wasps only live a few days but spend two weeks developing as larvae on their hosts.

The entire experiment, which was carried out across two generations of wasps, took six weeks to run.

On completion Dr Boulton extracted DNA from the wasps and sent it to be paternity tested. When the results were returned it was clear that the asexual wasps which mated were, in most cases, reproducing sexually as their offspring had bits of DNA that were only found in the fathers.

The study, Is facultative sex the best of both worlds in the parasitoid wasp Lysiphlebus fabarum? is published in the Royal Society of Open Science.

It was funded through a BBSRC Discovery fellowship.

Professor Anne Ferguson-Smith, Executive Chair of BBSRC, said: "This is an exciting example of how BBSRC's Discovery Fellowships are helping talented early career researchers explore fundamental questions in bioscience with real-world relevance.

"Dr Boulton's work, which measures the costs of sex in this predominantly asexual parasitoid wasp, opens up promising avenues for more sustainable pest control. Supporting curiosity-driven research like this not only strengthens the UK's research base, but helps drive innovation that benefits the environment, food systems and society at large."
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Impossible signal from deep beneath Antarctic ice baffles physicists | ScienceDaily
A cosmic particle detector in Antarctica has emitted a series of bizarre signals that defy the current understanding of particle physics, according to an international research group that includes scientists from Penn State. The unusual radio pulses were detected by the Antarctic Impulsive Transient Antenna (ANITA) experiment, a range of instruments flown on balloons high above Antarctica that are designed to detect radio waves from cosmic rays hitting the atmosphere.


						
The goal of the experiment is to gain insight into distant cosmic events by analyzing signals that reach the Earth. Rather than reflecting off the ice, the signals -- a form of radio waves -- appeared to be coming from below the horizon, an orientation that cannot be explained by the current understanding of particle physics and may hint at new types of particles or interactions previously unknown to science, the team said.

The researchers published their results in the journal Physical Review Letters.

"The radio waves that we detected were at really steep angles, like 30 degrees below the surface of the ice," said Stephanie Wissel, associate professor of physics, astronomy and astrophysics who worked on the ANITA team searching for signals from elusive particles called neutrinos.

She explained that by their calculations, the anomalous signal had to pass through and interact with thousands of kilometers of rock before reaching the detector, which should have left the radio signal undetectable because it would have been absorbed into the rock.

"It's an interesting problem because we still don't actually have an explanation for what those anomalies are, but what we do know is that they're most likely not representing neutrinos," Wissel said.

Neutrinos, a type of particle with no charge and the smallest mass of all subatomic particles, are abundant in the universe. Usually emitted by high-energy sources like the sun or major cosmic events like supernovas or even the Big Bang, there are neutrino signals everywhere. The problem with these particles, though, is that they are notoriously difficult to detect, Wissel explained.




"You have a billion neutrinos passing through your thumbnail at any moment, but neutrinos don't really interact," she said. "So, this is the double-edged sword problem. If we detect them, it means they have traveled all this way without interacting with anything else. We could be detecting a neutrino coming from the edge of the observable universe."

Once detected and traced to their source, these particles can reveal more about cosmic events than even the most high-powered telescopes, Wissel added, as the particles can travel undisturbed and almost as fast as the speed of light, giving clues about cosmic events that happened lightyears away.

Wissel and teams of researchers around the world have been working to design and build special detectors to capture sensitive neutrino signals, even in relatively small amounts. Even one small signal from a neutrino holds a treasure trove of information, so all data has significance, she said.

"We use radio detectors to try to build really, really large neutrino telescopes so that we can go after a pretty low expected event rate," said Wissel, who has designed experiments to spot neutrinos in Antarctica and South America.

ANITA is one of these detectors, and it was placed in Antarctica because there is little chance of interference from other signals. To capture the emission signals, the balloon-borne radio detector is sent to fly over stretches of ice, capturing what are called ice showers.

"We have these radio antennas on a balloon that flies 40 kilometers above the ice in Antarctica," Wissel said. "We point our antennas down at the ice and look for neutrinos that interact in the ice, producing radio emissions that we can then sense on our detectors."

These special ice-interacting neutrinos, called tau neutrinos, produce a secondary particle called a tau lepton that is released out of the ice and decays, the physics term referring to how the particle loses energy as it travels over space and breaks down into its constituents. This produces emissions known as air showers.




If they were visible to the naked eye, air showers might look like a sparkler waved in one direction, with sparks trailing it, Wissel explained. The researchers can distinguish between the two signals -- ice and air showers -- to determine attributes about the particle that created the signal.

These signals can then be traced back to their origin, similar to how a ball thrown at an angle will predictably bounce back at the same angle, Wissel said. The recent anomalous findings, though, cannot be traced back in such a manner as the angle is much sharper than existing models predict.

By analyzing data collected from multiple ANITA flights and comparing it with mathematical models and extensive simulations of both regular cosmic rays and upward-going air showers, the researchers were able to filter out background noise and eliminate the possibility of other known particle-based signals.

The researchers then cross-referenced signals from other independent detectors like the IceCube Experiment and the Pierre Auger Observatory to see if data from upward-going air showers, similar to those found by ANITA, were captured by other experiments.

Analysis revealed the other detectors did not register anything that could have explained what ANITA detected, which led the researchers to describe the signal as "anomalous," meaning that the particles causing the signal are not neutrinos, Wissel explained. The signals do not fit within the standard picture of particle physics, and while several theories suggest that it may be a hint of dark matter, the lack of follow-up observations with IceCube and Auger really narrow the possibilities, she said.

Penn State has built detectors and analyzed neutrino signals for close to 10 years, Wissel explained, and added that her team is currently designing and building the next big detector. The new detector, called PUEO, will be larger and better at detecting neutrino signals, Wissel said, and it will hopefully shed light on what exactly the anomalous signal is.

"My guess is that some interesting radio propagation effect occurs near ice and also near the horizon that I don't fully understand, but we certainly explored several of those, and we haven't been able to find any of those yet either," Wissel said. "So, right now, it's one of these long-standing mysteries, and I'm excited that when we fly PUEO, we'll have better sensitivity. In principle, we should pick up more anomalies, and maybe we'll actually understand what they are. We also might detect neutrinos, which would in some ways be a lot more exciting."

The other Penn State co-author is Andrew Zeolla, a doctoral candidate in physics. The research conducted by scientists from Penn State was funded by the U.S. Department of Energy and the U.S. National Science Foundation. The paper contains the full list of collaborators and authors.
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Koalas on the brink: Precision DNA test offers a lifeline to Australia's icons | ScienceDaily
A University of Queensland-led project has developed a tool to standardize genetic testing of koala populations, providing a significant boost to conservation and recovery efforts.


						
Dr Lyndal Hulse from UQ's School of the Environment said the standardized koala genetic marker panel provides a consistent method for researchers nationwide to capture and share koala genetic variation, enabling improved collaboration and data integration across studies.

"Koalas in the wild are under increasing pressure from habitat loss, disease and vehicle strikes, forcing them to live in increasingly smaller and more isolated pockets with limited access to breeding mates outside their group," Dr Hulse said.

"Population inbreeding can mean detrimental effects on their health.

"A standardized panel for directly comparing genetic markers enables researchers, conservationists and government agencies to better understand the genetic diversity of koala populations, allowing for greater collaboration to ensure their survival."

Saurabh Shrivastava, Senior Account Manager at project partner the Australian Genome Research Facility (AGRF Ltd), said the new screening tool was a single nucleotide polymorphism (SNP) array that used next-generation sequencing technologies.

"The Koala SNP-array can accommodate good quality DNA, so is suitable for broad-scale monitoring of wild koala populations," Mr Shrivastava said.




"Importantly, it is available to all researchers and managers."

Dr Hulse said ideally the tool could help guide targeted koala relocations across regions.

"There are very strict rules about relocating koalas, but this could be key to improving and increasing the genetics of populations under threat," she said.

"These iconic Australian marsupials are listed as endangered in Queensland, New South Wales and the ACT - and in 50 years we may only be able to see koalas in captivity.

"Understanding the genetic diversity of different populations of koalas is crucial if we're going to save them from extinction."

The project included researchers from the Australasian Wildlife Genomics Group at the University of New South Wales.

AGRF Ltd is a not-for-profit organization advancing Australian genomics through nationwide access to expert support and cutting-edge technology across a broad range of industries including biomedical, health, agriculture and environmental sectors.
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AI Reveals Milky Way's Black Hole Spins Near Top Speed | ScienceDaily
An international team of astronomers has trained a neural network with millions of synthetic simulations and artificial intelligence (AI) to tease out new cosmic curiosities about black holes, revealing the one at the center of our Milky Way is spinning at nearly top speed.


						
These large ensembles of simulations were generated by throughput computing capabilities provided by the Center for High Throughput Computing (CHTC), a joint entity of the Morgridge Institute for Research and the University of Wisconsin-Madison. The astronomers published their results and methodology today in three papers in the journal Astronomy & Astrophysics.

High-throughput computing, celebrating its 40th anniversary this year, was pioneered by Wisconsin computer scientist Miron Livny. It's a novel form of distributed computing that automates computing tasks across a network of thousands of computers, essentially turning a single massive computing challenge into a supercharged fleet of smaller ones. This computing innovation is helping fuel big-data discovery across hundreds of scientific projects worldwide, including the search for cosmic neutrinos, subatomic particles and gravitational waves as well as to unravel antibiotic resistance.

In 2019, the Event Horizon Telescope (EHT) Collaboration released the first image of a supermassive black hole at the center of the galaxy M87. In 2022, they presented the image of the black hole at the center of our Milky Way, Sagittarius A*. However, the data behind the images still contained a wealth of hard-to-crack information. An international team of researchers trained a neural network to extract as much information as possible from the data.

From a handful to millions

Previous studies by the EHT Collaboration used only a handful of realistic synthetic data files. Funded by the National Science Foundation (NSF) as part of the Partnership to Advance Throughput Computing (PATh) project, the Madison-based CHTC enabled the astronomers to feed millions of such data files into a so-called Bayesian neural network, which can quantify uncertainties. This allowed the researchers to make a much better comparison between the EHT data and the models.

Thanks to the neural network, the researchers now suspect that the black hole at the center of the Milky Way is spinning at almost top speed. Its rotation axis points to the Earth. In addition, the emission near the black hole is mainly caused by extremely hot electrons in the surrounding accretion disk and not by a so-called jet. Also, the magnetic fields in the accretion disk appear to behave differently from the usual theories of such disks.




"That we are defying the prevailing theory is of course exciting," says lead researcher Michael Janssen, of Radboud University Nijmegen, the Netherlands. "However, I see our AI and machine learning approach primarily as a first step. Next, we will improve and extend the associated models and simulations."

Impressive scaling

"The ability to scale up to the millions of synthetic data files required to train the model is an impressive achievement," adds Chi-kwan Chan, an Associate Astronomer of Steward Observatory at the University of Arizonaand a longtime PATh collaborator. "It requires dependable workflow automation, and effective workload distribution across storage resources and processing capacity."

"We are pleased to see EHT leveraging our throughput computing capabilities to bring the power of AI to their science," says Professor Anthony Gitter, a Morgridge Investigator and a PATh Co-PI. "Like in the case of other science domains, CHTC's capabilities allowed EHT researchers to assemble the quantity and quality of AI-ready data needed to train effective models that facilitate scientific discovery."

The NSF-funded Open Science Pool, operated by PATh, offers computing capacity contributed by more than 80 institutions across the United States. The Event Horizon black hole project performed more than 12 million computing jobs in the past three years.

"A workload that consists of millions of simulations is a perfect match for our throughput-oriented capabilities that were developed and refined over four decades" says Livny, director of the CHTC and lead investigator of PATh. "We love to collaborate with researchers who have workloads that challenge the scalability of our services."
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Fruit-eating mastodons? Ancient fossils confirm a long-lost ecological alliance | ScienceDaily
Ten thousand years ago, mastodons vanished from South America. With them, an ecologically vital function also disappeared: the dispersal of seeds from large-fruited plants. A new study led by the University of O'Higgins, Chile, with key contributions from IPHES-CERCA, demonstrates for the first time -- based on direct fossil evidence -- that these extinct elephant relatives regularly consumed fruit and were essential allies of many tree species. Their loss was not only zoological; it was also botanical, ecological, and evolutionary. Some plant species that relied on mastodons for seed dispersal are now critically endangered.


						
Published in Nature Ecology & Evolution, the research presents the first solid evidence of frugivory in Notiomastodon platensis, a South American Pleistocene mastodon. The findings are based on a multiproxy analysis of 96 fossil teeth collected over a span of more than 1,500 kilometers, from Los Vilos to Chiloe Island in southern Chile. Nearly half of the specimens come from the emblematic site of Lake Tagua Tagua, an ancient lake basin rich in Pleistocene fauna, located in the present-day O'Higgins Region.

The study was led by Dr. Erwin Gonzalez-Guarda, researcher at the University of O'Higgins and associate at IPHES-CERCA, alongside an international team that includes IPHES-CERCA researchers Dr. Florent Rivals, a paleodiet specialist; Dr. Carlos Tornero and Dr. Ivan Ramirez-Pedraza, experts in stable isotopes and paleoenvironmental reconstruction; and Alia Petermann-Pichincura. The research was carried out in collaboration with the Universitat Rovira i Virgili (URV) and the Universitat Autonoma de Barcelona (UAB).

An ecological hypothesis finally proven

In 1982, biologist Daniel Janzen and paleontologist Paul Martin proposed a revolutionary idea: many tropical plants developed large, sweet, and colorful fruits to attract large animals -- such as mastodons, native horses, or giant ground sloths -- that would serve as seed dispersers. Known as the "neotropical anachronisms hypothesis," this theory remained unconfirmed for over forty years. Now, the study led by Gonzalez-Guarda provides direct fossil evidence that validates it. To understand the lifestyle of this mastodon, the team employed various techniques: isotopic analysis, microscopic dental wear studies, and fossil calculus analysis. "We found starch residues and plant tissues typical of fleshy fruits, such as those of the Chilean palm (Jubaea chilensis)," explains Florent Rivals, ICREA research professor at IPHES-CERCA and an expert in paleodiet. "This directly confirms that these animals frequently consumed fruit and played a role in forest regeneration."

The forgotten role of large seed dispersers

"Through stable isotope analysis, we were able to reconstruct the animals' environment and diet with great precision," notes Ivan Ramirez-Pedraza. The data point to a forested ecosystem rich in fruit resources, where mastodons traveled long distances and dispersed seeds along the way. That ecological function remains unreplaced.




"Dental chemistry gives us a direct window into the past," says Carlos Tornero. "By combining different lines of evidence, we've been able to robustly confirm their frugivory and the key role they played in these ecosystems."

A future threatened by an incomplete past

The extinction of mastodons broke a co-evolutionary alliance that had lasted for millennia. The researchers applied a machine learning model to compare the current conservation status of megafauna-dependent plants across different South American regions. The results are alarming: in central Chile, 40% of these species are now threatened -- a rate four times higher than in tropical regions where animals such as tapirs or monkeys still act as alternative seed dispersers.

"Where that ecological relationship between plants and animals has been entirely severed, the consequences remain visible even thousands of years later," says study co-author Andrea P. Loayza.

Species like the gomortega (Gomortega keule), the Chilean palm, and the monkey puzzle tree (Araucaria araucana) now survive in small, fragmented populations with low genetic diversity. They are living remnants of an extinct interaction.

Paleontology as a key to conservation

Beyond its fossil discoveries, the study sends a clear message: understanding the past is essential to addressing today's ecological crises. "Paleontology isn't just about telling old stories," concludes Florent Rivals. "It helps us recognize what we've lost -- and what we still have a chance to save."
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Passive cooling breakthrough could slash data center energy use | ScienceDaily
Engineers at the University of California San Diego have developed a new cooling technology that could significantly improve the energy efficiency of data centers and high-powered electronics. The technology features a specially engineered fiber membrane that passively removes heat through evaporation. It offers a promising alternative to traditional cooling systems like fans, heat sinks and liquid pumps. It could also reduce the water use associated with many current cooling systems.


						
The advance is detailed in a paper published on June 13 in the journal Joule.

As artificial intelligence (AI) and cloud computing continue to expand, the demand for data processing -- and the heat it generates -- is skyrocketing. Currently, cooling accounts for up to 40% of a data center's total energy use. If trends continue, global energy use for cooling could more than double by 2030.

The new evaporative cooling technology could help curb that trend. It uses a low-cost fiber membrane with a network of tiny, interconnected pores that draw cooling liquid across its surface using capillary action. As the liquid evaporates, it efficiently removes heat from the electronics underneath -- no extra energy required. The membrane sits on top of microchannels above the electronics, pulling in liquid that flows through the channels and efficiently dissipating heat.

"Compared to traditional air or liquid cooling, evaporation can dissipate higher heat flux while using less energy," said Renkun Chen, professor in the Department of Mechanical and Aerospace Engineering at the UC San Diego Jacobs School of Engineering, who co-led the project with professors Shengqiang Cai and Abhishek Saha, both from the same department. Mechanical and aerospace engineering Ph.D. student Tianshi Feng and postdoctoral researcher Yu Pei, both members of Chen's research group, are co-first authors on the study.

Many applications currently rely on evaporation for cooling. Heat pipes in laptops and evaporators in air conditioners are some examples, explained Chen. But applying it effectively to high-power electronics has been a challenge. Previous attempts using porous membranes -- which have high surface areas that are ideal for evaporation -- have been unsuccessful because their pores were either too small they would clog or too large they would trigger unwanted boiling. "Here, we use porous fiber membranes with interconnected pores with the right size," said Chen. This design achieves efficient evaporation without those downsides.

When tested across variable heat fluxes, the membrane achieved record-breaking performance. It managed heat fluxes exceeding 800 watts of heat per square centimeter -- one of the highest levels ever recorded for this kind of cooling system. It also proved stable over multiple hours of operation.




"This success showcases the potential of reimagining materials for entirely new applications," said Chen. "These fiber membranes were originally designed for filtration, and no one had previously explored their use in evaporation. We recognized that their unique structural characteristics -- interconnected pores and just the right pore size -- could make them ideal for efficient evaporative cooling. What surprised us was that, with the right mechanical reinforcement, they not only withstood the high heat flux-they performed extremely well under it."

While the current results are promising, Chen says the technology is still operating well below its theoretical limit. The team is now working to refine the membrane and optimize performance. Next steps include integrating it into prototypes of cold plates, which are flat components that attach to chips like CPUs and GPUs to dissipate heat. The team is also launching a startup company to commercialize the technology.

This research was supported by the National Science Foundation (grants CMMI-1762560 and DMR-2005181). The work was performed in part at the San Diego Nanotechnology Infrastructure (SDNI) at UC San Diego, a member of the National Nanotechnology Coordinated Infrastructure, which is supported by the National Science Foundation (grant ECCS-2025752).

Disclosures: A patent related to this work was filed by the Regents of the University of California (PCT Application No. PCT/US24/46923.). The authors declare that they have no other competing interests.
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Why giant planets might form faster than we thought | ScienceDaily
An international team of astronomers including researchers at the University of Arizona Lunar and Planetary Laboratory has unveiled groundbreaking findings about the disks of gas and dust surrounding nearby young stars, using the powerful Atacama Large Millimeter/submillimeter Array, or ALMA.


						
The findings, published in 12 papers in a focus issue of the Astrophysical Journal, are part of an ALMA large program called the ALMA Survey of Gas Evolution of PROtoplanetary Disks, or AGE-PRO. AGE-PRO observed 30 planet-forming disks around sunlike stars to measure gas disk mass at different ages. The study revealed that gas and dust components in these disks evolve at different rates.

Prior ALMA observations have examined the evolution of dust in disks; AGE-PRO, for the first time, traces the evolution of gas, providing the first measurements of gas disk masses and sizes across the lifetime of planet-forming disks, according to the project's principal investigator, Ke Zhang of the University of Wisconsin-Madison.

"Now we have both, the gas and the dust," said Ilaria Pascucci, a professor at planetary sciences at the U of A and one of three AGE-PRO co-principal investigators. "Observing the gas is much more difficult because it takes much more observing time, and that's why we have to go for a large program like this one to obtain a statistically significant sample."

A protoplanetary disk swirls around its host star for several million years as its gas and dust evolve and dissipate, setting the timescale for giant planets to form. The disk's initial mass and size, as well as its angular momentum, have a profound influence on the type of planet it could form -- gas giants, icy giants or mini-Neptunes -- and migration paths of planets. The lifetime of the gas within the disk determines the timescale for the growth of dust particles to an object the size of an asteroid, the formation of a planet and finally the planet's migration from where it was born.

In one of the survey's most surprising findings, the team discovered that as disks age, their gas and dust are consumed at different rates and undergo a shift in gas-to-dust mass ratio as the disks evolve: Unlike the dust, which tends to remain inside the disk over a longer time span, the gas disperses relatively quickly, then more slowly as the disk ages. In other words, planet-forming disks blow off more of their gas when they're young.

Zhang said the most surprising finding is that although most disks dissipate after a few million years, the ones that survive have more gas than expected. This would suggest that gaseous planets like Jupiter have less time to form than rocky planets.




ALMA's unique sensitivity allowed researchers to use faint, so-called molecular lines to study the cold gas in these disks, characteristic wavelengths of a light spectrum that essentially act as "fingerprints," identifying different species of gas molecules. The first large-scale chemical survey of its kind, AGE-PRO targeted 30 planet-forming disks in three star-forming regions, ranging from 1 million to 6 million years in age: Ophiuchus (youngest), Lupus (1-3 million years old), and Upper Scorpius (oldest). Using ALMA, AGE-PRO obtained observations of key tracers of gas and dust masses in disks spanning crucial stages of their evolution, from their earliest formation to their eventual dispersal. This ALMA data will serve as a comprehensive legacy library of spectral line observations for a large sample of disks at different evolutionary stages.

Dingshan Deng, a graduate student at LPL who is the lead author on one of the papers, provided the data reduction -- essentially, the image analyses needed to get from radio signals to optical images of the disks -- for the star-forming region in the constellation of Lupus (Latin for "wolf").

"Thanks to these new and long observations, we now have the ability to estimate and trace the gas masses, not only for the brightest and better studied disks in that region, but also the smaller and fainter ones," he said. "Thanks to the discovery of gas tracers in many disks where it hadn't been seen before, we now have a well-studied sample covering a wide range of disk masses in the Lupus star-forming region."

"It took years to figure out the proper data reduction approach and analysis to produce the images used in this paper for the gas masses and in many other papers of the collaboration," Pascucci added.

Carbon monoxide is the most widely used chemical tracer in protoplanetary disks, but to thoroughly measure the mass of gas in a disk, additional molecular tracers are needed. AGE-PRO used N2H+, or diazenylium, an ion used as an indicator for nitrogen gas in interstellar clouds, as an additional gas tracer to significantly improve the accuracy of measurements. ALMA's detections were also set up to receive spectral light signatures from other molecules, including formaldehyde, methyl cyanide and several molecular species containing deuterium, a hydrogen isotope.

"Another finding that surprised us was that the mass ratio between the gas and dust tends to be more consistent across disks of different masses than expected," Deng said. "In other words, different-size disks will share a similar gas-to-dust mass ratio, whereas the literature suggested that smaller disks might shed their gas faster."

Funding for this study was provided by the National Science Foundation, the European Research Council, the Alexander von Humboldt Foundation, FONDECYT (Chile) among other sources. For full funding information, see the research paper.
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CRISPR-edited stem cells reveal hidden causes of autism | ScienceDaily

Although it is well understood that genetics influence the development of autism spectrum disorder, no one could yet pinpoint the precise cause and mechanism. To study the biological background of diseases, researchers use models: Cell models allow us to study how changes in the genes affect the shape and function of the cell, while animal models show how the change in its cellular components affects health and behavior. Despite significant differences between mice and humans, many disease-causing genes are very similar and cause similar conditions across these species. "One of the problems, however, is the lack of a standardized biological model to study the effects of the different mutations associated with autism spectrum disorder. This makes it difficult to find out, for example, whether they have common effects or what is specific to certain cell types," explains Kobe University neuroscientist TAKUMI Toru.

Thus, twelve years ago, Takumi and his team embarked on a journey to change that. Being experts in studying mouse models of the disorder, they combined a conventional manipulation technique for mouse embryonic stem cells -- cells that can be made to develop into almost any kind of cell in the body -- with the then-newly discovered, highly specific and easy-to-handle CRISPR gene editing system. This new method proved highly efficient in making genetic variants of these cells and allowed the Kobe University team to produce a bank of 63 mouse embryonic stem cell lines of the genetic variants most strongly associated with autism spectrum disorder.

In the journal Cell Genomics, Takumi and his team now published that they were able to develop their cells into a broad range of cell types and tissues, and even generate adult mice with their genetic variations. The analysis of these alone proved that their cell lines were adequate models for studying autism spectrum disorder. However, the cell lines also allowed them to conduct large-scale data analyses to clearly identify genes that are abnormally active, and in which cell types this is the case. 

One of the things the data analysis brought to light is that autism-causing mutations often result in neurons being unable to eliminate misshapen proteins. "This is particularly interesting since the local production of proteins is a unique feature in neurons, and a lack of quality control of these proteins may be a causal factor of neuronal defects," explains Takumi.

The Kobe University neuroscientist expects that his team's achievement, which has been made available to other researchers and can be flexibly integrated with other lab techniques and adjusted to other targets, will be an invaluable resource for the scientific community studying autism and trying to find drug targets. He adds: "Interestingly, the genetic variants we studied are also implicated in other neuropsychiatric disorders such as schizophrenia and bipolar disorder. So, this library may be useful for studying other conditions as well."

This research was funded by the Japan Society for the Promotion of Science (grants 16H06316, 16F16110, 21H00202, 21H04813, 23KK0132, 23H04233, 24H00620, 24H01241, 24K22036, 17K07119 and 21K07820), the Japan Agency for Medical Research and Development (grant JP21wm0425011), the Japan Science and Technology Agency (grants JPMJPF2018, JPMJMS2299 and JPMJMS229B), the National Center of Neurology and Psychiatry (grant 6-9), the Takeda Science Foundation, the Smoking Research Foundation, the Tokyo Biochemical Research Foundation, the Kawano Masanori Memorial Public Interest Incorporated Foundation for Promotion of Pediatrics, the Taiju Life Social Welfare Foundation, the Tokumori Yasumoto Memorial Trust for Researches on Tuberous Sclerosis Complex and Related Rare Neurological Diseases, and Takeda Pharmaceutical Company Ltd. It was conducted in collaboration with researchers from the RIKEN Center for Brain Science, Radboud University, the RIKEN Center for Integrative Medical Sciences, the Agency for Science, Technology and Research, the RIKEN Center for Biosystems Dynamics Research, and Hiroshima University.

Kobe University is a national university with roots dating back to the Kobe Higher Commercial School founded in 1902. It is now one of Japan's leading comprehensive research universities with nearly 16,000 students and nearly 1,700 faculty in 11 faculties and schools and 15 graduate schools. Combining the social and natural sciences to cultivate leaders with an interdisciplinary perspective, Kobe University creates knowledge and fosters innovation to address society's challenges.
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Africa's pangolin crisis: The delicacy that's driving a species to the brink | ScienceDaily
The vast majority of pangolin hunting in African forest landscapes is done for meat consumed by people in the region, rather than for scales shipped to East Asia, a new study led by the University of Cambridge suggests.


						
Pangolins are the most heavily trafficked wild mammal in the world. A solitary, insect-eating animal about the size of a large domestic cat*, pangolins are famous for their highly prized keratin scales -- a staple of traditional Chinese medicine.

All eight existing pangolin species are threatened with extinction and on the IUCN's Red List, with three Asian species categorised as critically endangered.

As Asian pangolins have declined dramatically, Nigeria has seen a boom in the export of pangolin scales to Asia. While hunting pangolins is illegal in Nigeria the West African country is now the world's largest hub for the criminal trade in pangolin products.

However, a new study published in the journal Nature Ecology & Evolution suggests that some 98% of Nigerian pangolins are caught for meat first and foremost, with around two-thirds of scales from these animals simply thrown away.

A research team led by Cambridge collected data from over eight hundred hunters and traders in thirty-three locations across Nigeria's Cross River Forest region, primarily between 2020 and 2023, during which time the conservationists estimate that around 21,000 pangolins were killed annually in the area.

Almost all pangolins were captured "opportunistically" or during general hunting trips (97%) rather than sought out, and caught primarily for meat (98%). Around 71% of pangolins were consumed by hunters themselves, with 27% traded locally as food.




Perhaps surprisingly, given their potential overseas value, around 70% of the scales were discarded, while less than 30% were sold on. However, researchers calculated that, per animal, pangolin meat fetched 3-4 times the price of scales at local Nigerian markets.

"Thousands of kilos of pangolin scales are seized at Nigeria's ports, creating the impression that the international demand for scales is behind pangolin exploitation in West Africa," said study lead author and Gates Cambridge Scholar Dr Charles Emogor, who conducted the research for his PhD at the University of Cambridge's Department of Zoology.

"When we spoke to hunters and traders on the ground around the Cross River forest, the largest stronghold for Nigeria's pangolins, it was obvious that meat was the motivation for almost all of the pangolin killings."

"We found that dedicated pangolin hunts are virtually non-existent. Most pangolins are killed by hunters out for any type of game," said Emogor, now a Schmidt Science Fellow split between Cambridge, UK, and Harvard, US.

"Around a third of pangolins are caught opportunistically, often while people are working in the fields. Pangolins curl into a ball when threatened, which sadly makes them easy to catch." Among frequent hunters, by far the most common method of catching pangolins was given as simply picking them up by hand.

While Emogor says the demands of traditional medicine markets are exacerbating the decline of African pangolins -- his previous research showed that just shipments intercepted by Nigerian authorities between 2010 and 2021 amounted to 190,407 kilos of pangolin scales taken from around 800,000 dead creatures -- pangolins have been exploited in West Africa long before being trafficked to Asia.




The meat is a delicacy in parts of Nigeria, often procured for pregnant women in the belief it helps produce strong babies. Emogor and colleagues surveyed hunters and Cross River locals on "palatability": asking them to rank the tastiness of almost a hundred different animals eaten in the region, from domestic beef and chicken to catfish, monkeys and antelope.

The three major African pangolin species were rated as the most palatable of all available meats, with average scores of almost nine out of ten, and the giant pangolin considered the topmost appetising meat in the region.

"Pangolins face a lethal combination of threats," said Emogor. "Pangolins are easy to hunt, breed slowly, taste good to humans, and are falsely believed to have curative properties in traditional medicines. In addition, their forest habitat is being destroyed."

Emogor's research led him to set up Pangolino in 2021, a global network of volunteers, scientists and pangolin enthusiasts committed to saving the endangered animal. He points out that the cost of policy interventions to tackle meat-driven pangolin trading might be cheaper than those for an international scales market.

These should include anti-poaching patrols as well as community programmes focused on food security. Through Pangolino, Emogor is piloting interventions in four Southeast Nigerian communities by helping create by-laws that prohibit pangolin killing, with financial rewards for compliance.

"Clearly in designing any intervention we need good information on what's motivating the hunters," said Prof Andrew Balmford, co-author from Cambridge's Department of Zoology. "That's why studies such as this are vital for effective conservation of endangered species."

While the latest study focused on Nigeria, researchers say their pangolin hunting and consumption data echo that from countries such as Cameroon and Gabon -- suggesting these patterns may be Africa-wide.

Raised on the edge of the Cross River National Park, home to Nigeria's endangered white-bellied and black-bellied pangolins, Emogor grew up surrounded by wildlife. Yet during childhood he only ever saw dead pangolins, and didn't encounter a living animal until his mid-twenties.

"If we lose the pangolin, we lose 80 million years of evolution," said Emogor. "Pangolins are the only mammals with scales, and their ancestors existed when dinosaurs still roamed the planet," added Emogor.

The latest study was conducted by an international team of researchers from the University of Cambridge, Wildlife Conservation Society, Pangolin Protection Network, University of Washington, CIFOR, CARE International, as well as the UK universities of Oxford, Exeter and Kent.

Notes: 

*While this is a rough size for some African species, such as the White-bellied pangolin, the Giant Pangolin can grow up to 30kg in weight.
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Scientists just solved a 40-year-old mystery about quasicrystals | ScienceDaily
A rare and bewildering intermediate between crystal and glass can be the most stable arrangement for some combinations of atoms, according to a study from the University of Michigan.


						
The findings come from the first quantum-mechanical simulations of quasicrystals -- a type of solid that scientists once thought couldn't exist. While the atoms in quasicrystals are arranged in a lattice, as in a crystal, the pattern of atoms doesn't repeat like it does in conventional crystals. The new simulation method suggests quasicrystals -- like crystals -- are fundamentally stable materials, despite their similarity to disordered solids like glass that form as a consequence of rapid heating and cooling.

"We need to know how to arrange atoms into specific structures if we want to design materials with desired properties," said Wenhao Sun, the Dow Early Career Assistant Professor of Materials Science and Engineering, and the corresponding author of the paper published today in Nature Physics. "Quasicrystals have forced us to rethink how and why certain materials can form. Until our study, it was unclear to scientists why they existed."

Quasicrystals seemed to defy physics when they were first described by Israeli scientist Daniel Shechtman in 1984. While experimenting with alloys of aluminum and manganese, Shechtman realized that some of the metals' atoms were arranged in an icosahedral structure resembling many 20-sided dice joined at their faces. This shape gave the material five-fold symmetry -- identical from five different vantage points.

Scientists at the time thought that the atoms inside crystals could only be arranged in sequences repeating in each direction, but five-fold symmetry precluded such patterns. Shechtman initially faced intense scrutiny for suggesting the impossible, but other labs later produced their own quasicrystals and found them in billion-year-old meteorites.

Shechtman eventually earned the Nobel Prize in Chemistry in 2011 for his discovery, but scientists still couldn't answer fundamental questions on how quasicrystals formed. The roadblock was that density-functional theory -- the quantum-mechanical method for calculating a crystal's stability -- relies on patterns that infinitely repeat in a sequence, which quasicrystals lack.

"The first step to understanding a material is knowing what makes it stable, but it has been hard to tell how quasicrystals were stabilized," said Woohyeon Baek, a U-M doctoral student in materials science and engineering and the study's first author.




The atoms in any given material usually arrange into crystals so that the chemical bonds achieve the lowest possible energy. Scientists call such structures enthalpy-stabilized crystals. But other materials form because they have high entropy, meaning there are a lot of different ways for its atoms to be arranged or vibrate.

Glass is one example of an entropy-stabilized solid. It forms when melted silica quickly cools, flash-freezing the atoms into a patternless form. But if the cooling rates slow, or a base is added to heated silica, the atoms can arrange into quartz crystals -- the preferred, lowest energy state at room temperature. Quasicrystals are a puzzling intermediate between glass and crystal. They have locally ordered atomic arrangements like crystals, but like glass, they do not form long-range, repeating patterns.

To determine if quasicrystals are enthalpy- or entropy-stabilized, the researcher's method scoops out smaller nanoparticles from a larger simulated block of quasicrystal. The researchers then calculate the total energy in each nanoparticle, which doesn't require an infinite sequence because the particle has defined boundaries.

Since the energy in a nanoparticle is related to its volume and surface area, repeating the calculations for nanoparticles of increasing sizes allows the researchers to extrapolate the total energy inside a larger block of quasicrystal. With this method, the researchers discovered that two well-studied quasicrystals are enthalpy-stabilized. One is an alloy of scandium and zinc, the other of ytterbium and cadmium.

The most accurate estimates of quasicrystal energy require the largest particles possible, but scaling up the nanoparticles is difficult with standard algorithms. For nanoparticles with only hundreds of atoms, doubling the atoms increases the computing time eightfold. But the researchers found a solution for the computing bottleneck, too.

"In conventional algorithms, every computer processor needs to communicate with one another, but our algorithm is up to 100 times faster because only the neighboring processors communicate, and we effectively use GPU acceleration in supercomputers," said study co-author Vikram Gavini, a U-M professor of mechanical engineering and materials science and engineering.

"We can now simulate glass and amorphous materials, interfaces between different crystals, as well as crystal defects that can enable quantum computing bits."

The research is funded by the U.S. Department of Energy and relied on computing resources housed at the University of Texas, Lawrence Berkeley National Laboratory and Oak Ridge National Laboratory.
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Webb space telescope reveals starburst galaxies that lit up the early universe | ScienceDaily
Astronomers using data from NASA's James Webb Space Telescope have identified dozens of small galaxies that played a starring role in a cosmic makeover that transformed the early universe into the one we know today.


						
"When it comes to producing ultraviolet light, these small galaxies punch well above their weight," said Isak Wold, an assistant research scientist at Catholic University of America in Washington and NASA's Goddard Space Flight Center in Greenbelt, Maryland. "Our analysis of these tiny but mighty galaxies is 10 times more sensitive than previous studies, and shows they existed in sufficient numbers and packed enough ultraviolet power to drive this cosmic renovation."

Wold discussed his findings Wednesday at the 246th meeting of the American Astronomical Society in Anchorage, Alaska. The study took advantage of existing imaging collected by Webb's NIRCam (Near-Infrared Camera) instrument, as well as new observations made with its NIRSpec (Near-Infrared Spectrograph) instrument.

The tiny galaxies were discovered by Wold and his Goddard colleagues, Sangeeta Malhotra and James Rhoads, by sifting through Webb images captured as part of the UNCOVER (Ultradeep NIRSpec and NIRCam ObserVations before the Epoch of Reionization) observing program, led by Rachel Bezanson at the University of Pittsburgh in Pennsylvania.

The project mapped a giant galaxy cluster known as Abell 2744, nicknamed Pandora's cluster, located about 4 billion light-years away in the southern constellation Sculptor. The cluster's mass forms a gravitational lens that magnifies distant sources, adding to Webb's already considerable reach.

For much of its first billion years, the universe was immersed in a fog of neutral hydrogen gas. Today, this gas is ionized -- stripped of its electrons. Astronomers, who refer to this transformation as reionization, have long wondered which types of objects were most responsible: big galaxies, small galaxies, or supermassive black holes in active galaxies. As one of its main goals, NASA's Webb was specifically designed to address key questions about this major transition in the history of the universe.

Recent studies have shown that small galaxies undergoing vigorous star formation could have played an outsized role. Such galaxies are rare today, making up only about 1% of those around us. But they were abundant when the universe was about 800 million years old, an epoch astronomers refer to as redshift 7, when reionization was well underway.




The team searched for small galaxies of the right cosmic age that showed signs of extreme star formation, called starbursts, in NIRCam images of the cluster.

"Low-mass galaxies gather less neutral hydrogen gas around them, which makes it easier for ionizing ultraviolet light to escape," Rhoads said. "Likewise, starburst episodes not only produce plentiful ultraviolet light -- they also carve channels into a galaxy's interstellar matter that helps this light break out."

The astronomers looked for strong sources of a specific wavelength of light that signifies the presence of high-energy processes: a green line emitted by oxygen atoms that have lost two electrons. Originally emitted as visible light in the early cosmos, the green glow from doubly ionized oxygen was stretched into the infrared as it traversed the expanding universe and eventually reached Webb's instruments.

This technique revealed 83 small starburst galaxies as they appear when the universe was 800 million years old, or about 6% of its current age of 13.8 billion years. The team selected 20 of these for deeper inspection using NIRSpec.

"These galaxies are so small that, to build the equivalent stellar mass of our own Milky Way galaxy, you'd need from 2,000 to 200,000 of them," Malhotra said. "But we are able to detect them because of our novel sample selection technique combined with gravitational lensing."

Similar types of galaxies in the present-day universe, such as green peas, release about 25% of their ionizing ultraviolet light into surrounding space. If the low-mass starburst galaxies explored by Wold and his team release a similar amount, they can account for all of the ultraviolet light needed to convert the universe's neutral hydrogen to its ionized form.

The James Webb Space Telescope is the world's premier space science observatory. Webb is solving mysteries in our solar system, looking beyond to distant worlds around other stars, and probing the mysterious structures and origins of our universe and our place in it. Webb is an international program led by NASA with its partners, ESA (European Space Agency) and CSA (Canadian Space Agency).
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The 10,000-mile march through fire that made dinosaurs possible | ScienceDaily
The forerunners of dinosaurs and crocodiles in the Triassic period were able to migrate across areas of the ancient world deemed completely inhospitable to life, new research suggests.


						
In a paper published in Nature Ecology and Evolution on June 11, researchers from the University of Birmingham and University of Bristol have used a new method of geographical analysis to infer how these ancestral reptiles, known as archosauromorphs, dispersed following one of the most impactful climate events the Earth has ever seen, the end-Permian mass extinction.

The first archosauromorphs, some resembling modern reptiles and many times smaller than familiar dinosaurs, were previously believed to only survive in certain parts of the globe due to extreme heat across the tropics, viewed by many paleontologists as a dead zone, in the earliest Triassic.

By developing a new modelling technique based on landscape reconstructions and evolutionary trees, the team of researchers have been able to discover clues about how these reptiles moved around the world during the Triassic period, following the mass extinction where more than half of land-based animals and 81% of marine life died.

The archosauromorphs that survived the extinction event rose to prominence in Earth's ecosystems in the Triassic, leading to the evolution of dinosaurs. The team now suggest that their later success was in part due to their ability to migrate up to 10,000 miles across the tropical dead zone to access new ecosystems.

Dr Joseph Flannery-Sutherland from the University of Birmingham and corresponding author of the study said:

"Amid the worst climatic event in Earth's history, where more species died than at any period since, life still survived. We know that archosauromorphs as a group managed to come out of this event and over the Triassic period became one of the main players in shaping life thereafter.

"Gaps in their fossil record have increasingly begun to tell us something about what we weren't seeing when it comes to these reptiles. Using our modelling system, we have been able to build a picture of what was happening to the archosauromorphs in these gaps and how they dispersed across the ancient world. This is what led us to call our method TARDIS, as we were looking at terrains and routes directed in space-time.

"Our results suggest that these reptiles were much hardier to the extreme climate of the Pangaean tropical dead zone, able to endure these hellish conditions to reach the other side of the world. It's likely that this ability to survive the inhospitable tropics may have conferred an advantage that saw them thrive in the Triassic world."

"The evolution of life has been controlled at times by the environment," says Professor Michael Benton from the University of Bristol, senior author of the study, "but it is difficult to integrate our limited and uncertain knowledge about the ancient landscape with our limited and uncertain knowledge about the ecology of extinct organisms. But by combining the fossils with reconstructed maps of the ancient world, in the context of evolutionary trees, we provide a way of overcoming these challenges."
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Guest molecules ride perfect waves in dna droplets-A breakthrough for synthetic biology | ScienceDaily
Researchers at Johannes Gutenberg University Mainz (JGU), the Max Planck Institute for Polymer Research and the University of Texas at Austin have identified a form of molecular motion that has not previously been observed. When what are known as 'guest molecules' - molecules that are accommodated within a host molecule - penetrate droplets of DNA polymers, they do not simply diffuse in them in a haphazard fashion, but propagate through them in the form of a clearly-defined frontal wave. "This is an effect we did not expect at all," points out Weixiang Chen of the Department of Chemistry at JGU, who played a major role in the discovery. The findings of the research team have today been published in an article in the prestigious journal Nature Nanotechnology. The new insights are not only fundamental to our understanding of how cells regulate signals, but they could also contribute to the development of intelligent biomaterials, innovative types of membranes, programmable carriers of active ingredients and synthetic cell systems able to imitate the organizational complexity of the processes in living beings. Molecular wave patterns instead of conventional diffusion


						
It is usually the case that molecules are distributed throughout liquids by means of simple diffusion. For instance, if you add a blue dye to a glass of water, the dye gradually disperses in the liquid, forming soft, blurry color gradients. However, the observed behavior of guest molecules in DNA droplets is quite different. "The molecules move in a structured and controlled manner that is contrary to the traditional models, and this takes the form of what appears to be a wave of molecules or a mobile boundary," explains Professor Andreas Walther from JGU's Department of Chemistry, who led the research project.

The research team used droplets made up of thousands of individual strands of DNA, structures that are also known as biomolecular condensates. What is of particular interest in this connection is the fact that the properties of the droplets can be precisely determined with the help of the DNA structures and other parameters, such as the concentration of salts. Moreover, these droplets have their counterparts in biological cells, which are able to employ similar condensates to arrange complex biochemical processes without the need for membranes. "Our synthetic droplets thus represent an excellent model system with which we can simulate natural processes and come to better understand them," emphasizes Chen. Into their droplets, the researchers introduced specially designed 'guest' DNA strands that are able to specifically recognize the inner structure of the droplets and bind to them. According to the team, the intriguing motion of the guest molecules, that they have now detected for the first time, is in part attributable to the way that the added DNA and the DNA present in the droplets combine on the basis of the key-and-lock principle. This means that the surrounding material becomes less dense and no longer fixed in place, so that swollen, dynamic states develop locally. Chen adds: "The well-defined, highly concentrated front continues to move forward in a linear fashion over time, driven by chemical binding, material conversion and programmable DNA interactions. Something that is completely new when it comes to soft matter."

 New basis for understanding cellular processes 

The findings are not only relevant to providing us with a better understanding of the physics of soft matter, but also to improving our knowledge of the chemical processes that occur in cells. "This might be one of the missing pieces of the puzzle that, once assembled, will reveal to us how cells regulate signals and organize processes on the molecular level," states Walther. This would also be of interest when it comes to the treatment of neurodegenerative disorders in which proteins migrate from cell nuclei into the cytoplasm, forming condensates there. As these age, they transform from a dynamic to a more stable state and build the problematic fibrils. "It is quite conceivable that we may be able to find a way of influencing these aging processes with the aid of our new insights, so that, over the long term, an entirely new approach to the treatment of neurodegenerative diseases could emerge," concludes Walther.
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        Microscopic heist: How lung bacteria forge weapons to steal iron and survive
        Researchers investigating the enigmatic and antibiotic-resistant Pandoraea bacteria have uncovered a surprising twist: these pathogens don't just pose risks they also produce powerful natural compounds. By studying a newly discovered gene cluster called pan, scientists identified two novel molecules Pandorabactin A and B that allow the bacteria to steal iron from their environment, giving them a survival edge in iron-poor places like the human body. These molecules also sabotage rival bacteria by...

      

      
        How can we make fewer mistakes? US Navy invests $860k in placekeeping
        With $860K in Navy funding, MSU psychologists are developing tools to spot people who can handle complex tasks under pressure. The key? Mastering "placekeeping" staying focused and accurate even when sleep-deprived or interrupted.

      

      
        AI sniffs earwax and detects Parkinson's with 94% accuracy
        Imagine diagnosing Parkinson s disease not with pricey scans or subjective checklists, but with a simple ear swab. Scientists in China have developed a promising early screening method that detects Parkinson s from subtle changes in the scent of ear wax yes, really. By analyzing specific volatile compounds in ear wax and feeding that data into an AI-powered olfactory system, they achieved 94% accuracy in identifying who had the disease. If expanded successfully, this low-cost, non-invasive techni...

      

      
        This tiny patch could replace biopsies--and revolutionize how we detect cancer
        A new nanotechnology breakthrough may soon eliminate the need for painful biopsies. Scientists have developed a patch filled with nanoneedles thinner than a human hair that can painlessly extract molecular data from tissues without removing or damaging them. This enables real-time disease monitoring, particularly for conditions like brain cancer and Alzheimer s, and could radically change how doctors diagnose and track disease. The patch works quickly, integrates with common medical tools, and pr...

      

      
        MIT uncovers the hidden playbook your brain uses to outsmart complicated problems
        When faced with a tricky maze task involving hidden information, humans instinctively toggle between two clever mental strategies: simplifying in steps or mentally rewinding. MIT researchers showed that people shift methods based on how reliable their memory is echoed by AI models mimicking the same constraints.

      

      
        Black coffee, longer life: The science behind your morning perk
        Coffee might be doing more than fueling your morning routine it could be extending your life. A large-scale study by Tufts University suggests that drinking one to three cups of caffeinated coffee daily is associated with lower overall mortality, particularly from cardiovascular causes. But there s a catch: the benefits drop when sugar and saturated fats like cream are added in excess.

      

      
        The invisible killer: PM 1 pollution uncovered across America
        A groundbreaking 25-year analysis using satellite technology has now mapped PM 1 levels across the U.S., uncovering how wildfires, vehicle emissions, and industrial byproducts have shaped the air we breathe. Although regulations have improved air quality over time, rising wildfire activity poses a growing challenge. This new dataset gives scientists and regulators a vital tool for targeting the most harmful pollutants and protecting public health.

      

      
        Only 13 % know: The one-minute self-exam that could save young men's lives
        A new survey shows most Americans wrongly think testicular cancer is an older man's issue, despite it most commonly affecting men aged 20 40. Early detection is key but misconceptions about symptoms and screening remain widespread.

      

      
        Your brain has a hidden beat -- and smarter minds sync to it
        When we focus, switch tasks, or face tough mental challenges, the brain starts to sync its internal rhythms, especially in the midfrontal region. A new study has found that smarter individuals show more precise and flexible coordination of slow theta waves during key decision-making moments. Using EEG recordings and cognitive testing, researchers discovered that it s not constant brainwave synchronization that matters most, but the brain s ability to dynamically adapt its rhythms like a well-tune...

      

      
        Scientists discover llama antibodies that shut down COVID -- and its future variants
        Powerful llama-derived antibodies could be the key to stopping not just current SARS viruses, but future ones too. Scientists have discovered a unique class of nanobodies that clamp the coronavirus spike protein shut at a highly conserved region, rendering it unable to infect cells. Unlike existing therapies that target mutating regions, this approach strikes at the virus s core machinery, giving it little room to evolve. Even when pushed to mutate, the virus faltered, making this a high-potentia...

      

      
        Single psilocybin trip delivers two years of depression relief for cancer patients
        Psilocybin, the active ingredient in magic mushrooms, might just revolutionize how depression and anxiety are treated in cancer patients. In a groundbreaking trial, a single dose combined with therapy significantly reduced emotional suffering, and these effects often lasted over two years. As follow-up studies expand the research to multiple doses and larger samples, scientists are eyeing a possible new standard of care that merges psychedelics with psychological support.

      

      
        CRISPR-edited stem cells reveal hidden causes of autism
        A team at Kobe University has created a game-changing resource for autism research: 63 mouse embryonic stem cell lines, each carrying a genetic mutation strongly associated with the disorder. By pairing classic stem cell manipulation with precise CRISPR gene editing, they ve built a standardized platform that mirrors autism-linked genetic conditions in mice. These models not only replicate autism-related traits but also expose key dysfunctions, like the brain s inability to clean up faulty protei...

      

      
        Space-laser AI maps forest carbon in minutes--a game-changer for climate science
        A pioneering study reveals how archaeologists' satellite tools can be repurposed to tackle climate change. By using AI and satellite LiDAR imagery from NASA and ESA, researchers have found a faster, more accurate way to map forest biomass critical for tracking carbon. This innovative fusion of space tech and machine learning could revolutionize how we manage and preserve forests in a warming world.

      

      
        Brain food fight: Rutgers maps the hidden switch that turns cravings on and off
        Rutgers scientists have uncovered a tug-of-war inside the brain between hunger and satiety, revealing two newly mapped neural circuits that battle over when to eat and when to stop. These findings offer an unprecedented glimpse into how hormones and brain signals interact, with implications for fine-tuning today's weight-loss drugs like Ozempic.

      

      
        Sugar shield restored: The breakthrough reversing brain aging and memory loss
        A protective sugar coating on brain blood vessels, once thought to be insignificant, turns out to play a vital role in preventing cognitive decline. Restoring this layer reversed damage and memory loss in aging brains, offering a fresh approach to treating neurodegenerative diseases.

      

      
        Invisible ID: How a single breath could reveal your health--and your identity
        Scientists have discovered that your breathing pattern is as unique as a fingerprint and it may reveal more than just your identity. Using a 24-hour wearable device, researchers achieved nearly 97% accuracy in identifying people based solely on how they breathe through their nose. Even more intriguingly, these respiratory signatures correlated with traits like anxiety levels, sleep cycles, and body mass index. The findings suggest that breathing isn t just a passive process it might actively shap...

      

      
        Sleep-in science: How 2 extra weekend hours can calm teen anxiety
        Teens might finally have a good reason to sleep in on weekends within limits. A new study reveals that teenagers who get up to two extra hours of sleep on weekends show fewer anxiety symptoms than those who don t. But go beyond that sweet spot, and symptoms can actually increase.

      

      
        Johns Hopkins blood test detects tumor dna three years early
        Researchers at Johns Hopkins found that fragments of tumor DNA can appear in the bloodstream up to three years before a cancer diagnosis, offering a potentially revolutionary window for early detection and treatment.

      

      
        Running rewires your brain cells--igniting memory-saving genes against alzheimer's
        Scientists have uncovered how exercise directly influences brain health in Alzheimer's disease by pinpointing the exact brain cells affected. Using cutting-edge RNA sequencing and mouse models, researchers identified changes in specific cells like microglia and a novel type of astrocyte after exercise.

      

      
        Guest molecules ride perfect waves in dna droplets--A breakthrough for synthetic biology
        Scientists have uncovered a previously unknown type of molecular motion inside DNA-based droplets: instead of spreading randomly, guest molecules advance in an organized wave. This surprising discovery opens the door to understanding how cells might organize internal processes without membranes. Using customizable DNA condensates as experimental models, the team showed how molecular waves emerge through precise DNA interactions. These insights could not only transform our grasp of cellular signal...
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Microscopic heist: How lung bacteria forge weapons to steal iron and survive | ScienceDaily

Despite the high health risk posed by Pandoraea, their molecular properties were hardly known until now. "We only knew that these bacteria occur in nature and that they can be pathogenic because they have been found in the lung microbiome of patients with cystic fibrosis or sepsis," explains Herzog.

 The race for iron 

As for most living organisms, iron is also essential for bacteria. "Iron plays a central role in enzymes and the respiratory chain of living organisms, for example," explains Herzog. Particularly in iron-poor environments such as the human body, the conditions for sufficient absorption of the element are anything but ideal. Many microorganisms therefore produce so-called siderophores: small molecules that bind iron from the environment and transport it into the cell.

"However, there were no known virulence or niche factors in the Pandoraea bacteria that could help them survive," says Herzog. The research team therefore wanted to find out how Pandoraea strains can survive in such a competitive environment.

Using bioinformatic analyses, the team identified a previously unknown gene cluster called pan. It codes for a non-ribosomal peptide synthetase - a typical enzyme for the production of siderophores. "We started with a gene cluster analysis and specifically searched for genes that could be responsible for the production of siderophores," reports Herzog.

Through targeted inactivation of genes as well as culture-based methods and state-of-the-art analytical techniques - including mass spectrometry, NMR spectroscopy, chemical degradation and derivatization - the researchers from Jena succeeded in isolating two new natural products and elucidating their chemical structure: Pandorabactin A and B. Both are able to complex iron and could play an important role in how Pandoraea strains survive in difficult environments. "The molecules help the bacteria to take up iron when it is scarce in their environment," says Herzog.




Less iron, fewer competitors 

Bioassays have also shown that pandorabactins inhibit the growth of other bacteria such as Pseudomonas, Mycobacterium and Stenotrophomonas by removing iron from these competitors.

Analyses of sputum samples from the lungs of cystic fibrosis patients further revealed that the detection of the pan gene cluster correlates with changes in the lung microbiome. Pandorabactins could therefore have a direct influence on microbial communities in diseased lungs.

"However, it is still too early to derive medical applications from these findings," emphasizes Herzog. Nevertheless, the discovery provides important information on the survival strategies of bacteria of the genus Pandoraea and on the complex competition for vital resources in the human body.

The study was carried out in close cooperation between the Leibniz-HKI and the universities of Jena, Heidelberg and Hong Kong. It was conducted as part of the "Balance of the Microverse" Cluster of Excellence and the ChemBioSys Collaborative Research Center and was funded by the German Research Foundation. The imaging mass spectrometer used for the analyses was funded by the Free State of Thuringia and co-financed by the European Union.
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How can we make fewer mistakes? US Navy invests $860k in placekeeping | ScienceDaily
A team of cognitive psychologists from the Michigan State University Department of Psychology have received a $860,000 grant from the Office of Naval Research to develop assessments for identifying people who are good at performing complex procedural tasks, even under challenging conditions like sleep deprivation and frequent interruptions.


						
"If we develop the right tools, we can identify people who are going to be better at performing a wide range of procedures. This is important because Navy personnel are increasingly called upon to do lots of different tasks as military systems become more complex," said Erik Altmann, lead investigator of the study and professor in MSU's psychology department. "The goal is to get the right person in the right job at the right time."

This multiyear study will look at individual differences in placekeeping, which is the cognitive ability to remember what step you are on in a procedural sequence. The researchers will also test whether incorporating task interruptions during training can help personnel develop cognitive strategies for placekeeping during deployment, when personnel may be sleep-deprived.

"We know that under conditions of sleep deprivation, people make more procedural errors, especially when they're interrupted in the middle of a task. Procedural errors can be catastrophic, so the Navy is interested in reducing them," said Altmann.

The research team, which also includes cognitive psychologists Kimberly Fenn and Zach Hambrick, has been funded since 2016 by the Office of Naval Research, with past studies looking at multitasking and the effect of sleep on cognitive performance.

The results of this study could improve personnel selection and classification in the Navy and in other fields where procedural accuracy is critical; results also could suggest approaches to training that make people more resilient to effects of stressors like sleep deprivation and task interruption.

Why this matters
    	This research will help to identify people who can successfully perform a wide range of procedures, namely military personnel, as they often are sought to undertake complex tasks.
    	Results from the study could offer new training approaches to help make people more resilient to effects of stressors, such as sleep deprivation or task interruption.
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AI sniffs earwax and detects Parkinson's with 94% accuracy | ScienceDaily
Most treatments for Parkinson's disease (PD) only slow disease progression. Early intervention for the neurological disease that worsens over time is therefore critical to optimize care, but that requires early diagnosis. Current tests, like clinical rating scales and neural imaging, can be subjective and costly. Now, researchers in ACS' Analytical Chemistry report the initial development of a system that inexpensively screens for PD from the odors in a person's earwax.


						
Previous research has shown that changes in sebum, an oily substance secreted by the skin, could help identify people with PD. Specifically, sebum from people with PD may have a characteristic smell because volatile organic compounds (VOCs) released by sebum are altered by disease progression -- including neurodegeneration, systemic inflammation and oxidative stress. However, when sebum on the skin is exposed to environmental factors like air pollution and humidity, its composition can be altered, making it an unreliable testing medium. But the skin inside the ear canal is kept away from the elements. So, Hao Dong, Danhua Zhu and colleagues wanted to focus their PD screening efforts on ear wax, which mostly consists of sebum and is easily sampled.

To identify potential VOCs related to PD in ear wax, the researchers swabbed the ear canals of 209 human subjects (108 of whom were diagnosed with PD). They analyzed the collected secretions using gas chromatography and mass spectrometry techniques. Four of the VOCs the researchers found in ear wax from people with PD were significantly different than the ear wax from people without the disease. They concluded that these four VOCs, including ethylbenzene, 4-ethyltoluene, pentanal, and 2-pentadecyl-1,3-dioxolane, are potential biomarkers for PD.

Dong, Zhu and colleagues then trained an artificial intelligence olfactory (AIO) system with their ear wax VOC data. The resulting AIO-based screening model categorized with 94% accuracy ear wax samples from people with and without PD. The AIO system, the researchers say, could be used as a first-line screening tool for early PD detection and could pave the way for early medical intervention, thereby improving patient care.

"This method is a small-scale single-center experiment in China," says Dong. "The next step is to conduct further research at different stages of the disease, in multiple research centers and among multiple ethnic groups, in order to determine whether this method has greater practical application value."

The authors acknowledge funding from the National Natural Sciences Foundation of Science, Pioneer and Leading Goose R&D Program of Zhejiang Province, and the Fundamental Research Funds for the Central Universities.
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This tiny patch could replace biopsies-and revolutionize how we detect cancer | ScienceDaily
A patch containing tens of millions of microscopic nanoneedles could soon replace traditional biopsies, scientists have found.


						
The patch offers a painless and less invasive alternative for millions of patients worldwide who undergo biopsies each year to detect and monitor diseases like cancer and Alzheimer's.

Biopsies are among the most common diagnostic procedures worldwide, performed millions of times every year to detect diseases. However, they are invasive, can cause pain and complications, and can deter patients from seeking early diagnosis or follow-up tests. Traditional biopsies also remove small pieces of tissue, limiting how often and how comprehensively doctors can analyse diseased organs like the brain.

Now, scientists at King's College London have developed a nanoneedle patch that painlessly collects molecular information from tissues without removing or damaging them. This could allow healthcare teams to monitor disease in real time and perform multiple, repeatable tests from the same area - something impossible with standard biopsies.

Because the nanoneedles are 1,000 times thinner than a human hair and do not remove tissue, they cause no pain or damage, making the process less painful for patients compared to standard biopsies. For many, this could mean earlier diagnosis and more regular monitoring, transforming how diseases are tracked and treated.

Dr Ciro Chiappini, who led the research published today in Nature Nanotechnology, said: "We have been working on nanoneedles for twelve years, but this is our most exciting development yet. It opens a world of possibilities for people with brain cancer, Alzheimer's, and for advancing personalised medicine. It will allow scientists - and eventually clinicians - to study disease in real time like never before."

The patch is covered in tens of millions of nanoneedles. In preclinical studies, the team applied the patch to brain cancer tissue taken from human biopsies and mouse models. The nanoneedles extracted molecular 'fingerprints' -- including lipids, proteins, and mRNAs -- from cells, without removing or harming the tissue.




The tissue imprint is then analysed using mass spectrometry and artificial intelligence, giving healthcare teams detailed insights into whether a tumour is present, how it is responding to treatment, and how disease is progressing at the cellular level.

Dr Chiappini said: "This approach provides multidimensional molecular information from different types of cells within the same tissue. Traditional biopsies simply cannot do that. And because the process does not destroy the tissue, we can sample the same tissue multiple times, which was previously impossible."

This technology could be used during brain surgery to help surgeons make faster, more precise decisions. For example, by applying the patch to a suspicious area, results could be obtained within 20 minutes and guide real-time decisions about removing cancerous tissue.

Made using the same manufacturing techniques as computer chips, the nanoneedles can be integrated into common medical devices such as bandages, endoscopes and contact lenses.

Dr Chippani added: "This could be the beginning of the end for painful biopsies. Our technology opens up new ways to diagnose and monitor disease safely and painlessly - helping doctors and patients make better, faster decisions."

The breakthrough was possible through close collaboration across nanoengineering, clinical oncology, cell biology, and artificial intelligence -- each field bringing essential tools and perspectives that, together, unlocked a new approach to non-invasive diagnostics.

The study was supported by the European Research Council through its flagship Starting Grant programme, Wellcome Leap, and UKRI's EPSRC and MRC, which enabled acquisition of key analytical instrumentation.
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MIT uncovers the hidden playbook your brain uses to outsmart complicated problems | ScienceDaily
The human brain is very good at solving complicated problems. One reason for that is that humans can break problems apart into manageable subtasks that are easy to solve one at a time.


						
This allows us to complete a daily task like going out for coffee by breaking it into steps: getting out of our office building, navigating to the coffee shop, and once there, obtaining the coffee. This strategy helps us to handle obstacles easily. For example, if the elevator is broken, we can revise how we get out of the building without changing the other steps.

While there is a great deal of behavioral evidence demonstrating humans' skill at these complicated tasks, it has been difficult to devise experimental scenarios that allow precise characterization of the computational strategies we use to solve problems.

In a new study, MIT researchers have successfully modeled how people deploy different decision-making strategies to solve a complicated task -- in this case, predicting how a ball will travel through a maze when the ball is hidden from view. The human brain cannot perform this task perfectly because it is impossible to track all of the possible trajectories in parallel, but the researchers found that people can perform reasonably well by flexibly adopting two strategies known as hierarchical reasoning and counterfactual reasoning.

The researchers were also able to determine the circumstances under which people choose each of those strategies.

"What humans are capable of doing is to break down the maze into subsections, and then solve each step using relatively simple algorithms. Effectively, when we don't have the means to solve a complex problem, we manage by using simpler heuristics that get the job done," says Mehrdad Jazayeri, a professor of brain and cognitive sciences, a member of MIT's McGovern Institute for Brain Research, an investigator at the Howard Hughes Medical Institute, and the senior author of the study.

Mahdi Ramadan PhD '24 and graduate student Cheng Tang are the lead authors of the paper, which appears today in Nature Human Behavior. Nicholas Watters PhD '25 is also a co-author.




Rational strategies

When humans perform simple tasks that have a clear correct answer, such as categorizing objects, they perform extremely well. When tasks become more complex, such as planning a trip to your favorite cafe, there may no longer be one clearly superior answer. And, at each step, there are many things that could go wrong. In these cases, humans are very good at working out a solution that will get the task done, even though it may not be the optimal solution.

Those solutions often involve problem-solving shortcuts, or heuristics. Two prominent heuristics humans commonly rely on are hierarchical and counterfactual reasoning. Hierarchical reasoning is the process of breaking down a problem into layers, starting from the general and proceeding toward specifics. Counterfactual reasoning involves imagining what would have happened if you had made a different choice. While these strategies are well-known, scientists don't know much about how the brain decides which one to use in a given situation.

"This is really a big question in cognitive science: How do we problem-solve in a suboptimal way, by coming up with clever heuristics that we chain together in a way that ends up getting us closer and closer until we solve the problem?" Jazayeri says.

To overcome this, Jazayeri and his colleagues devised a task that is just complex enough to require these strategies, yet simple enough that the outcomes and the calculations that go into them can be measured.

The task requires participants to predict the path of a ball as it moves through four possible trajectories in a maze. Once the ball enters the maze, people cannot see which path it travels. At two junctions in the maze, they hear an auditory cue when the ball reaches that point. Predicting the ball's path is a task that is impossible for humans to solve with perfect accuracy.




"It requires four parallel simulations in your mind, and no human can do that. It's analogous to having four conversations at a time," Jazayeri says. "The task allows us to tap into this set of algorithms that the humans use, because you just can't solve it optimally."

The researchers recruited about 150 human volunteers to participate in the study. Before each subject began the ball-tracking task, the researchers evaluated how accurately they could estimate timespans of several hundred milliseconds, about the length of time it takes the ball to travel along one arm of the maze.

For each participant, the researchers created computational models that could predict the patterns of errors that would be seen for that participant (based on their timing skill) if they were running parallel simulations, using hierarchical reasoning alone, counterfactual reasoning alone, or combinations of the two reasoning strategies.

The researchers compared the subjects' performance with the models' predictions and found that for every subject, their performance was most closely associated with a model that used hierarchical reasoning but sometimes switched to counterfactual reasoning.

That suggests that instead of tracking all the possible paths that the ball could take, people broke up the task. First, they picked the direction (left or right), in which they thought the ball turned at the first junction, and continued to track the ball as it headed for the next turn. If the timing of the next sound they heard wasn't compatible with the path they had chosen, they would go back and revise their first prediction -- but only some of the time.

Switching back to the other side, which represents a shift to counterfactual reasoning, requires people to review their memory of the tones that they heard. However, it turns out that these memories are not always reliable, and the researchers found that people decided whether to go back or not based on how good they believed their memory to be.

"People rely on counterfactuals to the degree that it's helpful," Jazayeri says. "People who take a big performance loss when they do counterfactuals avoid doing them. But if you are someone who's really good at retrieving information from the recent past, you may go back to the other side."

Human limitations

To further validate their results, the researchers created a machine-learning neural network and trained it to complete the task. A machine-learning model trained on this task will track the ball's path accurately and make the correct prediction every time, unless the researchers impose limitations on its performance.

When the researchers added cognitive limitations similar to those faced by humans, they found that the model altered its strategies. When they eliminated the model's ability to follow all possible trajectories, it began to employ hierarchical and counterfactual strategies like humans do. If the researchers reduced the model's memory recall ability, it began to switch to hierarchical only if it thought its recall would be good enough to get the right answer -- just as humans do.

"What we found is that networks mimic human behavior when we impose on them those computational constraints that we found in human behavior," Jazayeri says. "This is really saying that humans are acting rationally under the constraints that they have to function under."

By slightly varying the amount of memory impairment programmed into the models, the researchers also saw hints that the switching of strategies appears to happen gradually, rather than at a distinct cut-off point. They are now performing further studies to try to determine what is happening in the brain as these shifts in strategy occur.

The research was funded by a Lisa K. Yang ICoN Fellowship, a Friends of the McGovern Institute Student Fellowship, a National Science Foundation Graduate Research Fellowship, the Simons Foundation, the Howard Hughes Medical Institute, and the McGovern Institute.
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Black coffee, longer life: The science behind your morning perk | ScienceDaily
While you're probably not pouring your morning cup for the long-term health benefits, coffee consumption has been linked to lower risk of mortality. In a new observational study, researchers from the Gerald J. and Dorothy R. Friedman School of Nutrition Science and Policy at Tufts University found the association between coffee consumption and mortality risk changes with the amount of sweeteners and saturated fat added to the beverage.


						
The study, published online in The Journal of Nutrition, found that consumption of 1-2 cups of caffeinated coffee per day was linked to a lower risk of death from all causes and death from cardiovascular disease. Black coffee and coffee with low levels of added sugar and saturated fat were associated with a 14% lower risk of all-cause mortality as compared to no coffee consumption. The same link was not observed for coffee with high amounts of added sugar and saturated fat.

"Coffee is among the most-consumed beverages in the world, and with nearly half of American adults reporting drinking at least one cup per day, it's important for us to know what it might mean for health," said Fang Fang Zhang, senior author of the study and the Neely Family Professor at the Friedman School. "The health benefits of coffee might be attributable to its bioactive compounds, but our results suggest that the addition of sugar and saturated fat may reduce the mortality benefits."

The study analyzed data from nine consecutive cycles of the National Health and Nutrition Examination Survey (NHANES) from 1999 to 2018, linked to National Death Index Mortality Data. The study included a nationally representative sample of 46,000 adults aged 20 years and older who completed valid first-day 24-hour dietary recalls. Coffee consumption was categorized by type (caffeinated or decaffeinated), sugar, and saturated fat content. Mortality outcomes included all-cause, cancer, and cardiovascular disease. Low added sugar (from granulated sugar, honey, and syrup) was defined as under 5% of the Daily Value, which is 2.5 grams per 8-ounce cup or approximately half a teaspoon of sugar. Low saturated fat (from milk, cream, and half-and-half) was defined as 5% of the Daily Value, or 1 gram per 8-ounce cup or the equivalent of 5 tablespoons of 2% milk, 1 tablespoon of light cream, or 1 tablespoon of half-and-half.

In the study, consumption of at least one cup per day was associated with a 16% lower risk of all-cause mortality. At 2-3 cups per day, the link rose to 17%. Consumption beyond three cups per day was not associated with additional reductions, and the link between coffee and a lower risk of death by cardiovascular disease weakened when coffee consumption was more than three cups per day. No significant associations were seen between coffee consumption and cancer mortality.

"Few studies have examined how coffee additives could impact the link between coffee consumption and mortality risk, and our study is among the first to quantify how much sweetener and saturated fat are being added," said first author Bingjie Zhou, a recent Ph.D. graduate from the nutrition epidemiology and data science program at the Friedman School. "Our results align with the Dietary Guidelines for Americans which recommend limiting added sugar and saturated fat."

Limitations of the study include the fact that self-reported recall data is subject to measurement error due to day-to-day variations in food intake. The lack of significant associations between decaffeinated coffee and all-cause mortality could be due to the low consumption among the population studied.

Additional authors are Yongyi Pan and Lu Wang, both of the Friedman School, and Mengyuan Ruan, a graduate of the Friedman School.

The study was supported by the National Institutes of Health's National Institute on Minority Health and Health Disparities under award number R01MD011501. Complete information on methodology is available in the published paper. The content is the sole responsibility of the authors and does not necessarily represent the official views the National Institutes of Health.
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The invisible killer: PM 1 pollution uncovered across America | ScienceDaily
Air pollution causes health problems and is attributable to some 50,000 annual deaths in the United States, but not all air pollutants pack the same punch.


						
Scientists have tracked the scope of "PM 2.5" pollution over decades. PM 2.5 is a size of "particulate matter" that is less than 2.5 microns in diameter. But less information was available about its even tinier cousin, described as "submicron" or "PM 1" particulate matter, which is less than 1 micron in diameter. Why does that matter? Because the "little guys" might be the source of worse health effects.

With a study now published in The Lancet Planetary Health, researchers at Washington University in St. Louis have quantified the amount of PM 1 over the United States from the past 25 years.

"This measurement serves as a starting point to understand which pollutants regulators could target to make the most effective health impact," said Randall Martin, the Raymond R. Tucker Distinguished Professor of energy, environmental and chemical engineering in the McKelvey School of Engineering. "This effort builds upon WashU's strengths in satellite remote sensing and modeling atmospheric aerosols that were leveraged in this study," he added.

Chi Li, research assistant professor in Martin's atmospheric composition analysis group, is the first author of the work. Li said these estimates will enable further investigation into both the health and environmental effects of submicron particles.

Li said the very small particles quantified in this study generally come from direct air emissions, such as the black carbon particles released by diesel engines or the smoke from wildfires. Sometimes PM 1 can also form through secondary processes when sulfur dioxide or nitrogen oxides are spit out through fuel combustion and burning coal.

It makes intuitive sense that smaller particles of air pollution could do more damage to the human body because they are able to slip past the body's innate defenses. These submicron particles are at least 6 times smaller than blood cells.




Air particles are not always one single thing, but mixtures of other materials stacked together.

The larger sizes of particles are critically more dominated by components that are not easily modifiable like mineral dust, noted Li.

The researchers were able to calculate their submicron estimates based on the known ratios of what makes up PM 2.5 particles, which include seven main components such as sulfate, nitrate and mineral dust.

"Putting the seven species together, we can calculate the total PM 1 concentration over the country," Li said.

This research sets the stage for further analysis of where, how and why certain types of particles congregate, and how they can affect the environment and human body.

"When EPA first promulgated a fine PM air quality standard in 1997, there was considerable discussion about regulating PM 1 or PM2.5," said Jay Turner, the James McKelvey Professor of Engineering Education and co-author on the study. "For numerous reasons, including but not limited to the lack of health impacts studies for PM 1 compared to studies for PM 2.5, the latter was chosen. This study provides a comprehensive, nationwide dataset to examine PM1 impacts on health."

A next step will involve working with epidemiologists to assess the association of PM 1 with health outcomes.




The new dataset revealed another notable fact: pollution regulation does help. Across the contiguous U.S., average PM 1 levels in the air people breathe dropped sharply from 1998 to 2022, thanks to decades of environmental regulations like the Clean Air Act. However, this progress has slowed since 2010, mainly because of rising wildfire activity. Future pollution controls will need to address emerging, non-fossil fuel sources, study authors said.

Other countries like China have a head start tracking nationwide PM 1, but now the U.S. can quickly catch up.

"This dataset offers unprecedented information for the United States about an important pollutant for which few other measurements exist," Martin said.

Funding from National Institute of Environmental Health Sciences, National Institutes of Health.
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Only 13 % know: The one-minute self-exam that could save young men's lives | ScienceDaily
A recent survey commissioned by The Ohio State University Comprehensive Cancer Center -- Arthur G. James Cancer Hospital and Richard J. Solove Research Institute (OSUCCC -- James) focused on Americans' perceptions of testicular cancer. The results suggest more can be done to educate the public about the disease, which affects nearly 10,000 adults in the United States each year according to the American Cancer Society.


						
The OSUCCC -- James survey found that only 13% of U.S. adults -- just over 1 in 10 -- correctly identified testicular cancer as most commonly affecting men under 40. This is significant, as the disease is most prevalent among men between the ages of 20 and 40.

Additionally, two-thirds (65%) of respondents believe an evaluation should be part of an annual exam after age 40. However, cancer experts note that self-exams are most relevant between the ages of 20 and 40.

"In my experience, a lot of men are surprised that testicular cancer is most common among young men," said Shawn Dason, MD, urologic oncologist at the OSUCCC -- James. "It's something you're just not expecting in your twenties or thirties. A lot of young men's focus might be on developing their career, their day-to-day life. That's a very different track of mind than perhaps your health."

Survey results In the survey of 1,008 respondents aged 18 and older, 6 in 10 (63%) correctly identified that testicular cancer is often curable if caught early, and just over half (54%) correctly said that monthly self-checks should be conducted.

"We are really fortunate in testicular cancer that the vast majority of patients are diagnosed at an early stage," said Dason, also an associate clinical professor of urology at Ohio State College of Medicine. "That means the vast majority of patients are actually diagnosed before the cancer has had an opportunity to spread to other parts of the body."

Younger Americans, age 18-29, and adults, age 30-49, were more likely than their older counterparts to say that testicular cancer affects fertility (68% and 61%, respectively). However, younger adults were also more likely than all other age groups to incorrectly agree with the statement that testicular cancer symptoms are always painful (18%).




"Testicular cancer does not typically come with painful symptoms," said Dason. "That's why routine self-exams are so important to detect any lumps or changes to the testicle. If you feel something out of the ordinary, like a lump or bump, or if the testicle changes in size, call your doctor."

Survey methodology

This survey was conducted by SSRS on its Opinion Panel Omnibus platform. The SSRS Opinion Panel Omnibus is a national, twice-per-month, probability-based survey. Data collection was conducted from May 2 -- May 5, 2025, among a sample of 1,008 respondents. The survey was conducted via web (n=978) and telephone (n=30) and administered in English. The margin of error for total respondents is +/-3.6 percentage points at the 95% confidence level. All SSRS Opinion Panel Omnibus data are weighted to represent the target population of U.S. adults ages 18 or older.

To learn more about cancer treatment and clinical trials at the OSUCCC -- James, visit cancer.osu.edu or call 1-800-293-5066.
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Your brain has a hidden beat - and smarter minds sync to it | ScienceDaily
When the brain is under pressure, certain neural signals begin to move in sync - much like a well-rehearsed orchestra. A new study from Johannes Gutenberg University Mainz (JGU) is the first to show how flexibly this neural synchrony adjusts to different situations and that this dynamic coordination is closely linked to cognitive abilities. "Specific signals in the midfrontal brain region are better synchronized in people with higher cognitive ability - especially during demanding phases of reasoning," explained Professor Anna-Lena Schubert from JGU's Institute of Psychology, lead author of the study recently published in the Journal of Experimental Psychology: General.


						
The researchers focused on the midfrontal area of the brain and the measurable coordination of the so-called theta waves. These brainwaves oscillate between four and eight hertz and belong to the group of slower neural frequencies. "They tend to appear when the brain is particularly challenged such as during focused thinking or when we need to consciously control our behavior," said Schubert, who heads the Analysis and Modeling of Complex Data Lab at JGU.

Being able to focus even next to a buzzing phone

The 148 participants in the study, aged between 18 and 60, first completed tests assessing memory and intelligence before their brain activity was recorded using electroencephalography (EEG). This method measures tiny electrical signals in the brain using electrodes placed on the scalp and is a well-established technique for gaining precise insights into cognitive processes. During EEG recording, participants completed three mentally demanding tasks designed to assess cognitive control.

The researchers were interested in the participants' ability to flexibly shift between changing rules, which is an essential aspect of intelligent information processing. For example, participants had to press a button to decide whether a number was even or odd, and moments later whether it was greater or less than five. Each switch of rules required rapid adjustment of mental strategies - a process that allowed researchers to closely observe how the brain's networks coordinate in real time.

As a result, individuals with higher cognitive abilities showed especially strong synchronization of theta waves during crucial moments, particularly when making decisions. Their brains were better at sustaining purposeful thought when it mattered most. "People with stronger midfrontal theta connectivity are often better at maintaining focus and tuning out distractions, be it that your phone buzzes while you're working or that you intend to read a book in a busy train station," explained Schubert.

A flexible rhythm in the brain

Professor Anna-Lena Schubert was particularly surprised by how closely this brain rhythm coordination was tied to cognitive abilities. "We did not expect the relationship to be this clear," she said. What mattered most was not continuous synchronization, but the brain's ability to adapt its timing flexibly and contextually - like an orchestra that follows a skilled conductor. The midfrontal region often sets the tone in this coordination but works in concert with other areas across the brain. This midfrontal theta connectivity appears to be particularly relevant during the execution of decisions, however not during the preparatory mental adjustment to new task rules.

Previous EEG studies on cognitive ability mostly examined activity in isolated brain regions. In contrast, this study took a network-level approach, examining how different areas interact across multiple tasks to identify stable, overarching patterns. The findings show that individual differences in cognitive ability are linked to the brain's dynamic network behavior.

"Potential applications such as brain-based training tools or diagnostics are still a long way off," emphasized Schubert. "But our study offers important groundwork for understanding how intelligence functions at a neural level." A follow-up study, now seeking participants aged 40 and older from the Rhine-Main region, will explore which biological and cognitive factors further support this kind of efficient brain coordination and the role of additional cognitive abilities, such as processing speed and working memory.
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Scientists discover llama antibodies that shut down COVID - and its future variants | ScienceDaily
Scientists have discovered a unique class of small antibodies that are strongly protective against a wide range of SARS coronaviruses, including SARS-CoV-1 and numerous early and recent SARS-CoV-2 variants. The unique antibodies target an essential highly conserved site at the base of the virus's spike protein, effectively clamping it shut and preventing the virus from infecting cells. The findings, published in Nature Communications, offer a promising route to developing broad-spectrum antiviral treatments that could remain effective against future viral variants.


						
SARS-CoV-2, the virus behind COVID-19, continues to be a potential threat as it evolves into newer variants that are resistant to currently approved antibody therapies. Resistance largely emerges because antibodies typically target virus regions, such as the receptor binding domain of the spike protein, that also frequently mutate, enabling escape from antibody recognition.

To address this, a research team led by Prof. Xavier Saelens and Dr. Bert Schepens at the VIB-UGent Center for Medical Biotechnology explored a different strategy by focusing on one of the more stable subunits of the spike protein. The so-called S2 subunit is critical for the virus's ability to fuse with host cells, a process essential for infection, and it is more conserved across different coronaviruses.

A molecular clamp on the virus

The team turned to llamas (more specifically a llama called Winter). Llamas generate so-called single-domain antibodies, also known as VHHs or nanobodies, that are much smaller than the antibodies generated by most animals, including humans. The researchers identified several llama antibodies that strongly neutralize a broad panel of SARS coronaviruses.

What makes these antibodies particularly promising is their unique mode of action: they act like a molecular clamp. They latch onto the poorly exposed, highly conserved region (a coiled coil of 3 alpha helices) at the base of the virus's spike protein. In doing so, they lock the spike protein in its original shape, physically preventing it from unfolding into the form the virus needs to infect cells.

The antibodies showed strong protection against infection in lab animals, even at low doses. And when researchers attempted to force the virus to evolve resistance, the virus struggled, producing only rare escape variants that were much less infectious. This points to a powerful, hard-to-evade treatment option.




"This region is so crucial to the virus that it can't easily mutate without weakening the virus itself," explains Schepens, senior author of the study. "That gives us a rare advantage: a target that's both essential and stable across variants."

Better treatments

This discovery marks a significant advancement in the quest for durable and broadly effective antiviral therapies, offering hope for treatments that can keep pace with viral evolution.

"The combination of high potency, broad activity against numerous viral variants, and a high barrier to resistance is incredibly promising," adds Saelens. "This work provides a strong foundation for developing next-generation antibodies that could be vital in combating not only current but also future coronavirus threats."

This research was made possible with financial support from, among others, the Research Foundation - Flanders (FWO), EOS, EU Horizon 2021, and Exevir.
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Single psilocybin trip delivers two years of depression relief for cancer patients | ScienceDaily
New results from a clinical trial reveal that a single dose of psilocybin -- a naturally occurring psychedelic compound found in mushrooms -- can provide sustained reductions in depression and anxiety in individuals with cancer suffering from major depressive disorder. The findings are published by Wiley online in CANCER, a peer-reviewed journal of the American Cancer Society.


						
People with cancer often struggle with depression. In this phase 2 trial, 28 patients with cancer and major depressive disorder received psychological support from a therapist prior to, during, and following a single 25-mg dose of psilocybin.

During clinical interviews conducted 2 years later, 15 (53.6%) patients demonstrated a significant reduction in depression, and 14 (50%) had sustained depression reduction as well as remission. Similarly, psilocybin reduced anxiety for 12 (42.9%) patients at 2 years.

An ongoing randomized, double-blind trial is currently evaluating up to two doses of 25 mg of psilocybin versus placebo as treatment for depression and anxiety in patients with cancer. This study is building on the single-dose study in an effort to bring a larger majority of the patients into remission of depression and anxiety.

"One dose of psilocybin with psychological support to treat depression has a long-term positive impact on relieving depression for as much as 2 years for a substantial portion of patients with cancer, and we're exploring whether repeating the treatment resolves depression for more than half of the patients," said lead author Manish Agrawal, MD, of Sunstone Therapies. "If randomized testing shows similar results, this could lead to greater use of psilocybin to treat depression in patients with cancer."
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CRISPR-edited stem cells reveal hidden causes of autism | ScienceDaily

Although it is well understood that genetics influence the development of autism spectrum disorder, no one could yet pinpoint the precise cause and mechanism. To study the biological background of diseases, researchers use models: Cell models allow us to study how changes in the genes affect the shape and function of the cell, while animal models show how the change in its cellular components affects health and behavior. Despite significant differences between mice and humans, many disease-causing genes are very similar and cause similar conditions across these species. "One of the problems, however, is the lack of a standardized biological model to study the effects of the different mutations associated with autism spectrum disorder. This makes it difficult to find out, for example, whether they have common effects or what is specific to certain cell types," explains Kobe University neuroscientist TAKUMI Toru.

Thus, twelve years ago, Takumi and his team embarked on a journey to change that. Being experts in studying mouse models of the disorder, they combined a conventional manipulation technique for mouse embryonic stem cells -- cells that can be made to develop into almost any kind of cell in the body -- with the then-newly discovered, highly specific and easy-to-handle CRISPR gene editing system. This new method proved highly efficient in making genetic variants of these cells and allowed the Kobe University team to produce a bank of 63 mouse embryonic stem cell lines of the genetic variants most strongly associated with autism spectrum disorder.

In the journal Cell Genomics, Takumi and his team now published that they were able to develop their cells into a broad range of cell types and tissues, and even generate adult mice with their genetic variations. The analysis of these alone proved that their cell lines were adequate models for studying autism spectrum disorder. However, the cell lines also allowed them to conduct large-scale data analyses to clearly identify genes that are abnormally active, and in which cell types this is the case. 

One of the things the data analysis brought to light is that autism-causing mutations often result in neurons being unable to eliminate misshapen proteins. "This is particularly interesting since the local production of proteins is a unique feature in neurons, and a lack of quality control of these proteins may be a causal factor of neuronal defects," explains Takumi.

The Kobe University neuroscientist expects that his team's achievement, which has been made available to other researchers and can be flexibly integrated with other lab techniques and adjusted to other targets, will be an invaluable resource for the scientific community studying autism and trying to find drug targets. He adds: "Interestingly, the genetic variants we studied are also implicated in other neuropsychiatric disorders such as schizophrenia and bipolar disorder. So, this library may be useful for studying other conditions as well."

This research was funded by the Japan Society for the Promotion of Science (grants 16H06316, 16F16110, 21H00202, 21H04813, 23KK0132, 23H04233, 24H00620, 24H01241, 24K22036, 17K07119 and 21K07820), the Japan Agency for Medical Research and Development (grant JP21wm0425011), the Japan Science and Technology Agency (grants JPMJPF2018, JPMJMS2299 and JPMJMS229B), the National Center of Neurology and Psychiatry (grant 6-9), the Takeda Science Foundation, the Smoking Research Foundation, the Tokyo Biochemical Research Foundation, the Kawano Masanori Memorial Public Interest Incorporated Foundation for Promotion of Pediatrics, the Taiju Life Social Welfare Foundation, the Tokumori Yasumoto Memorial Trust for Researches on Tuberous Sclerosis Complex and Related Rare Neurological Diseases, and Takeda Pharmaceutical Company Ltd. It was conducted in collaboration with researchers from the RIKEN Center for Brain Science, Radboud University, the RIKEN Center for Integrative Medical Sciences, the Agency for Science, Technology and Research, the RIKEN Center for Biosystems Dynamics Research, and Hiroshima University.

Kobe University is a national university with roots dating back to the Kobe Higher Commercial School founded in 1902. It is now one of Japan's leading comprehensive research universities with nearly 16,000 students and nearly 1,700 faculty in 11 faculties and schools and 15 graduate schools. Combining the social and natural sciences to cultivate leaders with an interdisciplinary perspective, Kobe University creates knowledge and fosters innovation to address society's challenges.
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Space-laser AI maps forest carbon in minutes-a game-changer for climate science | ScienceDaily
Satellite data used by archaeologists to find traces of ancient ruins hidden under dense forest canopies can also be used to improve the speed and accuracy to measure how much carbon is retained and released in forests.


						
Understanding this carbon cycle is key to climate change research, according to Hamdi Zurqani, an assistant professor of geospatial science for the Arkansas Forest Resources Center and the College of Forestry, Agriculture and Natural Resources at the University of Arkansas at Monticello. The center is headquartered at UAM and conducts research and extension activities through the Arkansas Agricultural Experiment Station and the Cooperative Extension Service, the University of Arkansas System Division of Agriculture's research and outreach arms.

"Forests are often called the lungs of our planet, and for good reason," Zurqani said. "They store roughly 80 percent of the world's terrestrial carbon and play a critical role in regulating Earth's climate."

To measure a forest's carbon cycle, a calculation of forest aboveground biomass is needed. Though effective, traditional ground-based methods for estimating forest aboveground biomass are labor-intensive, time-consuming and limited in spatial coverage abilities, Zurqani said.

In a study recently published in Ecological Informatics, Zurqani shows how information from open-access satellites can be integrated on Google Earth Engine with artificial intelligence algorithms to quickly and accurately map large-scale forest aboveground biomass, even in remote areas where accessibility is often an issue.

Zurqani's novel approach uses data from NASA's Global Ecosystem Dynamics Investigation LiDAR, also known as GEDI LiDAR, which includes three lasers installed on the International Space Station. The system can precisely measure three-dimensional forest canopy height, canopy vertical structure and surface elevation. LiDAR stands for "light detection and ranging" and uses light pulses to measure distance and create 3D models.

Zurqani also used imagery data from the European Space Agency's collection of Earth observation Copernicus Sentinel satellites -- Sentinel-1 and Sentinel-2. Combining the 3D imagery from GEDI and the optical imagery from the Sentinels, Zurqani improved the accuracy of biomass estimations.




The study tested four machine learning algorithms to analyze the data: Gradient tree boosting, random forest, classification and regression trees, or CART, and support vector machine. Gradient tree boosting achieved the highest accuracy score and the lowest error rates. Random forest came in second, proving reliable but slightly less precise. CART provided reasonable estimates but tended to focus on a smaller subset. The support vector machine algorithm struggled, Zurqani said, highlighting that not all AI models are equally suited for estimating aboveground forest biomass in this study.

The most accurate predictions, Zurqani said, came from combining Sentinel-2 optical data, vegetation indices, topographic features, and canopy height with the GEDI LiDAR dataset serving as the reference input for both training and testing the machine learning models, showing that multi-source data integration is critical for reliable biomass mapping.

Why it matters

Zurqani said that accurate forest biomass mapping has real-world implications for better accounting of carbon and improved forest management on a global scale. With more accurate assessments, governments and organizations can more precisely track carbon sequestration and emissions from deforestation to inform policy decisions.

The road ahead

While the study marks a leap forward in measuring aboveground forest biomass, Zurqani said the challenges remaining include the impact weather can have on satellite data. Some regions still lack high-resolution LiDAR coverage. He added that future research may explore deeper AI models, such as neural networks, to refine predictions further.

"One thing is clear," Zurqani said. "As climate change intensifies, technology like this will be indispensable in safeguarding our forests and the planet."
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Brain food fight: Rutgers maps the hidden switch that turns cravings on and off | ScienceDaily
Scientists know the stomach talks to the brain, but two new studies from Rutgers Health researchers suggest the conversation is really a tug-of-war, with one side urging another bite, the other signaling "enough."


						
Together, the papers in Nature Metabolism and Nature Communications trace the first complementary wiring diagram of hunger and satiety in ways that could refine today's blockbuster weight-loss drugs and blunt their side effects.

One study, led by Zhiping Pang of Robert Wood Johnson Medical School's Center for NeuroMetabolism, pinpointed a slender bundle of neurons that runs from the hypothalamus to the brainstem.

The cells bristle with GLP-1 receptors, the proteins mimicked by weight-loss drugs such as Ozempic. When Pang's team hit the pathway with pulses of light, well-fed mice quit eating; when they silenced the circuit or deleted the receptor, the animals packed on weight. Fasting weakened the connection until a burst of natural or synthetic GLP-1 restored it.

"The synapse is a volume knob that only turns up when energy stores are low," Pang said, warning that drugs that keep the signal high around the clock could disrupt the brain's normal rhythm and create some of the side effects of GLP-1 drugs such as nausea, vomiting, constipation or diarrhea and muscle wasting.

For the other paper, Mark Rossi, who co-leads the Center for NeuroMetabolism with Pang, charted the circuit that triggers hunger. His group traced inhibitory neurons in the stria terminalis to similar cells in the lateral hypothalamus.

When researchers triggered the connection, a suddenly hungry mouse would sprint for sugar water; when they blocked it, the animals lounged even after a long fast.




Hormones modulated the effect. An injection of ghrelin, the gut's hunger messenger, revved food seeking, while leptin, the satiety signal, slammed it shut. Overfed mice gradually lost the response, but it returned after diets made them thin again.

"Pang's pathway shuts things down," Rossi said. "Ours steps on the accelerator."

Although the circuits sit in different corners of the brain, members of both teams saw the same principle: Energy state rewires synapses quickly. During a fast, the hunger circuit gains sensitivity while the satiety circuit loosens; after a meal, the relationship flips.

It is the first time researchers have watched the push-pull mechanism operate in parallel pathways, a yin-yang arrangement that may explain why diets and drugs that treat only one side of the equation often lose power over time and may help in making drugs that work even better than today's generation of GLP-1 medications.

GLP-1 mimics such as Wegovy and Zepbound can trigger double-digit weight loss but also nausea, diarrhea and, in some cases, muscle wasting. Pang's data suggest a therapy targeting only the brainstem circuit and sparing peripheral organs might curb eating without the side effects. Conversely, Rossi's work hints that restoring the body's response to the hunger-regulating hormone ghrelin could help dieters who plateau after months of calorie cutting.

Both projects relied on the modern toolkit of neural biology - optogenetics to fire axons with laser light, chemogenetics to silence them, fiber-optic photometry to watch calcium pulses and old-fashioned patch-clamp recordings to monitor single synapses. Those techniques allowed the researchers to tune individual pathways with a precision that has only recently become possible.

Follow-up work from both teams will explore more questions that could improve drug design. Pang wants to measure GLP-1 release in real time to see whether short bursts, rather than constant exposure, are enough to calm appetite. Rossi is cataloging the molecular identity of his hunger-trigger cells in hopes of finding drug targets that steer craving without crushing the joy of eating.

"You want to keep the system's flexibility," Rossi said. "It's the difference between dimming the lights and flicking them off."

Allowing the brain to correctly rebalance the desire to eat or stop eating throughout the day, rather than using drugs to keep desire constantly low, may be an important ingredient in tomorrow's weight-loss prescriptions.
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Sugar shield restored: The breakthrough reversing brain aging and memory loss | ScienceDaily
In a compelling Genomic Press Interview published today in Brain Medicine, Sophia Shi, PhD, unveils her pioneering research that fundamentally changes our understanding of brain aging and opens revolutionary therapeutic pathways for Alzheimer's disease and related neurodegenerative conditions.


						
Uncovering the Brain's Hidden Shield

Dr. Shi's groundbreaking work focuses on the glycocalyx, a complex "forest" of sugar molecules coating blood-brain barrier endothelial cells. Her research, recently published in Nature, demonstrates that this protective layer deteriorates dramatically with age, leading to blood-brain barrier dysfunction and neuroinflammation, key drivers of cognitive decline and neurodegenerative diseases.

"The glycocalyx acts like a protective shield for the brain's blood vessels," Dr. Shi explains. "When we restored these critical sugar molecules in aged mice, we saw remarkable improvements in both barrier integrity and cognitive function." This discovery represents the first time scientists have successfully reversed age-related blood-brain barrier dysfunction through glycocalyx restoration.

From Puzzles to Proteins: A Scientific Journey

Dr. Shi's path to this breakthrough began with childhood fascinations with puzzles and pattern recognition, skills that would later prove invaluable in decoding the complex language of glycosylation. Working under the mentorship of Nobel laureate Carolyn Bertozzi and renowned neurobiologist Tony Wyss-Coray at Stanford, she bridged two distinct fields, glycobiology and neuroscience, to tackle questions others had overlooked.

Her interdisciplinary approach faced significant challenges. How do you study molecules so structurally complex that they've resisted traditional analysis methods? What techniques can capture the dynamic nature of glycosylation in living brain tissue? Dr. Shi's innovative solutions to these problems exemplify the power of cross-disciplinary thinking in modern biomedical research.




Recognition and Research Excellence

The impact of Dr. Shi's work extends far beyond the laboratory. Her research garnered the prestigious David S. Miller Young Scientist Award at the Cerebral Vascular Biology Conference, recognizing her as one of the field's most promising young investigators. Perhaps more remarkably, she is launching her independent laboratory at Harvard's prestigious Rowland Institute directly from doctoral training -- a rare achievement that speaks to the transformative potential of her discoveries.

"Post-translational modifications like glycosylation have been understudied for too long," Dr. Shi notes. "These modifications can completely transform protein function, yet we're only beginning to understand their role in brain health and disease." Her work positions glycoscience at the forefront of neurodegeneration research, challenging long-held assumptions about therapeutic targets.

Therapeutic Implications and Future Directions

The therapeutic implications of Dr. Shi's findings are profound. By identifying specific mucin-type O-glycans as critical for blood-brain barrier integrity, her research provides concrete molecular targets for drug development. This precision approach could lead to treatments that address the root causes of neurodegeneration rather than merely managing symptoms.

Intriguing questions emerge from this work: Can glycocalyx restoration prevent or slow Alzheimer's disease progression in humans? How early in the aging process do these protective molecules begin to deteriorate? What environmental or genetic factors influence glycocalyx health throughout the lifespan? These questions will drive the next phase of Dr. Shi's research program at Harvard.




Building an Inclusive Scientific Future

Beyond her scientific contributions, Dr. Shi is committed to fostering diversity in science. "It's easy to feel isolated or like you don't belong in science, especially without early exposure or role models," she reflects. Her dedication to mentoring and creating inclusive research environments promises to amplify her impact by inspiring the next generation of interdisciplinary scientists.

The interview reveals how personal experiences shape scientific pursuits. Dr. Shi's appreciation for hiking and trail running mirrors her approach to research: seeking new perspectives from challenging vantage points. This blend of rigorous science with human experience characterizes the new generation of biomedical researchers.Implications for Brain Medicine

Dr. Shi's discoveries raise fundamental questions about how we approach brain aging and disease. If glycocalyx deterioration is a common pathway in multiple neurodegenerative conditions, could targeting these molecules provide a unified therapeutic strategy? How might lifestyle factors influence glycocalyx health? These considerations could reshape preventive medicine approaches for brain health.

The transition from viewing the blood-brain barrier as a simple wall to understanding it as a dynamic, sugar-coated interface represents a paradigm shift in neuroscience. This new perspective demands innovative research approaches and may explain why previous therapeutic strategies targeting the barrier have shown limited success.

Dr. Sophia Shi's Genomic Press interview is part of a larger series called Innovators & Ideas that highlights the people behind today's most influential scientific breakthroughs. Each interview in the series offers a blend of cutting-edge research and personal reflections, providing readers with a comprehensive view of the scientists shaping the future. By combining a focus on professional achievements with personal insights, this interview style invites a richer narrative that both engages and educates readers. This format provides an ideal starting point for profiles that explore the scientist's impact on the field, while also touching on broader human themes.
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Invisible ID: How a single breath could reveal your health-and your identity | ScienceDaily
Your breath is one of a kind. A study published June 12 in the Cell Press journal Current Biology demonstrated that scientists can identify individuals based solely on their breathing patterns with 96.8% accuracy. These nasal respiratory "fingerprints" also offer insights into physical and mental health.


						
The research stemmed from the lab's interest in olfaction, or the sense of smell. In mammals, the brain processes odor information during inhalation. This link between the brain and breathing led researchers to wonder: since every brain is unique, wouldn't each person's breathing pattern reflect that?

To test the idea, the team developed a lightweight wearable device that tracks nasal airflow continuously for 24 hours using soft tubes placed under the nostrils. Most breathing tests last just one to 20 minutes, focusing on evaluating lung function or diagnosing disease. But those brief snapshots aren't enough to capture subtle patterns.

"You would think that breathing has been measured and analyzed in every way," says author Noam Sobel of the Weizmann Institute of Science, Israel. "Yet we stumbled upon a completely new way to look at respiration. We consider this as a brain readout."

Sobel's team fitted 100 healthy young adults with the device and asked them to go about their daily lives. Using the collected data, the team identified individuals using only their breathing patterns with high accuracy. This high-level accuracy remained consistent across multiple retests conducted over a two-year period, rivaling the precision of some voice recognition technologies.

"I thought it would be really hard to identify someone because everyone is doing different things, like running, studying, or resting," says author Timna Soroka of the Weizmann Institute of Science. "But it turns out their breathing patterns were remarkably distinct."

Moreover, the study found that these respiratory fingerprints correlated with a person's body mass index, sleep-wake cycle, levels of depression and anxiety, and even behavioral traits. For example, participants who scored relatively higher on anxiety questionnaires had shorter inhales and more variability in the pauses between breaths during sleep. Soroka noted that none of the participants met clinical diagnostic criteria for mental or behavioral conditions. The results suggest that long-term nasal airflow monitoring may serve as a window into physical and emotional well-being.

"We intuitively assume that how depressed or anxious you are changes the way you breathe," says Sobel. "But it might be the other way around. Perhaps the way you breathe makes you anxious or depressed. If that's true, we might be able to change the way you breathe to change those conditions."

The current device still faces real-world challenges. A tube that runs under the nose is often associated with illness and may deter adoption. The device also doesn't account for mouth breathing and can slip out of place when sleeping. The team aims to design a more discreet and comfortable version for everyday use.

Soroka and Sobel are already investigating whether people can mimic healthy breathing patterns to improve their mental and emotional states. "We definitely want to go beyond diagnostics to treatment, and we are cautiously optimistic," says Sobel.
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Sleep-in science: How 2 extra weekend hours can calm teen anxiety | ScienceDaily
A new study to be presented at the SLEEP 2025 annual meeting found that teens who get moderate -- but not excessive -- catch-up sleep on weekends have fewer symptoms of anxiety.


						
Results show that teens who got up to two more hours of sleep on weekends than on weekdays exhibited fewer anxiety symptoms compared with those who did not sleep longer on weekends. However, longer durations of catch-up sleep on weekends were associated with slightly more internalizing symptoms.

"The results show that both sleeping less on weekends than weekdays and sleeping substantially more on weekends were associated with higher anxiety symptoms," said lead author Sojeong Kim, a doctoral candidate in the department of clinical psychology and psychology graduate advisor at the University of Oregon in Eugene. "In contrast, moderate catch-up sleep -- defined as less than two hours -- was associated with lower anxiety symptoms, suggesting that some weekend recovery sleep may be beneficial."

The American Academy of Sleep Medicine recommends that teenagers 13 to 18 years of age should sleep 8 to 10 hours on a regular basis to promote optimal health. However, CDC data show that only 23% of high school students get sufficient sleep on an average school night.

"Many teens try to make up for lost sleep by sleeping in on weekends," Kim said.

Consistently getting sufficient sleep is associated with better health outcomes including improved attention, behavior, learning, memory, emotional regulation, quality of life, and mental and physical health. In contrast, insufficient sleep in teenagers is associated with increased risks of problems such as depression and suicidal thoughts.

The study involved 1,877 adolescents with a mean age of 13.5 years. Sleep duration was estimated using Fitbit devices, while internalizing symptoms were assessed using the Child Behavior Checklist survey. Weekend catch-up sleep was calculated as the difference between weekend and weekday sleep duration.




Kim noted that it is important to identify the right amount of catch-up sleep that is beneficial to teens who restrict their sleep during the week.

"Too little or too much sleep variability from weekday to weekend may contribute to the symptoms someone is trying to combat, like physical or mental fatigue and feelings of anxiety," she said.

The research abstract was published recently in an online supplement of the journal Sleep and will be presented Wednesday, June 11, during SLEEP 2025 in Seattle. SLEEP is the annual meeting of the Associated Professional Sleep Societies, a joint venture of the American Academy of Sleep Medicine and the Sleep Research Society.

Abstract Title: The Sweet Spot of Weekend Catch-Up Sleep: A Protective Factor Against Depressive Symptoms?

Abstract ID: 0263
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Johns Hopkins blood test detects tumor dna three years early | ScienceDaily
Genetic material shed by tumors can be detected in the bloodstream three years prior to cancer diagnosis, according to a study led by investigators at the Ludwig Center at Johns Hopkins, Johns Hopkins Kimmel Cancer Center, the Johns Hopkins University School of Medicine and the Johns Hopkins Bloomberg School of Public Health.


						
The study, partly funded by the National Institutes of Health, was published May 22 in Cancer Discovery.

Investigators were surprised they could detect cancer-derived mutations in the blood so much earlier, says lead study author Yuxuan Wang, M.D., Ph.D., an assistant professor of oncology at the Johns Hopkins University School of Medicine. "Three years earlier provides time for intervention. The tumors are likely to be much less advanced and more likely to be curable."

To determine how early cancers could be detected prior to clinical signs or symptoms, Wang and colleagues assessed plasma samples that were collected for the Atherosclerosis Risk in Communities (ARIC) study, a large National Institutes of Health-funded study to investigate risk factors for heart attack, stroke, heart failure and other cardiovascular diseases. They used highly accurate and sensitive sequencing techniques to analyze blood samples from 26 participants in the ARIC study who were diagnosed with cancer within six months after sample collection, and 26 from similar participants who were not diagnosed with cancer.

At the time of blood sample collection, eight of these 52 participants scored positively on a multicancer early detection (MCED) laboratory test. All eight were diagnosed within four months following blood collection. For six of the eight individuals, investigators also were able to assess additional blood samples collected 3.1-3.5 years prior to diagnosis, and in four of these cases, tumor-derived mutations could also be identified in samples taken at the earlier timepoint.

"This study shows the promise of MCED tests in detecting cancers very early, and sets the benchmark sensitivities required for their success," says Bert Vogelstein, M.D., Clayton Professor of Oncology, co-director of the Ludwig Center at Johns Hopkins and a senior author on the study.

"Detecting cancers years before their clinical diagnosis could help provide management with a more favorable outcome," adds Nickolas Papadopoulos, Ph.D., professor of oncology, Ludwig Center investigator and senior author of the study. "Of course, we need to determine the appropriate clinical follow-up after a positive test for such cancers."

The study was supported in part by National Institutes of Health grant #s R21NS113016, RA37CA230400, U01CA230691, P30 CA 06973, DRP 80057309, and U01 CA164975. Additional funding was provided by the Virginia and D.K. Ludwig Fund for Cancer Research, the Commonwealth Fund, the Thomas M Hohman Memorial Cancer Research Fund, The Sol Goldman Sequencing Facility at Johns Hopkins, The Conrad R. Hilton Foundation, the Benjamin Baker Endowment, Swim Across America, Burroughs Wellcome Career Award for Medical Scientists, Conquer Cancer -- Fred J. Ansfield, MD, Endowed Young Investigator Award, and The V Foundation for Cancer Research. The Atherosclerosis Risk in Communities study has been funded in whole or in part with federal funds from the National Heart, Lung, and Blood Institute, National Institutes of Health, Department of Health and Human Services, under contract numbers 75N92022D00001, 75N92022D00002, 75N92022D00003, 75N92022D00004, and 75N92022D00005.
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Running rewires your brain cells-igniting memory-saving genes against alzheimer's | ScienceDaily
Using advanced single-nuclei RNA sequencing (snRNA-seq) and a widely used preclinical model for Alzheimer's disease, researchers from Mass General Brigham and collaborators at SUNY Upstate Medical University have identified specific brain cell types that responded most to exercise. These findings, which were validated in samples from people, shed light on the connection between exercise and brain health and point to future drug targets. Results are published in Nature Neuroscience.


						
"While we've long known that exercise helps protect the brain, we didn't fully understand which cells were responsible or how it worked at a molecular level," said senior author Christiane D. Wrann, DVM, PhD, a neuroscientist and leader of the Program in Neuroprotection in Exercise at the Mass General Brigham Heart and Vascular Institute and the McCance Center for Brain Health at Massachusetts General Hospital. "Now, we have a detailed map of how exercise impacts each major cell type in the memory center of the brain in Alzheimer's disease."

The study focused on a part of the hippocampus -- a critical region for memory and learning that is damaged early in Alzheimer's disease. The research team leveraged single-nuclei RNA sequencing, a relatively new technologies that allow researchers to look at activity at the molecular level in single cells for an in-depth understanding of diseases like Alzheimer's.

The researchers exercised a common mouse model for Alzheimer's disease using running wheels, which improved their memory compared to the sedentary counterparts. They then analyzed gene activity across thousands of individual brain cells, finding that exercise changed activity both in microglia, a disease-associated population of brain cells, and in a specific type of neurovascular-associated astrocyte (NVA), newly discovered by the team, which are cells associated with blood vessels in the brain. Furthermore, the scientist identified the metabolic gene Atpif1 as an important regulator to create new neurons in the brain. "That we were able to modulate newborn neurons using our new target genes set underscores the promise our study," said lead author Joana Da Rocha, PhD, a postdoctoral fellow working in Dr. Wrann's lab.

To ensure the findings were relevant to humans, the team validated their discoveries in a large dataset of human Alzheimer's brain tissue, finding striking similarities.

"This work not only sheds light on how exercise benefits the brain but also uncovers potential cell-specific targets for future Alzheimer's therapies," said Nathan Tucker, a biostatistician at SUNY Upstate Medical University and co-senior of the study. "Our study offers a valuable resource for the scientific community investigating Alzheimer's prevention and treatment."

Authorship: In addition to da Rocha and Wrann, Mass General Brigham authors include Renhao Luo, Pius Schlachter, Luis Moreira, Mohamed Ariff Iqbal, Paula Kuhn, Sophia Valaris, Mohammad R. Islam, Gabriele M. Gassner, Sofia Mazuera, Kaela Healy, Sanjana Shastri, Nathaniel B. Hibbert, Kristen V. Moran-Figueroa, Erin B. Haley, Sema Aygar, and Ksenia V. Kastanenka. Additional authors include Michelle L. Lance, Robert S. Gardner, Ryan D. Pfeiffer, Logan Brase, Oscar Harari, Bruno A. Benitez, and Nathan R. Tucker.

Disclosures: Wrann is an academic co-founder and consultant for Aevum Therapeutics. Wrann has a financial interest in Aevum Therapeutics, a company developing drugs that harness the protective molecular mechanisms of exercise to treat neurodegenerative and neuromuscular disorders. Wrann's interests were reviewed and are managed by Massachusetts General Hospital and Mass General Brigham in accordance with their conflict of interest policies.

Funding: This study was funded in part by the National Institutes of Health (NS117694, AG062904, AG064580, AG072054, HL140187, AG066171, AG057777, AG072464, NS118146, NS127211), Cure Alzheimer's Fund, Alzheimer Association Research Grant, SPARC Award from the McCance Center for Brain Health, Hassenfeld Clinical Scholar Award, Claflin Distinguished Scholar Award, BIDMC 2023 Translational Research Hub Spark Grant Award, Massachusetts General Hospital Fund for Medical Discovery (2024A022508), ADDF-Harrington
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Guest molecules ride perfect waves in dna droplets-A breakthrough for synthetic biology | ScienceDaily
Researchers at Johannes Gutenberg University Mainz (JGU), the Max Planck Institute for Polymer Research and the University of Texas at Austin have identified a form of molecular motion that has not previously been observed. When what are known as 'guest molecules' - molecules that are accommodated within a host molecule - penetrate droplets of DNA polymers, they do not simply diffuse in them in a haphazard fashion, but propagate through them in the form of a clearly-defined frontal wave. "This is an effect we did not expect at all," points out Weixiang Chen of the Department of Chemistry at JGU, who played a major role in the discovery. The findings of the research team have today been published in an article in the prestigious journal Nature Nanotechnology. The new insights are not only fundamental to our understanding of how cells regulate signals, but they could also contribute to the development of intelligent biomaterials, innovative types of membranes, programmable carriers of active ingredients and synthetic cell systems able to imitate the organizational complexity of the processes in living beings. Molecular wave patterns instead of conventional diffusion


						
It is usually the case that molecules are distributed throughout liquids by means of simple diffusion. For instance, if you add a blue dye to a glass of water, the dye gradually disperses in the liquid, forming soft, blurry color gradients. However, the observed behavior of guest molecules in DNA droplets is quite different. "The molecules move in a structured and controlled manner that is contrary to the traditional models, and this takes the form of what appears to be a wave of molecules or a mobile boundary," explains Professor Andreas Walther from JGU's Department of Chemistry, who led the research project.

The research team used droplets made up of thousands of individual strands of DNA, structures that are also known as biomolecular condensates. What is of particular interest in this connection is the fact that the properties of the droplets can be precisely determined with the help of the DNA structures and other parameters, such as the concentration of salts. Moreover, these droplets have their counterparts in biological cells, which are able to employ similar condensates to arrange complex biochemical processes without the need for membranes. "Our synthetic droplets thus represent an excellent model system with which we can simulate natural processes and come to better understand them," emphasizes Chen. Into their droplets, the researchers introduced specially designed 'guest' DNA strands that are able to specifically recognize the inner structure of the droplets and bind to them. According to the team, the intriguing motion of the guest molecules, that they have now detected for the first time, is in part attributable to the way that the added DNA and the DNA present in the droplets combine on the basis of the key-and-lock principle. This means that the surrounding material becomes less dense and no longer fixed in place, so that swollen, dynamic states develop locally. Chen adds: "The well-defined, highly concentrated front continues to move forward in a linear fashion over time, driven by chemical binding, material conversion and programmable DNA interactions. Something that is completely new when it comes to soft matter."

 New basis for understanding cellular processes 

The findings are not only relevant to providing us with a better understanding of the physics of soft matter, but also to improving our knowledge of the chemical processes that occur in cells. "This might be one of the missing pieces of the puzzle that, once assembled, will reveal to us how cells regulate signals and organize processes on the molecular level," states Walther. This would also be of interest when it comes to the treatment of neurodegenerative disorders in which proteins migrate from cell nuclei into the cytoplasm, forming condensates there. As these age, they transform from a dynamic to a more stable state and build the problematic fibrils. "It is quite conceivable that we may be able to find a way of influencing these aging processes with the aid of our new insights, so that, over the long term, an entirely new approach to the treatment of neurodegenerative diseases could emerge," concludes Walther.
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        Thinking AI models emit 50x more CO2--and often for nothing
        Every query typed into a large language model (LLM), such as ChatGPT, requires energy and produces CO2 emissions. Emissions, however, depend on the model, the subject matter, and the user. Researchers have now compared 14 models and found that complex answers cause more emissions than simple answers, and that models that provide more accurate answers produce more emissions. Users can, however, to an extent, control the amount of CO2 emissions caused by AI by adjusting their personal use of the te...

      

      
        Massive thread of hot gas found linking galaxies -- and it's 10 times the mass of the Milky Way
        Astronomers have uncovered a colossal, searing-hot filament of gas linking four galaxy clusters in the Shapley Supercluster a discovery that could finally solve the mystery of the Universe s missing matter. This giant thread, 10 times the mass of the Milky Way and stretching 23 million light-years, is one of the best confirmations yet of what cosmological simulations have long predicted: that vast, faint filaments connect the Universe s largest structures in a cosmic web.

      

      
        The AI that writes climate-friendly cement recipes in seconds
        AI researchers in Switzerland have found a way to dramatically cut cement s carbon footprint by redesigning its recipe. Their system simulates thousands of ingredient combinations, pinpointing those that keep cement strong while emitting far less CO2 all in seconds.

      

      
        You hear the beep, but can't find the car: The hidden flaw in electric vehicle safety
        As electric vehicles grow more popular, their warning sounds may not be doing enough to protect pedestrians. A Swedish study shows that these signals are hard to locate, especially when multiple vehicles are involved, leaving people unable to tell where danger is coming from or how many cars are nearby.

      

      
        A thousand colors, one galaxy: Astronomers reveal a cosmic masterpiece
        Astronomers have produced the most detailed map yet of the Sculptor Galaxy, revealing hundreds of previously unseen celestial features in stunning color and resolution. By combining over 50 hours of observations using the European Southern Observatory s Very Large Telescope, scientists captured a full-spectrum portrait that unravels the galaxy s stellar makeup in thousands of colors. This revolutionary technique offers an unprecedented look at the age, composition, and motion of stars and gas acr...

      

      
        From shortage to supremacy: How Sandia and the CHIPS Act aim to reboot US chip power
        Once a global leader in chipmaking, the U.S. now lags behind. Sandia National Laboratories is spearheading a strategic comeback by joining a powerful new coalition the National Semiconductor Technology Center. Through cutting-edge research, collaborative partnerships, and workforce development, Sandia is aiming to reclaim semiconductor dominance, safeguard national security, and revolutionize tech innovation for everything from self-driving cars to AI processors.

      

      
        Biggest boom since the Big Bang? Astronomers record 25x supernova brightness
        Astronomers have identified a new kind of cosmic explosion extreme nuclear transients so powerful they outshine typical supernovae by orders of magnitude and stay bright for years. Triggered when massive stars are torn apart by supermassive black holes, these rare events emit energy that challenges previous theories of stellar death.

      

      
        Saving energy: New method guides magnetism without magnets
        In a leap toward greener tech, researchers at the Paul Scherrer Institute have discovered a way to control magnetic textures using electric fields no bulky magnets needed. Their star material? A strange crystal called copper oxyselenide, where magnetic patterns like helices and cones swirl at low temperatures. By zapping it with different electric fields, they could bend, twist, and even flip these patterns a first in the world of magnetoelectrics. This opens the door to ultra-efficient data stor...

      

      
        Heavy particles, big secrets: What happened right after the Big Bang
        Smashing atomic nuclei together at mind-bending speeds recreates the fiery conditions of the early universe and scientists are finally getting a better handle on what happens next. A sweeping new study dives deep into how ultra-heavy particles behave after these high-energy collisions, revealing they don t just vanish after the initial impact but continue interacting like silent messengers from the dawn of time. This behavior, once overlooked, may hold the key to unraveling the universe s most my...

      

      
        Cozmic's Milky Way clones are cracking the universe's dark code
        Scientists have built detailed Milky Way simulations under strange new physical laws to probe dark matter, revealing how different versions of the universe might behave and helping us get closer to the real one.

      

      
        Robots that feel heat, pain, and pressure? This new "skin" makes it possible
        Researchers have created a revolutionary robotic skin that brings machines closer to human-like touch. Made from a flexible, low-cost gel material, this skin transforms the entire surface of a robotic hand into a sensitive, intelligent sensor. Unlike traditional robotic skins that rely on a patchwork of different sensors, this material can detect pressure, temperature, pain, and even distinguish multiple contact points all at once.

      

      
        Tiny orange beads found by Apollo astronauts reveal moon's explosive past
        When Apollo astronauts stumbled across shimmering orange beads on the moon, they had no idea they were gazing at ancient relics of violent volcanic activity. These glass spheres, tiny yet mesmerizing, formed billions of years ago during fiery eruptions that launched molten droplets skyward, instantly freezing in space. Now, using advanced instruments that didn't exist in the 1970s, scientists have examined the beads in unprecedented detail. The result is a remarkable window into the moon s dynami...

      

      
        Magnetic mayhem at the sun's poles: First images reveal a fiery mystery
        For the first time in history, we re seeing the Sun from an angle no one ever has: from above and below its poles. Thanks to the European Space Agency s Solar Orbiter and its tilted orbit, scientists have captured groundbreaking images and data that are unlocking mysteries about the Sun s magnetic field, its puzzling 11-year cycle, and the powerful solar wind. Instruments aboard the spacecraft are already revealing strange, chaotic magnetic behavior near the Sun s south pole and tracking solar pa...

      

      
        Galactic mystery: Why massive stars struggle to form in the Milky Way's center
        At the heart of our galaxy lies a cosmic puzzle: although the Galactic Center is packed with star-making material, massive stars form there surprisingly slowly. Using NASA's retired SOFIA observatory, scientists captured rare high-resolution infrared views that revealed dozens of new stars being born, but not in the numbers or sizes one might expect.

      

      
        Impossible signal from deep beneath Antarctic ice baffles physicists
        A cosmic particle detector in Antarctica has emitted a series of bizarre signals that defy the current understanding of particle physics, according to an international research group that includes scientists from Penn State. The unusual radio pulses were detected by the Antarctic Impulsive Transient Antenna (ANITA) experiment, a range of instruments flown on balloons high above Antarctica that are designed to detect radio waves from cosmic rays hitting the atmosphere.

      

      
        AI Reveals Milky Way's Black Hole Spins Near Top Speed
        AI has helped astronomers crack open some of the universe s best-kept secrets by analyzing massive datasets about black holes. Using over 12 million simulations powered by high-throughput computing, scientists discovered that the Milky Way's central black hole is spinning at nearly maximum speed. Not only did this redefine theories about black hole behavior, but it also showed that the emission is driven by hot electrons in the disk, not jets, challenging long-standing models.

      

      
        Passive cooling breakthrough could slash data center energy use
        UC San Diego engineers have created a passive evaporative cooling membrane that could dramatically slash energy use in data centers. As demand for AI and cloud computing soars, traditional cooling systems struggle to keep up efficiently. This innovative fiber membrane uses capillary action to evaporate liquid and draw heat away without fans or pumps. It performs with record-breaking heat flux and is stable under high-stress operation.

      

      
        Why giant planets might form faster than we thought
        Astronomers using ALMA have uncovered how gas and dust in planet-forming disks evolve separately an insight that reshapes our understanding of how different types of planets form. While dust lingers, gas dissipates quickly, narrowing the window for the formation of gas giants like Jupiter.

      

      
        This quantum sensor tracks 3D movement without GPS
        Physicists at the University of Colorado Boulder have created a groundbreaking quantum device that can measure 3D acceleration using ultracold atoms, something once thought nearly impossible. By chilling rubidium atoms to near absolute zero and splitting them into quantum superpositions, the team has built a compact atom interferometer guided by AI to decode acceleration patterns. While the sensor still lags behind traditional GPS and accelerometers, it's poised to revolutionize navigation for ve...

      

      
        Scientists just solved a 40-year-old mystery about quasicrystals
        Scientists at the University of Michigan have unlocked a long-standing mystery about quasicrystals exotic materials that straddle the line between the orderly structure of crystals and the chaos of glass. These rare solids, which once seemed to break the rules of physics, are now shown to be fundamentally stable through cutting-edge quantum simulations. The findings not only validate their existence but also open the door to designing next-generation materials using powerful new computational tec...

      

      
        Webb space telescope reveals starburst galaxies that lit up the early universe
        Data from NASA's James Webb Space Telescope has revealed dozens of small galaxies that played a starring role in a cosmic makeover that transformed the early universe into the one we know today.

      

      
        Guest molecules ride perfect waves in dna droplets--A breakthrough for synthetic biology
        Scientists have uncovered a previously unknown type of molecular motion inside DNA-based droplets: instead of spreading randomly, guest molecules advance in an organized wave. This surprising discovery opens the door to understanding how cells might organize internal processes without membranes. Using customizable DNA condensates as experimental models, the team showed how molecular waves emerge through precise DNA interactions. These insights could not only transform our grasp of cellular signal...
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Thinking AI models emit 50x more CO2-and often for nothing | ScienceDaily
No matter which questions we ask an AI, the model will come up with an answer. To produce this information - regardless of whether than answer is correct or not - the model uses tokens. Tokens are words or parts of words that are converted into a string of numbers that can be processed by the LLM.


						
This conversion, as well as other computing processes, produce CO2 emissions. Many users, however, are unaware of the substantial carbon footprint associated with these technologies. Now, researchers in Germany measured and compared CO2 emissions of different, already trained, LLMs using a set of standardized questions.

"The environmental impact of questioning trained LLMs is strongly determined by their reasoning approach, with explicit reasoning processes significantly driving up energy consumption and carbon emissions," said first author Maximilian Dauner, a researcher at Hochschule Munchen University of Applied Sciences and first author of the Frontiers in Communication study. "We found that reasoning-enabled models produced up to 50 times more CO2 emissions than concise response models."

'Thinking' AI causes most emissions

The researchers evaluated 14 LLMs ranging from seven to 72 billion parameters on 1,000 benchmark questions across diverse subjects. Parameters determine how LLMs learn and process information.

Reasoning models, on average, created 543.5 'thinking' tokens per questions, whereas concise models required just 37.7 tokens per question. Thinking tokens are additional tokens that reasoning LLMs generate before producing an answer. A higher token footprint always means higher CO2 emissions. It doesn't, however, necessarily mean the resulting answers are more correct, as elaborate detail that is not always essential for correctness.

The most accurate model was the reasoning-enabled Cogito model with 70 billion parameters, reaching 84.9% accuracy. The model produced three times more CO2 emissions than similar sized models that generated concise answers. "Currently, we see a clear accuracy-sustainability trade-off inherent in LLM technologies," said Dauner. "None of the models that kept emissions below 500 grams of CO2 equivalent achieved higher than 80% accuracy on answering the 1,000 questions correctly." CO2 equivalent is the unit used to measure the climate impact of various greenhouse gases.




Subject matter also resulted in significantly different levels of CO2 emissions. Questions that required lengthy reasoning processes, for example abstract algebra or philosophy, led to up to six times higher emissions than more straightforward subjects, like high school history.

Practicing thoughtful use 

The researchers said they hope their work will cause people to make more informed decisions about their own AI use. "Users can significantly reduce emissions by prompting AI to generate concise answers or limiting the use of high-capacity models to tasks that genuinely require that power," Dauner pointed out.

Choice of model, for instance, can make a significant difference in CO2 emissions. For example, having DeepSeek R1 (70 billion parameters) answer 600,000 questions would create CO2 emissions equal to a round-trip flight from London to New York. Meanwhile, Qwen 2.5 (72 billion parameters) can answer more than three times as many questions (about 1.9 million) with similar accuracy rates while generating the same emissions.

The researchers said that their results may be impacted by the choice of hardware used in the study, an emission factor that may vary regionally depending on local energy grid mixes, and the examined models. These factors may limit the generalizability of the results.

"If users know the exact CO2 cost of their AI-generated outputs, such as casually turning themselves into an action figure, they might be more selective and thoughtful about when and how they use these technologies," Dauner concluded.
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Massive thread of hot gas found linking galaxies - and it's 10 times the mass of the Milky Way | ScienceDaily
Astronomers have discovered a huge filament of hot gas bridging four galaxy clusters. At 10 times as massive as our galaxy, the thread could contain some of the Universe's 'missing' matter, addressing a decades-long mystery.


						
The astronomers used the European Space Agency's XMM-Newton and JAXA's Suzaku X-ray space telescopes to make the discovery.

Over one-third of the 'normal' matter in the local Universe - the visible stuff making up stars, planets, galaxies, life - is missing. It hasn't yet been seen, but it's needed to make our models of the cosmos work properly.

Said models suggest that this elusive matter might exist in long strings of gas, or filaments, bridging the densest pockets of space. While we've spotted filaments before, it's tricky to make out their properties; they're typically faint, making it difficult to isolate their light from that of any galaxies, black holes, and other objects lying nearby.

New research is now one ofthe first to do just this, finding and accurately characterizing a single filament of hot gas stretching between four clusters of galaxies in the nearby Universe.

"For the first time, our results closely match what we see in our leading model of the cosmos - something that's not happened before," says lead researcher Konstantinos Migkas of Leiden Observatory in the Netherlands. "It seems that the simulations were right all along."

XMM-Newton on the case

Clocking in at over 10 million degrees, the filament contains around 10 times the mass of the Milky Way and connects four galaxy clusters: two on one end, two on the other. All are part of the Shapley Supercluster, a collection of more than 8000 galaxies that forms one of the most massive structures in the nearby Universe.




The filament stretches diagonally away from us through the supercluster for 23 million light-years, the equivalent of traversing the Milky Way end to end around 230 times.

Konstantinos and colleagues characterized the filament by combining X-ray observations from XMM-Newton and Suzaku, and digging into optical data from several others.

The two X-ray telescopes were ideal partners. Suzaku mapped the filament's faint X-ray light over a wide region of space, while XMM-Newton pinpointed very precisely contaminating sources of X-rays - namely, supermassive black holes - lying within the filament.

"Thanks to XMM-Newton we could identify and remove these cosmic contaminants, so we knew we were looking at the gas in the filament and nothing else," adds co-author Florian Pacaud of the University of Bonn, Germany. "Our approach was really successful, and reveals that the filament is exactly as we'd expect from our best large-scale simulations of the Universe."

Not truly missing

As well as revealing a huge and previously unseen thread of matter running through the nearby cosmos, the finding shows how some of the densest and most extreme structures in the Universe - galaxy clusters - are connected over colossal distances.




It also sheds light on the very nature of the 'cosmic web', the vast, invisible cobweb of filaments that underpins the structure of everything we see around us.

"This research is a great example of collaboration between telescopes, and creates a new benchmark for how to spot the light coming from the faint filaments of the cosmic web," adds Norbert Schartel, ESA XMM-Newton Project Scientist.

"More fundamentally, it reinforces our standard model of the cosmos and validates decades of simulations: it seems that the 'missing' matter may truly be lurking in hard-to-see threads woven across the Universe."

Piecing together an accurate picture of the cosmic web is the domain of ESA's Euclid mission. Launched in 2023, Euclid is exploring this web's structure and history. The mission is also digging deep into the nature of dark matter and energy - neither of which have ever been observed, despite accounting for a whopping 95% of the Universe - and working with other dark Universe detectives to solve some of the biggest and longest-standing cosmic mysteries.
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The AI that writes climate-friendly cement recipes in seconds | ScienceDaily

The cement industry produces around eight percent of global CO2 emissions - more than the entire aviation sector worldwide. Researchers at the Paul Scherrer Institute PSI have developed an AI-based model that helps to accelerate the discovery of new cement formulations that could yield the same material quality with a better carbon footprint.

The rotary kilns in cement plants are heated to a scorching 1,400 degrees Celsius to burn ground limestone down to clinker, the raw material for ready-to-use cement. Unsurprisingly, such temperatures typically can't be achieved with electricity alone. They are the result of energy-intensive combustion processes that emit large amounts of carbon dioxide (CO2). What may be surprising, however, is that the combustion process accounts for less than half of these emissions, far less. The majority is contained in the raw materials needed to produce clinker and cement: CO2 that is chemically bound in the limestone is released during its transformation in the high-temperature kilns.

One promising strategy for reducing emissions is to modify the cement recipe itself - replacing some of the clinker with alternative cementitious materials. That is exactly what an interdisciplinary team in the Laboratory for Waste Management in PSI's Center for Nuclear Engineering and Sciences has been investigating. Instead of relying solely on time-consuming experiments or complex simulations, the researchers developed a modelling approach based on machine learning. "This allows us to simulate and optimise cement formulations so that they emit significantly less CO2 while maintaining the same high level of mechanical performance," explains mathematician Romana Boiger, first author of the study. "Instead of testing thousands of variations in the lab, we can use our model to generate practical recipe suggestions within seconds - it's like having a digital cookbook for climate-friendly cement."

With their novel approach, the researchers were able to selectively filter out those cement formulations that could meet the desired criteria. "The range of possibilities for the material composition - which ultimately determines the final properties - is extraordinarily vast," says Nikolaos Prasianakis head of the Transport Mechanisms Research Group at PSI, who was the initiator and co-author of the study. "Our method allows us to significantly accelerate the development cycle by selecting promising candidates for further experimental investigation." The results of the study were published in the journal Materials and Structures.

The right recipe

Already today, industrial by-products such as slag from iron production and fly ash from coal-fired power plants are already being used to partially replace clinker in cement formulations and thus reduce CO2 emissions. However, the global demand for cement is so enormous that these materials alone cannot meet the need. "What we need is the right combination of materials that are available in large quantities and from which high-quality, reliable cement can be produced," says John Provis, head of the Cement Systems Research Group at PSI and co-author of the study.




Finding such combinations, however, is challenging: "Cement is basically a mineral binding agent - in concrete, we use cement, water, and gravel to artificially create minerals that hold the entire material together," Provis explains. "You could say we're doing geology in fast motion." This geology - or rather, the set of physical processes behind it - is enormously complex, and modelling it on a computer is correspondingly computationally intensive and expensive. That is why the research team is relying on artificial intelligence.

AI as computational accelerator

Artificial neural networks are computer models that are trained, using existing data, to speed up complex calculations. During training, the network is fed a known data set and learns from it by adjusting the relative strength or "weighting" of its internal connections so that it can quickly and reliably predict similar relationships. This weighting serves as a kind of shortcut - a faster alternative to otherwise computationally intensive physical modelling.

The researchers at PSI also made use of such a neural network. They themselves generated the data required for training: "With the help of the open-source thermodynamic modelling software GEMS, developed at PSI, we calculated - for various cement formulations - which minerals form during hardening and which geochemical processes take place," explains Nikolaos Prasianakis. By combining these results with experimental data and mechanical models, the researchers were able to derive a reliable indicator for mechanical properties - and thus for the material quality of the cement. For each component used, they also applied a corresponding CO2 factor, a specific emission value that made it possible to determine the total CO2 emissions. "That was a very complex and computationally intensive modelling exercise," the scientist says.

But it was worth the effort - with the data generated in this way, the AI model was able to learn. "Instead of seconds or minutes, the trained neural network can now calculate mechanical properties for an arbitrary cement recipe in milliseconds - that is, around a thousand times faster than with traditional modelling," Boiger explains.

From output to input

How can this AI now be used to find optimal cement formulations - with the lowest possible CO2 emissions and high material quality? One possibility would be to try out various formulations, use the AI model to calculate their properties, and then select the best variants. A more efficient approach, however, is to reverse the process. Instead of trying out all options, ask the question the other way around: Which cement composition meets the desired specifications regarding CO2 balance and material quality?




Both the mechanical properties and the CO2 emissions depend directly on the recipe. "Viewed mathematically, both variables are functions of the composition - if this changes, the respective properties also change," the mathematician explains. To determine an optimal recipe, the researchers formulate the problem as a mathematical optimisation task: They are looking for a composition that simultaneously maximises mechanical properties and minimises CO2 emissions. "Basically, we are looking for a maximum and a minimum - from this we can directly deduce the desired formulation," the mathematician says.

To find the solution, the team integrated in the workflow an additional AI technology, the so-called genetic algorithms - computer-assisted methods inspired by natural selection. This enabled them to selectively identify formulations that ideally combine the two target variables.

The advantage of this "reverse approach": You no longer have to blindly test countless recipes and then evaluate their resulting properties; instead you can specifically search for those that meet specific desired criteria - in this case, maximum mechanical properties with minimum CO2 emissions.

Interdisciplinary approach with great potential

Among the cement formulations identified by the researchers, there are already some promising candidates. "Some of these formulations have real potential," says John Provis, "not only in terms of CO2 reduction and quality, but also in terms of practical feasibility in production." To complete the development cycle, however, the recipes must first be tested in the laboratory. "We're not going to build a tower with them right away without testing them first," Nikolaos Prasianakis says with a smile.

The study primarily serves as a proof of concept - that is, as evidence that promising formulations can be identified purely by mathematical calculation. "We can extend our AI modelling tool as required and integrate additional aspects, such as the production or availability of raw materials, or where the building material is to be used - for example, in a marine environment, where cement and concrete behave differently, or even in the desert," says Romana BoigerNikolaos Prasianakis is already looking ahead: "This is just the beginning. The time savings offered by such a general workflow are enormous - making it a very promising approach for all sorts of material and system designs."

Without the interdisciplinary background of the researchers, the project would never have come to fruition: "We needed cement chemists, thermodynamics experts, AI specialists - and a team that could bring all of this together," Prasianakis says. "Added to this was the important exchange with other research institutions such as EMPA within the framework of the SCENE project." SCENE (the Swiss Centre of Excellence on Net Zero Emissions) is an interdisciplinary research programme that aims to develop scientifically sound solutions for drastically reducing greenhouse gas emissions in industry and the energy supply. The study was carried out as part of this project.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250619035502.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



You hear the beep, but can't find the car: The hidden flaw in electric vehicle safety | ScienceDaily
As electric cars become more common, vulnerable road users are encountering more and more warning signals from them. Now, new research from Chalmers University of Technology in Sweden, shows that one of the most common signal types is very difficult for humans to locate, especially when multiple similar vehicles are in motion simultaneously.


						
In a recently published study, researchers from Chalmers investigated how well people can locate three common types of warning (or AVAS -Acoustic Vehicle Alerting System) signals from hybrid and electric vehicles moving at low speeds. The researchers' tests showed that all the signal types were harder to locate than the sound of an internal combustion engine. For one of the signals, the majority of test subjects were unable to distinguish the direction of the sound or determine whether they were hearing one, two or more vehicles simultaneously.

"The requirements placed on car manufacturers relate to detection, or detectability, not about locating sound direction or the number of vehicles involved. But if you imagine, say, a supermarket carpark, it's not inconceivable that several similar car models with the same AVAS signal will be moving at the same time and in different directions," says Leon Muller, a doctoral student at the Department of Architecture and Civil Engineering at Chalmers.

Today's electric and hybrid vehicles meet the requirements set for acoustic warning systems according to international standards. In Europe, plus China and Japan, for example, vehicles travelling at a speed below 20 kph must emit a warning signal consisting of tones or noise, to allow pedestrians, cyclists and other non-car users to detect them. In the United States, warning signals are required from vehicles traveling at speeds of up to 30 kph.

"The way the requirements are worded allows car manufacturers to design their own signature sounds. These warning signals are often tested without the complication of background noise. But in a real traffic environment there are usually many different types of sound," says Wolfgang Kropp, professor of acoustics at the Department of Architecture and Civil Engineering at Chalmers.

Trying multiple different signals

The experiments involved some 52 test subjects and were conducted in Chalmers' acoustics laboratory in soundproofed, anechoic chambers. The aim of the tests was to emulate real conditions in, say, larger carparks. The subject was placed at the center of the room and surrounded by 24 loudspeakers placed in a ring at chest height. Three types of simulated vehicle sounds were played on the loudspeakers, corresponding to the signals from one, two or more electric and hybrid vehicles, plus an internal combustion engine. One of the signals consisted of two tones, one had multiple tones and one was just noise. The test subjects heard a vehicle warning signal at about 7.5 meters away, mixed with pre-recorded background noise from a quiet city carpark. When they heard the signal, the subjects had to mark the direction it was coming from as quickly as possible. The signal comprising two tones coming from three vehicles simultaneously was the most difficult and none of the test subjects managed to locate all the two-tone signals within the ten-second time limit.




New signal types needed

The test subjects were easily able to locate the sound corresponding to an internal combustion engine. Leon Muller says this sound consists of short pulses comprising all frequencies; something that is easier for the ear to perceive than a fixed tone at a single frequency. The fact that people can more easily perceive this type of sound may also be because of its familiarity.

"Naturally, as acousticians, we welcome the fact that electric cars are significantly quieter than internal combustion engines but it's important to find a balance," says Muller.

Existing research has focused mainly on detectability and what is usually referred to as "detection distance." No previous studies have investigated what happens when two or three cars emit the same type of signal. The researchers see a major need for further knowledge of how people react in traffic situations involving electric vehicles.

"From a traffic safety point of view, it would be desirable to find a signal that's as effective as possible in terms of detection and localisation but which doesn't affect people negatively; something our previous research has shown to be true of traffic noise," says Kropp.

In a follow-up study, the researchers have begun investigating how AVAS signals are perceived and what effect they may have on non-road users.

About the study

The article Auditory Localization of Multiple Stationary Electric Vehicles, is published in The Journal of the Acoustical Society of America.

The authors are Leon Muller, Jens Forssen and Wolfgang Kropp, all working at the Division of Engineering Acoustics, Department of Architecture and Civil Engineering at Chalmers University of Technology in Sweden.
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A thousand colors, one galaxy: Astronomers reveal a cosmic masterpiece | ScienceDaily
Astronomers have created a galactic masterpiece: an ultra-detailed image that reveals previously unseen features in the Sculptor Galaxy. Using the European Southern Observatory's Very Large Telescope (ESO's VLT), they observed this nearby galaxy in thousands of colors simultaneously. By capturing vast amounts of data at every single location, they created a galaxy-wide snapshot of the lives of stars within Sculptor.


						
"Galaxies are incredibly complex systems that we are still struggling to understand," says ESO researcher Enrico Congiu, who led a new Astronomy & Astrophysics study on Sculptor. Reaching hundreds of thousands of light-years across, galaxies are extremely large, but their evolution depends on what's happening at much smaller scales. "The Sculptor Galaxy is in a sweet spot," says Congiu. "It is close enough that we can resolve its internal structure and study its building blocks with incredible detail, but at the same time, big enough that we can still see it as a whole system."

A galaxy's building blocks  -- stars, gas and dust  -- emit light at different colors. Therefore, the more shades of color there are in an image of a galaxy, the more we can learn about its inner workings. While conventional images contain only a handful of colors, this new Sculptor map comprises thousands. This tells astronomers everything they need to know about the stars, gas and dust within, such as their age, composition, and motion.

To create this map of the Sculptor Galaxy, which is 11 million light-years away and is also known as NGC 253, the researchers observed it for over 50 hours with the Multi Unit Spectroscopic Explorer (MUSE) instrument on ESO's VLT. The team had to stitch together over 100 exposures to cover an area of the galaxy about 65,000 light-years wide.

According to co-author Kathryn Kreckel from Heidelberg University, Germany, this makes the map a potent tool: "We can zoom in to study individual regions where stars form at nearly the scale of individual stars, but we can also zoom out to study the galaxy as a whole."

In their first analysis of the data, the team uncovered around 500 planetary nebulae, regions of gas and dust cast off from dying Sun-like stars, in the Sculptor Galaxy. Co-author Fabian Scheuermann, a doctoral student at Heidelberg University, puts this number into context: "Beyond our galactic neighborhood, we usually deal with fewer than 100 detections per galaxy."

Because of the properties of planetary nebulae, they can be used as distance markers to their host galaxies. "Finding the planetary nebulae allows us to verify the distance to the galaxy -- a critical piece of information on which the rest of the studies of the galaxy depend," says Adam Leroy, a professor at The Ohio State University, USA, and study co-author.




Future projects using the map will explore how gas flows, changes its composition, and forms stars all across this galaxy. "How such small processes can have such a big impact on a galaxy whose entire size is thousands of times bigger is still a mystery," says Congiu.

More information 

This research was presented in a paper accepted for publication in Astronomy & Astrophysics.

The team is composed of E. Congiu (European Southern Observatory, Chile [ESO Chile]), F. Scheuermann (Astronomisches Rechen-Institut, Zentrum fur Astronomie der Universitat Heidelberg, Germany [ARI-ZAH]), K. Kreckel (ARI-ZAH), A. Leroy (Department of Astronomy and Center for Cosmology and Astroparticle Physics, The Ohio State University [OSU], USA), E. Emsellem (European Southern Observatory, Germany [ESO Garching] and Univ. Lyon, Univ. Lyon1, ENS de Lyon, CNRS, Centre de Recherche Astrophysique de Lyon, France), F. Belfiore (INAF - Osservatorio Astrofisico di Arcetri, Italy), J. Hartke (Finnish Centre for Astronomy with ESO [FINCA] and Tuorla Observatory, Department of Physics and Astronomy [Tuorla], University of Turku, Finland), G. Anand (Space Telescope Science Institute, USA), O. V. Egorov (ARI-ZAH), B. Groves (International Centre for Radio Astronomy Research, University of Western Australia, Australia), T. Kravtsov (Tuorla and FINCA), D. Thilker (Department of Physics and Astronomy, The Johns Hopkins University, USA), C. Tovo (Dipartimento di Fisica e Astronomia 'G. Galilei', Universit'a di Padova, Italy), F. Bigiel (Argelander-Institut fur Astronomie, Universitat Bonn, Germany), G. A. Blanc (Observatories of the Carnegie Institution for Science, USA, and Departamento de Astronomia, Universidad de Chile, Chile), A. D. Bolatto and S. A. Cronin (Department of Astronomy, University of Maryland, USA), D. A. Dale (Department of Physics and Astronomy, University of Wyoming, USA), R. McClain (OSU), J. E. Mendez-Delgado (Instituto de Astronomia, Universidad Nacional Autonoma de Mexico, Mexico), E. K. Oakes (Department of Physics, University of Connecticut, USA), R. S. Klessen (Universitat Heidelberg, Zentrum fur Astronomie, Institut fur Theoretische Astrophysik and Interdisziplinares Zentrum fur Wissenschaftliches Rechnen, Germany, Center for Astrophysics Harvard & Smithsonian, USA, and Elizabeth S. and Richard M. Cashin Fellow at the Radcliffe Institute for Advanced Studies at Harvard University, USA) E. Schinnerer (Max-Planck-Institut fur Astronomie, Germany), T. G. Williams (Sub-department of Astrophysics, Department of Physics, University of Oxford, UK).

The European Southern Observatory (ESO) enables scientists worldwide to discover the secrets of the Universe for the benefit of all. We design, build and operate world-class observatories on the ground -- which astronomers use to tackle exciting questions and spread the fascination of astronomy -- and promote international collaboration for astronomy. Established as an intergovernmental organisation in 1962, today ESO is supported by 16 Member States (Austria, Belgium, Czechia, Denmark, France, Finland, Germany, Ireland, Italy, the Netherlands, Poland, Portugal, Spain, Sweden, Switzerland and the United Kingdom), along with the host state of Chile and with Australia as a Strategic Partner. ESO's headquarters and its visitor centre and planetarium, the ESO Supernova, are located close to Munich in Germany, while the Chilean Atacama Desert, a marvelous place with unique conditions to observe the sky, hosts our telescopes. ESO operates three observing sites: La Silla, Paranal and Chajnantor. At Paranal, ESO operates the Very Large Telescope and its Very Large Telescope Interferometer, as well as survey telescopes such as VISTA. Also at Paranal ESO will host and operate the Cherenkov Telescope Array South, the world's largest and most sensitive gamma-ray observatory. Together with international partners, ESO operates ALMA on Chajnantor, a facility that observes the skies in the millimeter and submillimeter range. At Cerro Armazones, near Paranal, we are building "the world's biggest eye on the sky" -- ESO's Extremely Large Telescope. From our offices in Santiago, Chile we support our operations in the country and engage with Chilean partners and society.
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From shortage to supremacy: How Sandia and the CHIPS Act aim to reboot US chip power | ScienceDaily
Sandia National Laboratories has joined a new partnership aimed at helping the United States regain its leadership in semiconductor manufacturing.


						
While the U.S. was considered a powerhouse in chip production in the 1990s, fabricating more than 35% of the world's semiconductors, that share has since dropped to 12%. Today, the U.S. manufactures none of the world's most advanced chips which power technologies like smartphones, owned by 71% of the world's population, as well as self-driving cars, quantum computers, and artificial intelligence-powered devices and programs.

Sandia hopes to help change that. It recently became the first national lab to join the U.S. National Semiconductor Technology Center. The NSTC was established under the CHIPS and Science Act to accelerate innovation and address some of the country's most pressing technology challenges.

"We have pioneered the way for other labs to join," said Mary Monson, Sandia's senior manager of Technology Partnerships and Business Development. "The CHIPS Act has brought the band back together, you could say. By including the national labs, U.S. companies, and academia, it's really a force multiplier."

Sandia has a long history of contributing to the semiconductor industry through research and development partnerships, its Microsystems Engineering, Science and Applications facility known as MESA, and its advanced cleanrooms for developing next-generation technologies. Through its NSTC partnerships, Sandia hopes to strengthen U.S. semiconductor manufacturing and research and development, enhance national security production, and foster the innovation of new technologies that sets the nation apart globally.

"The big goal is to strengthen capabilities. Industry is moving fast, so we are keeping abreast of everything happening and incorporating what will help us deliver more efficiently on our national security mission. It's about looking at innovative ways of partnering and expediting the process," Monson said.

The urgency of the effort is evident. The pandemic provided a perfect example, as car lots were left bare and manufacturers sat idle, waiting for chips to be produced to build new vehicles.




"An average car contains 1,400 chips and electric vehicles use more than 3,000," said Rick McCormick, Sandia's senior scientist for semiconductor technology strategy. McCormick is helping lead Sandia's new role. "Other nations around the globe are investing more than $300 billion to be leaders in semiconductor manufacturing. The U.S. CHIPS Act is our way of 'keeping up with the Joneses.' One goal is for the U.S. to have more than 25% of the global capacity for state-of-the-art chips by 2032."

Sandia is positioned to play a key role in creating the chips of the future.

"More than $12 billion in research and development spending is planned under CHIPS, including a $3 billion program to create an ecosystem for packaging assemblies of chiplets," McCormick said. "These chiplets communicate at low energy and high speed as if they were a large expensive chip."

Modern commercial AI processors use this approach, and Sandia's resources and partnerships can help expand access to small companies and national security applications. MESA already fabricates high-reliability chiplet assembly products for the stockpile and nonproliferation applications.

McCormick said Sandia could also play a major role in training the workforce of the future. The government has invested billions of dollars in new factories, all of which need to be staffed by STEM students.

"There is a potential crisis looming," McCormick said. "The Semiconductor Industry Association anticipates that the U.S. will need 60,000 to 70,000 more workers, so we need to help engage the STEM workforce. That effort will also help Sandia bolster its staffing pipeline."

As part of its membership, Sandia will offer access to some of its facilities to other NSTC members, fostering collaboration and partnerships. Tech transfer is a core part of Sandia's missions, and this initiative will build on that by helping private partners increase their stake in the industry while enabling Sandia to build on its own mission.

"We will be helping develop suppliers and strengthen our capabilities," Monson said. "We are a government resource for semiconductor knowledge. We are in this evolving landscape and have a front row seat to what it will look like over the next 20 years. We are helping support technology and strengthening our national security capabilities and mission delivery."
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Biggest boom since the Big Bang? Astronomers record 25x supernova brightness | ScienceDaily
Astronomers from the University of Hawai`i's Institute for Astronomy (IfA) have discovered the most energetic cosmic explosions yet discovered, naming the new class of events "extreme nuclear transients" (ENTs). These extraordinary phenomena occur when massive stars--at least three times heavier than our Sun--are torn apart after wandering too close to a supermassive black hole. Their disruption releases vast amounts of energy visible across enormous distances. The team's findings were recently detailed in the journal Science Advances.


						
"We've observed stars getting ripped apart as tidal disruption events for over a decade, but these ENTs are different beasts, reaching brightnesses nearly ten times more than what we typically see," said Jason Hinkle, who led the study as the final piece of his doctoral research at IfA. "Not only are ENTs far brighter than normal tidal disruption events, but they remain luminous for years, far surpassing the energy output of even the brightest known supernova explosions."

The immense luminosities and energies of these ENTs are truly unprecedented. The most energetic ENT studied, named Gaia18cdj, emitted an astonishing 25 times more energy than the most energetic supernovae known. While typical supernovae emit as much energy in just one year as the Sun does in its 10 billion-year lifetime, ENTs radiate the energy of 100 Suns over a single year.

ENTs were first uncovered when Hinkle began a systematic search of public transient surveys for long-lived flares emanating from the centers of galaxies. He identified two unusual flares in data from the European Space Agency's Gaia mission that brightened over a timescale much longer than known transients and without characteristics common to known transients.

"Gaia doesn't tell you what a transient is, just that something changed in brightness," said Hinkle. "But when I saw these smooth, long-lived flares from the centers of distant galaxies, I knew we were looking at something unusual."

The discovery launched a multi-year follow-up campaign to figure out what these sources were. With help from UH's Asteroid Terrestrial-impact Last Alert System, the W. M. Keck Observatory, and other telescopes across the globe, the team gathered data across the electromagnetic spectrum. Because ENTs evolve slowly over several years, capturing their full story took patience and persistence. Recently, a third event with similar properties was discovered by the Zwicky Transient Facility and reported independently by two teams, adding strong support that ENTs are a distinct new class of extreme astrophysical events.

The authors determined these extraordinary events could not be supernovae because they release far more energy than any known stellar explosion. The sheer energy budget, combined with their smooth and prolonged light curves, firmly pointed to an alternative mechanism: accretion onto a supermassive black hole.




However, ENTs differ significantly from normal black hole accretion which typically shows irregular and unpredictable changes in brightness. The smooth and long-lived flares of ENTs indicated a distinct physical process--the gradual accretion of a disrupted star by a supermassive black hole.

Benjamin Shappee, Associate Professor at IfA and study co-author, emphasized the implications: "ENTs provide a valuable new tool for studying massive black holes in distant galaxies. Because they're so bright, we can see them across vast cosmic distances--and in astronomy, looking far away means looking back in time. By observing these prolonged flares, we gain insights into black hole growth when the universe was half its current age when galaxies were happening places--forming stars and feeding their supermassive black holes 10 times more vigorously than they do today."

The rarity of ENTs, occurring at least 10 million times less frequently than supernovae, makes their detection challenging and dependent on sustained monitoring of the cosmos. Future observatories like the Vera C. Rubin Observatory and NASA's Roman Space Telescope promise to uncover many more of these spectacular events, revolutionizing our understanding of black hole activity in the distant, early universe.

"These ENTs don't just mark the dramatic end of a massive star's life. They illuminate the processes responsible for growing the largest black holes in the universe," concluded Hinkle.
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Saving energy: New method guides magnetism without magnets | ScienceDaily
Researchers at Paul Scherrer Institute PSI have demonstrated an innovative method to control magnetism in materials using an energy-efficient electric field. The discovery focuses on materials known as magnetoelectrics, which offer promise for next-generation energy technologies, data storage, energy conversion, and medical devices. The findings are published in the journal Nature Communications.


						
With AI and data centers demanding more and more energy, scientists are searching for smarter, greener technologies. That's where magnetoelectric materials come in -- special compounds where electric and magnetic properties are linked. This connection lets researchers control magnetism using electric fields, which could pave the way for super-energy-efficient memory and computing devices.

One such magnetoelectric material is the olive-green crystalcopper oxyselenide(Cu2OSeO3). At low temperatures, the atomic spins arrange themselves into exotic magnetic textures, forming structures such as helices and cones. These patterns are much larger than the underlying atomic lattice and not fixed to its geometry, making them highly tuneable.

Neutrons watch as electric fields redirect magnetism

Now, scientists at PSI have demonstrated that an electric field can steer these magnetic textures inside copper oxyselenide. In typical materials, magnetic structures - formed from the twisting and alignment of atomic spins -- are locked in specific orientations. In copper oxyselenide with the right voltage, the researchers could nudge and reorient them.

This is the first time that the propagation direction of a magnetic texture could be continuously reorientated in a material using an electric field - an effect known as magnetoelectric deflection.

To investigate the magnetic structures, the team used the SANS-I beamline at the Swiss Spallation Neutron Source SINQ, a facility that uses beams of neutrons to map the arrangement and orientation of magnetic structures within a solid at the nanoscale. A custom-designed sample environment enabled the researchers to apply a high electric field whilst simultaneously probing the magnetisation inside the crystal with small-angle neutron scattering (SANS).




"The ability to steer such large magnetic textures with electric fields shows what's possible when creative experiments are paired with world-class research infrastructures," says Jonathan White, beamline scientist at PSI. "The reason we can capture such a subtle effect as magnetoelectric deflection is due to the exceptional resolution and versatility of SANS-I."

From novelphysics to new tech

The newly discovered magnetoelectric deflection response prompted a deeper investigation into its underlying physics. What they found was intriguing: the magnetic structures didn't just respond -- they behaved in three distinct ways depending on the strength of the electric field. Low electric fields gently deflected the magnetic structures with a linear response. Medium fields brought in more complex, non-linear behaviour. High fields caused dramatic 90-degree flips in the direction of propagation of the magnetic texture.

"Each of these regimes present unique signatures that could be integrated into sensing and storage devices," says Sam Moody, postdoctoral researcher at PSI and lead author of the study. "One particularly exciting possibility is hybrid devices that use the ability to tune the onset of these regimes by varying the strength of the applied magnetic field."

The magnetoelectric deflection response offers a powerful new tool to control magnetism without relying on energy-intensive magnetic fields. The high level of flexibility with which the researchers could manipulate the magnetism makes their discovery an exciting prospect for applications in sustainable technology.
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Heavy particles, big secrets: What happened right after the Big Bang | ScienceDaily
An international team of scientists has published a new report that moves towards a better understanding of the behaviour of some of the heaviest particles in the universe under extreme conditions, which are similar to those just after the big bang. The paper, published in the journal Physics Reports, is signed by physicists Juan M. Torres-Rincon, from the Institute of Cosmos Sciences at the University of Barcelona (ICCUB), Santosh K. Das, from the Indian Institute of Technology Goa (India), and Ralf Rapp, from Texas A&M University (United States).


						
The authors have published a comprehensive review that explores how particles containing heavy quarks (known as charm and bottom hadrons) interact in a hot, dense environment called hadronic matter. This environment is created in the last phase of high-energy collisions of atomic nuclei, such as those taking place at the Large Hadron Collider (LHC) and the Relativistic Heavy Ion Collider (RHIC). The new study highlights the importance of including hadronic interactions in simulations to accurately interpret data from experiments at these large scientific infrastructures.

The study broadens the perspective on how matter behaves under extreme conditions and helps to solve some great unknowns about the origin of the universe.

Reproducing the primordial universe

When two atomic nuclei collide at near-light speeds, they generate temperatures more than a 1,000 times higher than those at the centre of the Sun. These collisions briefly produce a state of matter called a quark-gluon plasma (QGP), a soup of fundamental particles that existed microseconds after the big bang. As this plasma cools, it transforms into hadronic matter, a phase composed of particles such as protons and neutrons, as well as other baryons and mesons.

The study focuses on what happens to heavy-flavour hadrons (particles containing charmed or background quarks, such as D and B mesons) during this transition and the hadronic phase expansion that follows it.

Heavy particles as probes

Heavy quarks are like tiny sensors. Being so massive, they are produced just after the initial nuclear collision and move more slowly, thus interacting differently with the surrounding matter. Knowing how they scatter and spread is key to learning about the properties of the medium through which they travel.




Researchers have reviewed a wide range of theoretical models and experimental data to understand how heavy hadrons, such as D and B mesons, interact with light particles in the hadronic phase. They have also examined how these interactions affect observable quantities such as particle flux and momentum loss.

"To really understand what we see in the experiments, it is crucial to observe how the heavy particles move and interact also during the later stages of these nuclear collisions," says Juan M. Torres-Rincon, member of the Department of Quantum Physics and Astrophysics and ICCUB.

"This phase, when the system has already cooled down, still plays an important role in how the particles lose energy and flow together. It is also necessary to address the microscopic and transport properties of these heavy systems right at the transition point to the quark-gluon plasma," he continues. "This is the only way to achieve the degree of precision required by current experiments and simulations."

A simple analogy can be used to better understand these results: when we drop a heavy ball into a crowded pool, even after the biggest waves have dissipated, the ball continues to move and collide with people. Similarly, heavy particles created in nuclear collisions continue to interact with other particles around them, even after the hottest and most chaotic phase. These continuous interactions subtly modify the motion of particles, and studying these changes helps scientists to better understand the conditions of the early universe. Ignoring this phase would therefore mean missing an important part of the story.

Looking to the future

Understanding how heavy particles behave in hot matter is fundamental to mapping the properties of the early universe and the fundamental forces that rule it. The findings also pave the way for future experiments at lower energies, such as those planned at CERN's Super Proton Super Synchrotron (SPS) and the future FAIR facility in Darmstadt, Germany.        
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Cozmic's Milky Way clones are cracking the universe's dark code | ScienceDaily
A USC-led research team has created a series of supercomputer-simulated twins of our Milky Way galaxy -- which could help scientists unlock new answers about one of the biggest mysteries in the universe: dark matter, the invisible substance that makes up about 85% of all matter in existence.


						
The research was led by cosmologist Vera Gluscevic, who is an associate professor at the USC Dornsife College of Letters, Arts, and Sciences; as well as Ethan Nadler, formerly a postdoc at USC and Carnegie Observatories who is now an assistant professor at University of California, San Diego; and Andrew Benson, a staff scientist at Carnegie Observatories.

They called their simulation project "COZMIC" -- short for "Cosmological Zoom-in Simulations with Initial Conditions beyond Cold Dark Matter."

Scientists have known for decades that dark matter exists -- but until now, they could not study how galaxies are born and evolve in a universe where dark and normal matter interact. COZMIC has made that possible, the team said.

The development of COZMIC and the team's results are described in a trio of studies published on June 16 in The Astrophysical Journal, a publication of the American Astronomical Society.

The heart of dark matter

Scientists know that dark matter is real because it affects how galaxies move and stick together. For example, galaxies spin so fast that they should fly apart, but they don't. Something invisible holds them together; many scientists believe that dark matter is at the heart of this -- an idea first suggested in 1933 by a Swiss researcher, Fritz Zwicky. Research on dark matter has evolved ever since.




Dark matter is tricky to study because it doesn't emit any light or energy that can be easily detected. Scientists study dark matter by watching how it affects motions and structures like galaxies. However, that is somewhat like studying someone's shadow without being able to examine in detail the actual person who cast the shadow.

For the suite of studies, the research team took the step of deploying new physics -- not just standard particle physics and relativity -- and programmed a supercomputer to create very detailed cosmological simulations through COZMIC to test different ideas about what dark matter might be doing.

"We want to measure the masses and other quantum properties of these particles, and we want to measure how they interact with everything else," Gluscevic said. "With COZMIC, for the first time, we're able to simulate galaxies like our own under radically different physical laws -- and test those laws against real astronomical observations."

In addition to Glusevic, Nadler and Benson, the team behind COZMIC includes Hai-Bo Yu of UC Riverside; Daneng Yang, formerly of UC Riverside and now at Purple Mountain Observatory CAS; Xiaolong Du of UCLA; and Rui An, formerly of USC.

Several dark matter scenarios

"Our simulations reveal that observations of the smallest galaxies can be used to distinguish dark matter models," said Nadler.




For the studies with COZMIC, the scientists accounted for the following dark matter behavior scenarios:
    	Billiard-ball model: In this first study, every dark matter particle collides with protons early in the universe, much like billiard balls when they are first set in motion. This interaction smooths out small-scale structures and eliminates satellite galaxies in the Milky Way. The study also includes scenarios where dark matter moves at high speeds, and others in which it is composed of extremely low-mass particles.
    	Mixed-sector model: This second study is a hybrid scenario in which some dark matter particles interact with normal matter, but others pass through it.
    	Self-interacting model: For this third study, the scientists simulated a scenario in which dark matter interacts with itself both at the dawn of time and today, modifying galaxy formation across cosmic history.

While running these simulations, the scientists input new physics into the supercomputer to produce a galaxy whose structure bears the signatures of those interactions between normal and dark matter, said Benson.

Gluscevic added: "While many previous simulation suites have explored the effects of dark matter mass or self-interactions, until now, none have simulated dark matter interactions with normal matter. Such interactions are not exotic or implausible. They are, in fact, likely to exist."

A new day for dark matter

The team says it is a big step forward in figuring out what dark matter really is. They hope that by comparing their twin galaxies to real telescope images, they can get even closer to solving one of space's biggest mysteries.

"We're finally able to ask, 'Which version of the universe looks most like ours?'" Gluscevic said.

The COZMIC team plans to expand their work by directly testing the predictions from their simulations with telescope data so they may discover signatures of dark matter behavior in real galaxies.

This next stage could bring scientists closer than ever to understanding what dark matter is, and how it shapes the cosmos.
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Robots that feel heat, pain, and pressure? This new "skin" makes it possible | ScienceDaily
Scientists have developed a low-cost, durable, highly-sensitive robotic 'skin' that can be added to robotic hands like a glove, enabling robots to detect information about their surroundings in a way that's similar to humans.


						
The researchers, from the University of Cambridge and University College London (UCL), developed the flexible, conductive skin, which is easy to fabricate and can be melted down and formed into a wide range of complex shapes. The technology senses and processes a range of physical inputs, allowing robots to interact with the physical world in a more meaningful way.

Unlike other solutions for robotic touch, which typically work via sensors embedded in small areas and require different sensors to detect different types of touch, the entirety of the electronic skin developed by the Cambridge and UCL researchers is a sensor, bringing it closer to our own sensor system: our skin.

Although the robotic skin is not as sensitive as human skin, it can detect signals from over 860,000 tiny pathways in the material, enabling it to recognise different types of touch and pressure - like the tap of a finger, a hot or cold surface, damage caused by cutting or stabbing, or multiple points being touched at once - in a single material.

The researchers used a combination of physical tests and machine learning techniques to help the robotic skin 'learn' which of these pathways matter most, so it can sense different types of contact more efficiently.

In addition to potential future applications for humanoid robots or human prosthetics where a sense of touch is vital, the researchers say the robotic skin could be useful in industries as varied as the automotive sector or disaster relief. The results are reported in the journal Science Robotics.

Electronic skins work by converting physical information - like pressure or temperature - into electronic signals. In most cases, different types of sensors are needed for different types of touch - one type of sensor to detect pressure, another for temperature, and so on - which are then embedded into soft, flexible materials. However, the signals from these different sensors can interfere with each other, and the materials are easily damaged.




"Having different sensors for different types of touch leads to materials that are complex to make," said lead author Dr David Hardman from Cambridge's Department of Engineering. "We wanted to develop a solution that can detect multiple types of touch at once, but in a single material."

"At the same time, we need something that's cheap and durable, so that it's suitable for widespread use," said co-author Dr Thomas George Thuruthel from UCL.

Their solution uses one type of sensor that reacts differently to different types of touch, known as multi-modal sensing. While it's challenging to separate out the cause of each signal, multi-modal sensing materials are easier to make and more robust.

The researchers melted down a soft, stretchy and electrically conductive gelatine-based hydrogel, and cast it into the shape of a human hand. They tested a range of different electrode configurations to determine which gave them the most useful information about different types of touch. From just 32 electrodes placed at the wrist, they were able to collect over 1.7 million pieces of information over the whole hand, thanks to the tiny pathways in the conductive material.

The skin was then tested on different types of touch: the researchers blasted it with a heat gun, pressed it with their fingers and a robotic arm, gently touched it with their fingers, and even cut it open with a scalpel. The team then used the data gathered during these tests to train a machine learning model so the hand would recognize what the different types of touch meant.

"We're able to squeeze a lot of information from these materials - they can take thousands of measurements very quickly," said Hardman, who is a postdoctoral researcher in the lab of co-author Professor Fumiya Iida. "They're measuring lots of different things at once, over a large surface area."

"We're not quite at the level where the robotic skin is as good as human skin, but we think it's better than anything else out there at the moment," said Thuruthel. "Our method is flexible and easier to build than traditional sensors, and we're able to calibrate it using human touch for a range of tasks."

In future, the researchers are hoping to improve the durability of the electronic skin, and to carry out further tests on real-world robotic tasks.

The research was supported by Samsung Global Research Outreach Program, the Royal Society, and the Engineering and Physical Sciences Research Council (EPSRC), part of UK Research and Innovation (UKRI). Fumiya Iida is a Fellow of Corpus Christi College, Cambridge.
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Tiny orange beads found by Apollo astronauts reveal moon's explosive past | ScienceDaily
The Apollo astronauts didn't know what they'd find when they explored the surface of the moon, but they certainly didn't expect to see drifts of tiny, bright orange glass beads glistening among the otherwise monochrome piles of rocks and dust.


						
The beads, each less than 1 mm across, formed some 3.3 to 3.6 billion years ago during volcanic eruptions on the surface of the then-young satellite. "They're some of the most amazing extraterrestrial samples we have," said Ryan Ogliore, an associate professor of physics in Arts & Sciences at Washington University in St. Louis, home to a large repository of lunar samples that were returned to Earth. "The beads are tiny, pristine capsules of the lunar interior."

Using a variety of microscopic analysis techniques not available when the Apollo astronauts first returned samples from the moon, Ogliore and a team of researchers have been able to take a close look at the microscopic mineral deposits on the outside of lunar beads. The unprecedented view of the ancient lunar artifacts was published in Icarus. The investigation was led by Thomas Williams, Stephen Parman and Alberto Saal from Brown University.

The study relied, in part, on the NanoSIMS 50, an instrument at WashU that uses a high-energy ion beam to break apart small samples of material for analysis. WashU researchers have used the device for decades to study interplanetary dust particles, presolar grains in meteorites, and other small bits of debris from our solar system.

The study combined a variety of techniques -- atom probe tomography, scanning electron microscopy, transmission electron microscopy and energy dispersive X-ray spectroscopy -- at other institutions to get a closer look at the surface of the beads. "We've had these samples for 50 years, but we now have the technology to fully understand them," Ogliore said. "Many of these instruments would have been unimaginable when the beads were first collected."

As Ogliore explained, each glass bead tells its own story of the moon's past. The beads -- some shiny orange, some glossy black -- formed when lunar volcanoes shot material from the interior to the surface, where each drop of lava solidified instantly in the cold vacuum that surrounds the moon. "The very existence of these beads tells us the moon had explosive eruptions, something like the fire fountains you can see in Hawaii today," he said. Because of their origins, the beads have a color, shape and chemical composition unlike anything found on Earth.

Tiny minerals on the surface of the beads could react with oxygen and other components of Earth's atmosphere. To avoid this possibility, the researchers extracted beads from deep within samples and kept them protected from air exposure through every step of the analysis. "Even with the advanced techniques we used, these were very difficult measurements to make," Ogliore said.

The minerals (including zinc sulfides) and isotopic composition of the bead surfaces serve as probes into the different pressure, temperature and chemical environment of lunar eruptions 3.5 billion years ago. Analyses of orange and black lunar beads have shown that the style of volcanic eruptions changed over time. "It's like reading the journal of an ancient lunar volcanologist," Ogliore said.
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Magnetic mayhem at the sun's poles: First images reveal a fiery mystery | ScienceDaily
Thanks to its newly tilted orbit around the Sun, the European Space Agency-led Solar Orbiter spacecraft is the first to image the Sun's poles from outside the ecliptic plane. Solar Orbiter's unique viewing angle will change our understanding of the Sun's magnetic field, the solar cycle and the workings of space weather.


						
Any image you have ever seen of the Sun was taken from around the Sun's equator. This is because Earth, the other planets, and all other modern spacecraft orbit the Sun within a flat disc around the Sun called the ecliptic plane. By tilting its orbit out of this plane, Solar Orbiter reveals the Sun from a whole new angle.

The video titled 'EUI video SolarOrbiter Sun south pole' compares Solar Orbiter's view (in yellow) with the one from Earth (grey), on 23 March 2025. At the time, Solar Orbiter was viewing the Sun from an angle of 17deg below the solar equator, enough to directly see the Sun's south pole. Over the coming years, the spacecraft will tilt its orbit even further, so the best views are yet to come.

"Today we reveal humankind's first-ever views of the Sun's pole" says Prof. Carole Mundell, ESA's Director of Science. "The Sun is our nearest star, giver of life and potential disruptor of modern space and ground power systems, so it is imperative that we understand how it works and learn to predict its behaviour. These new unique views from our Solar Orbiter mission are the beginning of a new era of solar science."

All eyes on the Sun's south pole

A collage shows the Sun's south pole as recorded on March 16-17, 2025, when Solar Orbiter was viewing the Sun from an angle of 15deg below the solar equator. This was the mission's first high-angle observation campaign, a few days before reaching its current maximum viewing angle of 17deg.

The images shown in the collage were taken by three of Solar Orbiter's scientific instruments: the Polarimetric and Helioseismic Imager (PHI), the Extreme Ultraviolet Imager (EUI), and the Spectral Imaging of the Coronal Environment (SPICE) instrument. Click on the image to zoom in and see video versions of the data.




"We didn't know what exactly to expect from these first observations - the Sun's poles are literally terra incognita," says Prof. Sami Solanki, who leads the PHI instrument team from the Max Planck Institute for Solar System Research (MPS) in Germany.

The instruments each observe the Sun in a different way. PHI images the Sun in visible light (top left of the collage) and maps the Sun's surface magnetic field (top centre). EUI images the Sun in ultraviolet light (top right), revealing the million-degree charged gas in the Sun's outer atmosphere, the corona. The SPICE instrument (bottom row) captures light coming from different temperatures of charged gas above the Sun's surface, thereby revealing different layers of the Sun's atmosphere.

By comparing and analysing the complementary observations made by these three imaging instruments, we can learn about how material moves in the Sun's outer layers. This may reveal unexpected patterns, such as polar vortices (swirling gas) similar to those seen around the poles of Venus and Saturn.

These groundbreaking new observations are also key to understanding the Sun's magnetic field and why it flips roughly every 11 years, coinciding with a peak in solar activity. Current models and predictions of the 11-year solar cycle fall short of being able to predict exactly when and how powerfully the Sun will reach its most active state.

Messy magnetism at solar maximum 

One of the first scientific findings from Solar Orbiter's polar observations is the discovery that at the south pole, the Sun's magnetic field is currently a mess. While a normal magnet has a clear north and south pole, the PHI instrument's magnetic field measurements show that both north and south polarity magnetic fields are present at the Sun's south pole.




This happens only for a short time during each solar cycle, at solar maximum, when the Sun's magnetic field flips and is at its most active. After the field flip, a single polarity should slowly build up and take over the Sun's poles. In 5-6 years from now, the Sun will reach its next solar minimum, during which its magnetic field is at its most orderly and the Sun displays its lowest levels of activity.

"How exactly this build-up occurs is still not fully understood, so Solar Orbiter has reached high latitudes at just the right time to follow the whole process from its unique and advantageous perspective," notes Sami.

PHI's view of the full Sun's magnetic field puts these measurements in context (see 'PHI_south-pole-Bmap' and 'PHI_global-Bmap_20250211-20250429'). The darker the colour (red/blue), the stronger the magnetic field is along the line of sight from Solar Orbiter to the Sun.

The strongest magnetic fields are found in two bands either side of the Sun's equator. The dark red and dark blue regions highlight active regions, where magnetic field gets concentrated in sunspots on the Sun's surface (photosphere).

Meanwhile, both the Sun's south and north poles are speckled with red and blue patches. This demonstrates that at small scales, the Sun's magnetic field has a complex and ever-changing structure.

SPICE measures movement for the first time

Another interesting 'first' for Solar Orbiter comes from the SPICE instrument. Being an imaging spectrograph, SPICE measures the light (spectral lines) sent out by specific chemical elements - among which hydrogen, carbon, oxygen, neon and magnesium - at known temperatures. For the last five years, SPICE has used this to reveal what happens in different layers above the Sun's surface.

Now for the first time, the SPICE team has also managed to use precise tracking of spectral lines to measure how fast clumps of solar material are moving. This is known as a 'Doppler measurement', named after the same effect that makes passing ambulance sirens change pitch as they drive by.

The resulting velocity map reveals how solar material moves within a specific layer of the Sun. By comparing the SPICE doppler and intensity maps, you can directly compare the location and movement of particles (carbon ions) in a thin layer called the 'transition region', where the Sun's temperature rapidly increases from 10 000 degC to hundreds of thousands of degrees.

The SPICE intensity map reveals the locations of clumps of carbon ions. The SPICE doppler map includes the blue and red colours to indicate how fast the carbon ions are moving towards and away from the Solar Orbiter spacecraft, respectively. Darker blue and red patches are related to material flowing faster due to small plumes or jets.

Crucially, Doppler measurements can reveal how particles are flung out from the Sun in the form of solar wind. Uncovering how the Sun produces solar wind is one of Solar Orbiter's key scientific goals.

"Doppler measurements of solar wind setting off from the Sun by current and past space missions have been hampered by the grazing view of the solar poles. Measurements from high latitudes, now possible with Solar Orbiter, will be a revolution in solar physics," says SPICE team leader, Frederic Auchere from the University of Paris-Saclay (France).

The best is yet to come

These are just the first observations made by Solar Orbiter from its newly inclined orbit, and much of this first set of data still awaits further analysis. The complete dataset of Solar Orbiter's first full 'pole-to-pole' flight past the Sun is expected to arrive on Earth by October 2025. All ten of Solar Orbiter's scientific instruments will collect unprecedented data in the years to come.

"This is just the first step of Solar Orbiter's 'stairway to heaven': in the coming years, the spacecraft will climb further out of the ecliptic plane for ever better views of the Sun's polar regions. These data will transform our understanding of the Sun's magnetic field, the solar wind, and solar activity," notes Daniel Muller, ESA's Solar Orbiter project scientist.

Notes for editors

Solar Orbiter is the most complex scientific laboratory ever to study our life-giving star, taking images of the Sun from closer than any spacecraft before and being the first to look at its polar regions.

In February 2025, Solar Orbiter officially began the 'high latitude' part of its journey around the Sun by tilting its orbit to an angle of 17deg with respect to the Sun's equator. In contrast, the planets and all other Sun-observing spacecraft orbit in the ecliptic plane, tilted at most 7deg from the solar equator.

The only exception to this is the ESA/NASA Ulysses mission (1990-2009), which flew over the Sun's poles but did not carry any imaging instruments. Solar Orbiter's observations will complement Ulysses' by observing the poles for the first time with telescopes, in addition to a full suite of in-situ sensors, while flying much closer to the Sun. Additionally, Solar Orbiter will monitor changes at the poles throughout the solar cycle.

Solar Orbiter will continue to orbit around the Sun at this tilt angle until 24 December 2026, when its next flight past Venus will tilt its orbit to 24deg. From 10 June 2029, the spacecraft will orbit the Sun at an angle of 33deg. (Overview of Solar Orbiter's journey around the Sun.)

Solar Orbiter is a space mission of international collaboration between ESA and NASA, operated by ESA. Solar Orbiter's Polarimetric and Helioseismic Imager (PHI) instrument is led by the Max Planck Institute for Solar System Research (MPS), Germany. The Extreme Ultraviolet Imager (EUI) instrument is led by the Royal Observatory of Belgium (ROB). The Spectral Imaging of the Coronal Environment (SPICE) instrument is a European-led facility instrument, led by the Institut d'Astrophysique Spatiale (IAS) in Paris, France.
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Galactic mystery: Why massive stars struggle to form in the Milky Way's center | ScienceDaily
New research led by Dr. James De Buizer at the SETI Institute and Dr. Wanggi Lim at IPAC at Caltech revealed surprising results about the rate at which high-mass stars form in the Galactic Center of the Milky Way. The researchers based their study primarily on observations from NASA's now-retired SOFIA airborne observatory, focusing on three star-forming regions -- Sgr B1, Sgr B2, and Sgr C -- located at the heart of the Galaxy. Although the central part of our Galaxy has a much higher density of star-forming material than the rest of the Milky Way, in the Galactic Center, the current rate of formation of massive stars (those larger than 8 times the mass of our Sun) appears to be lower compared to the rest of the Galaxy.


						
The team compared these three Galactic Center star-forming regions to similar-sized regions further out in the Galaxy, including those closer to our Sun, and confirmed that the rate of star formation is below average near the Galactic Center. Their study finds that despite the Galactic Center's dense clouds of gas and dust, conditions that typically produce stars with high masses, these star-forming regions struggle to form high-mass stars. Furthermore, the studied areas appear to lack sufficient material for continued star formation, suggesting such regions effectively produce just one generation of stars, unlike typical star-forming regions.

"Recent studies have concluded that star formation is likely depressed near the Galactic Center, and even that there may be no present star formation occurring there," said De Buizer, lead author of the study. "Since presently-forming massive stars are brightest at long infrared wavelengths, we obtained the highest resolution infrared images of our Galaxy's central-most star-forming regions. The data show that, contrarily, massive stars are presently forming there, but confirm at a relatively low rate."

The study suggests that the reason for the slowdown in star formation is due to the extreme conditions in the Galactic Center. These regions orbit swiftly around the black hole at the center of the Galaxy, interacting with older stars and possibly with other material falling toward the black hole. These conditions could inhibit gas clouds from holding together long enough to form stars in the first place and prevent those that do form stars from staying together long enough for continued future star formation.

However, Sgr B2 appears to be the exception. Although its rate of present massive star formation is unusually low, like the other Galactic Center regions studied, it seems to have maintained its reservoir of dense gas and dust, allowing for a future emergent star cluster to be born.

Traditionally, astronomers have viewed giant H II regions -- large clouds of gas, mainly hydrogen, in space like Sgr B1 and Sgr C -- as hosts of massive star clusters still embedded in their birth clouds. This study challenges that assumption. The team argues these two regions may not fit the classical definition at all, or they may represent a new, previously unrecognized category of stellar nursery.

Enshrouded in gas and dust that obscure these star-forming regions from view in all but the longest infrared wavelengths, SOFIA's high-resolution infrared eyes allowed the team to identify more than six dozen presently-forming massive stars within the Galactic Center regions. However, these regions formed fewer stars -- and topped out at a lower stellar mass -- than the Galactic average.

"These Galactic Center star-forming regions are in many ways very similar to the massive star-forming regions in the relatively calm backwaters of our galaxy," said Lim. "However, the most massive stars we are finding in these Galactic Center regions, though still remarkably large, fall short in both size and quantity compared to those found in similar regions elsewhere in our Galaxy. Furthermore, such star-forming regions typically hang on to large reservoirs of star-forming material and continue to produce multiple epochs of stars, but that appears to not be the case for these Galactic Center regions."

Lim will present the results of this study at the 246th meeting of the American Astronomical Society in Anchorage, AK.
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Impossible signal from deep beneath Antarctic ice baffles physicists | ScienceDaily
A cosmic particle detector in Antarctica has emitted a series of bizarre signals that defy the current understanding of particle physics, according to an international research group that includes scientists from Penn State. The unusual radio pulses were detected by the Antarctic Impulsive Transient Antenna (ANITA) experiment, a range of instruments flown on balloons high above Antarctica that are designed to detect radio waves from cosmic rays hitting the atmosphere.


						
The goal of the experiment is to gain insight into distant cosmic events by analyzing signals that reach the Earth. Rather than reflecting off the ice, the signals -- a form of radio waves -- appeared to be coming from below the horizon, an orientation that cannot be explained by the current understanding of particle physics and may hint at new types of particles or interactions previously unknown to science, the team said.

The researchers published their results in the journal Physical Review Letters.

"The radio waves that we detected were at really steep angles, like 30 degrees below the surface of the ice," said Stephanie Wissel, associate professor of physics, astronomy and astrophysics who worked on the ANITA team searching for signals from elusive particles called neutrinos.

She explained that by their calculations, the anomalous signal had to pass through and interact with thousands of kilometers of rock before reaching the detector, which should have left the radio signal undetectable because it would have been absorbed into the rock.

"It's an interesting problem because we still don't actually have an explanation for what those anomalies are, but what we do know is that they're most likely not representing neutrinos," Wissel said.

Neutrinos, a type of particle with no charge and the smallest mass of all subatomic particles, are abundant in the universe. Usually emitted by high-energy sources like the sun or major cosmic events like supernovas or even the Big Bang, there are neutrino signals everywhere. The problem with these particles, though, is that they are notoriously difficult to detect, Wissel explained.




"You have a billion neutrinos passing through your thumbnail at any moment, but neutrinos don't really interact," she said. "So, this is the double-edged sword problem. If we detect them, it means they have traveled all this way without interacting with anything else. We could be detecting a neutrino coming from the edge of the observable universe."

Once detected and traced to their source, these particles can reveal more about cosmic events than even the most high-powered telescopes, Wissel added, as the particles can travel undisturbed and almost as fast as the speed of light, giving clues about cosmic events that happened lightyears away.

Wissel and teams of researchers around the world have been working to design and build special detectors to capture sensitive neutrino signals, even in relatively small amounts. Even one small signal from a neutrino holds a treasure trove of information, so all data has significance, she said.

"We use radio detectors to try to build really, really large neutrino telescopes so that we can go after a pretty low expected event rate," said Wissel, who has designed experiments to spot neutrinos in Antarctica and South America.

ANITA is one of these detectors, and it was placed in Antarctica because there is little chance of interference from other signals. To capture the emission signals, the balloon-borne radio detector is sent to fly over stretches of ice, capturing what are called ice showers.

"We have these radio antennas on a balloon that flies 40 kilometers above the ice in Antarctica," Wissel said. "We point our antennas down at the ice and look for neutrinos that interact in the ice, producing radio emissions that we can then sense on our detectors."

These special ice-interacting neutrinos, called tau neutrinos, produce a secondary particle called a tau lepton that is released out of the ice and decays, the physics term referring to how the particle loses energy as it travels over space and breaks down into its constituents. This produces emissions known as air showers.




If they were visible to the naked eye, air showers might look like a sparkler waved in one direction, with sparks trailing it, Wissel explained. The researchers can distinguish between the two signals -- ice and air showers -- to determine attributes about the particle that created the signal.

These signals can then be traced back to their origin, similar to how a ball thrown at an angle will predictably bounce back at the same angle, Wissel said. The recent anomalous findings, though, cannot be traced back in such a manner as the angle is much sharper than existing models predict.

By analyzing data collected from multiple ANITA flights and comparing it with mathematical models and extensive simulations of both regular cosmic rays and upward-going air showers, the researchers were able to filter out background noise and eliminate the possibility of other known particle-based signals.

The researchers then cross-referenced signals from other independent detectors like the IceCube Experiment and the Pierre Auger Observatory to see if data from upward-going air showers, similar to those found by ANITA, were captured by other experiments.

Analysis revealed the other detectors did not register anything that could have explained what ANITA detected, which led the researchers to describe the signal as "anomalous," meaning that the particles causing the signal are not neutrinos, Wissel explained. The signals do not fit within the standard picture of particle physics, and while several theories suggest that it may be a hint of dark matter, the lack of follow-up observations with IceCube and Auger really narrow the possibilities, she said.

Penn State has built detectors and analyzed neutrino signals for close to 10 years, Wissel explained, and added that her team is currently designing and building the next big detector. The new detector, called PUEO, will be larger and better at detecting neutrino signals, Wissel said, and it will hopefully shed light on what exactly the anomalous signal is.

"My guess is that some interesting radio propagation effect occurs near ice and also near the horizon that I don't fully understand, but we certainly explored several of those, and we haven't been able to find any of those yet either," Wissel said. "So, right now, it's one of these long-standing mysteries, and I'm excited that when we fly PUEO, we'll have better sensitivity. In principle, we should pick up more anomalies, and maybe we'll actually understand what they are. We also might detect neutrinos, which would in some ways be a lot more exciting."

The other Penn State co-author is Andrew Zeolla, a doctoral candidate in physics. The research conducted by scientists from Penn State was funded by the U.S. Department of Energy and the U.S. National Science Foundation. The paper contains the full list of collaborators and authors.
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AI Reveals Milky Way's Black Hole Spins Near Top Speed | ScienceDaily
An international team of astronomers has trained a neural network with millions of synthetic simulations and artificial intelligence (AI) to tease out new cosmic curiosities about black holes, revealing the one at the center of our Milky Way is spinning at nearly top speed.


						
These large ensembles of simulations were generated by throughput computing capabilities provided by the Center for High Throughput Computing (CHTC), a joint entity of the Morgridge Institute for Research and the University of Wisconsin-Madison. The astronomers published their results and methodology today in three papers in the journal Astronomy & Astrophysics.

High-throughput computing, celebrating its 40th anniversary this year, was pioneered by Wisconsin computer scientist Miron Livny. It's a novel form of distributed computing that automates computing tasks across a network of thousands of computers, essentially turning a single massive computing challenge into a supercharged fleet of smaller ones. This computing innovation is helping fuel big-data discovery across hundreds of scientific projects worldwide, including the search for cosmic neutrinos, subatomic particles and gravitational waves as well as to unravel antibiotic resistance.

In 2019, the Event Horizon Telescope (EHT) Collaboration released the first image of a supermassive black hole at the center of the galaxy M87. In 2022, they presented the image of the black hole at the center of our Milky Way, Sagittarius A*. However, the data behind the images still contained a wealth of hard-to-crack information. An international team of researchers trained a neural network to extract as much information as possible from the data.

From a handful to millions

Previous studies by the EHT Collaboration used only a handful of realistic synthetic data files. Funded by the National Science Foundation (NSF) as part of the Partnership to Advance Throughput Computing (PATh) project, the Madison-based CHTC enabled the astronomers to feed millions of such data files into a so-called Bayesian neural network, which can quantify uncertainties. This allowed the researchers to make a much better comparison between the EHT data and the models.

Thanks to the neural network, the researchers now suspect that the black hole at the center of the Milky Way is spinning at almost top speed. Its rotation axis points to the Earth. In addition, the emission near the black hole is mainly caused by extremely hot electrons in the surrounding accretion disk and not by a so-called jet. Also, the magnetic fields in the accretion disk appear to behave differently from the usual theories of such disks.




"That we are defying the prevailing theory is of course exciting," says lead researcher Michael Janssen, of Radboud University Nijmegen, the Netherlands. "However, I see our AI and machine learning approach primarily as a first step. Next, we will improve and extend the associated models and simulations."

Impressive scaling

"The ability to scale up to the millions of synthetic data files required to train the model is an impressive achievement," adds Chi-kwan Chan, an Associate Astronomer of Steward Observatory at the University of Arizonaand a longtime PATh collaborator. "It requires dependable workflow automation, and effective workload distribution across storage resources and processing capacity."

"We are pleased to see EHT leveraging our throughput computing capabilities to bring the power of AI to their science," says Professor Anthony Gitter, a Morgridge Investigator and a PATh Co-PI. "Like in the case of other science domains, CHTC's capabilities allowed EHT researchers to assemble the quantity and quality of AI-ready data needed to train effective models that facilitate scientific discovery."

The NSF-funded Open Science Pool, operated by PATh, offers computing capacity contributed by more than 80 institutions across the United States. The Event Horizon black hole project performed more than 12 million computing jobs in the past three years.

"A workload that consists of millions of simulations is a perfect match for our throughput-oriented capabilities that were developed and refined over four decades" says Livny, director of the CHTC and lead investigator of PATh. "We love to collaborate with researchers who have workloads that challenge the scalability of our services."

Scientific papers referenced 




Deep learning inference with the Event Horizon Telescope I. Calibration improvements and a comprehensive synthetic data library. By: M. Janssen et al. In: Astronomy & Astrophysics, 6 June 2025.

Deep learning inference with the Event Horizon Telescope II. The Zingularity framework for Bayesian artificial neural networks. By: M. Janssen et al. In: Astronomy & Astrophysics, 6 June 2025.

Deep learning inference with the Event Horizon Telescope III. Zingularity results from the 2017 observations and predictions for future array expansions. By: M. Janssen et al. In: Astronomy & Astrophysics, 6 June 2025.
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Passive cooling breakthrough could slash data center energy use | ScienceDaily
Engineers at the University of California San Diego have developed a new cooling technology that could significantly improve the energy efficiency of data centers and high-powered electronics. The technology features a specially engineered fiber membrane that passively removes heat through evaporation. It offers a promising alternative to traditional cooling systems like fans, heat sinks and liquid pumps. It could also reduce the water use associated with many current cooling systems.


						
The advance is detailed in a paper published on June 13 in the journal Joule.

As artificial intelligence (AI) and cloud computing continue to expand, the demand for data processing -- and the heat it generates -- is skyrocketing. Currently, cooling accounts for up to 40% of a data center's total energy use. If trends continue, global energy use for cooling could more than double by 2030.

The new evaporative cooling technology could help curb that trend. It uses a low-cost fiber membrane with a network of tiny, interconnected pores that draw cooling liquid across its surface using capillary action. As the liquid evaporates, it efficiently removes heat from the electronics underneath -- no extra energy required. The membrane sits on top of microchannels above the electronics, pulling in liquid that flows through the channels and efficiently dissipating heat.

"Compared to traditional air or liquid cooling, evaporation can dissipate higher heat flux while using less energy," said Renkun Chen, professor in the Department of Mechanical and Aerospace Engineering at the UC San Diego Jacobs School of Engineering, who co-led the project with professors Shengqiang Cai and Abhishek Saha, both from the same department. Mechanical and aerospace engineering Ph.D. student Tianshi Feng and postdoctoral researcher Yu Pei, both members of Chen's research group, are co-first authors on the study.

Many applications currently rely on evaporation for cooling. Heat pipes in laptops and evaporators in air conditioners are some examples, explained Chen. But applying it effectively to high-power electronics has been a challenge. Previous attempts using porous membranes -- which have high surface areas that are ideal for evaporation -- have been unsuccessful because their pores were either too small they would clog or too large they would trigger unwanted boiling. "Here, we use porous fiber membranes with interconnected pores with the right size," said Chen. This design achieves efficient evaporation without those downsides.

When tested across variable heat fluxes, the membrane achieved record-breaking performance. It managed heat fluxes exceeding 800 watts of heat per square centimeter -- one of the highest levels ever recorded for this kind of cooling system. It also proved stable over multiple hours of operation.




"This success showcases the potential of reimagining materials for entirely new applications," said Chen. "These fiber membranes were originally designed for filtration, and no one had previously explored their use in evaporation. We recognized that their unique structural characteristics -- interconnected pores and just the right pore size -- could make them ideal for efficient evaporative cooling. What surprised us was that, with the right mechanical reinforcement, they not only withstood the high heat flux-they performed extremely well under it."

While the current results are promising, Chen says the technology is still operating well below its theoretical limit. The team is now working to refine the membrane and optimize performance. Next steps include integrating it into prototypes of cold plates, which are flat components that attach to chips like CPUs and GPUs to dissipate heat. The team is also launching a startup company to commercialize the technology.

This research was supported by the National Science Foundation (grants CMMI-1762560 and DMR-2005181). The work was performed in part at the San Diego Nanotechnology Infrastructure (SDNI) at UC San Diego, a member of the National Nanotechnology Coordinated Infrastructure, which is supported by the National Science Foundation (grant ECCS-2025752).

Disclosures: A patent related to this work was filed by the Regents of the University of California (PCT Application No. PCT/US24/46923.). The authors declare that they have no other competing interests.
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Why giant planets might form faster than we thought | ScienceDaily
An international team of astronomers including researchers at the University of Arizona Lunar and Planetary Laboratory has unveiled groundbreaking findings about the disks of gas and dust surrounding nearby young stars, using the powerful Atacama Large Millimeter/submillimeter Array, or ALMA.


						
The findings, published in 12 papers in a focus issue of the Astrophysical Journal, are part of an ALMA large program called the ALMA Survey of Gas Evolution of PROtoplanetary Disks, or AGE-PRO. AGE-PRO observed 30 planet-forming disks around sunlike stars to measure gas disk mass at different ages. The study revealed that gas and dust components in these disks evolve at different rates.

Prior ALMA observations have examined the evolution of dust in disks; AGE-PRO, for the first time, traces the evolution of gas, providing the first measurements of gas disk masses and sizes across the lifetime of planet-forming disks, according to the project's principal investigator, Ke Zhang of the University of Wisconsin-Madison.

"Now we have both, the gas and the dust," said Ilaria Pascucci, a professor at planetary sciences at the U of A and one of three AGE-PRO co-principal investigators. "Observing the gas is much more difficult because it takes much more observing time, and that's why we have to go for a large program like this one to obtain a statistically significant sample."

A protoplanetary disk swirls around its host star for several million years as its gas and dust evolve and dissipate, setting the timescale for giant planets to form. The disk's initial mass and size, as well as its angular momentum, have a profound influence on the type of planet it could form -- gas giants, icy giants or mini-Neptunes -- and migration paths of planets. The lifetime of the gas within the disk determines the timescale for the growth of dust particles to an object the size of an asteroid, the formation of a planet and finally the planet's migration from where it was born.

In one of the survey's most surprising findings, the team discovered that as disks age, their gas and dust are consumed at different rates and undergo a shift in gas-to-dust mass ratio as the disks evolve: Unlike the dust, which tends to remain inside the disk over a longer time span, the gas disperses relatively quickly, then more slowly as the disk ages. In other words, planet-forming disks blow off more of their gas when they're young.

Zhang said the most surprising finding is that although most disks dissipate after a few million years, the ones that survive have more gas than expected. This would suggest that gaseous planets like Jupiter have less time to form than rocky planets.




ALMA's unique sensitivity allowed researchers to use faint, so-called molecular lines to study the cold gas in these disks, characteristic wavelengths of a light spectrum that essentially act as "fingerprints," identifying different species of gas molecules. The first large-scale chemical survey of its kind, AGE-PRO targeted 30 planet-forming disks in three star-forming regions, ranging from 1 million to 6 million years in age: Ophiuchus (youngest), Lupus (1-3 million years old), and Upper Scorpius (oldest). Using ALMA, AGE-PRO obtained observations of key tracers of gas and dust masses in disks spanning crucial stages of their evolution, from their earliest formation to their eventual dispersal. This ALMA data will serve as a comprehensive legacy library of spectral line observations for a large sample of disks at different evolutionary stages.

Dingshan Deng, a graduate student at LPL who is the lead author on one of the papers, provided the data reduction -- essentially, the image analyses needed to get from radio signals to optical images of the disks -- for the star-forming region in the constellation of Lupus (Latin for "wolf").

"Thanks to these new and long observations, we now have the ability to estimate and trace the gas masses, not only for the brightest and better studied disks in that region, but also the smaller and fainter ones," he said. "Thanks to the discovery of gas tracers in many disks where it hadn't been seen before, we now have a well-studied sample covering a wide range of disk masses in the Lupus star-forming region."

"It took years to figure out the proper data reduction approach and analysis to produce the images used in this paper for the gas masses and in many other papers of the collaboration," Pascucci added.

Carbon monoxide is the most widely used chemical tracer in protoplanetary disks, but to thoroughly measure the mass of gas in a disk, additional molecular tracers are needed. AGE-PRO used N2H+, or diazenylium, an ion used as an indicator for nitrogen gas in interstellar clouds, as an additional gas tracer to significantly improve the accuracy of measurements. ALMA's detections were also set up to receive spectral light signatures from other molecules, including formaldehyde, methyl cyanide and several molecular species containing deuterium, a hydrogen isotope.

"Another finding that surprised us was that the mass ratio between the gas and dust tends to be more consistent across disks of different masses than expected," Deng said. "In other words, different-size disks will share a similar gas-to-dust mass ratio, whereas the literature suggested that smaller disks might shed their gas faster."

Funding for this study was provided by the National Science Foundation, the European Research Council, the Alexander von Humboldt Foundation, FONDECYT (Chile) among other sources. For full funding information, see the research paper.
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This quantum sensor tracks 3D movement without GPS | ScienceDaily
In a new study, physicists at the University of Colorado Boulder have used a cloud of atoms chilled down to incredibly cold temperatures to simultaneously measure acceleration in three dimensions -- a feat that many scientists didn't think was possible.


						
The device, a new type of atom "interferometer," could one day help people navigate submarines, spacecraft, cars and other vehicles more precisely.

"Traditional atom interferometers can only measure acceleration in a single dimension, but we live within a three-dimensional world," said Kendall Mehling, a co-author of the new study and a graduate student in the Department of Physics at CU Boulder. "To know where I'm going, and to know where I've been, I need to track my acceleration in all three dimensions."

The researchers published their paper, titled "Vector atom accelerometry in an optical lattice," this month in the journal Science Advances. The team included Mehling; Catie LeDesma, a postdoctoral researcher in physics; and Murray Holland, professor of physics and fellow of JILA, a joint research institute between CU Boulder and the National Institute of Standards and Technology (NIST).

In 2023, NASA awarded the CU Boulder researchers a $5.5 million grant through the agency's Quantum Pathways Institute to continue developing the sensor technology.

The new device is a marvel of engineering: Holland and his colleagues employ six lasers as thin as a human hair to pin a cloud of tens of thousands of rubidium atoms in place. Then, with help from artificial intelligence, they manipulate those lasers in complex patterns -- allowing the team to measure the behavior of the atoms as they react to small accelerations, like pressing the gas pedal down in your car.

Today, most vehicles track acceleration using GPS and traditional, or "classical," electronic devices known as accelerometers. The team's quantum device has a long way to go before it can compete with these tools. But the researchers see a lot of promise for navigation technology based on atoms.




"If you leave a classical sensor out in different environments for years, it will age and decay," Mehling said. "The springs in your clock will change and warp. Atoms don't age."

 Fingerprints of motion 

Interferometers, in some form or another, have been around for centuries -- and they've been used to do everything from transporting information over optical fibers to searching for gravitational waves, or ripples in the fabric of the universe.

The general idea involves splitting things apart and bringing them back together, not unlike unzipping, then zipping back up a jacket.

In laser interferometry, for example, scientists first shine a laser light, then split it into two, identical beams that travel over two separate paths. Eventually, they bring the beams back together. If the lasers have experienced diverging effects along their journeys, such as gravity acting in different ways, they may not mesh perfectly when they recombine. Put differently, the zipper might get stuck. Researchers can make measurements based on how the two beams, once identical, now interfere with each other -- hence the name.

In the current study, the team achieved the same feat, but with atoms instead of light.




Here's how it works: The device currently fits on a bench about the size of an air hockey table. First, the researchers cool a collection of rubidium atoms down to temperatures just a few billionths of a degree above absolute zero.

In that frigid realm, the atoms form a mysterious quantum state of matter known as a Bose-Einstein Condensate (BEC). Carl Wieman, then a physicist at CU Boulder, and Eric Cornell of JILA won a Nobel Prize in 2001 for creating the first BEC.

Next, the team uses laser light to jiggle the atoms, splitting them apart. In this case, that doesn't mean that groups of atoms are separating. Instead, each individual atom exists in a ghostly quantum state called a superposition, in which it can be simultaneously in two places at the same time.

When the atoms split and separate, those ghosts travel away from each other following two different paths. (In the current experiment, the researchers didn't actually move the device itself but used lasers to push on the atoms, causing acceleration).

"Our Bose-Einstein Condensate is a matter-wave pond made of atoms, and we throw stones made of little packets of light into the pond, sending ripples both left and right," Holland said. "Once the ripples have spread out, we reflect them and bring them back together where they interfere."

When the atoms snap back together, they form a unique pattern, just like the two beams of laser light zipping together but more complex. The result resembles a thumb print on a glass.

"We can decode that fingerprint and extract the acceleration that the atoms experienced," Holland said.

Planning with computers 

The group spent almost three years building the device to achieve this feat.

"For what it is, the current experimental device is incredibly compact. Even though we have 18 laser beams passing through the vacuum system that contains our atom cloud, the entire experiment is small enough that we could deploy in the field one day," LeDesma said.

One of the secrets to that success comes down to an artificial intelligence technique called machine learning. Holland explained that splitting and recombining the rubidium atoms requires adjusting the lasers through a complex, multi-step process. To streamline the process, the group trained a computer program that can plan out those moves in advance.

So far, the device can only measure accelerations several thousand times smaller than the force of Earth's gravity. Currently available technologies can do a lot better.

But the group is continuing to improve its engineering and hopes to increase the performance of its quantum device many times over in the coming years. Still, the technology is a testament to just how useful atoms can be.

"We're not exactly sure of all the possible ramifications of this research, because it opens up a door," Holland said.
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Scientists just solved a 40-year-old mystery about quasicrystals | ScienceDaily
A rare and bewildering intermediate between crystal and glass can be the most stable arrangement for some combinations of atoms, according to a study from the University of Michigan.


						
The findings come from the first quantum-mechanical simulations of quasicrystals -- a type of solid that scientists once thought couldn't exist. While the atoms in quasicrystals are arranged in a lattice, as in a crystal, the pattern of atoms doesn't repeat like it does in conventional crystals. The new simulation method suggests quasicrystals -- like crystals -- are fundamentally stable materials, despite their similarity to disordered solids like glass that form as a consequence of rapid heating and cooling.

"We need to know how to arrange atoms into specific structures if we want to design materials with desired properties," said Wenhao Sun, the Dow Early Career Assistant Professor of Materials Science and Engineering, and the corresponding author of the paper published today in Nature Physics. "Quasicrystals have forced us to rethink how and why certain materials can form. Until our study, it was unclear to scientists why they existed."

Quasicrystals seemed to defy physics when they were first described by Israeli scientist Daniel Shechtman in 1984. While experimenting with alloys of aluminum and manganese, Shechtman realized that some of the metals' atoms were arranged in an icosahedral structure resembling many 20-sided dice joined at their faces. This shape gave the material five-fold symmetry -- identical from five different vantage points.

Scientists at the time thought that the atoms inside crystals could only be arranged in sequences repeating in each direction, but five-fold symmetry precluded such patterns. Shechtman initially faced intense scrutiny for suggesting the impossible, but other labs later produced their own quasicrystals and found them in billion-year-old meteorites.

Shechtman eventually earned the Nobel Prize in Chemistry in 2011 for his discovery, but scientists still couldn't answer fundamental questions on how quasicrystals formed. The roadblock was that density-functional theory -- the quantum-mechanical method for calculating a crystal's stability -- relies on patterns that infinitely repeat in a sequence, which quasicrystals lack.

"The first step to understanding a material is knowing what makes it stable, but it has been hard to tell how quasicrystals were stabilized," said Woohyeon Baek, a U-M doctoral student in materials science and engineering and the study's first author.




The atoms in any given material usually arrange into crystals so that the chemical bonds achieve the lowest possible energy. Scientists call such structures enthalpy-stabilized crystals. But other materials form because they have high entropy, meaning there are a lot of different ways for its atoms to be arranged or vibrate.

Glass is one example of an entropy-stabilized solid. It forms when melted silica quickly cools, flash-freezing the atoms into a patternless form. But if the cooling rates slow, or a base is added to heated silica, the atoms can arrange into quartz crystals -- the preferred, lowest energy state at room temperature. Quasicrystals are a puzzling intermediate between glass and crystal. They have locally ordered atomic arrangements like crystals, but like glass, they do not form long-range, repeating patterns.

To determine if quasicrystals are enthalpy- or entropy-stabilized, the researcher's method scoops out smaller nanoparticles from a larger simulated block of quasicrystal. The researchers then calculate the total energy in each nanoparticle, which doesn't require an infinite sequence because the particle has defined boundaries.

Since the energy in a nanoparticle is related to its volume and surface area, repeating the calculations for nanoparticles of increasing sizes allows the researchers to extrapolate the total energy inside a larger block of quasicrystal. With this method, the researchers discovered that two well-studied quasicrystals are enthalpy-stabilized. One is an alloy of scandium and zinc, the other of ytterbium and cadmium.

The most accurate estimates of quasicrystal energy require the largest particles possible, but scaling up the nanoparticles is difficult with standard algorithms. For nanoparticles with only hundreds of atoms, doubling the atoms increases the computing time eightfold. But the researchers found a solution for the computing bottleneck, too.

"In conventional algorithms, every computer processor needs to communicate with one another, but our algorithm is up to 100 times faster because only the neighboring processors communicate, and we effectively use GPU acceleration in supercomputers," said study co-author Vikram Gavini, a U-M professor of mechanical engineering and materials science and engineering.

"We can now simulate glass and amorphous materials, interfaces between different crystals, as well as crystal defects that can enable quantum computing bits."

The research is funded by the U.S. Department of Energy and relied on computing resources housed at the University of Texas, Lawrence Berkeley National Laboratory and Oak Ridge National Laboratory.
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Webb space telescope reveals starburst galaxies that lit up the early universe | ScienceDaily
Astronomers using data from NASA's James Webb Space Telescope have identified dozens of small galaxies that played a starring role in a cosmic makeover that transformed the early universe into the one we know today.


						
"When it comes to producing ultraviolet light, these small galaxies punch well above their weight," said Isak Wold, an assistant research scientist at Catholic University of America in Washington and NASA's Goddard Space Flight Center in Greenbelt, Maryland. "Our analysis of these tiny but mighty galaxies is 10 times more sensitive than previous studies, and shows they existed in sufficient numbers and packed enough ultraviolet power to drive this cosmic renovation."

Wold discussed his findings Wednesday at the 246th meeting of the American Astronomical Society in Anchorage, Alaska. The study took advantage of existing imaging collected by Webb's NIRCam (Near-Infrared Camera) instrument, as well as new observations made with its NIRSpec (Near-Infrared Spectrograph) instrument.

The tiny galaxies were discovered by Wold and his Goddard colleagues, Sangeeta Malhotra and James Rhoads, by sifting through Webb images captured as part of the UNCOVER (Ultradeep NIRSpec and NIRCam ObserVations before the Epoch of Reionization) observing program, led by Rachel Bezanson at the University of Pittsburgh in Pennsylvania.

The project mapped a giant galaxy cluster known as Abell 2744, nicknamed Pandora's cluster, located about 4 billion light-years away in the southern constellation Sculptor. The cluster's mass forms a gravitational lens that magnifies distant sources, adding to Webb's already considerable reach.

For much of its first billion years, the universe was immersed in a fog of neutral hydrogen gas. Today, this gas is ionized -- stripped of its electrons. Astronomers, who refer to this transformation as reionization, have long wondered which types of objects were most responsible: big galaxies, small galaxies, or supermassive black holes in active galaxies. As one of its main goals, NASA's Webb was specifically designed to address key questions about this major transition in the history of the universe.

Recent studies have shown that small galaxies undergoing vigorous star formation could have played an outsized role. Such galaxies are rare today, making up only about 1% of those around us. But they were abundant when the universe was about 800 million years old, an epoch astronomers refer to as redshift 7, when reionization was well underway.




The team searched for small galaxies of the right cosmic age that showed signs of extreme star formation, called starbursts, in NIRCam images of the cluster.

"Low-mass galaxies gather less neutral hydrogen gas around them, which makes it easier for ionizing ultraviolet light to escape," Rhoads said. "Likewise, starburst episodes not only produce plentiful ultraviolet light -- they also carve channels into a galaxy's interstellar matter that helps this light break out."

The astronomers looked for strong sources of a specific wavelength of light that signifies the presence of high-energy processes: a green line emitted by oxygen atoms that have lost two electrons. Originally emitted as visible light in the early cosmos, the green glow from doubly ionized oxygen was stretched into the infrared as it traversed the expanding universe and eventually reached Webb's instruments.

This technique revealed 83 small starburst galaxies as they appear when the universe was 800 million years old, or about 6% of its current age of 13.8 billion years. The team selected 20 of these for deeper inspection using NIRSpec.

"These galaxies are so small that, to build the equivalent stellar mass of our own Milky Way galaxy, you'd need from 2,000 to 200,000 of them," Malhotra said. "But we are able to detect them because of our novel sample selection technique combined with gravitational lensing."

Similar types of galaxies in the present-day universe, such as green peas, release about 25% of their ionizing ultraviolet light into surrounding space. If the low-mass starburst galaxies explored by Wold and his team release a similar amount, they can account for all of the ultraviolet light needed to convert the universe's neutral hydrogen to its ionized form.

The James Webb Space Telescope is the world's premier space science observatory. Webb is solving mysteries in our solar system, looking beyond to distant worlds around other stars, and probing the mysterious structures and origins of our universe and our place in it. Webb is an international program led by NASA with its partners, ESA (European Space Agency) and CSA (Canadian Space Agency).
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Guest molecules ride perfect waves in dna droplets-A breakthrough for synthetic biology | ScienceDaily
Researchers at Johannes Gutenberg University Mainz (JGU), the Max Planck Institute for Polymer Research and the University of Texas at Austin have identified a form of molecular motion that has not previously been observed. When what are known as 'guest molecules' - molecules that are accommodated within a host molecule - penetrate droplets of DNA polymers, they do not simply diffuse in them in a haphazard fashion, but propagate through them in the form of a clearly-defined frontal wave. "This is an effect we did not expect at all," points out Weixiang Chen of the Department of Chemistry at JGU, who played a major role in the discovery. The findings of the research team have today been published in an article in the prestigious journal Nature Nanotechnology. The new insights are not only fundamental to our understanding of how cells regulate signals, but they could also contribute to the development of intelligent biomaterials, innovative types of membranes, programmable carriers of active ingredients and synthetic cell systems able to imitate the organizational complexity of the processes in living beings. Molecular wave patterns instead of conventional diffusion


						
It is usually the case that molecules are distributed throughout liquids by means of simple diffusion. For instance, if you add a blue dye to a glass of water, the dye gradually disperses in the liquid, forming soft, blurry color gradients. However, the observed behavior of guest molecules in DNA droplets is quite different. "The molecules move in a structured and controlled manner that is contrary to the traditional models, and this takes the form of what appears to be a wave of molecules or a mobile boundary," explains Professor Andreas Walther from JGU's Department of Chemistry, who led the research project.

The research team used droplets made up of thousands of individual strands of DNA, structures that are also known as biomolecular condensates. What is of particular interest in this connection is the fact that the properties of the droplets can be precisely determined with the help of the DNA structures and other parameters, such as the concentration of salts. Moreover, these droplets have their counterparts in biological cells, which are able to employ similar condensates to arrange complex biochemical processes without the need for membranes. "Our synthetic droplets thus represent an excellent model system with which we can simulate natural processes and come to better understand them," emphasizes Chen. Into their droplets, the researchers introduced specially designed 'guest' DNA strands that are able to specifically recognize the inner structure of the droplets and bind to them. According to the team, the intriguing motion of the guest molecules, that they have now detected for the first time, is in part attributable to the way that the added DNA and the DNA present in the droplets combine on the basis of the key-and-lock principle. This means that the surrounding material becomes less dense and no longer fixed in place, so that swollen, dynamic states develop locally. Chen adds: "The well-defined, highly concentrated front continues to move forward in a linear fashion over time, driven by chemical binding, material conversion and programmable DNA interactions. Something that is completely new when it comes to soft matter."

 New basis for understanding cellular processes 

The findings are not only relevant to providing us with a better understanding of the physics of soft matter, but also to improving our knowledge of the chemical processes that occur in cells. "This might be one of the missing pieces of the puzzle that, once assembled, will reveal to us how cells regulate signals and organize processes on the molecular level," states Walther. This would also be of interest when it comes to the treatment of neurodegenerative disorders in which proteins migrate from cell nuclei into the cytoplasm, forming condensates there. As these age, they transform from a dynamic to a more stable state and build the problematic fibrils. "It is quite conceivable that we may be able to find a way of influencing these aging processes with the aid of our new insights, so that, over the long term, an entirely new approach to the treatment of neurodegenerative diseases could emerge," concludes Walther.
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        Thinking AI models emit 50x more CO2--and often for nothing
        Every query typed into a large language model (LLM), such as ChatGPT, requires energy and produces CO2 emissions. Emissions, however, depend on the model, the subject matter, and the user. Researchers have now compared 14 models and found that complex answers cause more emissions than simple answers, and that models that provide more accurate answers produce more emissions. Users can, however, to an extent, control the amount of CO2 emissions caused by AI by adjusting their personal use of the te...

      

      
        Microscopic heist: How lung bacteria forge weapons to steal iron and survive
        Researchers investigating the enigmatic and antibiotic-resistant Pandoraea bacteria have uncovered a surprising twist: these pathogens don't just pose risks they also produce powerful natural compounds. By studying a newly discovered gene cluster called pan, scientists identified two novel molecules Pandorabactin A and B that allow the bacteria to steal iron from their environment, giving them a survival edge in iron-poor places like the human body. These molecules also sabotage rival bacteria by...

      

      
        The AI that writes climate-friendly cement recipes in seconds
        AI researchers in Switzerland have found a way to dramatically cut cement s carbon footprint by redesigning its recipe. Their system simulates thousands of ingredient combinations, pinpointing those that keep cement strong while emitting far less CO2 all in seconds.

      

      
        Defying Darwin: Scientists discover worms rewrote their DNA to survive on land
        New research is shaking up our understanding of evolution by revealing that some species may not evolve gradually at all. Instead, scientists discovered that certain marine worms experienced an explosive genetic makeover when they transitioned to life on land over 200 million years ago. Their entire genome broke into pieces and was randomly reassembled an event so extreme it stunned researchers. This radical shift supports the theory of "punctuated equilibrium," where species remain unchanged for...

      

      
        Winter sea ice supercharges Southern Ocean's CO2 uptake
        A breakthrough study has uncovered that the Southern Ocean's power to pull carbon dioxide from the atmosphere fluctuates dramatically depending on winter sea ice. When sea ice lingers longer into winter, the ocean absorbs up to 20% more CO2, thanks to a protective effect that blocks turbulent winds from stirring up deeper, carbon-loaded waters. This subtle seasonal shield plays a vital role in buffering our planet against climate change. But here s the twist: winter data from the Southern Ocean i...

      

      
        Forever chemicals' toxic cousin: MCCPs detected in U. S. air for first time
        In a surprising twist during an air quality study in Oklahoma, researchers detected MCCPs an industrial pollutant never before measured in the Western Hemisphere's atmosphere. The team suspects these toxic compounds are entering the air through biosolid fertilizers derived from sewage sludge. While these pollutants are not yet regulated like their SCCP cousins, their similarity to dangerous "forever chemicals" and unexpected presence raise red flags about how chemical substitutions and waste disp...

      

      
        These beetles can see a color most insects can't
        Beetles that can see the color red? That s exactly what scientists discovered in two Mediterranean species that defy the norm of insect vision. While most insects are blind to red, these beetles use specialized photoreceptors to detect it and even show a strong preference for red flowers like poppies and anemones. This breakthrough challenges long-standing assumptions about how flower colors evolved and opens a new path for studying how pollinators influence plant traits over time.

      

      
        Monster salamander with powerful jaws unearthed in Tennessee fossil find
        A massive, extinct salamander with jaws like a vice once roamed ancient Tennessee and its fossil has just rewritten what we thought we knew about Appalachian amphibians. Named Dynamognathus robertsoni, this powerful predator wasn t just a curiosity; it may have sparked an evolutionary chain reaction, shaping the region s remarkably diverse salamander population. Once thought to be isolated to southern Alabama, salamanders like this one were clearly far more widespread and potentially far more inf...

      

      
        Rainbow reefs revealed: The secret 112-million-year saga of glowing fish
        Scientists have uncovered that fish biofluorescence a captivating ability to glow in vivid colors has ancient roots stretching back over 100 million years. This trait evolved independently in reef fish more than 100 times, likely influenced by post-dinosaur-extinction reef expansion. The glowing spectacle is more diverse than previously imagined, spanning multiple colors across hundreds of species.

      

      
        Clever worms form superorganism towers to hitch rides on insects
        Nematodes tiny yet mighty form wriggling towers to survive and travel as a team. Long thought to exist only in labs, scientists have now spotted these towers naturally forming in rotting orchard fruit. Remarkably, the worms aren t just piling up they build responsive, coordinated structures that hitch rides on insects to escape harsh conditions.

      

      
        Cluck once, and the river shakes: Inside the Amazon's giant snake saga
        A lifelong fascination with nature and fieldwork led this researcher to the world of ethnobiology a field where ecology, culture, and community come together. Investigating how local people relate to species like the anaconda, their work blends traditional knowledge with scientific methods for better conservation. The tale of the mythic Great Snake morphs into economic concerns over vanishing chickens, revealing how cultural beliefs and practical needs coexist.

      

      
        600-million-year-old body blueprint found in sea anemones
        Sea anemones may hold the key to the ancient origins of body symmetry. A study from the University of Vienna shows they use a molecular mechanism known as BMP shuttling, once thought unique to bilaterally symmetrical animals like humans, insects, and worms. This surprising discovery implies that the blueprint for forming a back-to-belly body axis could date back over 600 million years, to a common ancestor of cnidarians and bilaterians.

      

      
        Tiny wasp's shocking reproductive trick may transform global agriculture
        Aphid-hunting wasps can reproduce with or without sex, challenging previous assumptions. This unique flexibility could boost sustainable pest control if its hidden drawbacks can be managed.

      

      
        83% of Earth's climate-critical fungi are still unknown
        Underground fungi may be one of Earth s most powerful and overlooked allies in the fight against climate change, yet most of them remain unknown to science. Known only by DNA, these "dark taxa" make up a shocking 83% of ectomycorrhizal species fungi that help forests store carbon and thrive. Their hotspots lie in tropical forests and other underfunded regions. Without names, they re invisible to conservation efforts. But scientists are urging more DNA sequencing and global collaboration to bring ...

      

      
        Scientists reveal the hidden trigger behind massive floods
        Atmospheric rivers, while vital for replenishing water on the U.S. West Coast, are also the leading cause of floods though storm size alone doesn t dictate their danger. A groundbreaking study analyzing over 43,000 storms across four decades found that pre-existing soil moisture is a critical factor, with flood peaks multiplying when the ground is already saturated.

      

      
        Koalas on the brink: Precision DNA test offers a lifeline to Australia's icons
        A University of Queensland-led project has developed a tool to standardise genetic testing of koala populations, providing a significant boost to conservation and recovery efforts.

      

      
        Fruit-eating mastodons? Ancient fossils confirm a long-lost ecological alliance
        Ten thousand years after mastodons disappeared, scientists have unearthed powerful fossil evidence proving these elephant cousins were vital seed spreaders for large-fruited trees in South America. Using dental wear, isotope analysis, and fossilized plant residue, researchers confirmed that mastodons regularly consumed fruit supporting a decades-old theory that many tropical plants evolved alongside giant animals. The extinction of these megafauna left a permanent ecological void, with some plant...

      

      
        Passive cooling breakthrough could slash data center energy use
        UC San Diego engineers have created a passive evaporative cooling membrane that could dramatically slash energy use in data centers. As demand for AI and cloud computing soars, traditional cooling systems struggle to keep up efficiently. This innovative fiber membrane uses capillary action to evaporate liquid and draw heat away without fans or pumps. It performs with record-breaking heat flux and is stable under high-stress operation.

      

      
        Space-laser AI maps forest carbon in minutes--a game-changer for climate science
        A pioneering study reveals how archaeologists' satellite tools can be repurposed to tackle climate change. By using AI and satellite LiDAR imagery from NASA and ESA, researchers have found a faster, more accurate way to map forest biomass critical for tracking carbon. This innovative fusion of space tech and machine learning could revolutionize how we manage and preserve forests in a warming world.

      

      
        Africa's pangolin crisis: The delicacy that's driving a species to the brink
        Study suggests that appetite for bushmeat -- rather than black market for scales to use in traditional Chinese medicine -- is driving West Africa's illegal hunting of one of the world's most threatened mammals. Interviews with hundreds of hunters show pangolins overwhelmingly caught for food, with majority of scales thrown away. Survey work shows pangolin is considered the most palatable meat in the region.

      

      
        Toxic tides: Centuries-old mercury is flooding the arctic food chain
        Despite falling global mercury emissions, mercury levels in Arctic wildlife continue to rise. A new study reveals that ocean currents are delivering legacy mercury pollution from distant regions like China to the Arctic, where it accumulates in animals and ecosystems.

      

      
        Invisible ID: How a single breath could reveal your health--and your identity
        Scientists have discovered that your breathing pattern is as unique as a fingerprint and it may reveal more than just your identity. Using a 24-hour wearable device, researchers achieved nearly 97% accuracy in identifying people based solely on how they breathe through their nose. Even more intriguingly, these respiratory signatures correlated with traits like anxiety levels, sleep cycles, and body mass index. The findings suggest that breathing isn t just a passive process it might actively shap...

      

      
        The 10,000-mile march through fire that made dinosaurs possible
        Despite Earth's most devastating mass extinction wiping out over 80% of marine life and half of land species, a group of early reptiles called archosauromorphs not only survived but thrived, venturing across the supposedly lifeless tropics to eventually evolve into the dinosaurs and crocodiles we know today. Armed with a groundbreaking model dubbed TARDIS, researchers have reconstructed their ancient dispersal routes, revealing how these resilient reptiles conquered a hostile, post-apocalyptic Ea...

      

      
        New MIT study reveals how biofilms help stop microplastic build-up
        Where do microplastics really go after entering the environment? MIT researchers discovered that sticky biofilms naturally produced by bacteria play a surprising role in preventing microplastics from accumulating in riverbeds. Instead of trapping the particles, these biofilms actually keep them loose and exposed, making them easier for flowing water to carry away. This insight could help target cleanup efforts more effectively and identify hidden pollution hotspots.

      

      
        
          	
            Technology News
          
          	
            Sections
          
          	
            Society News
          
        

      

    

  
	
	Articles
	Sections
	Next



Thinking AI models emit 50x more CO2-and often for nothing | ScienceDaily
No matter which questions we ask an AI, the model will come up with an answer. To produce this information - regardless of whether than answer is correct or not - the model uses tokens. Tokens are words or parts of words that are converted into a string of numbers that can be processed by the LLM.


						
This conversion, as well as other computing processes, produce CO2 emissions. Many users, however, are unaware of the substantial carbon footprint associated with these technologies. Now, researchers in Germany measured and compared CO2 emissions of different, already trained, LLMs using a set of standardized questions.

"The environmental impact of questioning trained LLMs is strongly determined by their reasoning approach, with explicit reasoning processes significantly driving up energy consumption and carbon emissions," said first author Maximilian Dauner, a researcher at Hochschule Munchen University of Applied Sciences and first author of the Frontiers in Communication study. "We found that reasoning-enabled models produced up to 50 times more CO2 emissions than concise response models."

'Thinking' AI causes most emissions

The researchers evaluated 14 LLMs ranging from seven to 72 billion parameters on 1,000 benchmark questions across diverse subjects. Parameters determine how LLMs learn and process information.

Reasoning models, on average, created 543.5 'thinking' tokens per questions, whereas concise models required just 37.7 tokens per question. Thinking tokens are additional tokens that reasoning LLMs generate before producing an answer. A higher token footprint always means higher CO2 emissions. It doesn't, however, necessarily mean the resulting answers are more correct, as elaborate detail that is not always essential for correctness.

The most accurate model was the reasoning-enabled Cogito model with 70 billion parameters, reaching 84.9% accuracy. The model produced three times more CO2 emissions than similar sized models that generated concise answers. "Currently, we see a clear accuracy-sustainability trade-off inherent in LLM technologies," said Dauner. "None of the models that kept emissions below 500 grams of CO2 equivalent achieved higher than 80% accuracy on answering the 1,000 questions correctly." CO2 equivalent is the unit used to measure the climate impact of various greenhouse gases.




Subject matter also resulted in significantly different levels of CO2 emissions. Questions that required lengthy reasoning processes, for example abstract algebra or philosophy, led to up to six times higher emissions than more straightforward subjects, like high school history.

Practicing thoughtful use 

The researchers said they hope their work will cause people to make more informed decisions about their own AI use. "Users can significantly reduce emissions by prompting AI to generate concise answers or limiting the use of high-capacity models to tasks that genuinely require that power," Dauner pointed out.

Choice of model, for instance, can make a significant difference in CO2 emissions. For example, having DeepSeek R1 (70 billion parameters) answer 600,000 questions would create CO2 emissions equal to a round-trip flight from London to New York. Meanwhile, Qwen 2.5 (72 billion parameters) can answer more than three times as many questions (about 1.9 million) with similar accuracy rates while generating the same emissions.

The researchers said that their results may be impacted by the choice of hardware used in the study, an emission factor that may vary regionally depending on local energy grid mixes, and the examined models. These factors may limit the generalizability of the results.

"If users know the exact CO2 cost of their AI-generated outputs, such as casually turning themselves into an action figure, they might be more selective and thoughtful about when and how they use these technologies," Dauner concluded.
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Microscopic heist: How lung bacteria forge weapons to steal iron and survive | ScienceDaily

Despite the high health risk posed by Pandoraea, their molecular properties were hardly known until now. "We only knew that these bacteria occur in nature and that they can be pathogenic because they have been found in the lung microbiome of patients with cystic fibrosis or sepsis," explains Herzog.

 The race for iron 

As for most living organisms, iron is also essential for bacteria. "Iron plays a central role in enzymes and the respiratory chain of living organisms, for example," explains Herzog. Particularly in iron-poor environments such as the human body, the conditions for sufficient absorption of the element are anything but ideal. Many microorganisms therefore produce so-called siderophores: small molecules that bind iron from the environment and transport it into the cell.

"However, there were no known virulence or niche factors in the Pandoraea bacteria that could help them survive," says Herzog. The research team therefore wanted to find out how Pandoraea strains can survive in such a competitive environment.

Using bioinformatic analyses, the team identified a previously unknown gene cluster called pan. It codes for a non-ribosomal peptide synthetase - a typical enzyme for the production of siderophores. "We started with a gene cluster analysis and specifically searched for genes that could be responsible for the production of siderophores," reports Herzog.

Through targeted inactivation of genes as well as culture-based methods and state-of-the-art analytical techniques - including mass spectrometry, NMR spectroscopy, chemical degradation and derivatization - the researchers from Jena succeeded in isolating two new natural products and elucidating their chemical structure: Pandorabactin A and B. Both are able to complex iron and could play an important role in how Pandoraea strains survive in difficult environments. "The molecules help the bacteria to take up iron when it is scarce in their environment," says Herzog.




Less iron, fewer competitors 

Bioassays have also shown that pandorabactins inhibit the growth of other bacteria such as Pseudomonas, Mycobacterium and Stenotrophomonas by removing iron from these competitors.

Analyses of sputum samples from the lungs of cystic fibrosis patients further revealed that the detection of the pan gene cluster correlates with changes in the lung microbiome. Pandorabactins could therefore have a direct influence on microbial communities in diseased lungs.

"However, it is still too early to derive medical applications from these findings," emphasizes Herzog. Nevertheless, the discovery provides important information on the survival strategies of bacteria of the genus Pandoraea and on the complex competition for vital resources in the human body.

The study was carried out in close cooperation between the Leibniz-HKI and the universities of Jena, Heidelberg and Hong Kong. It was conducted as part of the "Balance of the Microverse" Cluster of Excellence and the ChemBioSys Collaborative Research Center and was funded by the German Research Foundation. The imaging mass spectrometer used for the analyses was funded by the Free State of Thuringia and co-financed by the European Union.
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The AI that writes climate-friendly cement recipes in seconds | ScienceDaily

The cement industry produces around eight percent of global CO2 emissions - more than the entire aviation sector worldwide. Researchers at the Paul Scherrer Institute PSI have developed an AI-based model that helps to accelerate the discovery of new cement formulations that could yield the same material quality with a better carbon footprint.

The rotary kilns in cement plants are heated to a scorching 1,400 degrees Celsius to burn ground limestone down to clinker, the raw material for ready-to-use cement. Unsurprisingly, such temperatures typically can't be achieved with electricity alone. They are the result of energy-intensive combustion processes that emit large amounts of carbon dioxide (CO2). What may be surprising, however, is that the combustion process accounts for less than half of these emissions, far less. The majority is contained in the raw materials needed to produce clinker and cement: CO2 that is chemically bound in the limestone is released during its transformation in the high-temperature kilns.

One promising strategy for reducing emissions is to modify the cement recipe itself - replacing some of the clinker with alternative cementitious materials. That is exactly what an interdisciplinary team in the Laboratory for Waste Management in PSI's Center for Nuclear Engineering and Sciences has been investigating. Instead of relying solely on time-consuming experiments or complex simulations, the researchers developed a modelling approach based on machine learning. "This allows us to simulate and optimise cement formulations so that they emit significantly less CO2 while maintaining the same high level of mechanical performance," explains mathematician Romana Boiger, first author of the study. "Instead of testing thousands of variations in the lab, we can use our model to generate practical recipe suggestions within seconds - it's like having a digital cookbook for climate-friendly cement."

With their novel approach, the researchers were able to selectively filter out those cement formulations that could meet the desired criteria. "The range of possibilities for the material composition - which ultimately determines the final properties - is extraordinarily vast," says Nikolaos Prasianakis head of the Transport Mechanisms Research Group at PSI, who was the initiator and co-author of the study. "Our method allows us to significantly accelerate the development cycle by selecting promising candidates for further experimental investigation." The results of the study were published in the journal Materials and Structures.

The right recipe

Already today, industrial by-products such as slag from iron production and fly ash from coal-fired power plants are already being used to partially replace clinker in cement formulations and thus reduce CO2 emissions. However, the global demand for cement is so enormous that these materials alone cannot meet the need. "What we need is the right combination of materials that are available in large quantities and from which high-quality, reliable cement can be produced," says John Provis, head of the Cement Systems Research Group at PSI and co-author of the study.




Finding such combinations, however, is challenging: "Cement is basically a mineral binding agent - in concrete, we use cement, water, and gravel to artificially create minerals that hold the entire material together," Provis explains. "You could say we're doing geology in fast motion." This geology - or rather, the set of physical processes behind it - is enormously complex, and modelling it on a computer is correspondingly computationally intensive and expensive. That is why the research team is relying on artificial intelligence.

AI as computational accelerator

Artificial neural networks are computer models that are trained, using existing data, to speed up complex calculations. During training, the network is fed a known data set and learns from it by adjusting the relative strength or "weighting" of its internal connections so that it can quickly and reliably predict similar relationships. This weighting serves as a kind of shortcut - a faster alternative to otherwise computationally intensive physical modelling.

The researchers at PSI also made use of such a neural network. They themselves generated the data required for training: "With the help of the open-source thermodynamic modelling software GEMS, developed at PSI, we calculated - for various cement formulations - which minerals form during hardening and which geochemical processes take place," explains Nikolaos Prasianakis. By combining these results with experimental data and mechanical models, the researchers were able to derive a reliable indicator for mechanical properties - and thus for the material quality of the cement. For each component used, they also applied a corresponding CO2 factor, a specific emission value that made it possible to determine the total CO2 emissions. "That was a very complex and computationally intensive modelling exercise," the scientist says.

But it was worth the effort - with the data generated in this way, the AI model was able to learn. "Instead of seconds or minutes, the trained neural network can now calculate mechanical properties for an arbitrary cement recipe in milliseconds - that is, around a thousand times faster than with traditional modelling," Boiger explains.

From output to input

How can this AI now be used to find optimal cement formulations - with the lowest possible CO2 emissions and high material quality? One possibility would be to try out various formulations, use the AI model to calculate their properties, and then select the best variants. A more efficient approach, however, is to reverse the process. Instead of trying out all options, ask the question the other way around: Which cement composition meets the desired specifications regarding CO2 balance and material quality?




Both the mechanical properties and the CO2 emissions depend directly on the recipe. "Viewed mathematically, both variables are functions of the composition - if this changes, the respective properties also change," the mathematician explains. To determine an optimal recipe, the researchers formulate the problem as a mathematical optimisation task: They are looking for a composition that simultaneously maximises mechanical properties and minimises CO2 emissions. "Basically, we are looking for a maximum and a minimum - from this we can directly deduce the desired formulation," the mathematician says.

To find the solution, the team integrated in the workflow an additional AI technology, the so-called genetic algorithms - computer-assisted methods inspired by natural selection. This enabled them to selectively identify formulations that ideally combine the two target variables.

The advantage of this "reverse approach": You no longer have to blindly test countless recipes and then evaluate their resulting properties; instead you can specifically search for those that meet specific desired criteria - in this case, maximum mechanical properties with minimum CO2 emissions.

Interdisciplinary approach with great potential

Among the cement formulations identified by the researchers, there are already some promising candidates. "Some of these formulations have real potential," says John Provis, "not only in terms of CO2 reduction and quality, but also in terms of practical feasibility in production." To complete the development cycle, however, the recipes must first be tested in the laboratory. "We're not going to build a tower with them right away without testing them first," Nikolaos Prasianakis says with a smile.

The study primarily serves as a proof of concept - that is, as evidence that promising formulations can be identified purely by mathematical calculation. "We can extend our AI modelling tool as required and integrate additional aspects, such as the production or availability of raw materials, or where the building material is to be used - for example, in a marine environment, where cement and concrete behave differently, or even in the desert," says Romana BoigerNikolaos Prasianakis is already looking ahead: "This is just the beginning. The time savings offered by such a general workflow are enormous - making it a very promising approach for all sorts of material and system designs."

Without the interdisciplinary background of the researchers, the project would never have come to fruition: "We needed cement chemists, thermodynamics experts, AI specialists - and a team that could bring all of this together," Prasianakis says. "Added to this was the important exchange with other research institutions such as EMPA within the framework of the SCENE project." SCENE (the Swiss Centre of Excellence on Net Zero Emissions) is an interdisciplinary research programme that aims to develop scientifically sound solutions for drastically reducing greenhouse gas emissions in industry and the energy supply. The study was carried out as part of this project.
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Defying Darwin: Scientists discover worms rewrote their DNA to survive on land | ScienceDaily
In 1859, Darwin imagined evolution as a slow, gradual progress, with species accumulating small changes over time. But even he was surprised to find the fossil record offered no missing links: the intermediate forms which should have told this story step by step were simply not there. His explanation was as uncomfortable as it was unavoidable: basically, the fossil record is an archive where most of the pages have been torn out.


						
In 1972, the scarcity of intermediate forms led the palaeontologists Stephen Jay Gould and Niles Eldredge to propose a provocative idea: punctuated equilibrium. According to this theory, rather than changing slowly, species remain stable for millions of years and then suddenly make rapid, radical evolutionary jumps. This model would explain why the fossil record seems so silent between species: large changes would happen suddenly and in small, isolated populations, well off the palaeontological radar. Although some fossils support this pattern, the scientific community remains divided: is this a rule of evolution, or an eye-catching exception?

Now a research team led by the Institute of Evolutionary Biology (IBE), a mixed research centre belonging to the Spanish National Research Council (CSIC) and Pompeu Fabra University (UPF), points for the first time to a mechanism of rapid, massive genomic reorganisation which could have played a part in the transition of marine to land animals 200 million years ago. The team has shown that marine annelids (worms) reorganised their genome from top to bottom, leaving it unrecognisable, when they left the oceans. Their observations are consistent with a punctuated equilibrium model, and could indicate that not only gradual but sudden changes in the genome could have occurred as these animals adapted to terrestrial settings. The genetic mechanism identified could transform our concept of animal evolution and revolutionise the established laws of genome evolution.

An unprecedented invertebrate genomic library 

The team sequenced for the first time the high-quality genome of various earthworms, and compared to them to other closely related annelid species (leeches and bristle worms or polychaetes). The level of precision was the same as for sequencing human genomes, although in this case starting from scratch, with no existing references for the studied species. Until now, the lack of complete genomes had prevented the study of chromosomal-level patterns and characteristics for many species, limiting research to smaller-scale phenomena - population studies of a handful of genes, rather than macroevolutionary changes at the full-genome level.

After putting together each of the genomic jigsaw puzzles, the team was able to travel back in time with great precision more than 200 million years, to when the ancestors of the sequenced species were alive. "This is an essential episode in the evolution of life on our planet, given that many species, such as worms and vertebrates, which had been living in the ocean, now ventured onto land for the first time," comments Rosa Fernandez, lead researcher of the IBE's Metazoa Phylogenomics and Genome Evolution Lab.

The analysis of these genomes has revealed an unexpected result: the annelids' genomes were not transformed gradually, as Neo-Darwinian theory would predict, but in isolated explosions of deep genetic remodelling. "The enormous reorganisation of the genomes we observed in the worms as they moved from the ocean to land cannot be explained with the parsimonious mechanism Darwin proposed; our observations chime much more with Gould and Eldredge's theory of punctuated equilibrium," Fernandez adds.




A radical genetic mechanism which could provide evolutionary responses

The team has discovered that marine worms broke their genome into a thousand pieces only to reconstruct it and continue their evolutionary path on land. This phenomenon challenges the models of genome evolution known to date, given that if we observe almost any species, whether a sponge, a coral, or a mammal, many of their genomic structures are almost perfectly conserved. "The entire genome of the marine worms was broken down and then reorganised in a completely random way, in a very short period on the evolutionary scale," Fernandez says. "I made my team repeat the analysis again and again, because I just couldn't believe it."

The reason why this drastic deconstruction did not lead to extinction could be in the 3D structure of the genome. Fernandez's team has discovered that the chromosomes of these modern worms are much more flexible than those of vertebrates and other model organisms. Thanks to this flexibility, it is possible that genes in different parts of the genome could change places and continue working together.

Major changes in their DNA could have helped the worms adapt quickly to life on land, reorganising their genes to respond better to new challenges such as breathing air or being exposed to sunlight. The study suggests that these adjustments not only moved genes around, but also joined fragments that had been separated, creating new "genetic chimeras" which would have driven their evolution. "You could think that this chaos would mean the lineage would die out, but it's possible that some species' evolutionary success is based on that superpower," comments Fernandez.

The observations in the study are consistent with a punctuated equilibrium model, where we observe an explosion of genomic changes after a long period of stability. However, the lack of experimental data for or against -- in this case, 200-million-year-old fossils -- makes it difficult to validate this theory.

Chromosomal chaos: problem or solution?

It seems from this study that conserving the genomic structure at the linear level -- i.e., where the genes are more or less in the same place in different species -- may not be as essential as had been thought. "In fact, stability could be the exception and not the rule in animals, which could benefit from a more fluid genome," Fernandez says.




This phenomenon of extreme genetic reorganisation had previously been observed in the progression of cancer in humans. The term chromoanagenesis covers several mechanisms which break down and reorganise chromosomes in cancerous cells, where we see similar changes to those observed in the earthworms. The only difference is that while these genomic breakdowns and reorganisations are tolerated by the worms, in humans they lead to diseases. The results of this study open the door to a better understanding of the potency of this radical genomic mechanism, with implications for human health.

The study has also reawakened one of the liveliest scientific debates of our time. "Both visions, Darwin's and Gould's, are compatible and complementary. While Neo-Darwinism can explain the evolution of populations perfectly, it has not yet been able to explain some exceptional and crucial episodes in the history of life on Earth, such as the initial explosion of animal life in the oceans over 500 million years ago, or the transition from the sea to land 200 million years ago in the case of earthworms," Fernandez notes. "This is where the punctuated equilibrium theory could offer some answers."

In the future, a larger investigation of the genomic architecture of less-studied invertebrates could shed light on the genomic mechanisms shaping the evolution of the species. "There is a great diversity we know nothing about, hidden in the invertebrates, and studying them could bring new discoveries about the diversity and plasticity of genomic organisation, and challenge dogmas on how we think genomes are organised," Fernandez concludes.

The study involved the collaboration of research staff from the Universitat Autonoma de Barcelona, Trinity College, the Universidad Complutense de Madrid, the University of Koln, and the Universite Libre de Bruxelles.

The study received support from SEA2LAND (Starting Grant funded by the European Research Council), and from the Catalan Biogenome Project, which funded the sequencing of one of the worm genomes.
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Winter sea ice supercharges Southern Ocean's CO2 uptake | ScienceDaily
New research reveals the importance of winter sea ice in the year-to-year variability of the amount of atmospheric CO2 absorbed by a region of the Southern Ocean.


						
In years when sea ice lasts longer in winter, the ocean will overall absorb 20% more CO2 from the atmosphere than in years when sea ice forms late or disappears early. This is because sea ice protects the ocean from strong winter winds that drive mixing between the surface of the ocean and its deeper, carbon-rich layers.

The findings, based on data collected in a coastal system along the west Antarctic Peninsula, show that what happens in winter is crucial in explaining this variability in CO2 uptake.

The study was led by scientists at the University of East Anglia (UEA), in collaboration with colleagues from the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research (AWI, Germany), British Antarctic Survey (BAS, UK) and Institute of Marine Research (IMR, Norway). It is published today in the journal Communications Earth & Environment.

The global ocean takes up about a quarter of all CO2 that humans emit into the atmosphere. The Southern Ocean is responsible for about 40% of this and the researchers wanted to know why it varies so much from year to year.

Lead author Dr Elise Droste, of UEA's School of Environmental Sciences, said: "Our picture of the Southern Ocean's carbon cycle is incomplete, and so we cannot predict whether its atmospheric CO2 uptake - and therefore its contribution to climate change mitigation - will increase, decrease, or remain the same in the future.

"Whatever it does, it will affect what our climate will look like and how fast it will change. To improve predictions, our work suggests that we need to look at how sea ice affects the exchange of carbon between the deep and shallow parts of the ocean. To do this, we need more wintertime observations in the Southern Ocean."

Much of the Southern Ocean surrounding the west Antarctic Peninsula is covered by sea ice in winter, which disappears in spring and summer. In spring and summer, phytoplankton growth and melt water lead to low CO2 concentrations at the ocean surface. This allows the Southern Ocean to absorb large amounts of atmospheric CO2, significantly reducing the global impact of anthropogenic emissions.




In winter, as sea ice forms, the ocean underneath mixes with deeper waters that contain lots of 'natural' carbon that has been in the ocean for centuries. This can cause CO2 at the ocean surface to increase to the point where it can be released into the atmosphere.

Sea ice blocks a large amount of this CO2 'outgassing'. However, it is part of the natural seasonal cycle that some CO2 does escape the ocean. This seasonal balance means that the total amount of CO2 absorbed by the Southern Ocean within one year often depends on how much CO2 is absorbed in summer and how much is released in winter.

"We don't have a good grasp on what is driving this year-to-year variability, which is making it difficult to fully understand the system and to improve the predictability of how the ocean's CO2 uptake will change in the future," said Dr Droste. "One major reason is because we have relatively little data on the Southern Ocean, particularly in the wintertime.

"It is extremely challenging to collect observations in the harsh weather and sea conditions of the Southern Ocean, not to mention sea ice cover making much of it inaccessible, even for the strongest icebreaker. However, this study takes us a step in the right direction."

The study draws on data for 2010-2020, a time series led and maintained by BAS, which collects year-round measurements along the west Antarctic Peninsula. At Rothera, the UK's Antarctic research station, ocean scientists measured physical aspects of the seawater in Ryder Bay and collected samples for nutrient and CO2 analysis, carried out at both Rothera and UEA.

Using other physical and chemical data collected at the same time, the team was able to study why years with long sea ice duration differed from those with short sea ice duration.




Dr Hugh Venables, from BAS, said: "A series of ocean scientists have wintered at Rothera on the Antarctic Peninsula to collect these and other samples, from either a small boat or a sea ice sledge, to build a unique time series of year-round oceanographic conditions for the last 25 years.

"This important result shows the importance of this winter sampling and will hopefully lead to more year-round sampling in the Southern Ocean, both by humans and autonomous technology."

Prof Dorothee Bakker, Professor in Marine Biogeochemistry at UEA, added: "The fact that this data has been collected throughout the year at the same location allows us to investigate which mechanisms are important to explain the year-to-year variability of CO2 uptake by the ocean at this particular location, but we can also use these insights to better understand how the rest of the Southern Ocean works."

The study also involved scientists from the National Institute of Oceanography and Applied Geophysics (Italy) and University of Gothenburg (Sweden). It was supported by funding from the UK's Natural Environment Research Council and European Union's Horizon 2020 research and innovation program.
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Forever chemicals' toxic cousin: MCCPs detected in U. S. air for first time | ScienceDaily
Once in a while, scientific research resembles detective work. Researchers head into the field with a hypothesis and high hopes of finding specific results, but sometimes, there's a twist in the story that requires a deeper dive into the data.


						
That was the case for the University of Colorado Boulder researchers who led a field campaign in an agricultural region of Oklahoma. Using a high-tech instrument to measure how aerosol particles form and grow in the atmosphere, they stumbled upon something unexpected: the first-ever airborne measurements of Medium Chain Chlorinated Paraffins (MCCPs), a kind of toxic organic pollutant, in the Western Hemisphere. Their results published today in ACS Environmental Au.

"It's very exciting as a scientist to find something unexpected like this that we weren't looking for," said Daniel Katz, CU Boulder chemistry PhD student and lead author of the study. "We're starting to learn more about this toxic, organic pollutant that we know is out there, and which we need to understand better."

MCCPs are currently under consideration for regulation by the Stockholm Convention, a global treaty to protect human health from long-standing and widespread chemicals. While the toxic pollutants have been measured in Antarctica and Asia, researchers haven't been sure how to document them in the Western Hemisphere's atmosphere until now.

MCCPs are used in fluids for metal working and in the construction of PVC and textiles. They are often found in wastewater and as a result, can end up in biosolid fertilizer, also called sewage sludge, which is created when liquid is removed from wastewater in a treatment plant. In Oklahoma, researchers suspect the MCCPs they identified came from biosolid fertilizer in the fields near where they set up their instrument.

"When sewage sludges are spread across the fields, those toxic compounds could be released into the air," Katz said. "We can't show directly that that's happening, but we think it's a reasonable way that they could be winding up in the air. Sewage sludge fertilizers have been shown to release similar compounds."

MCCPs little cousins, Short Chain Chlorinated Paraffins (SCCPs), are currently regulated by the Stockholm Convention, and since 2009, by the EPA here in the United States. Regulation came after studies found the toxic pollutants, which travel far and last a long time in the atmosphere, were harmful to human health. But researchers hypothesize that the regulation of SCCPs may have increased MCCPs in the environment.




"We always have these unintended consequences of regulation, where you regulate something, and then there's still a need for the products that those were in," said Ellie Browne, CU Boulder chemistry professor, CIRES Fellow, and co-author of the study. "So they get replaced by something."

Measurement of aerosols led to a new and surprising discovery

Using a nitrate chemical ionization mass spectrometer, which allows scientists to identify chemical compounds in the air, the team measured air at the agricultural site 24 hours a day for one month. As Katz cataloged the data, he documented the different isotopic patterns in the compounds. The compounds measured by the team had distinct patterns, and he noticed new patterns that he immediately identified as different from the known chemical compounds. With some additional research, he identified them as chlorinated paraffins found in MCCPs.

Katz says the makeup of MCCPs are similar to PFAS, long-lasting toxic chemicals that break down slowly over time. Known as "forever chemicals," their presence in soils recently led the Oklahoma Senate to ban biosolid fertilizer.

Now that researchers know how to measure MCCPs, the next step might be to measure the pollutants at different times throughout the year to understand how levels change each season. Many unknowns surrounding MCCPs remain, and there's much more to learn about their environmental impacts.

"We identified them, but we still don't know exactly what they do when they are in the atmosphere, and they need to be investigated further," Katz said. "I think it's important that we continue to have governmental agencies that are capable of evaluating the science and regulating these chemicals as necessary for public health and safety."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250617014222.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



These beetles can see a color most insects can't | ScienceDaily
Insect eyes are generally sensitive to ultraviolet, blue and green light. With the exception of some butterflies, they cannot see the color red. Nevertheless, bees and other insects are also attracted to red flowers such as poppies. In this case, however, they are not attracted by the red color, but because they recognize the UV light reflected by the poppy flower.


						
However, two beetle species from the eastern Mediterranean region can indeed perceive the color red, as an international research team was able to show. The beetles are Pygopleurus chrysonotus and Pygopleurus syriacus from the family Glaphyridae. They feed mainly on pollen and prefer to visit plants with red flowers, such as poppies, anemones and buttercups.

Beetles Have Photoreceptors for long-wave Light

'To our knowledge, we are the first to have experimentally demonstrated that beetles can actually perceive the color red,' says Dr Johannes Spaethe from the Chair of Zoology II at the Biocentre of Julius-Maximilians-Universitat (JMU) Wurzburg in Bavaria, Germany. He gained the new insights together with Dr Elena Bencurova from the Wurzburg Bioinformatics Chair and researchers from the Universities of Ljubljana (Slovenia) and Groningen (Netherlands). The study has been published in the Journal of Experimental Biology.

The scientists used electrophysiology, behavioral experiments and color trapping. Among other things, they found that the two Mediterranean beetles possess four types of photoreceptors in their retinas that respond to UV light as well as blue, green and deep red light. Field experiments also showed that the animals use true color vision to identify red targets and that they have a clear preference for red colors.

New Model System for Ecological and Evolutionary Questions

The researchers consider the Glaphyrid family to be a promising new model system for investigating the visual ecology of beetles and the evolution of flower signals and flower detection by pollinators.

'The prevailing opinion in science is that flower colors have adapted to the visual systems of pollinators over the course of evolution,' says Johannes Spaethe. However, based on the new findings, it is now possible to speculate whether this evolutionary scenario also applies to Glaphyrid beetles and the flowers they visit.

Why do the researchers think this? The three genera of this beetle family (Eulasia, Glaphyrus and Pygopleurus) show considerable differences in their preferences for flower colors, which vary between red, violet, white and yellow. This suggests that the physiological and/or behavioral basis for seeing red and other colors is relatively labile.

The great variety of flower colors in the Mediterranean region and the considerable variation in the color preferences of the beetles made it plausible that the visual systems of these pollinators may adapt to flower colors than is commonly assumed.
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Monster salamander with powerful jaws unearthed in Tennessee fossil find | ScienceDaily
A giant, strong-jawed salamander once tunneled through ancient Tennessee soil.


						
And thanks to a fossil unearthed near East Tennessee State University, scientists now better understand how it helped shape Appalachian amphibian diversity.

The giant plethodontid salamander now joins the remarkable roster of fossils from the Gray Fossil Site & Museum.

The findings appeared in the journal Historical Biology, authored by a team of researchers from the Gray Fossil Site & Museum and ETSU: Assistant Collections Manager Davis Gunnin, Director and Professor of Geosciences Dr. Blaine Schubert, Head Curator and Associate Professor of Geosciences Dr. Joshua Samuels, Museum Specialist Keila Bredehoeft and Assistant Collections Manager Shay Maden.

"Our researchers are not only uncovering ancient life, they are modeling the kind of collaboration and curiosity that define ETSU," said Dr. Joe Bidwell, dean of the College of Arts and Sciences. "This exciting find underscores the vital role our university plays in preserving and exploring Appalachia's deep natural history."

Today, Southern Appalachian forests are renowned for their diversity and abundance of salamander species, especially lungless salamanders of the family Plethodontidae. Tennessee alone is home to more than 50 different salamanders - one in eight of all living salamander species.

Dusky salamanders, common in Appalachian Mountain streams, likely evolved from burrowing ancestors, relatives of Alabama's Red Hills salamander, a large, underground-dwelling species with a worm-like body and small limbs. Their explosive diversification began around 12 million years ago, shaping much of the region's salamander diversity today.




Dynamognathus robertsoni, the powerful, long-extinct salamander recently discovered at the site, had a bite to match its name. Roughly 16 inches long, it ranked among the largest salamanders ever to crawl across the region's ancient forests.

"Finding something that looks like a Red Hills salamander here in East Tennessee was a bit of a surprise," Gunnin said. "Today they're only found in a few counties in southern Alabama, and researchers thought of them as a highly specialized dead-end lineage not particularly relevant to the evolution of the dusky salamanders. Discovery of Dynamognathus robertsoni here in Southern Appalachia shows that these types of relatively large, burrowing salamanders were once more widespread in eastern North America and may have had a profound impact on the evolution of Appalachian salamander communities."

Dynamognathus robertsoni is "the largest plethodontid salamander and one of the largest terrestrial salamanders in the world," Gunnin said. Dusky salamanders in the Appalachians today reach only seven inches long at their largest.

Researchers believe predators like this one may have driven the rapid evolution of Appalachian stream-dwelling salamanders, highlighting the region's key role in salamander diversification.

"The warmer climate in Tennessee 5 million years ago, followed by cooling during the Pleistocene Ice Ages, may have restricted large, burrowing salamanders to lower latitudes, like southern Alabama, where the Red Hills salamander lives today," said Samuels.

Maden explained the naming of this new salamander.




"This group of salamanders has unusual cranial anatomy that gives them a strong bite force, so the genus name - Dynamognathus - Greek for 'powerful jaw,' is given to highlight the great size and power of the salamander compared to its living relatives," said Maden.

The species name robertsoni honors longtime Gray Fossil Site volunteer Wayne Robertson, who discovered the first specimen of the new salamander and has personally sifted through more than 50 tons of fossil-bearing sediment since 2000.

From volunteers and students to staff to faculty, the ETSU Gray Fossil Site & Museum is represented by a dynamic team of lifelong learners and is one of the many reasons ETSU is the flagship institution of Appalachia.

"The latest salamander publication is a testament to this teamwork and search for answers," said Schubert. "When Davis Gunnin, the lead author, began volunteering at the museum as a teenager with an interest in fossil salamanders, I was thrilled, because this region is known for its salamander diversity today, and we know so little about their fossil record. Thus, the possibility of finding something exciting seemed imminent."
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Rainbow reefs revealed: The secret 112-million-year saga of glowing fish | ScienceDaily
New research led by scientists at the American Museum of Natural History sheds light on the ancient origins of biofluorescence in fishes and the range of brilliant colors involved in this biological phenomenon. Detailed in two complementary studies recently published in Nature Communications and PLOS One, the findings suggest that biofluorescence dates back at least 112 million years and, since then, has evolved independently more than 100 times, with the majority of that activity happening among fish that live on coral reefs.


						
The new work also reveals that in marine fishes, biofluorescence -- which occurs when an organism absorbs light, transforms it, and emits it as a different color -- involves a greater variety of colors than previously reported, spanning multiple wavelengths of green, yellow, orange, and red.

"Researchers have known for a while that biofluorescence is quite widespread in marine animals, from sea turtles to corals, and especially among fishes," said Emily Carr, a Ph.D. student in the Museum's Richard Gilder Graduate School and the lead author on the two new studies. "But to really get to the root of why and how these species use this unique adaptation -- whether for camouflage, predation, or reproduction -- we need to understand the underlying evolutionary story as well as the scope of biofluorescence as it currently exists."

For the Nature Communications study, Carr led a comprehensive survey of all known biofluorescent teleosts -- a type of bony fish that make up by far the largest group of vertebrates alive today. This resulted in a list of 459 biofluorescent species, including 48 species that were previously unknown to be biofluorescent. The researchers found that biofluorescence evolved more than 100 times in marine teleosts and is estimated to date back about 112 million years, with the first instance occurring in eels.

The team also found that fish species that live in or around coral reefs evolve biofluorescence at about 10 times the rate of non-reef species, with an increase in the number of fluorescent species following the Cretaceous-Paleogene (K-Pg) extinction about 66 million years ago, when all of the non-avian dinosaurs died off.

"This trend coincides with the rise of modern coral-dominated reefs and the rapid colonization of reefs by fishes, which occurred following a significant loss of coral diversity in the K-Pg extinction," Carr said. "These correlations suggest that the emergence of modern coral reefs could have facilitated the diversification of fluorescence in reef-associated teleost fishes."

Of the 459 known biofluorescent teleosts reported in this study, the majority are associated with coral reefs.




For the PLOS One study, Carr and colleagues used a specialized photography setup with ultraviolet and blue excitation lights and emission filters to look at the wavelengths of light emitted by fishes in the Museum's Ichthyology collection. Collected over the last decade and a half on Museum expeditions to the Solomon Islands, Greenland, and Thailand, the specimens in the study were previously observed fluorescing, but the full range of their biofluorescent emissions was unknown.

The new work reveals far more diversity in colors emitted by teleosts -- some families of which exhibit at least six distinct fluorescent emission peaks, which correspond with wavelengths across multiple colors -- than had previously been reported.

"The remarkable variation we observed across a wide array of these fluorescent fishes could mean that these animals use incredibly diverse and elaborate signaling systems based on species-specific fluorescent emission patterns," said Museum Curator John Sparks, an author on the new studies and Carr's advisor. "As these studies show, biofluorescence is both pervasive and incredibly phenotypically variable among marine fishes. What we would really like to understand better is how fluorescence functions in these highly variable marine lineages, as well as its role in diversification."

The researchers also note that the numerous wavelengths of fluorescent emissions found in this study could have implications for identifying novel fluorescent molecules, which are routinely used in biomedical applications, including fluorescence-guided disease diagnosis and therapy.

Other authors involved in this work include Rene Martin, from the Museum and the University of Nebraska-Lincoln; Mason Thurman, from Clemson University; Karly Cohen, from California State University; Jonathan Huie, from George Washington University; David Gruber, from Baruch College and The Graduate Center, City University of New York; and Tate Sparks, Rutgers University.

Research in the Solomon Islands was supported by the National Science Foundation under Grant Number DEB-1257555.

The Museum greatly acknowledges the Dalio Foundation for its generous support of the inaugural Explore21 Expedition.




The Museum's Exlopre21 initiative is generously supported by the leadership contributions of Katheryn P. and Thomas L. Kempner, Jr. 

The 2019 Constantine S. Niarchos Expedition to Greenland was generously supported by the Stavros Niarchos Foundation. 

Research in Thailand was funded by the Museum and the National Science Foundation Graduate Research Fellowship Program under Grant Number DEB-1938103.

Additional funding for this work was provided by the National Science Foundation under Grant Number DGE-1746914.
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Clever worms form superorganism towers to hitch rides on insects | ScienceDaily
Nematodes are the most abundant animal on earth, but when times get tough, these tiny worms have a hard time moving up and out. So, they play to the strength of their clade. If food runs out and competition turns fierce, they slither towards their numerous kin. They climb onto each other and over one another until their bodies forge a living tower that twists skyward where they might hitch a ride on a passing animal to greener and roomier pastures.


						
At least that's what scientists assumed. For decades, these worm structures were more mythical than material. Such aggregations, in which animals link bodies for group movement, are rare in nature. Only slime molds, fire ants, and spider mites are known to move in this way. For nematodes, nobody had even seen the aggregations -- known as towers -- forming anywhere but within the artificial confines of laboratories and growth chambers; and nobody really knew what they were for. Did towers even exist in the real world?

Now, researchers in Konstanz, Germany, have recorded video footage of worms towering in fallen apples and pears from local orchards. The team from the Max Planck Institute of Animal Behavior (MPI-AB) and the University of Konstanz combined fieldwork with laboratory experiments to provide the first direct evidence that towering behavior occurs naturally and functions as a means of collective transport.

 Natural towers 

"I was ecstatic when I saw these natural towers for the first time," says senior author Serena Ding, group leader at the MPI-AB, of the moment when co-author Ryan Greenway sent her a video recording from the field. "For so long natural worm towers existed only in our imaginations. But with the right equipment and lots of curiosity, we found them hiding in plain sight."

Greenway, a technical assistant at the MPI-AB, spent months with a digital microscope combing through decaying fruit in orchards near the university to record natural occurrences and behavior of worm towers. Some of these whole towers were brought into the lab. What was inside the towers surprised the team. Although the fruits were crawling with many species of nematodes, natural towers were made only of a single species, all at the tough larval stage known as a "dauer."

"A nematode tower is not just a pile of worms," says the first author Daniela Perez, a postdoctoral researcher at MPI-AB. "It's a coordinated structure, a superorganism in motion."

 Function of towers 




The team observed the natural dauer towers waving in unison, much like individual nematodes do by standing on their tails to latch onto a passing animal. But their new findings showed that entire worm towers could respond to touch, detach from surfaces, and collectively attach to insects such as fruit flies -- hitchhiking on mass to new environments.

To probe deeper, Perez built a controlled tower using laboratory cultures of C. elegans. When placed on food-free agar with a small vertical post -- a toothbrush bristle -- hungry worms began to self-assemble. Within two hours, living towers emerged, stable for over 12 hours, and capable of extending exploratory "arms" into surrounding space. Some even formed bridges across gaps to reach new surfaces.

"The towers are actively sensing and growing," says Perez. "When we touched them, they responded immediately, growing toward the stimulus and attaching to it."

This behavior, it turns out, is not restricted to the so-called "dauer" larval stage seen from the wild samples. Adult C. elegans and all larval stages in the lab also towered -- an unexpected twist that suggests towering may be a more generalized strategy for group movement than previously assumed.

Yet despite the architectural complexity of these towers, the worms inside showed no obvious role differentiation. Individuals from the base and the apex were equally mobile, fertile, and strong, hinting at a form of egalitarian cooperation. But so far only, the authors point out, in the controlled conditions of the laboratory. "C. elegans is a clonal culture and so it makes sense that there is no differentiation within the tower. In natural towers, we might see separate genetic compositions and roles, which prompts fascinating questions about who cooperates and who cheats."

As researchers seek to understand how group behavior evolves -- from insect swarms to bird migrations -- these microscopic worm towers might rise to provide some of the answers.

"Our study opens up a whole new system for exploring how and why animals move together," says Ding who leads a research program on nematode behavior and genetics. "By harnessing the genetic tools available for C. elegans, we now have a powerful model to study the ecology and evolution of collective dispersal."
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Cluck once, and the river shakes: Inside the Amazon's giant snake saga | ScienceDaily

As a child, I was fascinated by reports and documentaries about field research and often wondered what it took to be there and what kind of knowledge was being produced. Later, as an ecologist, I felt the need for approaches that better connected scientific research with real-world contexts. I became especially interested in perspectives that viewed humans not as separate from nature, but as part of ecological systems. This led me to explore integrative methods that incorporate local and traditional knowledge, aiming to make research more relevant and accessible to the communities involved.

Can you tell us about the research you're currently working on? 

My research focuses on ethnobiology, an interdisciplinary field intersecting ecology, conservation, and traditional knowledge. We investigate not only the biodiversity of an area but also the relationship local communities have with surrounding species, providing a better understanding of local dynamics and areas needing special attention for conservation. After all, no one knows a place better than those who have lived there for generations. This deep familiarity allows for early detection of changes or environmental shifts. Additionally, developing a collaborative project with residents generates greater engagement, as they recognize themselves as active contributors; and collective participation is essential for effective conservation.

Could you tell us about one of the legends surrounding anacondas? 

One of the greatest myths is about the Great Snake -- a huge snake that is said to inhabit the Amazon River and sleep beneath the town. According to the dwellers, the Great Snake is an anaconda that has grown too large; its movements can shake the river's waters, and its eyes look like fire in the darkness of night. People say anacondas can grow so big that they can swallow large animals -- including humans or cattle -- without difficulty.

What could be the reasons why the traditional role of anacondas as a spiritual and mythological entity has changed? Do you think the fact that fewer anacondas have been seen in recent years contributes to their diminished importance as an mythological entity? 

Not exactly. I believe the two are related, but not in a direct way. The mythology still exists, but among Aritapera dwellers, there's a more practical, everyday concern -- mainly the fear of losing their chickens. As a result, anacondas have come to be seen as stealthy thieves. These traits are mostly associated with smaller individuals (up to around 2-2.5 meters), while the larger ones -- which may still carry the symbolic weight of the 'Great Snake' -- tend to retreat to more sheltered areas; because of the presence of houses, motorized boats, and general noise, they are now seen much less frequently.




Can you share some of the quotes you've collected in interviews that show the attitude of community members towards anacondas? How do chickens come into play? 

When talking about anacondas, one thing always comes up: chickens. "Chicken is her [the anaconda's] favorite dish. If one clucks, she comes," said one dweller. This kind of remark helps explain why the conflict is often framed in economic terms. During the interviews and conversations with local dwellers, many emphasized the financial impact of losing their animals: "The biggest loss is that they keep taking chicks and chickens..." or "You raise the chicken -- you can't just let it be eaten for free, right?"

For them, it's a loss of investment, especially since corn, which is used as chicken feed, is expensive. As one person put it: "We spend time feeding and raising the birds, and then the snake comes and takes them." One dweller shared that, in an attempt to prevent another loss, he killed the anaconda and removed the last chicken it had swallowed from its belly -- "it was still fresh," he said -- and used it for his meal, cooking the chicken for lunch so it wouldn't go to waste.

Some interviewees reported that they had to rebuild their chicken coops and pigsties because too many anacondas were getting in. Participants would point out where the anaconda had entered and explained that they came in through gaps or cracks but couldn't get out afterwards because they 'tufavam' -- a local term referring to the snake's body swelling after ingesting prey.

We saw chicken coops made with mesh, with nylon, some that worked and some that didn't. Guided by the locals' insights, we concluded that the best solution to compensate for the gaps between the wooden slats is to line the coop with a fine nylon mesh (to block smaller animals), and on the outside, a layer of wire mesh, which protects the inner mesh and prevents the entry of larger animals.

Are there any common misconceptions about this area of research? How would you address them? 

Yes, very much. Although ethnobiology is an old science, it's still underexplored and often misunderstood. In some fields, there are ongoing debates about the robustness and scientific validity of the field and related areas. This is largely because the findings don't always rely only on hard statistical data.




However, like any other scientific field, it follows standardized methodologies, and no result is accepted without proper grounding. What happens is that ethnobiology leans more toward the human sciences, placing human beings and traditional knowledge as key variables within its framework.

To address these misconceptions, I believe it's important to emphasize that ethnobiology produces solid and relevant knowledge -- especially in the context of conservation and sustainable development. It offers insights that purely biological approaches might overlook and helps build bridges between science and society.

What are some of the areas of research you'd like to see tackled in the years ahead? 

I'd like to see more conservation projects that include local communities as active participants rather than as passive observers. Incorporating their voices, perspectives, and needs not only makes initiatives more effective, but also more just. There is also great potential in recognizing and valuing traditional knowledge. Beyond its cultural significance, certain practices -- such as the use of natural compounds -- could become practical assets for other vulnerable regions. Once properly documented and understood, many of these approaches offer adaptable forms of environmental management and could help inform broader conservation strategies elsewhere.

How has open science benefited the reach and impact of your research? 

Open science is crucial for making research more accessible. By eliminating access barriers, it facilitates a broader exchange of knowledge -- important especially for interdisciplinary research like mine which draws on multiple knowledge systems and gains value when shared widely. For scientific work, it ensures that knowledge reaches a wider audience, including practitioners and policymakers. This openness fosters dialogue across different sectors, making research more inclusive and encouraging greater collaboration among diverse groups.
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600-million-year-old body blueprint found in sea anemones | ScienceDaily
A new study from the University of Vienna reveals that sea anemones use a molecular mechanism known from bilaterian animals to form their back-to-belly body axis. This mechanism ("BMP shuttling") enables cells to organize themselves during development by interpreting signaling gradients. The findings, published in Science Advances, suggest that this system evolved much earlier than previously assumed and was already present in the common ancestor of cnidarians and bilaterians.


						
Most animals exhibit bilateral symmetry -- a body plan with a head and tail, a back and belly, and left and right sides. This body organization characterizes the vast group known as Bilateria, which includes animals as diverse as vertebrates, insects, molluscs and worms. In contrast, cnidarians, such as jellyfish and sea anemones, are traditionally described as radially symmetric, and indeed jellyfish are. However, the situation is different is the sea anemones: despite superficial radiality, they are bilaterally symmetric - first at the level of gene expression in the embryo and later also anatomically as adults. This raises a fundamental evolutionary question: did bilateral symmetry arise in the common ancestor of Bilateria and Cnidaria, or did it evolve independently in multiple animal lineages? Researchers at the University of Vienna have addressed this question by investigating whether a key developmental mechanism called BMP shuttling is already present in cnidarians.

Shuttling for development

In bilaterian animals, the back-to-belly axis is patterned by a signaling system involving Bone Morphogenetic Proteins (BMPs) and their inhibitor Chordin. BMPs act as molecular messengers, telling embryonic cells where they are and what kind of tissue they should become. In bilaterian embryos, Chordin binds BMPs and blocks their activity in a process called "local Inhibition." At the same time, in some but not all bilaterian embryonic models, Chordin can also transport bound BMPs to other regions in the embryo, where they are released again - a mechanism known as "BMP shuttling." Animals as evolutionary distant as sea urchins, flies and frogs use BMP shuttling, however, until now it was unclear whether they all evolved shuttling independently or inherited it from their last common ancestor some 600 million years ago. Both, local inhibition and BMP shuttling, create a gradient of BMP activity across the embryo. Cells in the early embryo detect this gradient and adopt different fates depending on BMP levels. For example, in vertebrates, the central nervous system forms where BMP signaling is lowest, kidneys will develop at intermediate BMP signaling levels, and the skin of the belly will form in the area of maximum BMP signaling. This way, the body's layout from back to belly is established. To find out whether BMP shuttling by Chordin represents an ancestral mechanism for patterning the back to belly axis, the researchers had to look at bilaterally symmetric animals outside Bilateria - the sea anemones.

An Ancient Blueprint

To test whether sea anemones use Chordin as a local inhibitor or as a shuttle, the researchers first blocked Chordin production in the embryos of the model sea anemone Nematostella vectensis. In Nematostella, unlike in Bilateria, BMP signaling requires the presence of Chordin, so, without Chordin, BMP signaling ceased and the formation of the second body axis failed. Chordin was then reintroduced into a small part of the embryo to see if it could restore axis formation. BMP signaling resumed -- but it was unclear whether this was because Chordin simply blocked BMPs locally, allowing a gradient to form from existing BMP sources, or because it actively transported BMPs to distant parts of the embryo, shaping the gradient more directly. To answer this, two versions of Chordin were tested -- one membrane-bound and immobile, the other diffusible. If Chordin acted as a local inhibitor, both, the immobile and the diffusible Chordin would restore BMP signaling on the side of the embryo opposite to the Chordin producing cells. However, only diffusible Chordin can act as a BMP shuttle. The results were clear: Only the diffusible form was able to restore BMP signaling at a distance from its source, demonstrating that Chordin acts as a BMP shuttle in sea anemones -- just as it does in flies and frogs.

A shared strategy across over 600 million years of evolution?

The presence of BMP shuttling in both cnidarians and bilaterians suggests that this molecular mechanism predates their evolutionary divergence some 600-700 million years ago. "Not all Bilateria use Chordin-mediated BMP shuttling, for example, frogs do, but fish don't, however, shuttling seems to pop up over and over again in very distantly related animals making it a good candidate for an ancestral patterning mechanism. The fact that not only bilaterians but also sea anemones use shuttling to shape their body axes, tells us that this mechanism is incredibly ancient," says David Morsdorf, first author of the study and postdoctoral researcher at the Department of Neurosciences and Developmental Biology at the University of Vienna. "It opens up exciting possibilities for rethinking how body plans evolved in early animals."

Grigory Genikhovich, senior author and group leader at the same department, adds: "We might never be able to exclude the possibility that bilaterians and bilaterally symmetric cnidarians evolved their bilateral body plans independently. However, if the last common ancestor of Cnidaria and Bilateria was a bilaterally symmetric animal, chances are that it used Chordin to shuttle BMPs to make its back-to-belly axis. Our new study showed that."

The study was supported by the Austrian Science Fund (FWF), grants P32705 and M3291.
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Tiny wasp's shocking reproductive trick may transform global agriculture | ScienceDaily
Scientists have shed new light on the evolution of an important species of wasp - and believe that the findings could help improve the effectiveness of natural pest control.


						
Dr Rebecca Boulton, from the University of Stirling, has shown, for the first time, that Lysiphlebus fabarum - a tiny species of wasp - can reproduce with or without a mate. This discovery challenges the previous assumption that asexual females could not mate and produce offspring sexually.

Significantly, the wasps lay their eggs inside small sap-sucking insects called aphids before consuming their host from the inside out -- meaning that they are natural pest controllers.

Lysiphlebus fabarum is known to have both sexual and asexual populations but, until now, it was not known whether asexual females could reproduce sexually with males. The discovery opens up new possibilities for improving biological pest control.

Many species of parasitoid wasps are mass-reared and released as a natural alternative to pesticides because they lay their eggs on or in other species, many of which are pests, before the developing wasp larvae consumes their host, killing it in the process.

Asexual reproduction makes it easy to produce large numbers of wasps, but these need to be suitably adapted to local pests and environments to be effective. Currently, Lysiphlebus fabarum is not used commercially despite being found worldwide and naturally targeting aphids.

Developing an understanding of how the species reproduce could help boost genetic diversity in commercially reared lines, making future biocontrol agents more resilient and better adapted.




Dr Boulton, a lecturer in Biological and Environmental Sciences at the University's Faculty of Natural Sciences, led the study. She said: "In an evolutionary sense, facultative sex seems like a perfect strategy - asexual reproduction is highly efficient, and takes away the costs of finding a mate as well as the risks of failing to find one.

"But sex is really important for evolution. When females reproduce asexually they don't mix their genes up with any others which limits the potential for evolution to happen.

"If the environment changes, asexual species may be unable to adapt in the same way that sexuals can.

"Facultative sex brings the efficiency of asexual reproduction with the evolutionary benefits of sex and so has been touted as the best of both worlds.

"The results of my study show that there might be hidden costs to facultative sex though as it reduces female wasps' reproductive success, and this might limit how frequently it occurs in nature.

"The wasps that I studied are an important natural enemy of aphids, they aren't currently commercially reared, but they are found globally.




"My findings could be used to develop new biocontrol agents that can be used to control aphids throughout the world, harnessing their natural reproductive behavior to ensure that they are adapted to the hosts and environments that are specific to different regions."

Dr Boulton reared the wasps in a Controlled Environment Facility (CEF) at the University and had initially planned to put asexual and sexual wasps together, in direct competition, to see which parasitized the most aphids.

However, in the early stages of these experiments she realized the female asexual wasps were behaving unexpectedly and were mating with males from the sexual population.

This led to a change in strategy, as she started to record this behavior in more detail, before carrying out wasp paternity testing to see whether the asexual females were just mating or actually fertilizing eggs.

Once it confirmed that the asexual wasps were engaging in facultative sex, Dr Boulton carried out an experiment where asexual females either mated or didn't, before examining how successful these females, and their daughters, were at parasitizing aphids.

The study involved putting around 300 wasps, each around 1mm long, in their own petri dish with a colony of sap-sucking aphids and counting how many were parasitized.

Lysiphlebus fabarum wasps only live a few days but spend two weeks developing as larvae on their hosts.

The entire experiment, which was carried out across two generations of wasps, took six weeks to run.

On completion Dr Boulton extracted DNA from the wasps and sent it to be paternity tested. When the results were returned it was clear that the asexual wasps which mated were, in most cases, reproducing sexually as their offspring had bits of DNA that were only found in the fathers.

The study, Is facultative sex the best of both worlds in the parasitoid wasp Lysiphlebus fabarum? is published in the Royal Society of Open Science.

It was funded through a BBSRC Discovery fellowship.

Professor Anne Ferguson-Smith, Executive Chair of BBSRC, said: "This is an exciting example of how BBSRC's Discovery Fellowships are helping talented early career researchers explore fundamental questions in bioscience with real-world relevance.

"Dr Boulton's work, which measures the costs of sex in this predominantly asexual parasitoid wasp, opens up promising avenues for more sustainable pest control. Supporting curiosity-driven research like this not only strengthens the UK's research base, but helps drive innovation that benefits the environment, food systems and society at large."
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83% of Earth's climate-critical fungi are still unknown | ScienceDaily
Mycorrhizal fungi help regulate Earth's climate and ecosystems by forming underground networks that provide plants with essential nutrients, while drawing carbon deep into soils. Scientists and conservationists have been racing to find ways to protect these underground fungi, but they keep finding dark taxa - species that are known only by their DNA sequences that can't be linked to named or described species.


						
It is estimated that only 155,000 of the roughly 2-3 million fungal species on the planet have been formally described. Now, a review published in Current Biology on June 9 shows that as much as 83% of ectomycorrhizal species are so-called dark taxa. The study helps identify underground hotspots of unknown mycorrhizal species occurring in tropical forests in southeast Asia and Central and South America, tropical forests and shrublands in central Africa, Sayan montane conifer forests above Mongolia, and more. This discovery has serious implications for conservation.

Names are important in the natural sciences. Traditionally, once a species is described, it is given a binomial - a name made of two Latin words that describe the species and genus. These names are used to categorize fungi, plants, and animals, and are critical identifiers for conservation and research. Most mycorrhizal fungi in the wild are found using environmental DNA (eDNA) -- genetic material that organisms shed into their surroundings. Scientists extract fungal eDNA from soil and root samples, sequence that DNA, and then run those sequences through a bioinformatics pipeline that matches a sequence with a described species. For dark taxa there are no matches - just strings of As, Gs, Cs, and Ts.

"We are a long way out from getting all fungal DNA sequences linked to named species," says lead author Laura van Galen, a microbial ecologist working with the Society for the Protection of Underground Networks (SPUN) and ETH University, Switzerland. "Environmental DNA has enormous potential as a research tool to detect fungal species, but we can't include unnamed species in conservation initiatives. How can you protect something that hasn't yet been named?"

Ectomycorrhizal fungi are one of the largest groups of mycorrhizal fungi and form symbiotic partnerships with about 25% of global vegetation. Ectomycorrhizal fungi facilitate the drawdown of over 9 billion tons of CO2 annually (over 25% of yearly fossil fuel emissions) and help Earth's forests function by regulating nutrient cycles, enhancing stress tolerance, and even breaking down pollutants.

The researchers' work has uncovered that dark taxa of ectomycorrhizal fungi are not spread evenly across the Earth. "There are hotspots of high dark taxa around the globe, but particularly they are concentrated in tropical regions in Southeast Asia and parts of South America and Africa," says van Galen. "Most of the research on ectomycorrhizal fungi has been focused in the North, but mid-latitude and southern-hemisphere regions show signs of being home to many unknown species. This means there is a mismatch in resources and funding. We need to bridge this gap and facilitate more tropical researchers and those from southern-hemisphere regions to focus on identifying these super-important fungi."

The researchers have suggestions of how we can start bringing these fungi out of the shadows. "One way to reduce the dark taxa problem is to collect, study and sequence mushrooms and other fungi," says co-author Camille Truong, a mycorrhizal ecologist at SPUN and research scientist at the Royal Botanic Gardens Victoria in Australia. "Conversely, there are mushrooms that have been sitting for decades in collections of botanical gardens. These should be urgently sequenced so that we can, hopefully, start matching them up with some of these dark taxa."

Many of the unidentified fungal species are associated with plants that are themselves endangered. "We're at risk here," says van Galen. "If we lose these host plants, we might also be losing really important fungal communities that we don't know anything about yet."

The technology is available - what's missing is attention. "We really need to pay so much more attention to fungi in the soil so that we can understand the species and protect them and conserve them before we lose them," says van Galen. The team hopes that conservation organizations will use the information to protect hotspots of underground biodiversity, even if these species remain nameless.
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Scientists reveal the hidden trigger behind massive floods | ScienceDaily
Atmospheric rivers are responsible for most flooding on the West Coast of the U.S., but also bring much needed moisture to the region. The size of these storms doesn't always translate to flood risk, however, as other factors on the ground play important roles. Now, a new study helps untangle the other drivers of flooding to help communities and water managers better prepare.


						
The research, published June 4 in the Journal of Hydrometeorology, analyzed more than 43,000 atmospheric river storms across 122 watersheds on the West Coast between 1980 and 2023. The researchers found that one of the primary driving forces of flooding is wet soils that can't absorb more water when a storm hits. They showed that flood peaks were 2-4.5 times higher, on average, when soils were already wet. These findings can help explain why some atmospheric river storms cause catastrophic flooding while others of comparable intensity do not. Even weaker storms can generate major floods if their precipitation meets a saturated Earth, while stronger storms may bring needed moisture to a parched landscape without causing flooding.

"The main finding comes down to the fact that flooding from any event, but specifically from atmospheric river storms, is a function not only of the storm size and magnitude, but also what's happening on the land surface," said Mariana Webb, lead author of the study who is completing her Ph.D. at DRI and the University of Nevada, Reno. "This work demonstrates the key role that pre-event soil moisture can have in moderating flood events. Interestingly, flood magnitudes don't increase linearly as soil moisture increases, there's this critical threshold of soil moisture wetness above which you start to see much larger flows."

The study also untangled the environmental conditions of regions where soil moisture has the largest influence on flooding. In arid places like California and southwestern Oregon, storms that hit when soils are already saturated are more likely to cause floods. This is because watersheds in these regions typically have shallow, clay-rich soils and limited water storage capacity. Due to lower precipitation and higher evaporation rates, soil moisture is also more variable in these areas. In contrast, in lush Washington and the interior Cascades and Sierra Nevada regions, watersheds tend to have deeper soils and snowpack, leading to a higher water storage capacity. Although soil saturation can still play a role in driving flooding in these areas, accounting for soil moisture is less valuable for flood management because soils are consistently wet or insulated by snow.

"We wanted to identify the watersheds where having additional information about the soil moisture could enhance our understanding of flood risk," Webb said. "It's the watersheds in more arid climates, where soil moisture is more variable due to evaporation and less consistent precipitation, where we can really see improvements in flood prediction."

Although soil moisture data is currently measured at weather monitoring stations like the USDA's SNOTEL Network, observations are relatively sparse compared to other measures like rainfall. Soil moisture can also vary widely within a single watershed, so often multiple stations are required to give experts a clear picture that can help inform flooding predictions. Increased monitoring in watersheds identified as high-risk, including real-time soil moisture observations, could significantly enhance early warning systems and flood management as atmospheric rivers become more frequent and intense.

By tailoring flood risk evaluations to a specific watershed's physical characteristics and climate, the study could improve flood-risk predictions. The research demonstrates how flood risk increases not just with storm size and magnitude, but with soil moisture, highlighting the value of integrating land surface conditions into impact assessments for atmospheric rivers. "My research really focuses on this interdisciplinary space between atmospheric science and hydrology," Webb said. "There's sometimes a disconnect where atmospheric scientists think about water up until it falls as rain, and hydrologists start their work once the water is on the ground. I wanted to explore how we can better connect these two fields."

Webb worked with DRI ecohydrologist Christine Albano to produce the research, building on Albano's extensive expertise studying atmospheric rivers, their risks, and their impacts on the landscape.

"While soil saturation is widely recognized as a key factor in determining flood risk, Mari's work helps to quantify the point at which this level of saturation leads to large increases in flood risk across different areas along the West Coast," Albano said. "Advances in weather forecasting allow us to see atmospheric rivers coming toward the coast several days before they arrive. By combining atmospheric river forecast information with knowledge of how close the soil moisture is to critical saturation levels for a given watershed, we can further improve flood early warning systems."
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Koalas on the brink: Precision DNA test offers a lifeline to Australia's icons | ScienceDaily
A University of Queensland-led project has developed a tool to standardize genetic testing of koala populations, providing a significant boost to conservation and recovery efforts.


						
Dr Lyndal Hulse from UQ's School of the Environment said the standardized koala genetic marker panel provides a consistent method for researchers nationwide to capture and share koala genetic variation, enabling improved collaboration and data integration across studies.

"Koalas in the wild are under increasing pressure from habitat loss, disease and vehicle strikes, forcing them to live in increasingly smaller and more isolated pockets with limited access to breeding mates outside their group," Dr Hulse said.

"Population inbreeding can mean detrimental effects on their health.

"A standardized panel for directly comparing genetic markers enables researchers, conservationists and government agencies to better understand the genetic diversity of koala populations, allowing for greater collaboration to ensure their survival."

Saurabh Shrivastava, Senior Account Manager at project partner the Australian Genome Research Facility (AGRF Ltd), said the new screening tool was a single nucleotide polymorphism (SNP) array that used next-generation sequencing technologies.

"The Koala SNP-array can accommodate good quality DNA, so is suitable for broad-scale monitoring of wild koala populations," Mr Shrivastava said.




"Importantly, it is available to all researchers and managers."

Dr Hulse said ideally the tool could help guide targeted koala relocations across regions.

"There are very strict rules about relocating koalas, but this could be key to improving and increasing the genetics of populations under threat," she said.

"These iconic Australian marsupials are listed as endangered in Queensland, New South Wales and the ACT - and in 50 years we may only be able to see koalas in captivity.

"Understanding the genetic diversity of different populations of koalas is crucial if we're going to save them from extinction."

The project included researchers from the Australasian Wildlife Genomics Group at the University of New South Wales.

AGRF Ltd is a not-for-profit organization advancing Australian genomics through nationwide access to expert support and cutting-edge technology across a broad range of industries including biomedical, health, agriculture and environmental sectors.
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Fruit-eating mastodons? Ancient fossils confirm a long-lost ecological alliance | ScienceDaily
Ten thousand years ago, mastodons vanished from South America. With them, an ecologically vital function also disappeared: the dispersal of seeds from large-fruited plants. A new study led by the University of O'Higgins, Chile, with key contributions from IPHES-CERCA, demonstrates for the first time -- based on direct fossil evidence -- that these extinct elephant relatives regularly consumed fruit and were essential allies of many tree species. Their loss was not only zoological; it was also botanical, ecological, and evolutionary. Some plant species that relied on mastodons for seed dispersal are now critically endangered.


						
Published in Nature Ecology & Evolution, the research presents the first solid evidence of frugivory in Notiomastodon platensis, a South American Pleistocene mastodon. The findings are based on a multiproxy analysis of 96 fossil teeth collected over a span of more than 1,500 kilometers, from Los Vilos to Chiloe Island in southern Chile. Nearly half of the specimens come from the emblematic site of Lake Tagua Tagua, an ancient lake basin rich in Pleistocene fauna, located in the present-day O'Higgins Region.

The study was led by Dr. Erwin Gonzalez-Guarda, researcher at the University of O'Higgins and associate at IPHES-CERCA, alongside an international team that includes IPHES-CERCA researchers Dr. Florent Rivals, a paleodiet specialist; Dr. Carlos Tornero and Dr. Ivan Ramirez-Pedraza, experts in stable isotopes and paleoenvironmental reconstruction; and Alia Petermann-Pichincura. The research was carried out in collaboration with the Universitat Rovira i Virgili (URV) and the Universitat Autonoma de Barcelona (UAB).

An ecological hypothesis finally proven

In 1982, biologist Daniel Janzen and paleontologist Paul Martin proposed a revolutionary idea: many tropical plants developed large, sweet, and colorful fruits to attract large animals -- such as mastodons, native horses, or giant ground sloths -- that would serve as seed dispersers. Known as the "neotropical anachronisms hypothesis," this theory remained unconfirmed for over forty years. Now, the study led by Gonzalez-Guarda provides direct fossil evidence that validates it. To understand the lifestyle of this mastodon, the team employed various techniques: isotopic analysis, microscopic dental wear studies, and fossil calculus analysis. "We found starch residues and plant tissues typical of fleshy fruits, such as those of the Chilean palm (Jubaea chilensis)," explains Florent Rivals, ICREA research professor at IPHES-CERCA and an expert in paleodiet. "This directly confirms that these animals frequently consumed fruit and played a role in forest regeneration."

The forgotten role of large seed dispersers

"Through stable isotope analysis, we were able to reconstruct the animals' environment and diet with great precision," notes Ivan Ramirez-Pedraza. The data point to a forested ecosystem rich in fruit resources, where mastodons traveled long distances and dispersed seeds along the way. That ecological function remains unreplaced.




"Dental chemistry gives us a direct window into the past," says Carlos Tornero. "By combining different lines of evidence, we've been able to robustly confirm their frugivory and the key role they played in these ecosystems."

A future threatened by an incomplete past

The extinction of mastodons broke a co-evolutionary alliance that had lasted for millennia. The researchers applied a machine learning model to compare the current conservation status of megafauna-dependent plants across different South American regions. The results are alarming: in central Chile, 40% of these species are now threatened -- a rate four times higher than in tropical regions where animals such as tapirs or monkeys still act as alternative seed dispersers.

"Where that ecological relationship between plants and animals has been entirely severed, the consequences remain visible even thousands of years later," says study co-author Andrea P. Loayza.

Species like the gomortega (Gomortega keule), the Chilean palm, and the monkey puzzle tree (Araucaria araucana) now survive in small, fragmented populations with low genetic diversity. They are living remnants of an extinct interaction.

Paleontology as a key to conservation

Beyond its fossil discoveries, the study sends a clear message: understanding the past is essential to addressing today's ecological crises. "Paleontology isn't just about telling old stories," concludes Florent Rivals. "It helps us recognize what we've lost -- and what we still have a chance to save."
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Passive cooling breakthrough could slash data center energy use | ScienceDaily
Engineers at the University of California San Diego have developed a new cooling technology that could significantly improve the energy efficiency of data centers and high-powered electronics. The technology features a specially engineered fiber membrane that passively removes heat through evaporation. It offers a promising alternative to traditional cooling systems like fans, heat sinks and liquid pumps. It could also reduce the water use associated with many current cooling systems.


						
The advance is detailed in a paper published on June 13 in the journal Joule.

As artificial intelligence (AI) and cloud computing continue to expand, the demand for data processing -- and the heat it generates -- is skyrocketing. Currently, cooling accounts for up to 40% of a data center's total energy use. If trends continue, global energy use for cooling could more than double by 2030.

The new evaporative cooling technology could help curb that trend. It uses a low-cost fiber membrane with a network of tiny, interconnected pores that draw cooling liquid across its surface using capillary action. As the liquid evaporates, it efficiently removes heat from the electronics underneath -- no extra energy required. The membrane sits on top of microchannels above the electronics, pulling in liquid that flows through the channels and efficiently dissipating heat.

"Compared to traditional air or liquid cooling, evaporation can dissipate higher heat flux while using less energy," said Renkun Chen, professor in the Department of Mechanical and Aerospace Engineering at the UC San Diego Jacobs School of Engineering, who co-led the project with professors Shengqiang Cai and Abhishek Saha, both from the same department. Mechanical and aerospace engineering Ph.D. student Tianshi Feng and postdoctoral researcher Yu Pei, both members of Chen's research group, are co-first authors on the study.

Many applications currently rely on evaporation for cooling. Heat pipes in laptops and evaporators in air conditioners are some examples, explained Chen. But applying it effectively to high-power electronics has been a challenge. Previous attempts using porous membranes -- which have high surface areas that are ideal for evaporation -- have been unsuccessful because their pores were either too small they would clog or too large they would trigger unwanted boiling. "Here, we use porous fiber membranes with interconnected pores with the right size," said Chen. This design achieves efficient evaporation without those downsides.

When tested across variable heat fluxes, the membrane achieved record-breaking performance. It managed heat fluxes exceeding 800 watts of heat per square centimeter -- one of the highest levels ever recorded for this kind of cooling system. It also proved stable over multiple hours of operation.




"This success showcases the potential of reimagining materials for entirely new applications," said Chen. "These fiber membranes were originally designed for filtration, and no one had previously explored their use in evaporation. We recognized that their unique structural characteristics -- interconnected pores and just the right pore size -- could make them ideal for efficient evaporative cooling. What surprised us was that, with the right mechanical reinforcement, they not only withstood the high heat flux-they performed extremely well under it."

While the current results are promising, Chen says the technology is still operating well below its theoretical limit. The team is now working to refine the membrane and optimize performance. Next steps include integrating it into prototypes of cold plates, which are flat components that attach to chips like CPUs and GPUs to dissipate heat. The team is also launching a startup company to commercialize the technology.

This research was supported by the National Science Foundation (grants CMMI-1762560 and DMR-2005181). The work was performed in part at the San Diego Nanotechnology Infrastructure (SDNI) at UC San Diego, a member of the National Nanotechnology Coordinated Infrastructure, which is supported by the National Science Foundation (grant ECCS-2025752).

Disclosures: A patent related to this work was filed by the Regents of the University of California (PCT Application No. PCT/US24/46923.). The authors declare that they have no other competing interests.
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Space-laser AI maps forest carbon in minutes-a game-changer for climate science | ScienceDaily
Satellite data used by archaeologists to find traces of ancient ruins hidden under dense forest canopies can also be used to improve the speed and accuracy to measure how much carbon is retained and released in forests.


						
Understanding this carbon cycle is key to climate change research, according to Hamdi Zurqani, an assistant professor of geospatial science for the Arkansas Forest Resources Center and the College of Forestry, Agriculture and Natural Resources at the University of Arkansas at Monticello. The center is headquartered at UAM and conducts research and extension activities through the Arkansas Agricultural Experiment Station and the Cooperative Extension Service, the University of Arkansas System Division of Agriculture's research and outreach arms.

"Forests are often called the lungs of our planet, and for good reason," Zurqani said. "They store roughly 80 percent of the world's terrestrial carbon and play a critical role in regulating Earth's climate."

To measure a forest's carbon cycle, a calculation of forest aboveground biomass is needed. Though effective, traditional ground-based methods for estimating forest aboveground biomass are labor-intensive, time-consuming and limited in spatial coverage abilities, Zurqani said.

In a study recently published in Ecological Informatics, Zurqani shows how information from open-access satellites can be integrated on Google Earth Engine with artificial intelligence algorithms to quickly and accurately map large-scale forest aboveground biomass, even in remote areas where accessibility is often an issue.

Zurqani's novel approach uses data from NASA's Global Ecosystem Dynamics Investigation LiDAR, also known as GEDI LiDAR, which includes three lasers installed on the International Space Station. The system can precisely measure three-dimensional forest canopy height, canopy vertical structure and surface elevation. LiDAR stands for "light detection and ranging" and uses light pulses to measure distance and create 3D models.

Zurqani also used imagery data from the European Space Agency's collection of Earth observation Copernicus Sentinel satellites -- Sentinel-1 and Sentinel-2. Combining the 3D imagery from GEDI and the optical imagery from the Sentinels, Zurqani improved the accuracy of biomass estimations.




The study tested four machine learning algorithms to analyze the data: Gradient tree boosting, random forest, classification and regression trees, or CART, and support vector machine. Gradient tree boosting achieved the highest accuracy score and the lowest error rates. Random forest came in second, proving reliable but slightly less precise. CART provided reasonable estimates but tended to focus on a smaller subset. The support vector machine algorithm struggled, Zurqani said, highlighting that not all AI models are equally suited for estimating aboveground forest biomass in this study.

The most accurate predictions, Zurqani said, came from combining Sentinel-2 optical data, vegetation indices, topographic features, and canopy height with the GEDI LiDAR dataset serving as the reference input for both training and testing the machine learning models, showing that multi-source data integration is critical for reliable biomass mapping.

Why it matters

Zurqani said that accurate forest biomass mapping has real-world implications for better accounting of carbon and improved forest management on a global scale. With more accurate assessments, governments and organizations can more precisely track carbon sequestration and emissions from deforestation to inform policy decisions.

The road ahead

While the study marks a leap forward in measuring aboveground forest biomass, Zurqani said the challenges remaining include the impact weather can have on satellite data. Some regions still lack high-resolution LiDAR coverage. He added that future research may explore deeper AI models, such as neural networks, to refine predictions further.

"One thing is clear," Zurqani said. "As climate change intensifies, technology like this will be indispensable in safeguarding our forests and the planet."
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Africa's pangolin crisis: The delicacy that's driving a species to the brink | ScienceDaily
The vast majority of pangolin hunting in African forest landscapes is done for meat consumed by people in the region, rather than for scales shipped to East Asia, a new study led by the University of Cambridge suggests.


						
Pangolins are the most heavily trafficked wild mammal in the world. A solitary, insect-eating animal about the size of a large domestic cat*, pangolins are famous for their highly prized keratin scales -- a staple of traditional Chinese medicine.

All eight existing pangolin species are threatened with extinction and on the IUCN's Red List, with three Asian species categorised as critically endangered.

As Asian pangolins have declined dramatically, Nigeria has seen a boom in the export of pangolin scales to Asia. While hunting pangolins is illegal in Nigeria the West African country is now the world's largest hub for the criminal trade in pangolin products.

However, a new study published in the journal Nature Ecology & Evolution suggests that some 98% of Nigerian pangolins are caught for meat first and foremost, with around two-thirds of scales from these animals simply thrown away.

A research team led by Cambridge collected data from over eight hundred hunters and traders in thirty-three locations across Nigeria's Cross River Forest region, primarily between 2020 and 2023, during which time the conservationists estimate that around 21,000 pangolins were killed annually in the area.

Almost all pangolins were captured "opportunistically" or during general hunting trips (97%) rather than sought out, and caught primarily for meat (98%). Around 71% of pangolins were consumed by hunters themselves, with 27% traded locally as food.




Perhaps surprisingly, given their potential overseas value, around 70% of the scales were discarded, while less than 30% were sold on. However, researchers calculated that, per animal, pangolin meat fetched 3-4 times the price of scales at local Nigerian markets.

"Thousands of kilos of pangolin scales are seized at Nigeria's ports, creating the impression that the international demand for scales is behind pangolin exploitation in West Africa," said study lead author and Gates Cambridge Scholar Dr Charles Emogor, who conducted the research for his PhD at the University of Cambridge's Department of Zoology.

"When we spoke to hunters and traders on the ground around the Cross River forest, the largest stronghold for Nigeria's pangolins, it was obvious that meat was the motivation for almost all of the pangolin killings."

"We found that dedicated pangolin hunts are virtually non-existent. Most pangolins are killed by hunters out for any type of game," said Emogor, now a Schmidt Science Fellow split between Cambridge, UK, and Harvard, US.

"Around a third of pangolins are caught opportunistically, often while people are working in the fields. Pangolins curl into a ball when threatened, which sadly makes them easy to catch." Among frequent hunters, by far the most common method of catching pangolins was given as simply picking them up by hand.

While Emogor says the demands of traditional medicine markets are exacerbating the decline of African pangolins -- his previous research showed that just shipments intercepted by Nigerian authorities between 2010 and 2021 amounted to 190,407 kilos of pangolin scales taken from around 800,000 dead creatures -- pangolins have been exploited in West Africa long before being trafficked to Asia.




The meat is a delicacy in parts of Nigeria, often procured for pregnant women in the belief it helps produce strong babies. Emogor and colleagues surveyed hunters and Cross River locals on "palatability": asking them to rank the tastiness of almost a hundred different animals eaten in the region, from domestic beef and chicken to catfish, monkeys and antelope.

The three major African pangolin species were rated as the most palatable of all available meats, with average scores of almost nine out of ten, and the giant pangolin considered the topmost appetising meat in the region.

"Pangolins face a lethal combination of threats," said Emogor. "Pangolins are easy to hunt, breed slowly, taste good to humans, and are falsely believed to have curative properties in traditional medicines. In addition, their forest habitat is being destroyed."

Emogor's research led him to set up Pangolino in 2021, a global network of volunteers, scientists and pangolin enthusiasts committed to saving the endangered animal. He points out that the cost of policy interventions to tackle meat-driven pangolin trading might be cheaper than those for an international scales market.

These should include anti-poaching patrols as well as community programmes focused on food security. Through Pangolino, Emogor is piloting interventions in four Southeast Nigerian communities by helping create by-laws that prohibit pangolin killing, with financial rewards for compliance.

"Clearly in designing any intervention we need good information on what's motivating the hunters," said Prof Andrew Balmford, co-author from Cambridge's Department of Zoology. "That's why studies such as this are vital for effective conservation of endangered species."

While the latest study focused on Nigeria, researchers say their pangolin hunting and consumption data echo that from countries such as Cameroon and Gabon -- suggesting these patterns may be Africa-wide.

Raised on the edge of the Cross River National Park, home to Nigeria's endangered white-bellied and black-bellied pangolins, Emogor grew up surrounded by wildlife. Yet during childhood he only ever saw dead pangolins, and didn't encounter a living animal until his mid-twenties.

"If we lose the pangolin, we lose 80 million years of evolution," said Emogor. "Pangolins are the only mammals with scales, and their ancestors existed when dinosaurs still roamed the planet," added Emogor.

The latest study was conducted by an international team of researchers from the University of Cambridge, Wildlife Conservation Society, Pangolin Protection Network, University of Washington, CIFOR, CARE International, as well as the UK universities of Oxford, Exeter and Kent.

Notes: 

*While this is a rough size for some African species, such as the White-bellied pangolin, the Giant Pangolin can grow up to 30kg in weight.
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Toxic tides: Centuries-old mercury is flooding the arctic food chain | ScienceDaily
Despite global reductions in mercury emissions, mercury concentrations in Arctic wildlife continue to rise. A new study published in Nature Communications by researchers from Aarhus University and the University of Copenhagen reveals that ocean currents may be transporting legacy mercury pollution to the Arctic -- posing a long-term threat to ecosystems and human health.


						
"We've monitored mercury in Arctic animals for over 40 years. Despite declining global emissions since the 1970s, we see no corresponding decrease in Arctic concentrations -- on the contrary," says Professor Rune Dietz from Aarhus University.

Mercury released into the atmosphere from sources like coal combustion and gold mining can remain airborne for about a year. However, once it enters the ocean, it can persist for over 300 years. This means that even with current emission reductions, the Arctic may continue to experience elevated mercury levels for centuries.

Mercury's Fingerprint in Arctic Wildlife The researchers analyzed over 700 environmental samples -- including tissues from polar bears, seals, fish, and peat -- from across Greenland collected over the past 40 years. By examining the composition of six common mercury isotopes, they identified distinct regional differences that align with ocean current patterns.

"These isotope signatures act like fingerprints, revealing the sources and transport pathways of mercury," explains Senior Researcher Jens Sondergaard from Aarhus University.

For example, central West Greenland is influenced by Atlantic inflow via the Irminger Current, while other regions are dominated by Arctic Ocean currents.

Implications for Global Mercury Regulation

Mercury is a potent neurotoxin. In Arctic top predators like polar bears and toothed whales, concentrations are now 20-30 times higher than before industrialization. This poses serious health risks not only to wildlife but also to Indigenous communities that rely on marine mammals for food.




"Mercury affects the immune system, reproduction, and possibly sensory functions in animals, which can impact their survival," says Professor Christian Sonne from Aarhus University.

The findings have significant implications for the UN's Minamata Convention on Mercury, which aims to reduce global mercury pollution. The study offers a potential explanation for why mercury levels in Arctic biota remain high despite falling atmospheric emissions.

"Transport of mercury from major sources like China to Greenland via ocean currents can take up to 150 years," says Rune Dietz. "This helps explain the lack of decline in Arctic mercury levels."

Looking Ahead

The research team is continuing their work on mercury isotopes across the Arctic through the "GreenPath" project, funded by the Independent Research Fund Denmark. The isotopic analyses also contribute to international projects such as WhaleAdapt and ArcSolutions.
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Invisible ID: How a single breath could reveal your health-and your identity | ScienceDaily
Your breath is one of a kind. A study published June 12 in the Cell Press journal Current Biology demonstrated that scientists can identify individuals based solely on their breathing patterns with 96.8% accuracy. These nasal respiratory "fingerprints" also offer insights into physical and mental health.


						
The research stemmed from the lab's interest in olfaction, or the sense of smell. In mammals, the brain processes odor information during inhalation. This link between the brain and breathing led researchers to wonder: since every brain is unique, wouldn't each person's breathing pattern reflect that?

To test the idea, the team developed a lightweight wearable device that tracks nasal airflow continuously for 24 hours using soft tubes placed under the nostrils. Most breathing tests last just one to 20 minutes, focusing on evaluating lung function or diagnosing disease. But those brief snapshots aren't enough to capture subtle patterns.

"You would think that breathing has been measured and analyzed in every way," says author Noam Sobel of the Weizmann Institute of Science, Israel. "Yet we stumbled upon a completely new way to look at respiration. We consider this as a brain readout."

Sobel's team fitted 100 healthy young adults with the device and asked them to go about their daily lives. Using the collected data, the team identified individuals using only their breathing patterns with high accuracy. This high-level accuracy remained consistent across multiple retests conducted over a two-year period, rivaling the precision of some voice recognition technologies.

"I thought it would be really hard to identify someone because everyone is doing different things, like running, studying, or resting," says author Timna Soroka of the Weizmann Institute of Science. "But it turns out their breathing patterns were remarkably distinct."

Moreover, the study found that these respiratory fingerprints correlated with a person's body mass index, sleep-wake cycle, levels of depression and anxiety, and even behavioral traits. For example, participants who scored relatively higher on anxiety questionnaires had shorter inhales and more variability in the pauses between breaths during sleep. Soroka noted that none of the participants met clinical diagnostic criteria for mental or behavioral conditions. The results suggest that long-term nasal airflow monitoring may serve as a window into physical and emotional well-being.

"We intuitively assume that how depressed or anxious you are changes the way you breathe," says Sobel. "But it might be the other way around. Perhaps the way you breathe makes you anxious or depressed. If that's true, we might be able to change the way you breathe to change those conditions."

The current device still faces real-world challenges. A tube that runs under the nose is often associated with illness and may deter adoption. The device also doesn't account for mouth breathing and can slip out of place when sleeping. The team aims to design a more discreet and comfortable version for everyday use.

Soroka and Sobel are already investigating whether people can mimic healthy breathing patterns to improve their mental and emotional states. "We definitely want to go beyond diagnostics to treatment, and we are cautiously optimistic," says Sobel.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250613013910.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The 10,000-mile march through fire that made dinosaurs possible | ScienceDaily
The forerunners of dinosaurs and crocodiles in the Triassic period were able to migrate across areas of the ancient world deemed completely inhospitable to life, new research suggests.


						
In a paper published in Nature Ecology and Evolution on June 11, researchers from the University of Birmingham and University of Bristol have used a new method of geographical analysis to infer how these ancestral reptiles, known as archosauromorphs, dispersed following one of the most impactful climate events the Earth has ever seen, the end-Permian mass extinction.

The first archosauromorphs, some resembling modern reptiles and many times smaller than familiar dinosaurs, were previously believed to only survive in certain parts of the globe due to extreme heat across the tropics, viewed by many paleontologists as a dead zone, in the earliest Triassic.

By developing a new modelling technique based on landscape reconstructions and evolutionary trees, the team of researchers have been able to discover clues about how these reptiles moved around the world during the Triassic period, following the mass extinction where more than half of land-based animals and 81% of marine life died.

The archosauromorphs that survived the extinction event rose to prominence in Earth's ecosystems in the Triassic, leading to the evolution of dinosaurs. The team now suggest that their later success was in part due to their ability to migrate up to 10,000 miles across the tropical dead zone to access new ecosystems.

Dr Joseph Flannery-Sutherland from the University of Birmingham and corresponding author of the study said:

"Amid the worst climatic event in Earth's history, where more species died than at any period since, life still survived. We know that archosauromorphs as a group managed to come out of this event and over the Triassic period became one of the main players in shaping life thereafter.

"Gaps in their fossil record have increasingly begun to tell us something about what we weren't seeing when it comes to these reptiles. Using our modelling system, we have been able to build a picture of what was happening to the archosauromorphs in these gaps and how they dispersed across the ancient world. This is what led us to call our method TARDIS, as we were looking at terrains and routes directed in space-time.

"Our results suggest that these reptiles were much hardier to the extreme climate of the Pangaean tropical dead zone, able to endure these hellish conditions to reach the other side of the world. It's likely that this ability to survive the inhospitable tropics may have conferred an advantage that saw them thrive in the Triassic world."

"The evolution of life has been controlled at times by the environment," says Professor Michael Benton from the University of Bristol, senior author of the study, "but it is difficult to integrate our limited and uncertain knowledge about the ancient landscape with our limited and uncertain knowledge about the ecology of extinct organisms. But by combining the fossils with reconstructed maps of the ancient world, in the context of evolutionary trees, we provide a way of overcoming these challenges."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250613013903.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New MIT study reveals how biofilms help stop microplastic build-up | ScienceDaily
The accumulation of microplastics in the environment, and within our bodies, is an increasingly worrisome issue. But predicting where these ubiquitous particles will accumulate, and therefore where remediation efforts should be focused, has been difficult because of the many factors that contribute to their dispersal and deposition.


						
New research from MIT shows that one key factor in determining where microparticles are likely to build up has to do with the presence of biofilms. These thin, sticky biopolymer layers are shed by microorganisms and can accumulate on surfaces, including along sandy riverbeds or seashores. The study found that, all other conditions being equal, microparticles are less likely to accumulate in sediment infused with biofilms, because if they land there, they are more likely to be resuspended by flowing water and carried away.

The open-access findings appear in the journal Geophysical Research Letters, in a paper by MIT postdoc Hyoungchul Park and professor of civil and environmental engineering Heidi Nepf. "Microplastics are definitely in the news a lot," Nepf says, "and we don't fully understand where the hotspots of accumulation are likely to be. This work gives a little bit of guidance" on some of the factors that can cause these particles, and small particles in general, to accumulate in certain locations.

Most experiments looking at the ways microparticles are transported and deposited have been conducted over bare sand, Park says. "But in nature, there are a lot of microorganisms, such as bacteria, fungi, and algae, and when they adhere to the stream bed they generate some sticky things." These substances are known as extracellular polymeric substances, or EPS, and they "can significantly affect the channel bed characteristics," he says. The new research focused on determining exactly how these substances affected the transport of microparticles, including microplastics.

The research involved a flow tank with a bottom lined with fine sand, and sometimes with vertical plastic tubes simulating the presence of mangrove roots. In some experiments the bed consisted of pure sand, and in others the sand was mixed with a biological material to simulate the natural biofilms found in many riverbed and seashore environments.

Water mixed with tiny plastic particles was pumped through the tank for three hours, and then the bed surface was photographed under ultraviolet light that caused the plastic particles to fluoresce, allowing a quantitative measurement of their concentration.

The results revealed two different phenomena that affected how much of the plastic accumulated on the different surfaces. Immediately around the rods that stood in for above-ground roots, turbulence prevented particle deposition. In addition, as the amount of simulated biofilms in the sediment bed increased, the accumulation of particles also decreased.




Nepf and Park concluded that the biofilms filled up the spaces between the sand grains, leaving less room for the microparticles to fit in. The particles were more exposed because they penetrated less deeply in between the sand grains, and as a result they were much more easily resuspended and carried away by the flowing water.

"These biological films fill the pore spaces between the sediment grains," Park explains, "and that makes the deposited particles -- the particles that land on the bed -- more exposed to the forces generated by the flow, which makes it easier for them to be resuspended. What we found was that in a channel with the same flow conditions and the same vegetation and the same sand bed, if one is without EPS and one is with EPS, then the one without EPS has a much higher deposition rate than the one with EPS."

Nepf adds: "The biofilm is blocking the plastics from accumulating in the bed because they can't go deep into the bed. They just stay right on the surface, and then they get picked up and moved elsewhere. So, if I spilled a large amount of microplastic in two rivers, and one had a sandy or gravel bottom, and one was muddier with more biofilm, I would expect more of the microplastics to be retained in the sandy or gravelly river."

All of this is complicated by other factors, such as the turbulence of the water or the roughness of the bottom surface, she says. But it provides a "nice lens" to provide some suggestions for people who are trying to study the impacts of microplastics in the field. "They're trying to determine what kinds of habitats these plastics are in, and this gives a framework for how you might categorize those habitats," she says. "It gives guidance to where you should go to find more plastics versus less."

As an example, Park suggests, in mangrove ecosystems, microplastics may preferentially accumulate in the outer edges, which tend to be sandy, while the interior zones have sediment with more biofilm. Thus, this work suggests "the sandy outer regions may be potential hotspots for microplastic accumulation," he says, and can make this a priority zone for monitoring and protection.

The work was supported by Shell International Exploration and Production through the MIT Energy Initiative.
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Cluck once, and the river shakes: Inside the Amazon's giant snake saga | ScienceDaily

As a child, I was fascinated by reports and documentaries about field research and often wondered what it took to be there and what kind of knowledge was being produced. Later, as an ecologist, I felt the need for approaches that better connected scientific research with real-world contexts. I became especially interested in perspectives that viewed humans not as separate from nature, but as part of ecological systems. This led me to explore integrative methods that incorporate local and traditional knowledge, aiming to make research more relevant and accessible to the communities involved.

Can you tell us about the research you're currently working on? 

My research focuses on ethnobiology, an interdisciplinary field intersecting ecology, conservation, and traditional knowledge. We investigate not only the biodiversity of an area but also the relationship local communities have with surrounding species, providing a better understanding of local dynamics and areas needing special attention for conservation. After all, no one knows a place better than those who have lived there for generations. This deep familiarity allows for early detection of changes or environmental shifts. Additionally, developing a collaborative project with residents generates greater engagement, as they recognize themselves as active contributors; and collective participation is essential for effective conservation.

Could you tell us about one of the legends surrounding anacondas? 

One of the greatest myths is about the Great Snake -- a huge snake that is said to inhabit the Amazon River and sleep beneath the town. According to the dwellers, the Great Snake is an anaconda that has grown too large; its movements can shake the river's waters, and its eyes look like fire in the darkness of night. People say anacondas can grow so big that they can swallow large animals -- including humans or cattle -- without difficulty.

What could be the reasons why the traditional role of anacondas as a spiritual and mythological entity has changed? Do you think the fact that fewer anacondas have been seen in recent years contributes to their diminished importance as an mythological entity? 

Not exactly. I believe the two are related, but not in a direct way. The mythology still exists, but among Aritapera dwellers, there's a more practical, everyday concern -- mainly the fear of losing their chickens. As a result, anacondas have come to be seen as stealthy thieves. These traits are mostly associated with smaller individuals (up to around 2-2.5 meters), while the larger ones -- which may still carry the symbolic weight of the 'Great Snake' -- tend to retreat to more sheltered areas; because of the presence of houses, motorized boats, and general noise, they are now seen much less frequently.




Can you share some of the quotes you've collected in interviews that show the attitude of community members towards anacondas? How do chickens come into play? 

When talking about anacondas, one thing always comes up: chickens. "Chicken is her [the anaconda's] favorite dish. If one clucks, she comes," said one dweller. This kind of remark helps explain why the conflict is often framed in economic terms. During the interviews and conversations with local dwellers, many emphasized the financial impact of losing their animals: "The biggest loss is that they keep taking chicks and chickens..." or "You raise the chicken -- you can't just let it be eaten for free, right?"

For them, it's a loss of investment, especially since corn, which is used as chicken feed, is expensive. As one person put it: "We spend time feeding and raising the birds, and then the snake comes and takes them." One dweller shared that, in an attempt to prevent another loss, he killed the anaconda and removed the last chicken it had swallowed from its belly -- "it was still fresh," he said -- and used it for his meal, cooking the chicken for lunch so it wouldn't go to waste.

Some interviewees reported that they had to rebuild their chicken coops and pigsties because too many anacondas were getting in. Participants would point out where the anaconda had entered and explained that they came in through gaps or cracks but couldn't get out afterwards because they 'tufavam' -- a local term referring to the snake's body swelling after ingesting prey.

We saw chicken coops made with mesh, with nylon, some that worked and some that didn't. Guided by the locals' insights, we concluded that the best solution to compensate for the gaps between the wooden slats is to line the coop with a fine nylon mesh (to block smaller animals), and on the outside, a layer of wire mesh, which protects the inner mesh and prevents the entry of larger animals.

Are there any common misconceptions about this area of research? How would you address them? 

Yes, very much. Although ethnobiology is an old science, it's still underexplored and often misunderstood. In some fields, there are ongoing debates about the robustness and scientific validity of the field and related areas. This is largely because the findings don't always rely only on hard statistical data.




However, like any other scientific field, it follows standardized methodologies, and no result is accepted without proper grounding. What happens is that ethnobiology leans more toward the human sciences, placing human beings and traditional knowledge as key variables within its framework.

To address these misconceptions, I believe it's important to emphasize that ethnobiology produces solid and relevant knowledge -- especially in the context of conservation and sustainable development. It offers insights that purely biological approaches might overlook and helps build bridges between science and society.

What are some of the areas of research you'd like to see tackled in the years ahead? 

I'd like to see more conservation projects that include local communities as active participants rather than as passive observers. Incorporating their voices, perspectives, and needs not only makes initiatives more effective, but also more just. There is also great potential in recognizing and valuing traditional knowledge. Beyond its cultural significance, certain practices -- such as the use of natural compounds -- could become practical assets for other vulnerable regions. Once properly documented and understood, many of these approaches offer adaptable forms of environmental management and could help inform broader conservation strategies elsewhere.

How has open science benefited the reach and impact of your research? 

Open science is crucial for making research more accessible. By eliminating access barriers, it facilitates a broader exchange of knowledge -- important especially for interdisciplinary research like mine which draws on multiple knowledge systems and gains value when shared widely. For scientific work, it ensures that knowledge reaches a wider audience, including practitioners and policymakers. This openness fosters dialogue across different sectors, making research more inclusive and encouraging greater collaboration among diverse groups.
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Africa's pangolin crisis: The delicacy that's driving a species to the brink | ScienceDaily
The vast majority of pangolin hunting in African forest landscapes is done for meat consumed by people in the region, rather than for scales shipped to East Asia, a new study led by the University of Cambridge suggests.


						
Pangolins are the most heavily trafficked wild mammal in the world. A solitary, insect-eating animal about the size of a large domestic cat*, pangolins are famous for their highly prized keratin scales -- a staple of traditional Chinese medicine.

All eight existing pangolin species are threatened with extinction and on the IUCN's Red List, with three Asian species categorised as critically endangered.

As Asian pangolins have declined dramatically, Nigeria has seen a boom in the export of pangolin scales to Asia. While hunting pangolins is illegal in Nigeria the West African country is now the world's largest hub for the criminal trade in pangolin products.

However, a new study published in the journal Nature Ecology & Evolution suggests that some 98% of Nigerian pangolins are caught for meat first and foremost, with around two-thirds of scales from these animals simply thrown away.

A research team led by Cambridge collected data from over eight hundred hunters and traders in thirty-three locations across Nigeria's Cross River Forest region, primarily between 2020 and 2023, during which time the conservationists estimate that around 21,000 pangolins were killed annually in the area.

Almost all pangolins were captured "opportunistically" or during general hunting trips (97%) rather than sought out, and caught primarily for meat (98%). Around 71% of pangolins were consumed by hunters themselves, with 27% traded locally as food.




Perhaps surprisingly, given their potential overseas value, around 70% of the scales were discarded, while less than 30% were sold on. However, researchers calculated that, per animal, pangolin meat fetched 3-4 times the price of scales at local Nigerian markets.

"Thousands of kilos of pangolin scales are seized at Nigeria's ports, creating the impression that the international demand for scales is behind pangolin exploitation in West Africa," said study lead author and Gates Cambridge Scholar Dr Charles Emogor, who conducted the research for his PhD at the University of Cambridge's Department of Zoology.

"When we spoke to hunters and traders on the ground around the Cross River forest, the largest stronghold for Nigeria's pangolins, it was obvious that meat was the motivation for almost all of the pangolin killings."

"We found that dedicated pangolin hunts are virtually non-existent. Most pangolins are killed by hunters out for any type of game," said Emogor, now a Schmidt Science Fellow split between Cambridge, UK, and Harvard, US.

"Around a third of pangolins are caught opportunistically, often while people are working in the fields. Pangolins curl into a ball when threatened, which sadly makes them easy to catch." Among frequent hunters, by far the most common method of catching pangolins was given as simply picking them up by hand.

While Emogor says the demands of traditional medicine markets are exacerbating the decline of African pangolins -- his previous research showed that just shipments intercepted by Nigerian authorities between 2010 and 2021 amounted to 190,407 kilos of pangolin scales taken from around 800,000 dead creatures -- pangolins have been exploited in West Africa long before being trafficked to Asia.




The meat is a delicacy in parts of Nigeria, often procured for pregnant women in the belief it helps produce strong babies. Emogor and colleagues surveyed hunters and Cross River locals on "palatability": asking them to rank the tastiness of almost a hundred different animals eaten in the region, from domestic beef and chicken to catfish, monkeys and antelope.

The three major African pangolin species were rated as the most palatable of all available meats, with average scores of almost nine out of ten, and the giant pangolin considered the topmost appetising meat in the region.

"Pangolins face a lethal combination of threats," said Emogor. "Pangolins are easy to hunt, breed slowly, taste good to humans, and are falsely believed to have curative properties in traditional medicines. In addition, their forest habitat is being destroyed."

Emogor's research led him to set up Pangolino in 2021, a global network of volunteers, scientists and pangolin enthusiasts committed to saving the endangered animal. He points out that the cost of policy interventions to tackle meat-driven pangolin trading might be cheaper than those for an international scales market.

These should include anti-poaching patrols as well as community programmes focused on food security. Through Pangolino, Emogor is piloting interventions in four Southeast Nigerian communities by helping create by-laws that prohibit pangolin killing, with financial rewards for compliance.

"Clearly in designing any intervention we need good information on what's motivating the hunters," said Prof Andrew Balmford, co-author from Cambridge's Department of Zoology. "That's why studies such as this are vital for effective conservation of endangered species."

While the latest study focused on Nigeria, researchers say their pangolin hunting and consumption data echo that from countries such as Cameroon and Gabon -- suggesting these patterns may be Africa-wide.

Raised on the edge of the Cross River National Park, home to Nigeria's endangered white-bellied and black-bellied pangolins, Emogor grew up surrounded by wildlife. Yet during childhood he only ever saw dead pangolins, and didn't encounter a living animal until his mid-twenties.

"If we lose the pangolin, we lose 80 million years of evolution," said Emogor. "Pangolins are the only mammals with scales, and their ancestors existed when dinosaurs still roamed the planet," added Emogor.

The latest study was conducted by an international team of researchers from the University of Cambridge, Wildlife Conservation Society, Pangolin Protection Network, University of Washington, CIFOR, CARE International, as well as the UK universities of Oxford, Exeter and Kent.

Notes: 

*While this is a rough size for some African species, such as the White-bellied pangolin, the Giant Pangolin can grow up to 30kg in weight.
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Thinking AI models emit 50x more CO2--and often for nothing
        Every query typed into a large language model (LLM), such as ChatGPT, requires energy and produces CO2 emissions. Emissions, however, depend on the model, the subject matter, and the user. Researchers have now compared 14 models and found that complex answers cause more emissions than simple answers, and that models that provide more accurate answers produce more emissions. Users can, however, to an extent, control the amount of CO2 emissions caused by AI by adjusting their personal use of the te...

      

      
        Microscopic heist: How lung bacteria forge weapons to steal iron and survive
        Researchers investigating the enigmatic and antibiotic-resistant Pandoraea bacteria have uncovered a surprising twist: these pathogens don't just pose risks they also produce powerful natural compounds. By studying a newly discovered gene cluster called pan, scientists identified two novel molecules Pandorabactin A and B that allow the bacteria to steal iron from their environment, giving them a survival edge in iron-poor places like the human body. These molecules also sabotage rival bacteria by...

      

      
        The AI that writes climate-friendly cement recipes in seconds
        AI researchers in Switzerland have found a way to dramatically cut cement s carbon footprint by redesigning its recipe. Their system simulates thousands of ingredient combinations, pinpointing those that keep cement strong while emitting far less CO2 all in seconds.

      

      
        How can we make fewer mistakes? US Navy invests $860k in placekeeping
        With $860K in Navy funding, MSU psychologists are developing tools to spot people who can handle complex tasks under pressure. The key? Mastering "placekeeping" staying focused and accurate even when sleep-deprived or interrupted.

      

      
        Defying Darwin: Scientists discover worms rewrote their DNA to survive on land
        New research is shaking up our understanding of evolution by revealing that some species may not evolve gradually at all. Instead, scientists discovered that certain marine worms experienced an explosive genetic makeover when they transitioned to life on land over 200 million years ago. Their entire genome broke into pieces and was randomly reassembled an event so extreme it stunned researchers. This radical shift supports the theory of "punctuated equilibrium," where species remain unchanged for...

      

      
        AI sniffs earwax and detects Parkinson's with 94% accuracy
        Imagine diagnosing Parkinson s disease not with pricey scans or subjective checklists, but with a simple ear swab. Scientists in China have developed a promising early screening method that detects Parkinson s from subtle changes in the scent of ear wax yes, really. By analyzing specific volatile compounds in ear wax and feeding that data into an AI-powered olfactory system, they achieved 94% accuracy in identifying who had the disease. If expanded successfully, this low-cost, non-invasive techni...

      

      
        Forever chemicals' toxic cousin: MCCPs detected in U. S. air for first time
        In a surprising twist during an air quality study in Oklahoma, researchers detected MCCPs an industrial pollutant never before measured in the Western Hemisphere's atmosphere. The team suspects these toxic compounds are entering the air through biosolid fertilizers derived from sewage sludge. While these pollutants are not yet regulated like their SCCP cousins, their similarity to dangerous "forever chemicals" and unexpected presence raise red flags about how chemical substitutions and waste disp...

      

      
        MIT uncovers the hidden playbook your brain uses to outsmart complicated problems
        When faced with a tricky maze task involving hidden information, humans instinctively toggle between two clever mental strategies: simplifying in steps or mentally rewinding. MIT researchers showed that people shift methods based on how reliable their memory is echoed by AI models mimicking the same constraints.

      

      
        These beetles can see a color most insects can't
        Beetles that can see the color red? That s exactly what scientists discovered in two Mediterranean species that defy the norm of insect vision. While most insects are blind to red, these beetles use specialized photoreceptors to detect it and even show a strong preference for red flowers like poppies and anemones. This breakthrough challenges long-standing assumptions about how flower colors evolved and opens a new path for studying how pollinators influence plant traits over time.

      

      
        Monster salamander with powerful jaws unearthed in Tennessee fossil find
        A massive, extinct salamander with jaws like a vice once roamed ancient Tennessee and its fossil has just rewritten what we thought we knew about Appalachian amphibians. Named Dynamognathus robertsoni, this powerful predator wasn t just a curiosity; it may have sparked an evolutionary chain reaction, shaping the region s remarkably diverse salamander population. Once thought to be isolated to southern Alabama, salamanders like this one were clearly far more widespread and potentially far more inf...

      

      
        Heavy particles, big secrets: What happened right after the Big Bang
        Smashing atomic nuclei together at mind-bending speeds recreates the fiery conditions of the early universe and scientists are finally getting a better handle on what happens next. A sweeping new study dives deep into how ultra-heavy particles behave after these high-energy collisions, revealing they don t just vanish after the initial impact but continue interacting like silent messengers from the dawn of time. This behavior, once overlooked, may hold the key to unraveling the universe s most my...

      

      
        Rainbow reefs revealed: The secret 112-million-year saga of glowing fish
        Scientists have uncovered that fish biofluorescence a captivating ability to glow in vivid colors has ancient roots stretching back over 100 million years. This trait evolved independently in reef fish more than 100 times, likely influenced by post-dinosaur-extinction reef expansion. The glowing spectacle is more diverse than previously imagined, spanning multiple colors across hundreds of species.

      

      
        Clever worms form superorganism towers to hitch rides on insects
        Nematodes tiny yet mighty form wriggling towers to survive and travel as a team. Long thought to exist only in labs, scientists have now spotted these towers naturally forming in rotting orchard fruit. Remarkably, the worms aren t just piling up they build responsive, coordinated structures that hitch rides on insects to escape harsh conditions.

      

      
        Robots that feel heat, pain, and pressure? This new "skin" makes it possible
        Researchers have created a revolutionary robotic skin that brings machines closer to human-like touch. Made from a flexible, low-cost gel material, this skin transforms the entire surface of a robotic hand into a sensitive, intelligent sensor. Unlike traditional robotic skins that rely on a patchwork of different sensors, this material can detect pressure, temperature, pain, and even distinguish multiple contact points all at once.

      

      
        Cluck once, and the river shakes: Inside the Amazon's giant snake saga
        A lifelong fascination with nature and fieldwork led this researcher to the world of ethnobiology a field where ecology, culture, and community come together. Investigating how local people relate to species like the anaconda, their work blends traditional knowledge with scientific methods for better conservation. The tale of the mythic Great Snake morphs into economic concerns over vanishing chickens, revealing how cultural beliefs and practical needs coexist.

      

      
        Tiny orange beads found by Apollo astronauts reveal moon's explosive past
        When Apollo astronauts stumbled across shimmering orange beads on the moon, they had no idea they were gazing at ancient relics of violent volcanic activity. These glass spheres, tiny yet mesmerizing, formed billions of years ago during fiery eruptions that launched molten droplets skyward, instantly freezing in space. Now, using advanced instruments that didn't exist in the 1970s, scientists have examined the beads in unprecedented detail. The result is a remarkable window into the moon s dynami...

      

      
        The invisible killer: PM 1 pollution uncovered across America
        A groundbreaking 25-year analysis using satellite technology has now mapped PM 1 levels across the U.S., uncovering how wildfires, vehicle emissions, and industrial byproducts have shaped the air we breathe. Although regulations have improved air quality over time, rising wildfire activity poses a growing challenge. This new dataset gives scientists and regulators a vital tool for targeting the most harmful pollutants and protecting public health.

      

      
        600-million-year-old body blueprint found in sea anemones
        Sea anemones may hold the key to the ancient origins of body symmetry. A study from the University of Vienna shows they use a molecular mechanism known as BMP shuttling, once thought unique to bilaterally symmetrical animals like humans, insects, and worms. This surprising discovery implies that the blueprint for forming a back-to-belly body axis could date back over 600 million years, to a common ancestor of cnidarians and bilaterians.

      

      
        Only 13 % know: The one-minute self-exam that could save young men's lives
        A new survey shows most Americans wrongly think testicular cancer is an older man's issue, despite it most commonly affecting men aged 20 40. Early detection is key but misconceptions about symptoms and screening remain widespread.

      

      
        Magnetic mayhem at the sun's poles: First images reveal a fiery mystery
        For the first time in history, we re seeing the Sun from an angle no one ever has: from above and below its poles. Thanks to the European Space Agency s Solar Orbiter and its tilted orbit, scientists have captured groundbreaking images and data that are unlocking mysteries about the Sun s magnetic field, its puzzling 11-year cycle, and the powerful solar wind. Instruments aboard the spacecraft are already revealing strange, chaotic magnetic behavior near the Sun s south pole and tracking solar pa...

      

      
        Your brain has a hidden beat -- and smarter minds sync to it
        When we focus, switch tasks, or face tough mental challenges, the brain starts to sync its internal rhythms, especially in the midfrontal region. A new study has found that smarter individuals show more precise and flexible coordination of slow theta waves during key decision-making moments. Using EEG recordings and cognitive testing, researchers discovered that it s not constant brainwave synchronization that matters most, but the brain s ability to dynamically adapt its rhythms like a well-tune...

      

      
        Single psilocybin trip delivers two years of depression relief for cancer patients
        Psilocybin, the active ingredient in magic mushrooms, might just revolutionize how depression and anxiety are treated in cancer patients. In a groundbreaking trial, a single dose combined with therapy significantly reduced emotional suffering, and these effects often lasted over two years. As follow-up studies expand the research to multiple doses and larger samples, scientists are eyeing a possible new standard of care that merges psychedelics with psychological support.

      

      
        Tiny wasp's shocking reproductive trick may transform global agriculture
        Aphid-hunting wasps can reproduce with or without sex, challenging previous assumptions. This unique flexibility could boost sustainable pest control if its hidden drawbacks can be managed.

      

      
        83% of Earth's climate-critical fungi are still unknown
        Underground fungi may be one of Earth s most powerful and overlooked allies in the fight against climate change, yet most of them remain unknown to science. Known only by DNA, these "dark taxa" make up a shocking 83% of ectomycorrhizal species fungi that help forests store carbon and thrive. Their hotspots lie in tropical forests and other underfunded regions. Without names, they re invisible to conservation efforts. But scientists are urging more DNA sequencing and global collaboration to bring ...

      

      
        Impossible signal from deep beneath Antarctic ice baffles physicists
        A cosmic particle detector in Antarctica has emitted a series of bizarre signals that defy the current understanding of particle physics, according to an international research group that includes scientists from Penn State. The unusual radio pulses were detected by the Antarctic Impulsive Transient Antenna (ANITA) experiment, a range of instruments flown on balloons high above Antarctica that are designed to detect radio waves from cosmic rays hitting the atmosphere.

      

      
        Fruit-eating mastodons? Ancient fossils confirm a long-lost ecological alliance
        Ten thousand years after mastodons disappeared, scientists have unearthed powerful fossil evidence proving these elephant cousins were vital seed spreaders for large-fruited trees in South America. Using dental wear, isotope analysis, and fossilized plant residue, researchers confirmed that mastodons regularly consumed fruit supporting a decades-old theory that many tropical plants evolved alongside giant animals. The extinction of these megafauna left a permanent ecological void, with some plant...

      

      
        CRISPR-edited stem cells reveal hidden causes of autism
        A team at Kobe University has created a game-changing resource for autism research: 63 mouse embryonic stem cell lines, each carrying a genetic mutation strongly associated with the disorder. By pairing classic stem cell manipulation with precise CRISPR gene editing, they ve built a standardized platform that mirrors autism-linked genetic conditions in mice. These models not only replicate autism-related traits but also expose key dysfunctions, like the brain s inability to clean up faulty protei...

      

      
        Space-laser AI maps forest carbon in minutes--a game-changer for climate science
        A pioneering study reveals how archaeologists' satellite tools can be repurposed to tackle climate change. By using AI and satellite LiDAR imagery from NASA and ESA, researchers have found a faster, more accurate way to map forest biomass critical for tracking carbon. This innovative fusion of space tech and machine learning could revolutionize how we manage and preserve forests in a warming world.

      

      
        Africa's pangolin crisis: The delicacy that's driving a species to the brink
        Study suggests that appetite for bushmeat -- rather than black market for scales to use in traditional Chinese medicine -- is driving West Africa's illegal hunting of one of the world's most threatened mammals. Interviews with hundreds of hunters show pangolins overwhelmingly caught for food, with majority of scales thrown away. Survey work shows pangolin is considered the most palatable meat in the region.

      

      
        Brain food fight: Rutgers maps the hidden switch that turns cravings on and off
        Rutgers scientists have uncovered a tug-of-war inside the brain between hunger and satiety, revealing two newly mapped neural circuits that battle over when to eat and when to stop. These findings offer an unprecedented glimpse into how hormones and brain signals interact, with implications for fine-tuning today's weight-loss drugs like Ozempic.

      

      
        The 10,000-mile march through fire that made dinosaurs possible
        Despite Earth's most devastating mass extinction wiping out over 80% of marine life and half of land species, a group of early reptiles called archosauromorphs not only survived but thrived, venturing across the supposedly lifeless tropics to eventually evolve into the dinosaurs and crocodiles we know today. Armed with a groundbreaking model dubbed TARDIS, researchers have reconstructed their ancient dispersal routes, revealing how these resilient reptiles conquered a hostile, post-apocalyptic Ea...
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Thinking AI models emit 50x more CO2-and often for nothing | ScienceDaily
No matter which questions we ask an AI, the model will come up with an answer. To produce this information - regardless of whether than answer is correct or not - the model uses tokens. Tokens are words or parts of words that are converted into a string of numbers that can be processed by the LLM.


						
This conversion, as well as other computing processes, produce CO2 emissions. Many users, however, are unaware of the substantial carbon footprint associated with these technologies. Now, researchers in Germany measured and compared CO2 emissions of different, already trained, LLMs using a set of standardized questions.

"The environmental impact of questioning trained LLMs is strongly determined by their reasoning approach, with explicit reasoning processes significantly driving up energy consumption and carbon emissions," said first author Maximilian Dauner, a researcher at Hochschule Munchen University of Applied Sciences and first author of the Frontiers in Communication study. "We found that reasoning-enabled models produced up to 50 times more CO2 emissions than concise response models."

'Thinking' AI causes most emissions

The researchers evaluated 14 LLMs ranging from seven to 72 billion parameters on 1,000 benchmark questions across diverse subjects. Parameters determine how LLMs learn and process information.

Reasoning models, on average, created 543.5 'thinking' tokens per questions, whereas concise models required just 37.7 tokens per question. Thinking tokens are additional tokens that reasoning LLMs generate before producing an answer. A higher token footprint always means higher CO2 emissions. It doesn't, however, necessarily mean the resulting answers are more correct, as elaborate detail that is not always essential for correctness.

The most accurate model was the reasoning-enabled Cogito model with 70 billion parameters, reaching 84.9% accuracy. The model produced three times more CO2 emissions than similar sized models that generated concise answers. "Currently, we see a clear accuracy-sustainability trade-off inherent in LLM technologies," said Dauner. "None of the models that kept emissions below 500 grams of CO2 equivalent achieved higher than 80% accuracy on answering the 1,000 questions correctly." CO2 equivalent is the unit used to measure the climate impact of various greenhouse gases.




Subject matter also resulted in significantly different levels of CO2 emissions. Questions that required lengthy reasoning processes, for example abstract algebra or philosophy, led to up to six times higher emissions than more straightforward subjects, like high school history.

Practicing thoughtful use 

The researchers said they hope their work will cause people to make more informed decisions about their own AI use. "Users can significantly reduce emissions by prompting AI to generate concise answers or limiting the use of high-capacity models to tasks that genuinely require that power," Dauner pointed out.

Choice of model, for instance, can make a significant difference in CO2 emissions. For example, having DeepSeek R1 (70 billion parameters) answer 600,000 questions would create CO2 emissions equal to a round-trip flight from London to New York. Meanwhile, Qwen 2.5 (72 billion parameters) can answer more than three times as many questions (about 1.9 million) with similar accuracy rates while generating the same emissions.

The researchers said that their results may be impacted by the choice of hardware used in the study, an emission factor that may vary regionally depending on local energy grid mixes, and the examined models. These factors may limit the generalizability of the results.

"If users know the exact CO2 cost of their AI-generated outputs, such as casually turning themselves into an action figure, they might be more selective and thoughtful about when and how they use these technologies," Dauner concluded.
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Microscopic heist: How lung bacteria forge weapons to steal iron and survive | ScienceDaily

Despite the high health risk posed by Pandoraea, their molecular properties were hardly known until now. "We only knew that these bacteria occur in nature and that they can be pathogenic because they have been found in the lung microbiome of patients with cystic fibrosis or sepsis," explains Herzog.

 The race for iron 

As for most living organisms, iron is also essential for bacteria. "Iron plays a central role in enzymes and the respiratory chain of living organisms, for example," explains Herzog. Particularly in iron-poor environments such as the human body, the conditions for sufficient absorption of the element are anything but ideal. Many microorganisms therefore produce so-called siderophores: small molecules that bind iron from the environment and transport it into the cell.

"However, there were no known virulence or niche factors in the Pandoraea bacteria that could help them survive," says Herzog. The research team therefore wanted to find out how Pandoraea strains can survive in such a competitive environment.

Using bioinformatic analyses, the team identified a previously unknown gene cluster called pan. It codes for a non-ribosomal peptide synthetase - a typical enzyme for the production of siderophores. "We started with a gene cluster analysis and specifically searched for genes that could be responsible for the production of siderophores," reports Herzog.

Through targeted inactivation of genes as well as culture-based methods and state-of-the-art analytical techniques - including mass spectrometry, NMR spectroscopy, chemical degradation and derivatization - the researchers from Jena succeeded in isolating two new natural products and elucidating their chemical structure: Pandorabactin A and B. Both are able to complex iron and could play an important role in how Pandoraea strains survive in difficult environments. "The molecules help the bacteria to take up iron when it is scarce in their environment," says Herzog.




Less iron, fewer competitors 

Bioassays have also shown that pandorabactins inhibit the growth of other bacteria such as Pseudomonas, Mycobacterium and Stenotrophomonas by removing iron from these competitors.

Analyses of sputum samples from the lungs of cystic fibrosis patients further revealed that the detection of the pan gene cluster correlates with changes in the lung microbiome. Pandorabactins could therefore have a direct influence on microbial communities in diseased lungs.

"However, it is still too early to derive medical applications from these findings," emphasizes Herzog. Nevertheless, the discovery provides important information on the survival strategies of bacteria of the genus Pandoraea and on the complex competition for vital resources in the human body.

The study was carried out in close cooperation between the Leibniz-HKI and the universities of Jena, Heidelberg and Hong Kong. It was conducted as part of the "Balance of the Microverse" Cluster of Excellence and the ChemBioSys Collaborative Research Center and was funded by the German Research Foundation. The imaging mass spectrometer used for the analyses was funded by the Free State of Thuringia and co-financed by the European Union.
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The AI that writes climate-friendly cement recipes in seconds | ScienceDaily

The cement industry produces around eight percent of global CO2 emissions - more than the entire aviation sector worldwide. Researchers at the Paul Scherrer Institute PSI have developed an AI-based model that helps to accelerate the discovery of new cement formulations that could yield the same material quality with a better carbon footprint.

The rotary kilns in cement plants are heated to a scorching 1,400 degrees Celsius to burn ground limestone down to clinker, the raw material for ready-to-use cement. Unsurprisingly, such temperatures typically can't be achieved with electricity alone. They are the result of energy-intensive combustion processes that emit large amounts of carbon dioxide (CO2). What may be surprising, however, is that the combustion process accounts for less than half of these emissions, far less. The majority is contained in the raw materials needed to produce clinker and cement: CO2 that is chemically bound in the limestone is released during its transformation in the high-temperature kilns.

One promising strategy for reducing emissions is to modify the cement recipe itself - replacing some of the clinker with alternative cementitious materials. That is exactly what an interdisciplinary team in the Laboratory for Waste Management in PSI's Center for Nuclear Engineering and Sciences has been investigating. Instead of relying solely on time-consuming experiments or complex simulations, the researchers developed a modelling approach based on machine learning. "This allows us to simulate and optimise cement formulations so that they emit significantly less CO2 while maintaining the same high level of mechanical performance," explains mathematician Romana Boiger, first author of the study. "Instead of testing thousands of variations in the lab, we can use our model to generate practical recipe suggestions within seconds - it's like having a digital cookbook for climate-friendly cement."

With their novel approach, the researchers were able to selectively filter out those cement formulations that could meet the desired criteria. "The range of possibilities for the material composition - which ultimately determines the final properties - is extraordinarily vast," says Nikolaos Prasianakis head of the Transport Mechanisms Research Group at PSI, who was the initiator and co-author of the study. "Our method allows us to significantly accelerate the development cycle by selecting promising candidates for further experimental investigation." The results of the study were published in the journal Materials and Structures.

The right recipe

Already today, industrial by-products such as slag from iron production and fly ash from coal-fired power plants are already being used to partially replace clinker in cement formulations and thus reduce CO2 emissions. However, the global demand for cement is so enormous that these materials alone cannot meet the need. "What we need is the right combination of materials that are available in large quantities and from which high-quality, reliable cement can be produced," says John Provis, head of the Cement Systems Research Group at PSI and co-author of the study.




Finding such combinations, however, is challenging: "Cement is basically a mineral binding agent - in concrete, we use cement, water, and gravel to artificially create minerals that hold the entire material together," Provis explains. "You could say we're doing geology in fast motion." This geology - or rather, the set of physical processes behind it - is enormously complex, and modelling it on a computer is correspondingly computationally intensive and expensive. That is why the research team is relying on artificial intelligence.

AI as computational accelerator

Artificial neural networks are computer models that are trained, using existing data, to speed up complex calculations. During training, the network is fed a known data set and learns from it by adjusting the relative strength or "weighting" of its internal connections so that it can quickly and reliably predict similar relationships. This weighting serves as a kind of shortcut - a faster alternative to otherwise computationally intensive physical modelling.

The researchers at PSI also made use of such a neural network. They themselves generated the data required for training: "With the help of the open-source thermodynamic modelling software GEMS, developed at PSI, we calculated - for various cement formulations - which minerals form during hardening and which geochemical processes take place," explains Nikolaos Prasianakis. By combining these results with experimental data and mechanical models, the researchers were able to derive a reliable indicator for mechanical properties - and thus for the material quality of the cement. For each component used, they also applied a corresponding CO2 factor, a specific emission value that made it possible to determine the total CO2 emissions. "That was a very complex and computationally intensive modelling exercise," the scientist says.

But it was worth the effort - with the data generated in this way, the AI model was able to learn. "Instead of seconds or minutes, the trained neural network can now calculate mechanical properties for an arbitrary cement recipe in milliseconds - that is, around a thousand times faster than with traditional modelling," Boiger explains.

From output to input

How can this AI now be used to find optimal cement formulations - with the lowest possible CO2 emissions and high material quality? One possibility would be to try out various formulations, use the AI model to calculate their properties, and then select the best variants. A more efficient approach, however, is to reverse the process. Instead of trying out all options, ask the question the other way around: Which cement composition meets the desired specifications regarding CO2 balance and material quality?




Both the mechanical properties and the CO2 emissions depend directly on the recipe. "Viewed mathematically, both variables are functions of the composition - if this changes, the respective properties also change," the mathematician explains. To determine an optimal recipe, the researchers formulate the problem as a mathematical optimisation task: They are looking for a composition that simultaneously maximises mechanical properties and minimises CO2 emissions. "Basically, we are looking for a maximum and a minimum - from this we can directly deduce the desired formulation," the mathematician says.

To find the solution, the team integrated in the workflow an additional AI technology, the so-called genetic algorithms - computer-assisted methods inspired by natural selection. This enabled them to selectively identify formulations that ideally combine the two target variables.

The advantage of this "reverse approach": You no longer have to blindly test countless recipes and then evaluate their resulting properties; instead you can specifically search for those that meet specific desired criteria - in this case, maximum mechanical properties with minimum CO2 emissions.

Interdisciplinary approach with great potential

Among the cement formulations identified by the researchers, there are already some promising candidates. "Some of these formulations have real potential," says John Provis, "not only in terms of CO2 reduction and quality, but also in terms of practical feasibility in production." To complete the development cycle, however, the recipes must first be tested in the laboratory. "We're not going to build a tower with them right away without testing them first," Nikolaos Prasianakis says with a smile.

The study primarily serves as a proof of concept - that is, as evidence that promising formulations can be identified purely by mathematical calculation. "We can extend our AI modelling tool as required and integrate additional aspects, such as the production or availability of raw materials, or where the building material is to be used - for example, in a marine environment, where cement and concrete behave differently, or even in the desert," says Romana BoigerNikolaos Prasianakis is already looking ahead: "This is just the beginning. The time savings offered by such a general workflow are enormous - making it a very promising approach for all sorts of material and system designs."

Without the interdisciplinary background of the researchers, the project would never have come to fruition: "We needed cement chemists, thermodynamics experts, AI specialists - and a team that could bring all of this together," Prasianakis says. "Added to this was the important exchange with other research institutions such as EMPA within the framework of the SCENE project." SCENE (the Swiss Centre of Excellence on Net Zero Emissions) is an interdisciplinary research programme that aims to develop scientifically sound solutions for drastically reducing greenhouse gas emissions in industry and the energy supply. The study was carried out as part of this project.
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How can we make fewer mistakes? US Navy invests $860k in placekeeping | ScienceDaily
A team of cognitive psychologists from the Michigan State University Department of Psychology have received a $860,000 grant from the Office of Naval Research to develop assessments for identifying people who are good at performing complex procedural tasks, even under challenging conditions like sleep deprivation and frequent interruptions.


						
"If we develop the right tools, we can identify people who are going to be better at performing a wide range of procedures. This is important because Navy personnel are increasingly called upon to do lots of different tasks as military systems become more complex," said Erik Altmann, lead investigator of the study and professor in MSU's psychology department. "The goal is to get the right person in the right job at the right time."

This multiyear study will look at individual differences in placekeeping, which is the cognitive ability to remember what step you are on in a procedural sequence. The researchers will also test whether incorporating task interruptions during training can help personnel develop cognitive strategies for placekeeping during deployment, when personnel may be sleep-deprived.

"We know that under conditions of sleep deprivation, people make more procedural errors, especially when they're interrupted in the middle of a task. Procedural errors can be catastrophic, so the Navy is interested in reducing them," said Altmann.

The research team, which also includes cognitive psychologists Kimberly Fenn and Zach Hambrick, has been funded since 2016 by the Office of Naval Research, with past studies looking at multitasking and the effect of sleep on cognitive performance.

The results of this study could improve personnel selection and classification in the Navy and in other fields where procedural accuracy is critical; results also could suggest approaches to training that make people more resilient to effects of stressors like sleep deprivation and task interruption.

Why this matters
    	This research will help to identify people who can successfully perform a wide range of procedures, namely military personnel, as they often are sought to undertake complex tasks.
    	Results from the study could offer new training approaches to help make people more resilient to effects of stressors, such as sleep deprivation or task interruption.
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Defying Darwin: Scientists discover worms rewrote their DNA to survive on land | ScienceDaily
In 1859, Darwin imagined evolution as a slow, gradual progress, with species accumulating small changes over time. But even he was surprised to find the fossil record offered no missing links: the intermediate forms which should have told this story step by step were simply not there. His explanation was as uncomfortable as it was unavoidable: basically, the fossil record is an archive where most of the pages have been torn out.


						
In 1972, the scarcity of intermediate forms led the palaeontologists Stephen Jay Gould and Niles Eldredge to propose a provocative idea: punctuated equilibrium. According to this theory, rather than changing slowly, species remain stable for millions of years and then suddenly make rapid, radical evolutionary jumps. This model would explain why the fossil record seems so silent between species: large changes would happen suddenly and in small, isolated populations, well off the palaeontological radar. Although some fossils support this pattern, the scientific community remains divided: is this a rule of evolution, or an eye-catching exception?

Now a research team led by the Institute of Evolutionary Biology (IBE), a mixed research centre belonging to the Spanish National Research Council (CSIC) and Pompeu Fabra University (UPF), points for the first time to a mechanism of rapid, massive genomic reorganisation which could have played a part in the transition of marine to land animals 200 million years ago. The team has shown that marine annelids (worms) reorganised their genome from top to bottom, leaving it unrecognisable, when they left the oceans. Their observations are consistent with a punctuated equilibrium model, and could indicate that not only gradual but sudden changes in the genome could have occurred as these animals adapted to terrestrial settings. The genetic mechanism identified could transform our concept of animal evolution and revolutionise the established laws of genome evolution.

An unprecedented invertebrate genomic library 

The team sequenced for the first time the high-quality genome of various earthworms, and compared to them to other closely related annelid species (leeches and bristle worms or polychaetes). The level of precision was the same as for sequencing human genomes, although in this case starting from scratch, with no existing references for the studied species. Until now, the lack of complete genomes had prevented the study of chromosomal-level patterns and characteristics for many species, limiting research to smaller-scale phenomena - population studies of a handful of genes, rather than macroevolutionary changes at the full-genome level.

After putting together each of the genomic jigsaw puzzles, the team was able to travel back in time with great precision more than 200 million years, to when the ancestors of the sequenced species were alive. "This is an essential episode in the evolution of life on our planet, given that many species, such as worms and vertebrates, which had been living in the ocean, now ventured onto land for the first time," comments Rosa Fernandez, lead researcher of the IBE's Metazoa Phylogenomics and Genome Evolution Lab.

The analysis of these genomes has revealed an unexpected result: the annelids' genomes were not transformed gradually, as Neo-Darwinian theory would predict, but in isolated explosions of deep genetic remodelling. "The enormous reorganisation of the genomes we observed in the worms as they moved from the ocean to land cannot be explained with the parsimonious mechanism Darwin proposed; our observations chime much more with Gould and Eldredge's theory of punctuated equilibrium," Fernandez adds.




A radical genetic mechanism which could provide evolutionary responses

The team has discovered that marine worms broke their genome into a thousand pieces only to reconstruct it and continue their evolutionary path on land. This phenomenon challenges the models of genome evolution known to date, given that if we observe almost any species, whether a sponge, a coral, or a mammal, many of their genomic structures are almost perfectly conserved. "The entire genome of the marine worms was broken down and then reorganised in a completely random way, in a very short period on the evolutionary scale," Fernandez says. "I made my team repeat the analysis again and again, because I just couldn't believe it."

The reason why this drastic deconstruction did not lead to extinction could be in the 3D structure of the genome. Fernandez's team has discovered that the chromosomes of these modern worms are much more flexible than those of vertebrates and other model organisms. Thanks to this flexibility, it is possible that genes in different parts of the genome could change places and continue working together.

Major changes in their DNA could have helped the worms adapt quickly to life on land, reorganising their genes to respond better to new challenges such as breathing air or being exposed to sunlight. The study suggests that these adjustments not only moved genes around, but also joined fragments that had been separated, creating new "genetic chimeras" which would have driven their evolution. "You could think that this chaos would mean the lineage would die out, but it's possible that some species' evolutionary success is based on that superpower," comments Fernandez.

The observations in the study are consistent with a punctuated equilibrium model, where we observe an explosion of genomic changes after a long period of stability. However, the lack of experimental data for or against -- in this case, 200-million-year-old fossils -- makes it difficult to validate this theory.

Chromosomal chaos: problem or solution?

It seems from this study that conserving the genomic structure at the linear level -- i.e., where the genes are more or less in the same place in different species -- may not be as essential as had been thought. "In fact, stability could be the exception and not the rule in animals, which could benefit from a more fluid genome," Fernandez says.




This phenomenon of extreme genetic reorganisation had previously been observed in the progression of cancer in humans. The term chromoanagenesis covers several mechanisms which break down and reorganise chromosomes in cancerous cells, where we see similar changes to those observed in the earthworms. The only difference is that while these genomic breakdowns and reorganisations are tolerated by the worms, in humans they lead to diseases. The results of this study open the door to a better understanding of the potency of this radical genomic mechanism, with implications for human health.

The study has also reawakened one of the liveliest scientific debates of our time. "Both visions, Darwin's and Gould's, are compatible and complementary. While Neo-Darwinism can explain the evolution of populations perfectly, it has not yet been able to explain some exceptional and crucial episodes in the history of life on Earth, such as the initial explosion of animal life in the oceans over 500 million years ago, or the transition from the sea to land 200 million years ago in the case of earthworms," Fernandez notes. "This is where the punctuated equilibrium theory could offer some answers."

In the future, a larger investigation of the genomic architecture of less-studied invertebrates could shed light on the genomic mechanisms shaping the evolution of the species. "There is a great diversity we know nothing about, hidden in the invertebrates, and studying them could bring new discoveries about the diversity and plasticity of genomic organisation, and challenge dogmas on how we think genomes are organised," Fernandez concludes.

The study involved the collaboration of research staff from the Universitat Autonoma de Barcelona, Trinity College, the Universidad Complutense de Madrid, the University of Koln, and the Universite Libre de Bruxelles.

The study received support from SEA2LAND (Starting Grant funded by the European Research Council), and from the Catalan Biogenome Project, which funded the sequencing of one of the worm genomes.
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AI sniffs earwax and detects Parkinson's with 94% accuracy | ScienceDaily
Most treatments for Parkinson's disease (PD) only slow disease progression. Early intervention for the neurological disease that worsens over time is therefore critical to optimize care, but that requires early diagnosis. Current tests, like clinical rating scales and neural imaging, can be subjective and costly. Now, researchers in ACS' Analytical Chemistry report the initial development of a system that inexpensively screens for PD from the odors in a person's earwax.


						
Previous research has shown that changes in sebum, an oily substance secreted by the skin, could help identify people with PD. Specifically, sebum from people with PD may have a characteristic smell because volatile organic compounds (VOCs) released by sebum are altered by disease progression -- including neurodegeneration, systemic inflammation and oxidative stress. However, when sebum on the skin is exposed to environmental factors like air pollution and humidity, its composition can be altered, making it an unreliable testing medium. But the skin inside the ear canal is kept away from the elements. So, Hao Dong, Danhua Zhu and colleagues wanted to focus their PD screening efforts on ear wax, which mostly consists of sebum and is easily sampled.

To identify potential VOCs related to PD in ear wax, the researchers swabbed the ear canals of 209 human subjects (108 of whom were diagnosed with PD). They analyzed the collected secretions using gas chromatography and mass spectrometry techniques. Four of the VOCs the researchers found in ear wax from people with PD were significantly different than the ear wax from people without the disease. They concluded that these four VOCs, including ethylbenzene, 4-ethyltoluene, pentanal, and 2-pentadecyl-1,3-dioxolane, are potential biomarkers for PD.

Dong, Zhu and colleagues then trained an artificial intelligence olfactory (AIO) system with their ear wax VOC data. The resulting AIO-based screening model categorized with 94% accuracy ear wax samples from people with and without PD. The AIO system, the researchers say, could be used as a first-line screening tool for early PD detection and could pave the way for early medical intervention, thereby improving patient care.

"This method is a small-scale single-center experiment in China," says Dong. "The next step is to conduct further research at different stages of the disease, in multiple research centers and among multiple ethnic groups, in order to determine whether this method has greater practical application value."

The authors acknowledge funding from the National Natural Sciences Foundation of Science, Pioneer and Leading Goose R&D Program of Zhejiang Province, and the Fundamental Research Funds for the Central Universities.
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Forever chemicals' toxic cousin: MCCPs detected in U. S. air for first time | ScienceDaily
Once in a while, scientific research resembles detective work. Researchers head into the field with a hypothesis and high hopes of finding specific results, but sometimes, there's a twist in the story that requires a deeper dive into the data.


						
That was the case for the University of Colorado Boulder researchers who led a field campaign in an agricultural region of Oklahoma. Using a high-tech instrument to measure how aerosol particles form and grow in the atmosphere, they stumbled upon something unexpected: the first-ever airborne measurements of Medium Chain Chlorinated Paraffins (MCCPs), a kind of toxic organic pollutant, in the Western Hemisphere. Their results published today in ACS Environmental Au.

"It's very exciting as a scientist to find something unexpected like this that we weren't looking for," said Daniel Katz, CU Boulder chemistry PhD student and lead author of the study. "We're starting to learn more about this toxic, organic pollutant that we know is out there, and which we need to understand better."

MCCPs are currently under consideration for regulation by the Stockholm Convention, a global treaty to protect human health from long-standing and widespread chemicals. While the toxic pollutants have been measured in Antarctica and Asia, researchers haven't been sure how to document them in the Western Hemisphere's atmosphere until now.

MCCPs are used in fluids for metal working and in the construction of PVC and textiles. They are often found in wastewater and as a result, can end up in biosolid fertilizer, also called sewage sludge, which is created when liquid is removed from wastewater in a treatment plant. In Oklahoma, researchers suspect the MCCPs they identified came from biosolid fertilizer in the fields near where they set up their instrument.

"When sewage sludges are spread across the fields, those toxic compounds could be released into the air," Katz said. "We can't show directly that that's happening, but we think it's a reasonable way that they could be winding up in the air. Sewage sludge fertilizers have been shown to release similar compounds."

MCCPs little cousins, Short Chain Chlorinated Paraffins (SCCPs), are currently regulated by the Stockholm Convention, and since 2009, by the EPA here in the United States. Regulation came after studies found the toxic pollutants, which travel far and last a long time in the atmosphere, were harmful to human health. But researchers hypothesize that the regulation of SCCPs may have increased MCCPs in the environment.




"We always have these unintended consequences of regulation, where you regulate something, and then there's still a need for the products that those were in," said Ellie Browne, CU Boulder chemistry professor, CIRES Fellow, and co-author of the study. "So they get replaced by something."

Measurement of aerosols led to a new and surprising discovery

Using a nitrate chemical ionization mass spectrometer, which allows scientists to identify chemical compounds in the air, the team measured air at the agricultural site 24 hours a day for one month. As Katz cataloged the data, he documented the different isotopic patterns in the compounds. The compounds measured by the team had distinct patterns, and he noticed new patterns that he immediately identified as different from the known chemical compounds. With some additional research, he identified them as chlorinated paraffins found in MCCPs.

Katz says the makeup of MCCPs are similar to PFAS, long-lasting toxic chemicals that break down slowly over time. Known as "forever chemicals," their presence in soils recently led the Oklahoma Senate to ban biosolid fertilizer.

Now that researchers know how to measure MCCPs, the next step might be to measure the pollutants at different times throughout the year to understand how levels change each season. Many unknowns surrounding MCCPs remain, and there's much more to learn about their environmental impacts.

"We identified them, but we still don't know exactly what they do when they are in the atmosphere, and they need to be investigated further," Katz said. "I think it's important that we continue to have governmental agencies that are capable of evaluating the science and regulating these chemicals as necessary for public health and safety."
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MIT uncovers the hidden playbook your brain uses to outsmart complicated problems | ScienceDaily
The human brain is very good at solving complicated problems. One reason for that is that humans can break problems apart into manageable subtasks that are easy to solve one at a time.


						
This allows us to complete a daily task like going out for coffee by breaking it into steps: getting out of our office building, navigating to the coffee shop, and once there, obtaining the coffee. This strategy helps us to handle obstacles easily. For example, if the elevator is broken, we can revise how we get out of the building without changing the other steps.

While there is a great deal of behavioral evidence demonstrating humans' skill at these complicated tasks, it has been difficult to devise experimental scenarios that allow precise characterization of the computational strategies we use to solve problems.

In a new study, MIT researchers have successfully modeled how people deploy different decision-making strategies to solve a complicated task -- in this case, predicting how a ball will travel through a maze when the ball is hidden from view. The human brain cannot perform this task perfectly because it is impossible to track all of the possible trajectories in parallel, but the researchers found that people can perform reasonably well by flexibly adopting two strategies known as hierarchical reasoning and counterfactual reasoning.

The researchers were also able to determine the circumstances under which people choose each of those strategies.

"What humans are capable of doing is to break down the maze into subsections, and then solve each step using relatively simple algorithms. Effectively, when we don't have the means to solve a complex problem, we manage by using simpler heuristics that get the job done," says Mehrdad Jazayeri, a professor of brain and cognitive sciences, a member of MIT's McGovern Institute for Brain Research, an investigator at the Howard Hughes Medical Institute, and the senior author of the study.

Mahdi Ramadan PhD '24 and graduate student Cheng Tang are the lead authors of the paper, which appears today in Nature Human Behavior. Nicholas Watters PhD '25 is also a co-author.




Rational strategies

When humans perform simple tasks that have a clear correct answer, such as categorizing objects, they perform extremely well. When tasks become more complex, such as planning a trip to your favorite cafe, there may no longer be one clearly superior answer. And, at each step, there are many things that could go wrong. In these cases, humans are very good at working out a solution that will get the task done, even though it may not be the optimal solution.

Those solutions often involve problem-solving shortcuts, or heuristics. Two prominent heuristics humans commonly rely on are hierarchical and counterfactual reasoning. Hierarchical reasoning is the process of breaking down a problem into layers, starting from the general and proceeding toward specifics. Counterfactual reasoning involves imagining what would have happened if you had made a different choice. While these strategies are well-known, scientists don't know much about how the brain decides which one to use in a given situation.

"This is really a big question in cognitive science: How do we problem-solve in a suboptimal way, by coming up with clever heuristics that we chain together in a way that ends up getting us closer and closer until we solve the problem?" Jazayeri says.

To overcome this, Jazayeri and his colleagues devised a task that is just complex enough to require these strategies, yet simple enough that the outcomes and the calculations that go into them can be measured.

The task requires participants to predict the path of a ball as it moves through four possible trajectories in a maze. Once the ball enters the maze, people cannot see which path it travels. At two junctions in the maze, they hear an auditory cue when the ball reaches that point. Predicting the ball's path is a task that is impossible for humans to solve with perfect accuracy.




"It requires four parallel simulations in your mind, and no human can do that. It's analogous to having four conversations at a time," Jazayeri says. "The task allows us to tap into this set of algorithms that the humans use, because you just can't solve it optimally."

The researchers recruited about 150 human volunteers to participate in the study. Before each subject began the ball-tracking task, the researchers evaluated how accurately they could estimate timespans of several hundred milliseconds, about the length of time it takes the ball to travel along one arm of the maze.

For each participant, the researchers created computational models that could predict the patterns of errors that would be seen for that participant (based on their timing skill) if they were running parallel simulations, using hierarchical reasoning alone, counterfactual reasoning alone, or combinations of the two reasoning strategies.

The researchers compared the subjects' performance with the models' predictions and found that for every subject, their performance was most closely associated with a model that used hierarchical reasoning but sometimes switched to counterfactual reasoning.

That suggests that instead of tracking all the possible paths that the ball could take, people broke up the task. First, they picked the direction (left or right), in which they thought the ball turned at the first junction, and continued to track the ball as it headed for the next turn. If the timing of the next sound they heard wasn't compatible with the path they had chosen, they would go back and revise their first prediction -- but only some of the time.

Switching back to the other side, which represents a shift to counterfactual reasoning, requires people to review their memory of the tones that they heard. However, it turns out that these memories are not always reliable, and the researchers found that people decided whether to go back or not based on how good they believed their memory to be.

"People rely on counterfactuals to the degree that it's helpful," Jazayeri says. "People who take a big performance loss when they do counterfactuals avoid doing them. But if you are someone who's really good at retrieving information from the recent past, you may go back to the other side."

Human limitations

To further validate their results, the researchers created a machine-learning neural network and trained it to complete the task. A machine-learning model trained on this task will track the ball's path accurately and make the correct prediction every time, unless the researchers impose limitations on its performance.

When the researchers added cognitive limitations similar to those faced by humans, they found that the model altered its strategies. When they eliminated the model's ability to follow all possible trajectories, it began to employ hierarchical and counterfactual strategies like humans do. If the researchers reduced the model's memory recall ability, it began to switch to hierarchical only if it thought its recall would be good enough to get the right answer -- just as humans do.

"What we found is that networks mimic human behavior when we impose on them those computational constraints that we found in human behavior," Jazayeri says. "This is really saying that humans are acting rationally under the constraints that they have to function under."

By slightly varying the amount of memory impairment programmed into the models, the researchers also saw hints that the switching of strategies appears to happen gradually, rather than at a distinct cut-off point. They are now performing further studies to try to determine what is happening in the brain as these shifts in strategy occur.

The research was funded by a Lisa K. Yang ICoN Fellowship, a Friends of the McGovern Institute Student Fellowship, a National Science Foundation Graduate Research Fellowship, the Simons Foundation, the Howard Hughes Medical Institute, and the McGovern Institute.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250617014215.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



These beetles can see a color most insects can't | ScienceDaily
Insect eyes are generally sensitive to ultraviolet, blue and green light. With the exception of some butterflies, they cannot see the color red. Nevertheless, bees and other insects are also attracted to red flowers such as poppies. In this case, however, they are not attracted by the red color, but because they recognize the UV light reflected by the poppy flower.


						
However, two beetle species from the eastern Mediterranean region can indeed perceive the color red, as an international research team was able to show. The beetles are Pygopleurus chrysonotus and Pygopleurus syriacus from the family Glaphyridae. They feed mainly on pollen and prefer to visit plants with red flowers, such as poppies, anemones and buttercups.

Beetles Have Photoreceptors for long-wave Light

'To our knowledge, we are the first to have experimentally demonstrated that beetles can actually perceive the color red,' says Dr Johannes Spaethe from the Chair of Zoology II at the Biocentre of Julius-Maximilians-Universitat (JMU) Wurzburg in Bavaria, Germany. He gained the new insights together with Dr Elena Bencurova from the Wurzburg Bioinformatics Chair and researchers from the Universities of Ljubljana (Slovenia) and Groningen (Netherlands). The study has been published in the Journal of Experimental Biology.

The scientists used electrophysiology, behavioral experiments and color trapping. Among other things, they found that the two Mediterranean beetles possess four types of photoreceptors in their retinas that respond to UV light as well as blue, green and deep red light. Field experiments also showed that the animals use true color vision to identify red targets and that they have a clear preference for red colors.

New Model System for Ecological and Evolutionary Questions

The researchers consider the Glaphyrid family to be a promising new model system for investigating the visual ecology of beetles and the evolution of flower signals and flower detection by pollinators.

'The prevailing opinion in science is that flower colors have adapted to the visual systems of pollinators over the course of evolution,' says Johannes Spaethe. However, based on the new findings, it is now possible to speculate whether this evolutionary scenario also applies to Glaphyrid beetles and the flowers they visit.

Why do the researchers think this? The three genera of this beetle family (Eulasia, Glaphyrus and Pygopleurus) show considerable differences in their preferences for flower colors, which vary between red, violet, white and yellow. This suggests that the physiological and/or behavioral basis for seeing red and other colors is relatively labile.

The great variety of flower colors in the Mediterranean region and the considerable variation in the color preferences of the beetles made it plausible that the visual systems of these pollinators may adapt to flower colors than is commonly assumed.
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Monster salamander with powerful jaws unearthed in Tennessee fossil find | ScienceDaily
A giant, strong-jawed salamander once tunneled through ancient Tennessee soil.


						
And thanks to a fossil unearthed near East Tennessee State University, scientists now better understand how it helped shape Appalachian amphibian diversity.

The giant plethodontid salamander now joins the remarkable roster of fossils from the Gray Fossil Site & Museum.

The findings appeared in the journal Historical Biology, authored by a team of researchers from the Gray Fossil Site & Museum and ETSU: Assistant Collections Manager Davis Gunnin, Director and Professor of Geosciences Dr. Blaine Schubert, Head Curator and Associate Professor of Geosciences Dr. Joshua Samuels, Museum Specialist Keila Bredehoeft and Assistant Collections Manager Shay Maden.

"Our researchers are not only uncovering ancient life, they are modeling the kind of collaboration and curiosity that define ETSU," said Dr. Joe Bidwell, dean of the College of Arts and Sciences. "This exciting find underscores the vital role our university plays in preserving and exploring Appalachia's deep natural history."

Today, Southern Appalachian forests are renowned for their diversity and abundance of salamander species, especially lungless salamanders of the family Plethodontidae. Tennessee alone is home to more than 50 different salamanders - one in eight of all living salamander species.

Dusky salamanders, common in Appalachian Mountain streams, likely evolved from burrowing ancestors, relatives of Alabama's Red Hills salamander, a large, underground-dwelling species with a worm-like body and small limbs. Their explosive diversification began around 12 million years ago, shaping much of the region's salamander diversity today.




Dynamognathus robertsoni, the powerful, long-extinct salamander recently discovered at the site, had a bite to match its name. Roughly 16 inches long, it ranked among the largest salamanders ever to crawl across the region's ancient forests.

"Finding something that looks like a Red Hills salamander here in East Tennessee was a bit of a surprise," Gunnin said. "Today they're only found in a few counties in southern Alabama, and researchers thought of them as a highly specialized dead-end lineage not particularly relevant to the evolution of the dusky salamanders. Discovery of Dynamognathus robertsoni here in Southern Appalachia shows that these types of relatively large, burrowing salamanders were once more widespread in eastern North America and may have had a profound impact on the evolution of Appalachian salamander communities."

Dynamognathus robertsoni is "the largest plethodontid salamander and one of the largest terrestrial salamanders in the world," Gunnin said. Dusky salamanders in the Appalachians today reach only seven inches long at their largest.

Researchers believe predators like this one may have driven the rapid evolution of Appalachian stream-dwelling salamanders, highlighting the region's key role in salamander diversification.

"The warmer climate in Tennessee 5 million years ago, followed by cooling during the Pleistocene Ice Ages, may have restricted large, burrowing salamanders to lower latitudes, like southern Alabama, where the Red Hills salamander lives today," said Samuels.

Maden explained the naming of this new salamander.




"This group of salamanders has unusual cranial anatomy that gives them a strong bite force, so the genus name - Dynamognathus - Greek for 'powerful jaw,' is given to highlight the great size and power of the salamander compared to its living relatives," said Maden.

The species name robertsoni honors longtime Gray Fossil Site volunteer Wayne Robertson, who discovered the first specimen of the new salamander and has personally sifted through more than 50 tons of fossil-bearing sediment since 2000.

From volunteers and students to staff to faculty, the ETSU Gray Fossil Site & Museum is represented by a dynamic team of lifelong learners and is one of the many reasons ETSU is the flagship institution of Appalachia.

"The latest salamander publication is a testament to this teamwork and search for answers," said Schubert. "When Davis Gunnin, the lead author, began volunteering at the museum as a teenager with an interest in fossil salamanders, I was thrilled, because this region is known for its salamander diversity today, and we know so little about their fossil record. Thus, the possibility of finding something exciting seemed imminent."
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Heavy particles, big secrets: What happened right after the Big Bang | ScienceDaily
An international team of scientists has published a new report that moves towards a better understanding of the behaviour of some of the heaviest particles in the universe under extreme conditions, which are similar to those just after the big bang. The paper, published in the journal Physics Reports, is signed by physicists Juan M. Torres-Rincon, from the Institute of Cosmos Sciences at the University of Barcelona (ICCUB), Santosh K. Das, from the Indian Institute of Technology Goa (India), and Ralf Rapp, from Texas A&M University (United States).


						
The authors have published a comprehensive review that explores how particles containing heavy quarks (known as charm and bottom hadrons) interact in a hot, dense environment called hadronic matter. This environment is created in the last phase of high-energy collisions of atomic nuclei, such as those taking place at the Large Hadron Collider (LHC) and the Relativistic Heavy Ion Collider (RHIC). The new study highlights the importance of including hadronic interactions in simulations to accurately interpret data from experiments at these large scientific infrastructures.

The study broadens the perspective on how matter behaves under extreme conditions and helps to solve some great unknowns about the origin of the universe.

Reproducing the primordial universe

When two atomic nuclei collide at near-light speeds, they generate temperatures more than a 1,000 times higher than those at the centre of the Sun. These collisions briefly produce a state of matter called a quark-gluon plasma (QGP), a soup of fundamental particles that existed microseconds after the big bang. As this plasma cools, it transforms into hadronic matter, a phase composed of particles such as protons and neutrons, as well as other baryons and mesons.

The study focuses on what happens to heavy-flavour hadrons (particles containing charmed or background quarks, such as D and B mesons) during this transition and the hadronic phase expansion that follows it.

Heavy particles as probes

Heavy quarks are like tiny sensors. Being so massive, they are produced just after the initial nuclear collision and move more slowly, thus interacting differently with the surrounding matter. Knowing how they scatter and spread is key to learning about the properties of the medium through which they travel.




Researchers have reviewed a wide range of theoretical models and experimental data to understand how heavy hadrons, such as D and B mesons, interact with light particles in the hadronic phase. They have also examined how these interactions affect observable quantities such as particle flux and momentum loss.

"To really understand what we see in the experiments, it is crucial to observe how the heavy particles move and interact also during the later stages of these nuclear collisions," says Juan M. Torres-Rincon, member of the Department of Quantum Physics and Astrophysics and ICCUB.

"This phase, when the system has already cooled down, still plays an important role in how the particles lose energy and flow together. It is also necessary to address the microscopic and transport properties of these heavy systems right at the transition point to the quark-gluon plasma," he continues. "This is the only way to achieve the degree of precision required by current experiments and simulations."

A simple analogy can be used to better understand these results: when we drop a heavy ball into a crowded pool, even after the biggest waves have dissipated, the ball continues to move and collide with people. Similarly, heavy particles created in nuclear collisions continue to interact with other particles around them, even after the hottest and most chaotic phase. These continuous interactions subtly modify the motion of particles, and studying these changes helps scientists to better understand the conditions of the early universe. Ignoring this phase would therefore mean missing an important part of the story.

Looking to the future

Understanding how heavy particles behave in hot matter is fundamental to mapping the properties of the early universe and the fundamental forces that rule it. The findings also pave the way for future experiments at lower energies, such as those planned at CERN's Super Proton Super Synchrotron (SPS) and the future FAIR facility in Darmstadt, Germany.        
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Rainbow reefs revealed: The secret 112-million-year saga of glowing fish | ScienceDaily
New research led by scientists at the American Museum of Natural History sheds light on the ancient origins of biofluorescence in fishes and the range of brilliant colors involved in this biological phenomenon. Detailed in two complementary studies recently published in Nature Communications and PLOS One, the findings suggest that biofluorescence dates back at least 112 million years and, since then, has evolved independently more than 100 times, with the majority of that activity happening among fish that live on coral reefs.


						
The new work also reveals that in marine fishes, biofluorescence -- which occurs when an organism absorbs light, transforms it, and emits it as a different color -- involves a greater variety of colors than previously reported, spanning multiple wavelengths of green, yellow, orange, and red.

"Researchers have known for a while that biofluorescence is quite widespread in marine animals, from sea turtles to corals, and especially among fishes," said Emily Carr, a Ph.D. student in the Museum's Richard Gilder Graduate School and the lead author on the two new studies. "But to really get to the root of why and how these species use this unique adaptation -- whether for camouflage, predation, or reproduction -- we need to understand the underlying evolutionary story as well as the scope of biofluorescence as it currently exists."

For the Nature Communications study, Carr led a comprehensive survey of all known biofluorescent teleosts -- a type of bony fish that make up by far the largest group of vertebrates alive today. This resulted in a list of 459 biofluorescent species, including 48 species that were previously unknown to be biofluorescent. The researchers found that biofluorescence evolved more than 100 times in marine teleosts and is estimated to date back about 112 million years, with the first instance occurring in eels.

The team also found that fish species that live in or around coral reefs evolve biofluorescence at about 10 times the rate of non-reef species, with an increase in the number of fluorescent species following the Cretaceous-Paleogene (K-Pg) extinction about 66 million years ago, when all of the non-avian dinosaurs died off.

"This trend coincides with the rise of modern coral-dominated reefs and the rapid colonization of reefs by fishes, which occurred following a significant loss of coral diversity in the K-Pg extinction," Carr said. "These correlations suggest that the emergence of modern coral reefs could have facilitated the diversification of fluorescence in reef-associated teleost fishes."

Of the 459 known biofluorescent teleosts reported in this study, the majority are associated with coral reefs.




For the PLOS One study, Carr and colleagues used a specialized photography setup with ultraviolet and blue excitation lights and emission filters to look at the wavelengths of light emitted by fishes in the Museum's Ichthyology collection. Collected over the last decade and a half on Museum expeditions to the Solomon Islands, Greenland, and Thailand, the specimens in the study were previously observed fluorescing, but the full range of their biofluorescent emissions was unknown.

The new work reveals far more diversity in colors emitted by teleosts -- some families of which exhibit at least six distinct fluorescent emission peaks, which correspond with wavelengths across multiple colors -- than had previously been reported.

"The remarkable variation we observed across a wide array of these fluorescent fishes could mean that these animals use incredibly diverse and elaborate signaling systems based on species-specific fluorescent emission patterns," said Museum Curator John Sparks, an author on the new studies and Carr's advisor. "As these studies show, biofluorescence is both pervasive and incredibly phenotypically variable among marine fishes. What we would really like to understand better is how fluorescence functions in these highly variable marine lineages, as well as its role in diversification."

The researchers also note that the numerous wavelengths of fluorescent emissions found in this study could have implications for identifying novel fluorescent molecules, which are routinely used in biomedical applications, including fluorescence-guided disease diagnosis and therapy.

Other authors involved in this work include Rene Martin, from the Museum and the University of Nebraska-Lincoln; Mason Thurman, from Clemson University; Karly Cohen, from California State University; Jonathan Huie, from George Washington University; David Gruber, from Baruch College and The Graduate Center, City University of New York; and Tate Sparks, Rutgers University.

Research in the Solomon Islands was supported by the National Science Foundation under Grant Number DEB-1257555.

The Museum greatly acknowledges the Dalio Foundation for its generous support of the inaugural Explore21 Expedition.




The Museum's Exlopre21 initiative is generously supported by the leadership contributions of Katheryn P. and Thomas L. Kempner, Jr. 

The 2019 Constantine S. Niarchos Expedition to Greenland was generously supported by the Stavros Niarchos Foundation. 

Research in Thailand was funded by the Museum and the National Science Foundation Graduate Research Fellowship Program under Grant Number DEB-1938103.

Additional funding for this work was provided by the National Science Foundation under Grant Number DGE-1746914.
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Clever worms form superorganism towers to hitch rides on insects | ScienceDaily
Nematodes are the most abundant animal on earth, but when times get tough, these tiny worms have a hard time moving up and out. So, they play to the strength of their clade. If food runs out and competition turns fierce, they slither towards their numerous kin. They climb onto each other and over one another until their bodies forge a living tower that twists skyward where they might hitch a ride on a passing animal to greener and roomier pastures.


						
At least that's what scientists assumed. For decades, these worm structures were more mythical than material. Such aggregations, in which animals link bodies for group movement, are rare in nature. Only slime molds, fire ants, and spider mites are known to move in this way. For nematodes, nobody had even seen the aggregations -- known as towers -- forming anywhere but within the artificial confines of laboratories and growth chambers; and nobody really knew what they were for. Did towers even exist in the real world?

Now, researchers in Konstanz, Germany, have recorded video footage of worms towering in fallen apples and pears from local orchards. The team from the Max Planck Institute of Animal Behavior (MPI-AB) and the University of Konstanz combined fieldwork with laboratory experiments to provide the first direct evidence that towering behavior occurs naturally and functions as a means of collective transport.

 Natural towers 

"I was ecstatic when I saw these natural towers for the first time," says senior author Serena Ding, group leader at the MPI-AB, of the moment when co-author Ryan Greenway sent her a video recording from the field. "For so long natural worm towers existed only in our imaginations. But with the right equipment and lots of curiosity, we found them hiding in plain sight."

Greenway, a technical assistant at the MPI-AB, spent months with a digital microscope combing through decaying fruit in orchards near the university to record natural occurrences and behavior of worm towers. Some of these whole towers were brought into the lab. What was inside the towers surprised the team. Although the fruits were crawling with many species of nematodes, natural towers were made only of a single species, all at the tough larval stage known as a "dauer."

"A nematode tower is not just a pile of worms," says the first author Daniela Perez, a postdoctoral researcher at MPI-AB. "It's a coordinated structure, a superorganism in motion."

 Function of towers 




The team observed the natural dauer towers waving in unison, much like individual nematodes do by standing on their tails to latch onto a passing animal. But their new findings showed that entire worm towers could respond to touch, detach from surfaces, and collectively attach to insects such as fruit flies -- hitchhiking on mass to new environments.

To probe deeper, Perez built a controlled tower using laboratory cultures of C. elegans. When placed on food-free agar with a small vertical post -- a toothbrush bristle -- hungry worms began to self-assemble. Within two hours, living towers emerged, stable for over 12 hours, and capable of extending exploratory "arms" into surrounding space. Some even formed bridges across gaps to reach new surfaces.

"The towers are actively sensing and growing," says Perez. "When we touched them, they responded immediately, growing toward the stimulus and attaching to it."

This behavior, it turns out, is not restricted to the so-called "dauer" larval stage seen from the wild samples. Adult C. elegans and all larval stages in the lab also towered -- an unexpected twist that suggests towering may be a more generalized strategy for group movement than previously assumed.

Yet despite the architectural complexity of these towers, the worms inside showed no obvious role differentiation. Individuals from the base and the apex were equally mobile, fertile, and strong, hinting at a form of egalitarian cooperation. But so far only, the authors point out, in the controlled conditions of the laboratory. "C. elegans is a clonal culture and so it makes sense that there is no differentiation within the tower. In natural towers, we might see separate genetic compositions and roles, which prompts fascinating questions about who cooperates and who cheats."

As researchers seek to understand how group behavior evolves -- from insect swarms to bird migrations -- these microscopic worm towers might rise to provide some of the answers.

"Our study opens up a whole new system for exploring how and why animals move together," says Ding who leads a research program on nematode behavior and genetics. "By harnessing the genetic tools available for C. elegans, we now have a powerful model to study the ecology and evolution of collective dispersal."
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Robots that feel heat, pain, and pressure? This new "skin" makes it possible | ScienceDaily
Scientists have developed a low-cost, durable, highly-sensitive robotic 'skin' that can be added to robotic hands like a glove, enabling robots to detect information about their surroundings in a way that's similar to humans.


						
The researchers, from the University of Cambridge and University College London (UCL), developed the flexible, conductive skin, which is easy to fabricate and can be melted down and formed into a wide range of complex shapes. The technology senses and processes a range of physical inputs, allowing robots to interact with the physical world in a more meaningful way.

Unlike other solutions for robotic touch, which typically work via sensors embedded in small areas and require different sensors to detect different types of touch, the entirety of the electronic skin developed by the Cambridge and UCL researchers is a sensor, bringing it closer to our own sensor system: our skin.

Although the robotic skin is not as sensitive as human skin, it can detect signals from over 860,000 tiny pathways in the material, enabling it to recognise different types of touch and pressure - like the tap of a finger, a hot or cold surface, damage caused by cutting or stabbing, or multiple points being touched at once - in a single material.

The researchers used a combination of physical tests and machine learning techniques to help the robotic skin 'learn' which of these pathways matter most, so it can sense different types of contact more efficiently.

In addition to potential future applications for humanoid robots or human prosthetics where a sense of touch is vital, the researchers say the robotic skin could be useful in industries as varied as the automotive sector or disaster relief. The results are reported in the journal Science Robotics.

Electronic skins work by converting physical information - like pressure or temperature - into electronic signals. In most cases, different types of sensors are needed for different types of touch - one type of sensor to detect pressure, another for temperature, and so on - which are then embedded into soft, flexible materials. However, the signals from these different sensors can interfere with each other, and the materials are easily damaged.




"Having different sensors for different types of touch leads to materials that are complex to make," said lead author Dr David Hardman from Cambridge's Department of Engineering. "We wanted to develop a solution that can detect multiple types of touch at once, but in a single material."

"At the same time, we need something that's cheap and durable, so that it's suitable for widespread use," said co-author Dr Thomas George Thuruthel from UCL.

Their solution uses one type of sensor that reacts differently to different types of touch, known as multi-modal sensing. While it's challenging to separate out the cause of each signal, multi-modal sensing materials are easier to make and more robust.

The researchers melted down a soft, stretchy and electrically conductive gelatine-based hydrogel, and cast it into the shape of a human hand. They tested a range of different electrode configurations to determine which gave them the most useful information about different types of touch. From just 32 electrodes placed at the wrist, they were able to collect over 1.7 million pieces of information over the whole hand, thanks to the tiny pathways in the conductive material.

The skin was then tested on different types of touch: the researchers blasted it with a heat gun, pressed it with their fingers and a robotic arm, gently touched it with their fingers, and even cut it open with a scalpel. The team then used the data gathered during these tests to train a machine learning model so the hand would recognize what the different types of touch meant.

"We're able to squeeze a lot of information from these materials - they can take thousands of measurements very quickly," said Hardman, who is a postdoctoral researcher in the lab of co-author Professor Fumiya Iida. "They're measuring lots of different things at once, over a large surface area."

"We're not quite at the level where the robotic skin is as good as human skin, but we think it's better than anything else out there at the moment," said Thuruthel. "Our method is flexible and easier to build than traditional sensors, and we're able to calibrate it using human touch for a range of tasks."

In future, the researchers are hoping to improve the durability of the electronic skin, and to carry out further tests on real-world robotic tasks.

The research was supported by Samsung Global Research Outreach Program, the Royal Society, and the Engineering and Physical Sciences Research Council (EPSRC), part of UK Research and Innovation (UKRI). Fumiya Iida is a Fellow of Corpus Christi College, Cambridge.
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Cluck once, and the river shakes: Inside the Amazon's giant snake saga | ScienceDaily

As a child, I was fascinated by reports and documentaries about field research and often wondered what it took to be there and what kind of knowledge was being produced. Later, as an ecologist, I felt the need for approaches that better connected scientific research with real-world contexts. I became especially interested in perspectives that viewed humans not as separate from nature, but as part of ecological systems. This led me to explore integrative methods that incorporate local and traditional knowledge, aiming to make research more relevant and accessible to the communities involved.

Can you tell us about the research you're currently working on? 

My research focuses on ethnobiology, an interdisciplinary field intersecting ecology, conservation, and traditional knowledge. We investigate not only the biodiversity of an area but also the relationship local communities have with surrounding species, providing a better understanding of local dynamics and areas needing special attention for conservation. After all, no one knows a place better than those who have lived there for generations. This deep familiarity allows for early detection of changes or environmental shifts. Additionally, developing a collaborative project with residents generates greater engagement, as they recognize themselves as active contributors; and collective participation is essential for effective conservation.

Could you tell us about one of the legends surrounding anacondas? 

One of the greatest myths is about the Great Snake -- a huge snake that is said to inhabit the Amazon River and sleep beneath the town. According to the dwellers, the Great Snake is an anaconda that has grown too large; its movements can shake the river's waters, and its eyes look like fire in the darkness of night. People say anacondas can grow so big that they can swallow large animals -- including humans or cattle -- without difficulty.

What could be the reasons why the traditional role of anacondas as a spiritual and mythological entity has changed? Do you think the fact that fewer anacondas have been seen in recent years contributes to their diminished importance as an mythological entity? 

Not exactly. I believe the two are related, but not in a direct way. The mythology still exists, but among Aritapera dwellers, there's a more practical, everyday concern -- mainly the fear of losing their chickens. As a result, anacondas have come to be seen as stealthy thieves. These traits are mostly associated with smaller individuals (up to around 2-2.5 meters), while the larger ones -- which may still carry the symbolic weight of the 'Great Snake' -- tend to retreat to more sheltered areas; because of the presence of houses, motorized boats, and general noise, they are now seen much less frequently.




Can you share some of the quotes you've collected in interviews that show the attitude of community members towards anacondas? How do chickens come into play? 

When talking about anacondas, one thing always comes up: chickens. "Chicken is her [the anaconda's] favorite dish. If one clucks, she comes," said one dweller. This kind of remark helps explain why the conflict is often framed in economic terms. During the interviews and conversations with local dwellers, many emphasized the financial impact of losing their animals: "The biggest loss is that they keep taking chicks and chickens..." or "You raise the chicken -- you can't just let it be eaten for free, right?"

For them, it's a loss of investment, especially since corn, which is used as chicken feed, is expensive. As one person put it: "We spend time feeding and raising the birds, and then the snake comes and takes them." One dweller shared that, in an attempt to prevent another loss, he killed the anaconda and removed the last chicken it had swallowed from its belly -- "it was still fresh," he said -- and used it for his meal, cooking the chicken for lunch so it wouldn't go to waste.

Some interviewees reported that they had to rebuild their chicken coops and pigsties because too many anacondas were getting in. Participants would point out where the anaconda had entered and explained that they came in through gaps or cracks but couldn't get out afterwards because they 'tufavam' -- a local term referring to the snake's body swelling after ingesting prey.

We saw chicken coops made with mesh, with nylon, some that worked and some that didn't. Guided by the locals' insights, we concluded that the best solution to compensate for the gaps between the wooden slats is to line the coop with a fine nylon mesh (to block smaller animals), and on the outside, a layer of wire mesh, which protects the inner mesh and prevents the entry of larger animals.

Are there any common misconceptions about this area of research? How would you address them? 

Yes, very much. Although ethnobiology is an old science, it's still underexplored and often misunderstood. In some fields, there are ongoing debates about the robustness and scientific validity of the field and related areas. This is largely because the findings don't always rely only on hard statistical data.




However, like any other scientific field, it follows standardized methodologies, and no result is accepted without proper grounding. What happens is that ethnobiology leans more toward the human sciences, placing human beings and traditional knowledge as key variables within its framework.

To address these misconceptions, I believe it's important to emphasize that ethnobiology produces solid and relevant knowledge -- especially in the context of conservation and sustainable development. It offers insights that purely biological approaches might overlook and helps build bridges between science and society.

What are some of the areas of research you'd like to see tackled in the years ahead? 

I'd like to see more conservation projects that include local communities as active participants rather than as passive observers. Incorporating their voices, perspectives, and needs not only makes initiatives more effective, but also more just. There is also great potential in recognizing and valuing traditional knowledge. Beyond its cultural significance, certain practices -- such as the use of natural compounds -- could become practical assets for other vulnerable regions. Once properly documented and understood, many of these approaches offer adaptable forms of environmental management and could help inform broader conservation strategies elsewhere.

How has open science benefited the reach and impact of your research? 

Open science is crucial for making research more accessible. By eliminating access barriers, it facilitates a broader exchange of knowledge -- important especially for interdisciplinary research like mine which draws on multiple knowledge systems and gains value when shared widely. For scientific work, it ensures that knowledge reaches a wider audience, including practitioners and policymakers. This openness fosters dialogue across different sectors, making research more inclusive and encouraging greater collaboration among diverse groups.
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Tiny orange beads found by Apollo astronauts reveal moon's explosive past | ScienceDaily
The Apollo astronauts didn't know what they'd find when they explored the surface of the moon, but they certainly didn't expect to see drifts of tiny, bright orange glass beads glistening among the otherwise monochrome piles of rocks and dust.


						
The beads, each less than 1 mm across, formed some 3.3 to 3.6 billion years ago during volcanic eruptions on the surface of the then-young satellite. "They're some of the most amazing extraterrestrial samples we have," said Ryan Ogliore, an associate professor of physics in Arts & Sciences at Washington University in St. Louis, home to a large repository of lunar samples that were returned to Earth. "The beads are tiny, pristine capsules of the lunar interior."

Using a variety of microscopic analysis techniques not available when the Apollo astronauts first returned samples from the moon, Ogliore and a team of researchers have been able to take a close look at the microscopic mineral deposits on the outside of lunar beads. The unprecedented view of the ancient lunar artifacts was published in Icarus. The investigation was led by Thomas Williams, Stephen Parman and Alberto Saal from Brown University.

The study relied, in part, on the NanoSIMS 50, an instrument at WashU that uses a high-energy ion beam to break apart small samples of material for analysis. WashU researchers have used the device for decades to study interplanetary dust particles, presolar grains in meteorites, and other small bits of debris from our solar system.

The study combined a variety of techniques -- atom probe tomography, scanning electron microscopy, transmission electron microscopy and energy dispersive X-ray spectroscopy -- at other institutions to get a closer look at the surface of the beads. "We've had these samples for 50 years, but we now have the technology to fully understand them," Ogliore said. "Many of these instruments would have been unimaginable when the beads were first collected."

As Ogliore explained, each glass bead tells its own story of the moon's past. The beads -- some shiny orange, some glossy black -- formed when lunar volcanoes shot material from the interior to the surface, where each drop of lava solidified instantly in the cold vacuum that surrounds the moon. "The very existence of these beads tells us the moon had explosive eruptions, something like the fire fountains you can see in Hawaii today," he said. Because of their origins, the beads have a color, shape and chemical composition unlike anything found on Earth.

Tiny minerals on the surface of the beads could react with oxygen and other components of Earth's atmosphere. To avoid this possibility, the researchers extracted beads from deep within samples and kept them protected from air exposure through every step of the analysis. "Even with the advanced techniques we used, these were very difficult measurements to make," Ogliore said.

The minerals (including zinc sulfides) and isotopic composition of the bead surfaces serve as probes into the different pressure, temperature and chemical environment of lunar eruptions 3.5 billion years ago. Analyses of orange and black lunar beads have shown that the style of volcanic eruptions changed over time. "It's like reading the journal of an ancient lunar volcanologist," Ogliore said.
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The invisible killer: PM 1 pollution uncovered across America | ScienceDaily
Air pollution causes health problems and is attributable to some 50,000 annual deaths in the United States, but not all air pollutants pack the same punch.


						
Scientists have tracked the scope of "PM 2.5" pollution over decades. PM 2.5 is a size of "particulate matter" that is less than 2.5 microns in diameter. But less information was available about its even tinier cousin, described as "submicron" or "PM 1" particulate matter, which is less than 1 micron in diameter. Why does that matter? Because the "little guys" might be the source of worse health effects.

With a study now published in The Lancet Planetary Health, researchers at Washington University in St. Louis have quantified the amount of PM 1 over the United States from the past 25 years.

"This measurement serves as a starting point to understand which pollutants regulators could target to make the most effective health impact," said Randall Martin, the Raymond R. Tucker Distinguished Professor of energy, environmental and chemical engineering in the McKelvey School of Engineering. "This effort builds upon WashU's strengths in satellite remote sensing and modeling atmospheric aerosols that were leveraged in this study," he added.

Chi Li, research assistant professor in Martin's atmospheric composition analysis group, is the first author of the work. Li said these estimates will enable further investigation into both the health and environmental effects of submicron particles.

Li said the very small particles quantified in this study generally come from direct air emissions, such as the black carbon particles released by diesel engines or the smoke from wildfires. Sometimes PM 1 can also form through secondary processes when sulfur dioxide or nitrogen oxides are spit out through fuel combustion and burning coal.

It makes intuitive sense that smaller particles of air pollution could do more damage to the human body because they are able to slip past the body's innate defenses. These submicron particles are at least 6 times smaller than blood cells.




Air particles are not always one single thing, but mixtures of other materials stacked together.

The larger sizes of particles are critically more dominated by components that are not easily modifiable like mineral dust, noted Li.

The researchers were able to calculate their submicron estimates based on the known ratios of what makes up PM 2.5 particles, which include seven main components such as sulfate, nitrate and mineral dust.

"Putting the seven species together, we can calculate the total PM 1 concentration over the country," Li said.

This research sets the stage for further analysis of where, how and why certain types of particles congregate, and how they can affect the environment and human body.

"When EPA first promulgated a fine PM air quality standard in 1997, there was considerable discussion about regulating PM 1 or PM2.5," said Jay Turner, the James McKelvey Professor of Engineering Education and co-author on the study. "For numerous reasons, including but not limited to the lack of health impacts studies for PM 1 compared to studies for PM 2.5, the latter was chosen. This study provides a comprehensive, nationwide dataset to examine PM1 impacts on health."

A next step will involve working with epidemiologists to assess the association of PM 1 with health outcomes.




The new dataset revealed another notable fact: pollution regulation does help. Across the contiguous U.S., average PM 1 levels in the air people breathe dropped sharply from 1998 to 2022, thanks to decades of environmental regulations like the Clean Air Act. However, this progress has slowed since 2010, mainly because of rising wildfire activity. Future pollution controls will need to address emerging, non-fossil fuel sources, study authors said.

Other countries like China have a head start tracking nationwide PM 1, but now the U.S. can quickly catch up.

"This dataset offers unprecedented information for the United States about an important pollutant for which few other measurements exist," Martin said.

Funding from National Institute of Environmental Health Sciences, National Institutes of Health.
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600-million-year-old body blueprint found in sea anemones | ScienceDaily
A new study from the University of Vienna reveals that sea anemones use a molecular mechanism known from bilaterian animals to form their back-to-belly body axis. This mechanism ("BMP shuttling") enables cells to organize themselves during development by interpreting signaling gradients. The findings, published in Science Advances, suggest that this system evolved much earlier than previously assumed and was already present in the common ancestor of cnidarians and bilaterians.


						
Most animals exhibit bilateral symmetry -- a body plan with a head and tail, a back and belly, and left and right sides. This body organization characterizes the vast group known as Bilateria, which includes animals as diverse as vertebrates, insects, molluscs and worms. In contrast, cnidarians, such as jellyfish and sea anemones, are traditionally described as radially symmetric, and indeed jellyfish are. However, the situation is different is the sea anemones: despite superficial radiality, they are bilaterally symmetric - first at the level of gene expression in the embryo and later also anatomically as adults. This raises a fundamental evolutionary question: did bilateral symmetry arise in the common ancestor of Bilateria and Cnidaria, or did it evolve independently in multiple animal lineages? Researchers at the University of Vienna have addressed this question by investigating whether a key developmental mechanism called BMP shuttling is already present in cnidarians.

Shuttling for development

In bilaterian animals, the back-to-belly axis is patterned by a signaling system involving Bone Morphogenetic Proteins (BMPs) and their inhibitor Chordin. BMPs act as molecular messengers, telling embryonic cells where they are and what kind of tissue they should become. In bilaterian embryos, Chordin binds BMPs and blocks their activity in a process called "local Inhibition." At the same time, in some but not all bilaterian embryonic models, Chordin can also transport bound BMPs to other regions in the embryo, where they are released again - a mechanism known as "BMP shuttling." Animals as evolutionary distant as sea urchins, flies and frogs use BMP shuttling, however, until now it was unclear whether they all evolved shuttling independently or inherited it from their last common ancestor some 600 million years ago. Both, local inhibition and BMP shuttling, create a gradient of BMP activity across the embryo. Cells in the early embryo detect this gradient and adopt different fates depending on BMP levels. For example, in vertebrates, the central nervous system forms where BMP signaling is lowest, kidneys will develop at intermediate BMP signaling levels, and the skin of the belly will form in the area of maximum BMP signaling. This way, the body's layout from back to belly is established. To find out whether BMP shuttling by Chordin represents an ancestral mechanism for patterning the back to belly axis, the researchers had to look at bilaterally symmetric animals outside Bilateria - the sea anemones.

An Ancient Blueprint

To test whether sea anemones use Chordin as a local inhibitor or as a shuttle, the researchers first blocked Chordin production in the embryos of the model sea anemone Nematostella vectensis. In Nematostella, unlike in Bilateria, BMP signaling requires the presence of Chordin, so, without Chordin, BMP signaling ceased and the formation of the second body axis failed. Chordin was then reintroduced into a small part of the embryo to see if it could restore axis formation. BMP signaling resumed -- but it was unclear whether this was because Chordin simply blocked BMPs locally, allowing a gradient to form from existing BMP sources, or because it actively transported BMPs to distant parts of the embryo, shaping the gradient more directly. To answer this, two versions of Chordin were tested -- one membrane-bound and immobile, the other diffusible. If Chordin acted as a local inhibitor, both, the immobile and the diffusible Chordin would restore BMP signaling on the side of the embryo opposite to the Chordin producing cells. However, only diffusible Chordin can act as a BMP shuttle. The results were clear: Only the diffusible form was able to restore BMP signaling at a distance from its source, demonstrating that Chordin acts as a BMP shuttle in sea anemones -- just as it does in flies and frogs.

A shared strategy across over 600 million years of evolution?

The presence of BMP shuttling in both cnidarians and bilaterians suggests that this molecular mechanism predates their evolutionary divergence some 600-700 million years ago. "Not all Bilateria use Chordin-mediated BMP shuttling, for example, frogs do, but fish don't, however, shuttling seems to pop up over and over again in very distantly related animals making it a good candidate for an ancestral patterning mechanism. The fact that not only bilaterians but also sea anemones use shuttling to shape their body axes, tells us that this mechanism is incredibly ancient," says David Morsdorf, first author of the study and postdoctoral researcher at the Department of Neurosciences and Developmental Biology at the University of Vienna. "It opens up exciting possibilities for rethinking how body plans evolved in early animals."

Grigory Genikhovich, senior author and group leader at the same department, adds: "We might never be able to exclude the possibility that bilaterians and bilaterally symmetric cnidarians evolved their bilateral body plans independently. However, if the last common ancestor of Cnidaria and Bilateria was a bilaterally symmetric animal, chances are that it used Chordin to shuttle BMPs to make its back-to-belly axis. Our new study showed that."

The study was supported by the Austrian Science Fund (FWF), grants P32705 and M3291.
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Only 13 % know: The one-minute self-exam that could save young men's lives | ScienceDaily
A recent survey commissioned by The Ohio State University Comprehensive Cancer Center -- Arthur G. James Cancer Hospital and Richard J. Solove Research Institute (OSUCCC -- James) focused on Americans' perceptions of testicular cancer. The results suggest more can be done to educate the public about the disease, which affects nearly 10,000 adults in the United States each year according to the American Cancer Society.


						
The OSUCCC -- James survey found that only 13% of U.S. adults -- just over 1 in 10 -- correctly identified testicular cancer as most commonly affecting men under 40. This is significant, as the disease is most prevalent among men between the ages of 20 and 40.

Additionally, two-thirds (65%) of respondents believe an evaluation should be part of an annual exam after age 40. However, cancer experts note that self-exams are most relevant between the ages of 20 and 40.

"In my experience, a lot of men are surprised that testicular cancer is most common among young men," said Shawn Dason, MD, urologic oncologist at the OSUCCC -- James. "It's something you're just not expecting in your twenties or thirties. A lot of young men's focus might be on developing their career, their day-to-day life. That's a very different track of mind than perhaps your health."

Survey results In the survey of 1,008 respondents aged 18 and older, 6 in 10 (63%) correctly identified that testicular cancer is often curable if caught early, and just over half (54%) correctly said that monthly self-checks should be conducted.

"We are really fortunate in testicular cancer that the vast majority of patients are diagnosed at an early stage," said Dason, also an associate clinical professor of urology at Ohio State College of Medicine. "That means the vast majority of patients are actually diagnosed before the cancer has had an opportunity to spread to other parts of the body."

Younger Americans, age 18-29, and adults, age 30-49, were more likely than their older counterparts to say that testicular cancer affects fertility (68% and 61%, respectively). However, younger adults were also more likely than all other age groups to incorrectly agree with the statement that testicular cancer symptoms are always painful (18%).




"Testicular cancer does not typically come with painful symptoms," said Dason. "That's why routine self-exams are so important to detect any lumps or changes to the testicle. If you feel something out of the ordinary, like a lump or bump, or if the testicle changes in size, call your doctor."

Survey methodology

This survey was conducted by SSRS on its Opinion Panel Omnibus platform. The SSRS Opinion Panel Omnibus is a national, twice-per-month, probability-based survey. Data collection was conducted from May 2 -- May 5, 2025, among a sample of 1,008 respondents. The survey was conducted via web (n=978) and telephone (n=30) and administered in English. The margin of error for total respondents is +/-3.6 percentage points at the 95% confidence level. All SSRS Opinion Panel Omnibus data are weighted to represent the target population of U.S. adults ages 18 or older.

To learn more about cancer treatment and clinical trials at the OSUCCC -- James, visit cancer.osu.edu or call 1-800-293-5066.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250616040226.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Magnetic mayhem at the sun's poles: First images reveal a fiery mystery | ScienceDaily
Thanks to its newly tilted orbit around the Sun, the European Space Agency-led Solar Orbiter spacecraft is the first to image the Sun's poles from outside the ecliptic plane. Solar Orbiter's unique viewing angle will change our understanding of the Sun's magnetic field, the solar cycle and the workings of space weather.


						
Any image you have ever seen of the Sun was taken from around the Sun's equator. This is because Earth, the other planets, and all other modern spacecraft orbit the Sun within a flat disc around the Sun called the ecliptic plane. By tilting its orbit out of this plane, Solar Orbiter reveals the Sun from a whole new angle.

The video titled 'EUI video SolarOrbiter Sun south pole' compares Solar Orbiter's view (in yellow) with the one from Earth (grey), on 23 March 2025. At the time, Solar Orbiter was viewing the Sun from an angle of 17deg below the solar equator, enough to directly see the Sun's south pole. Over the coming years, the spacecraft will tilt its orbit even further, so the best views are yet to come.

"Today we reveal humankind's first-ever views of the Sun's pole" says Prof. Carole Mundell, ESA's Director of Science. "The Sun is our nearest star, giver of life and potential disruptor of modern space and ground power systems, so it is imperative that we understand how it works and learn to predict its behaviour. These new unique views from our Solar Orbiter mission are the beginning of a new era of solar science."

All eyes on the Sun's south pole

A collage shows the Sun's south pole as recorded on March 16-17, 2025, when Solar Orbiter was viewing the Sun from an angle of 15deg below the solar equator. This was the mission's first high-angle observation campaign, a few days before reaching its current maximum viewing angle of 17deg.

The images shown in the collage were taken by three of Solar Orbiter's scientific instruments: the Polarimetric and Helioseismic Imager (PHI), the Extreme Ultraviolet Imager (EUI), and the Spectral Imaging of the Coronal Environment (SPICE) instrument. Click on the image to zoom in and see video versions of the data.




"We didn't know what exactly to expect from these first observations - the Sun's poles are literally terra incognita," says Prof. Sami Solanki, who leads the PHI instrument team from the Max Planck Institute for Solar System Research (MPS) in Germany.

The instruments each observe the Sun in a different way. PHI images the Sun in visible light (top left of the collage) and maps the Sun's surface magnetic field (top centre). EUI images the Sun in ultraviolet light (top right), revealing the million-degree charged gas in the Sun's outer atmosphere, the corona. The SPICE instrument (bottom row) captures light coming from different temperatures of charged gas above the Sun's surface, thereby revealing different layers of the Sun's atmosphere.

By comparing and analysing the complementary observations made by these three imaging instruments, we can learn about how material moves in the Sun's outer layers. This may reveal unexpected patterns, such as polar vortices (swirling gas) similar to those seen around the poles of Venus and Saturn.

These groundbreaking new observations are also key to understanding the Sun's magnetic field and why it flips roughly every 11 years, coinciding with a peak in solar activity. Current models and predictions of the 11-year solar cycle fall short of being able to predict exactly when and how powerfully the Sun will reach its most active state.

Messy magnetism at solar maximum 

One of the first scientific findings from Solar Orbiter's polar observations is the discovery that at the south pole, the Sun's magnetic field is currently a mess. While a normal magnet has a clear north and south pole, the PHI instrument's magnetic field measurements show that both north and south polarity magnetic fields are present at the Sun's south pole.




This happens only for a short time during each solar cycle, at solar maximum, when the Sun's magnetic field flips and is at its most active. After the field flip, a single polarity should slowly build up and take over the Sun's poles. In 5-6 years from now, the Sun will reach its next solar minimum, during which its magnetic field is at its most orderly and the Sun displays its lowest levels of activity.

"How exactly this build-up occurs is still not fully understood, so Solar Orbiter has reached high latitudes at just the right time to follow the whole process from its unique and advantageous perspective," notes Sami.

PHI's view of the full Sun's magnetic field puts these measurements in context (see 'PHI_south-pole-Bmap' and 'PHI_global-Bmap_20250211-20250429'). The darker the colour (red/blue), the stronger the magnetic field is along the line of sight from Solar Orbiter to the Sun.

The strongest magnetic fields are found in two bands either side of the Sun's equator. The dark red and dark blue regions highlight active regions, where magnetic field gets concentrated in sunspots on the Sun's surface (photosphere).

Meanwhile, both the Sun's south and north poles are speckled with red and blue patches. This demonstrates that at small scales, the Sun's magnetic field has a complex and ever-changing structure.

SPICE measures movement for the first time

Another interesting 'first' for Solar Orbiter comes from the SPICE instrument. Being an imaging spectrograph, SPICE measures the light (spectral lines) sent out by specific chemical elements - among which hydrogen, carbon, oxygen, neon and magnesium - at known temperatures. For the last five years, SPICE has used this to reveal what happens in different layers above the Sun's surface.

Now for the first time, the SPICE team has also managed to use precise tracking of spectral lines to measure how fast clumps of solar material are moving. This is known as a 'Doppler measurement', named after the same effect that makes passing ambulance sirens change pitch as they drive by.

The resulting velocity map reveals how solar material moves within a specific layer of the Sun. By comparing the SPICE doppler and intensity maps, you can directly compare the location and movement of particles (carbon ions) in a thin layer called the 'transition region', where the Sun's temperature rapidly increases from 10 000 degC to hundreds of thousands of degrees.

The SPICE intensity map reveals the locations of clumps of carbon ions. The SPICE doppler map includes the blue and red colours to indicate how fast the carbon ions are moving towards and away from the Solar Orbiter spacecraft, respectively. Darker blue and red patches are related to material flowing faster due to small plumes or jets.

Crucially, Doppler measurements can reveal how particles are flung out from the Sun in the form of solar wind. Uncovering how the Sun produces solar wind is one of Solar Orbiter's key scientific goals.

"Doppler measurements of solar wind setting off from the Sun by current and past space missions have been hampered by the grazing view of the solar poles. Measurements from high latitudes, now possible with Solar Orbiter, will be a revolution in solar physics," says SPICE team leader, Frederic Auchere from the University of Paris-Saclay (France).

The best is yet to come

These are just the first observations made by Solar Orbiter from its newly inclined orbit, and much of this first set of data still awaits further analysis. The complete dataset of Solar Orbiter's first full 'pole-to-pole' flight past the Sun is expected to arrive on Earth by October 2025. All ten of Solar Orbiter's scientific instruments will collect unprecedented data in the years to come.

"This is just the first step of Solar Orbiter's 'stairway to heaven': in the coming years, the spacecraft will climb further out of the ecliptic plane for ever better views of the Sun's polar regions. These data will transform our understanding of the Sun's magnetic field, the solar wind, and solar activity," notes Daniel Muller, ESA's Solar Orbiter project scientist.

Notes for editors

Solar Orbiter is the most complex scientific laboratory ever to study our life-giving star, taking images of the Sun from closer than any spacecraft before and being the first to look at its polar regions.

In February 2025, Solar Orbiter officially began the 'high latitude' part of its journey around the Sun by tilting its orbit to an angle of 17deg with respect to the Sun's equator. In contrast, the planets and all other Sun-observing spacecraft orbit in the ecliptic plane, tilted at most 7deg from the solar equator.

The only exception to this is the ESA/NASA Ulysses mission (1990-2009), which flew over the Sun's poles but did not carry any imaging instruments. Solar Orbiter's observations will complement Ulysses' by observing the poles for the first time with telescopes, in addition to a full suite of in-situ sensors, while flying much closer to the Sun. Additionally, Solar Orbiter will monitor changes at the poles throughout the solar cycle.

Solar Orbiter will continue to orbit around the Sun at this tilt angle until 24 December 2026, when its next flight past Venus will tilt its orbit to 24deg. From 10 June 2029, the spacecraft will orbit the Sun at an angle of 33deg. (Overview of Solar Orbiter's journey around the Sun.)

Solar Orbiter is a space mission of international collaboration between ESA and NASA, operated by ESA. Solar Orbiter's Polarimetric and Helioseismic Imager (PHI) instrument is led by the Max Planck Institute for Solar System Research (MPS), Germany. The Extreme Ultraviolet Imager (EUI) instrument is led by the Royal Observatory of Belgium (ROB). The Spectral Imaging of the Coronal Environment (SPICE) instrument is a European-led facility instrument, led by the Institut d'Astrophysique Spatiale (IAS) in Paris, France.
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Your brain has a hidden beat - and smarter minds sync to it | ScienceDaily
When the brain is under pressure, certain neural signals begin to move in sync - much like a well-rehearsed orchestra. A new study from Johannes Gutenberg University Mainz (JGU) is the first to show how flexibly this neural synchrony adjusts to different situations and that this dynamic coordination is closely linked to cognitive abilities. "Specific signals in the midfrontal brain region are better synchronized in people with higher cognitive ability - especially during demanding phases of reasoning," explained Professor Anna-Lena Schubert from JGU's Institute of Psychology, lead author of the study recently published in the Journal of Experimental Psychology: General.


						
The researchers focused on the midfrontal area of the brain and the measurable coordination of the so-called theta waves. These brainwaves oscillate between four and eight hertz and belong to the group of slower neural frequencies. "They tend to appear when the brain is particularly challenged such as during focused thinking or when we need to consciously control our behavior," said Schubert, who heads the Analysis and Modeling of Complex Data Lab at JGU.

Being able to focus even next to a buzzing phone

The 148 participants in the study, aged between 18 and 60, first completed tests assessing memory and intelligence before their brain activity was recorded using electroencephalography (EEG). This method measures tiny electrical signals in the brain using electrodes placed on the scalp and is a well-established technique for gaining precise insights into cognitive processes. During EEG recording, participants completed three mentally demanding tasks designed to assess cognitive control.

The researchers were interested in the participants' ability to flexibly shift between changing rules, which is an essential aspect of intelligent information processing. For example, participants had to press a button to decide whether a number was even or odd, and moments later whether it was greater or less than five. Each switch of rules required rapid adjustment of mental strategies - a process that allowed researchers to closely observe how the brain's networks coordinate in real time.

As a result, individuals with higher cognitive abilities showed especially strong synchronization of theta waves during crucial moments, particularly when making decisions. Their brains were better at sustaining purposeful thought when it mattered most. "People with stronger midfrontal theta connectivity are often better at maintaining focus and tuning out distractions, be it that your phone buzzes while you're working or that you intend to read a book in a busy train station," explained Schubert.

A flexible rhythm in the brain

Professor Anna-Lena Schubert was particularly surprised by how closely this brain rhythm coordination was tied to cognitive abilities. "We did not expect the relationship to be this clear," she said. What mattered most was not continuous synchronization, but the brain's ability to adapt its timing flexibly and contextually - like an orchestra that follows a skilled conductor. The midfrontal region often sets the tone in this coordination but works in concert with other areas across the brain. This midfrontal theta connectivity appears to be particularly relevant during the execution of decisions, however not during the preparatory mental adjustment to new task rules.

Previous EEG studies on cognitive ability mostly examined activity in isolated brain regions. In contrast, this study took a network-level approach, examining how different areas interact across multiple tasks to identify stable, overarching patterns. The findings show that individual differences in cognitive ability are linked to the brain's dynamic network behavior.

"Potential applications such as brain-based training tools or diagnostics are still a long way off," emphasized Schubert. "But our study offers important groundwork for understanding how intelligence functions at a neural level." A follow-up study, now seeking participants aged 40 and older from the Rhine-Main region, will explore which biological and cognitive factors further support this kind of efficient brain coordination and the role of additional cognitive abilities, such as processing speed and working memory.
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Single psilocybin trip delivers two years of depression relief for cancer patients | ScienceDaily
New results from a clinical trial reveal that a single dose of psilocybin -- a naturally occurring psychedelic compound found in mushrooms -- can provide sustained reductions in depression and anxiety in individuals with cancer suffering from major depressive disorder. The findings are published by Wiley online in CANCER, a peer-reviewed journal of the American Cancer Society.


						
People with cancer often struggle with depression. In this phase 2 trial, 28 patients with cancer and major depressive disorder received psychological support from a therapist prior to, during, and following a single 25-mg dose of psilocybin.

During clinical interviews conducted 2 years later, 15 (53.6%) patients demonstrated a significant reduction in depression, and 14 (50%) had sustained depression reduction as well as remission. Similarly, psilocybin reduced anxiety for 12 (42.9%) patients at 2 years.

An ongoing randomized, double-blind trial is currently evaluating up to two doses of 25 mg of psilocybin versus placebo as treatment for depression and anxiety in patients with cancer. This study is building on the single-dose study in an effort to bring a larger majority of the patients into remission of depression and anxiety.

"One dose of psilocybin with psychological support to treat depression has a long-term positive impact on relieving depression for as much as 2 years for a substantial portion of patients with cancer, and we're exploring whether repeating the treatment resolves depression for more than half of the patients," said lead author Manish Agrawal, MD, of Sunstone Therapies. "If randomized testing shows similar results, this could lead to greater use of psilocybin to treat depression in patients with cancer."
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Tiny wasp's shocking reproductive trick may transform global agriculture | ScienceDaily
Scientists have shed new light on the evolution of an important species of wasp - and believe that the findings could help improve the effectiveness of natural pest control.


						
Dr Rebecca Boulton, from the University of Stirling, has shown, for the first time, that Lysiphlebus fabarum - a tiny species of wasp - can reproduce with or without a mate. This discovery challenges the previous assumption that asexual females could not mate and produce offspring sexually.

Significantly, the wasps lay their eggs inside small sap-sucking insects called aphids before consuming their host from the inside out -- meaning that they are natural pest controllers.

Lysiphlebus fabarum is known to have both sexual and asexual populations but, until now, it was not known whether asexual females could reproduce sexually with males. The discovery opens up new possibilities for improving biological pest control.

Many species of parasitoid wasps are mass-reared and released as a natural alternative to pesticides because they lay their eggs on or in other species, many of which are pests, before the developing wasp larvae consumes their host, killing it in the process.

Asexual reproduction makes it easy to produce large numbers of wasps, but these need to be suitably adapted to local pests and environments to be effective. Currently, Lysiphlebus fabarum is not used commercially despite being found worldwide and naturally targeting aphids.

Developing an understanding of how the species reproduce could help boost genetic diversity in commercially reared lines, making future biocontrol agents more resilient and better adapted.




Dr Boulton, a lecturer in Biological and Environmental Sciences at the University's Faculty of Natural Sciences, led the study. She said: "In an evolutionary sense, facultative sex seems like a perfect strategy - asexual reproduction is highly efficient, and takes away the costs of finding a mate as well as the risks of failing to find one.

"But sex is really important for evolution. When females reproduce asexually they don't mix their genes up with any others which limits the potential for evolution to happen.

"If the environment changes, asexual species may be unable to adapt in the same way that sexuals can.

"Facultative sex brings the efficiency of asexual reproduction with the evolutionary benefits of sex and so has been touted as the best of both worlds.

"The results of my study show that there might be hidden costs to facultative sex though as it reduces female wasps' reproductive success, and this might limit how frequently it occurs in nature.

"The wasps that I studied are an important natural enemy of aphids, they aren't currently commercially reared, but they are found globally.




"My findings could be used to develop new biocontrol agents that can be used to control aphids throughout the world, harnessing their natural reproductive behavior to ensure that they are adapted to the hosts and environments that are specific to different regions."

Dr Boulton reared the wasps in a Controlled Environment Facility (CEF) at the University and had initially planned to put asexual and sexual wasps together, in direct competition, to see which parasitized the most aphids.

However, in the early stages of these experiments she realized the female asexual wasps were behaving unexpectedly and were mating with males from the sexual population.

This led to a change in strategy, as she started to record this behavior in more detail, before carrying out wasp paternity testing to see whether the asexual females were just mating or actually fertilizing eggs.

Once it confirmed that the asexual wasps were engaging in facultative sex, Dr Boulton carried out an experiment where asexual females either mated or didn't, before examining how successful these females, and their daughters, were at parasitizing aphids.

The study involved putting around 300 wasps, each around 1mm long, in their own petri dish with a colony of sap-sucking aphids and counting how many were parasitized.

Lysiphlebus fabarum wasps only live a few days but spend two weeks developing as larvae on their hosts.

The entire experiment, which was carried out across two generations of wasps, took six weeks to run.

On completion Dr Boulton extracted DNA from the wasps and sent it to be paternity tested. When the results were returned it was clear that the asexual wasps which mated were, in most cases, reproducing sexually as their offspring had bits of DNA that were only found in the fathers.

The study, Is facultative sex the best of both worlds in the parasitoid wasp Lysiphlebus fabarum? is published in the Royal Society of Open Science.

It was funded through a BBSRC Discovery fellowship.

Professor Anne Ferguson-Smith, Executive Chair of BBSRC, said: "This is an exciting example of how BBSRC's Discovery Fellowships are helping talented early career researchers explore fundamental questions in bioscience with real-world relevance.

"Dr Boulton's work, which measures the costs of sex in this predominantly asexual parasitoid wasp, opens up promising avenues for more sustainable pest control. Supporting curiosity-driven research like this not only strengthens the UK's research base, but helps drive innovation that benefits the environment, food systems and society at large."
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83% of Earth's climate-critical fungi are still unknown | ScienceDaily
Mycorrhizal fungi help regulate Earth's climate and ecosystems by forming underground networks that provide plants with essential nutrients, while drawing carbon deep into soils. Scientists and conservationists have been racing to find ways to protect these underground fungi, but they keep finding dark taxa - species that are known only by their DNA sequences that can't be linked to named or described species.


						
It is estimated that only 155,000 of the roughly 2-3 million fungal species on the planet have been formally described. Now, a review published in Current Biology on June 9 shows that as much as 83% of ectomycorrhizal species are so-called dark taxa. The study helps identify underground hotspots of unknown mycorrhizal species occurring in tropical forests in southeast Asia and Central and South America, tropical forests and shrublands in central Africa, Sayan montane conifer forests above Mongolia, and more. This discovery has serious implications for conservation.

Names are important in the natural sciences. Traditionally, once a species is described, it is given a binomial - a name made of two Latin words that describe the species and genus. These names are used to categorize fungi, plants, and animals, and are critical identifiers for conservation and research. Most mycorrhizal fungi in the wild are found using environmental DNA (eDNA) -- genetic material that organisms shed into their surroundings. Scientists extract fungal eDNA from soil and root samples, sequence that DNA, and then run those sequences through a bioinformatics pipeline that matches a sequence with a described species. For dark taxa there are no matches - just strings of As, Gs, Cs, and Ts.

"We are a long way out from getting all fungal DNA sequences linked to named species," says lead author Laura van Galen, a microbial ecologist working with the Society for the Protection of Underground Networks (SPUN) and ETH University, Switzerland. "Environmental DNA has enormous potential as a research tool to detect fungal species, but we can't include unnamed species in conservation initiatives. How can you protect something that hasn't yet been named?"

Ectomycorrhizal fungi are one of the largest groups of mycorrhizal fungi and form symbiotic partnerships with about 25% of global vegetation. Ectomycorrhizal fungi facilitate the drawdown of over 9 billion tons of CO2 annually (over 25% of yearly fossil fuel emissions) and help Earth's forests function by regulating nutrient cycles, enhancing stress tolerance, and even breaking down pollutants.

The researchers' work has uncovered that dark taxa of ectomycorrhizal fungi are not spread evenly across the Earth. "There are hotspots of high dark taxa around the globe, but particularly they are concentrated in tropical regions in Southeast Asia and parts of South America and Africa," says van Galen. "Most of the research on ectomycorrhizal fungi has been focused in the North, but mid-latitude and southern-hemisphere regions show signs of being home to many unknown species. This means there is a mismatch in resources and funding. We need to bridge this gap and facilitate more tropical researchers and those from southern-hemisphere regions to focus on identifying these super-important fungi."

The researchers have suggestions of how we can start bringing these fungi out of the shadows. "One way to reduce the dark taxa problem is to collect, study and sequence mushrooms and other fungi," says co-author Camille Truong, a mycorrhizal ecologist at SPUN and research scientist at the Royal Botanic Gardens Victoria in Australia. "Conversely, there are mushrooms that have been sitting for decades in collections of botanical gardens. These should be urgently sequenced so that we can, hopefully, start matching them up with some of these dark taxa."

Many of the unidentified fungal species are associated with plants that are themselves endangered. "We're at risk here," says van Galen. "If we lose these host plants, we might also be losing really important fungal communities that we don't know anything about yet."

The technology is available - what's missing is attention. "We really need to pay so much more attention to fungi in the soil so that we can understand the species and protect them and conserve them before we lose them," says van Galen. The team hopes that conservation organizations will use the information to protect hotspots of underground biodiversity, even if these species remain nameless.
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Impossible signal from deep beneath Antarctic ice baffles physicists | ScienceDaily
A cosmic particle detector in Antarctica has emitted a series of bizarre signals that defy the current understanding of particle physics, according to an international research group that includes scientists from Penn State. The unusual radio pulses were detected by the Antarctic Impulsive Transient Antenna (ANITA) experiment, a range of instruments flown on balloons high above Antarctica that are designed to detect radio waves from cosmic rays hitting the atmosphere.


						
The goal of the experiment is to gain insight into distant cosmic events by analyzing signals that reach the Earth. Rather than reflecting off the ice, the signals -- a form of radio waves -- appeared to be coming from below the horizon, an orientation that cannot be explained by the current understanding of particle physics and may hint at new types of particles or interactions previously unknown to science, the team said.

The researchers published their results in the journal Physical Review Letters.

"The radio waves that we detected were at really steep angles, like 30 degrees below the surface of the ice," said Stephanie Wissel, associate professor of physics, astronomy and astrophysics who worked on the ANITA team searching for signals from elusive particles called neutrinos.

She explained that by their calculations, the anomalous signal had to pass through and interact with thousands of kilometers of rock before reaching the detector, which should have left the radio signal undetectable because it would have been absorbed into the rock.

"It's an interesting problem because we still don't actually have an explanation for what those anomalies are, but what we do know is that they're most likely not representing neutrinos," Wissel said.

Neutrinos, a type of particle with no charge and the smallest mass of all subatomic particles, are abundant in the universe. Usually emitted by high-energy sources like the sun or major cosmic events like supernovas or even the Big Bang, there are neutrino signals everywhere. The problem with these particles, though, is that they are notoriously difficult to detect, Wissel explained.




"You have a billion neutrinos passing through your thumbnail at any moment, but neutrinos don't really interact," she said. "So, this is the double-edged sword problem. If we detect them, it means they have traveled all this way without interacting with anything else. We could be detecting a neutrino coming from the edge of the observable universe."

Once detected and traced to their source, these particles can reveal more about cosmic events than even the most high-powered telescopes, Wissel added, as the particles can travel undisturbed and almost as fast as the speed of light, giving clues about cosmic events that happened lightyears away.

Wissel and teams of researchers around the world have been working to design and build special detectors to capture sensitive neutrino signals, even in relatively small amounts. Even one small signal from a neutrino holds a treasure trove of information, so all data has significance, she said.

"We use radio detectors to try to build really, really large neutrino telescopes so that we can go after a pretty low expected event rate," said Wissel, who has designed experiments to spot neutrinos in Antarctica and South America.

ANITA is one of these detectors, and it was placed in Antarctica because there is little chance of interference from other signals. To capture the emission signals, the balloon-borne radio detector is sent to fly over stretches of ice, capturing what are called ice showers.

"We have these radio antennas on a balloon that flies 40 kilometers above the ice in Antarctica," Wissel said. "We point our antennas down at the ice and look for neutrinos that interact in the ice, producing radio emissions that we can then sense on our detectors."

These special ice-interacting neutrinos, called tau neutrinos, produce a secondary particle called a tau lepton that is released out of the ice and decays, the physics term referring to how the particle loses energy as it travels over space and breaks down into its constituents. This produces emissions known as air showers.




If they were visible to the naked eye, air showers might look like a sparkler waved in one direction, with sparks trailing it, Wissel explained. The researchers can distinguish between the two signals -- ice and air showers -- to determine attributes about the particle that created the signal.

These signals can then be traced back to their origin, similar to how a ball thrown at an angle will predictably bounce back at the same angle, Wissel said. The recent anomalous findings, though, cannot be traced back in such a manner as the angle is much sharper than existing models predict.

By analyzing data collected from multiple ANITA flights and comparing it with mathematical models and extensive simulations of both regular cosmic rays and upward-going air showers, the researchers were able to filter out background noise and eliminate the possibility of other known particle-based signals.

The researchers then cross-referenced signals from other independent detectors like the IceCube Experiment and the Pierre Auger Observatory to see if data from upward-going air showers, similar to those found by ANITA, were captured by other experiments.

Analysis revealed the other detectors did not register anything that could have explained what ANITA detected, which led the researchers to describe the signal as "anomalous," meaning that the particles causing the signal are not neutrinos, Wissel explained. The signals do not fit within the standard picture of particle physics, and while several theories suggest that it may be a hint of dark matter, the lack of follow-up observations with IceCube and Auger really narrow the possibilities, she said.

Penn State has built detectors and analyzed neutrino signals for close to 10 years, Wissel explained, and added that her team is currently designing and building the next big detector. The new detector, called PUEO, will be larger and better at detecting neutrino signals, Wissel said, and it will hopefully shed light on what exactly the anomalous signal is.

"My guess is that some interesting radio propagation effect occurs near ice and also near the horizon that I don't fully understand, but we certainly explored several of those, and we haven't been able to find any of those yet either," Wissel said. "So, right now, it's one of these long-standing mysteries, and I'm excited that when we fly PUEO, we'll have better sensitivity. In principle, we should pick up more anomalies, and maybe we'll actually understand what they are. We also might detect neutrinos, which would in some ways be a lot more exciting."

The other Penn State co-author is Andrew Zeolla, a doctoral candidate in physics. The research conducted by scientists from Penn State was funded by the U.S. Department of Energy and the U.S. National Science Foundation. The paper contains the full list of collaborators and authors.
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Fruit-eating mastodons? Ancient fossils confirm a long-lost ecological alliance | ScienceDaily
Ten thousand years ago, mastodons vanished from South America. With them, an ecologically vital function also disappeared: the dispersal of seeds from large-fruited plants. A new study led by the University of O'Higgins, Chile, with key contributions from IPHES-CERCA, demonstrates for the first time -- based on direct fossil evidence -- that these extinct elephant relatives regularly consumed fruit and were essential allies of many tree species. Their loss was not only zoological; it was also botanical, ecological, and evolutionary. Some plant species that relied on mastodons for seed dispersal are now critically endangered.


						
Published in Nature Ecology & Evolution, the research presents the first solid evidence of frugivory in Notiomastodon platensis, a South American Pleistocene mastodon. The findings are based on a multiproxy analysis of 96 fossil teeth collected over a span of more than 1,500 kilometers, from Los Vilos to Chiloe Island in southern Chile. Nearly half of the specimens come from the emblematic site of Lake Tagua Tagua, an ancient lake basin rich in Pleistocene fauna, located in the present-day O'Higgins Region.

The study was led by Dr. Erwin Gonzalez-Guarda, researcher at the University of O'Higgins and associate at IPHES-CERCA, alongside an international team that includes IPHES-CERCA researchers Dr. Florent Rivals, a paleodiet specialist; Dr. Carlos Tornero and Dr. Ivan Ramirez-Pedraza, experts in stable isotopes and paleoenvironmental reconstruction; and Alia Petermann-Pichincura. The research was carried out in collaboration with the Universitat Rovira i Virgili (URV) and the Universitat Autonoma de Barcelona (UAB).

An ecological hypothesis finally proven

In 1982, biologist Daniel Janzen and paleontologist Paul Martin proposed a revolutionary idea: many tropical plants developed large, sweet, and colorful fruits to attract large animals -- such as mastodons, native horses, or giant ground sloths -- that would serve as seed dispersers. Known as the "neotropical anachronisms hypothesis," this theory remained unconfirmed for over forty years. Now, the study led by Gonzalez-Guarda provides direct fossil evidence that validates it. To understand the lifestyle of this mastodon, the team employed various techniques: isotopic analysis, microscopic dental wear studies, and fossil calculus analysis. "We found starch residues and plant tissues typical of fleshy fruits, such as those of the Chilean palm (Jubaea chilensis)," explains Florent Rivals, ICREA research professor at IPHES-CERCA and an expert in paleodiet. "This directly confirms that these animals frequently consumed fruit and played a role in forest regeneration."

The forgotten role of large seed dispersers

"Through stable isotope analysis, we were able to reconstruct the animals' environment and diet with great precision," notes Ivan Ramirez-Pedraza. The data point to a forested ecosystem rich in fruit resources, where mastodons traveled long distances and dispersed seeds along the way. That ecological function remains unreplaced.




"Dental chemistry gives us a direct window into the past," says Carlos Tornero. "By combining different lines of evidence, we've been able to robustly confirm their frugivory and the key role they played in these ecosystems."

A future threatened by an incomplete past

The extinction of mastodons broke a co-evolutionary alliance that had lasted for millennia. The researchers applied a machine learning model to compare the current conservation status of megafauna-dependent plants across different South American regions. The results are alarming: in central Chile, 40% of these species are now threatened -- a rate four times higher than in tropical regions where animals such as tapirs or monkeys still act as alternative seed dispersers.

"Where that ecological relationship between plants and animals has been entirely severed, the consequences remain visible even thousands of years later," says study co-author Andrea P. Loayza.

Species like the gomortega (Gomortega keule), the Chilean palm, and the monkey puzzle tree (Araucaria araucana) now survive in small, fragmented populations with low genetic diversity. They are living remnants of an extinct interaction.

Paleontology as a key to conservation

Beyond its fossil discoveries, the study sends a clear message: understanding the past is essential to addressing today's ecological crises. "Paleontology isn't just about telling old stories," concludes Florent Rivals. "It helps us recognize what we've lost -- and what we still have a chance to save."
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CRISPR-edited stem cells reveal hidden causes of autism | ScienceDaily

Although it is well understood that genetics influence the development of autism spectrum disorder, no one could yet pinpoint the precise cause and mechanism. To study the biological background of diseases, researchers use models: Cell models allow us to study how changes in the genes affect the shape and function of the cell, while animal models show how the change in its cellular components affects health and behavior. Despite significant differences between mice and humans, many disease-causing genes are very similar and cause similar conditions across these species. "One of the problems, however, is the lack of a standardized biological model to study the effects of the different mutations associated with autism spectrum disorder. This makes it difficult to find out, for example, whether they have common effects or what is specific to certain cell types," explains Kobe University neuroscientist TAKUMI Toru.

Thus, twelve years ago, Takumi and his team embarked on a journey to change that. Being experts in studying mouse models of the disorder, they combined a conventional manipulation technique for mouse embryonic stem cells -- cells that can be made to develop into almost any kind of cell in the body -- with the then-newly discovered, highly specific and easy-to-handle CRISPR gene editing system. This new method proved highly efficient in making genetic variants of these cells and allowed the Kobe University team to produce a bank of 63 mouse embryonic stem cell lines of the genetic variants most strongly associated with autism spectrum disorder.

In the journal Cell Genomics, Takumi and his team now published that they were able to develop their cells into a broad range of cell types and tissues, and even generate adult mice with their genetic variations. The analysis of these alone proved that their cell lines were adequate models for studying autism spectrum disorder. However, the cell lines also allowed them to conduct large-scale data analyses to clearly identify genes that are abnormally active, and in which cell types this is the case. 

One of the things the data analysis brought to light is that autism-causing mutations often result in neurons being unable to eliminate misshapen proteins. "This is particularly interesting since the local production of proteins is a unique feature in neurons, and a lack of quality control of these proteins may be a causal factor of neuronal defects," explains Takumi.

The Kobe University neuroscientist expects that his team's achievement, which has been made available to other researchers and can be flexibly integrated with other lab techniques and adjusted to other targets, will be an invaluable resource for the scientific community studying autism and trying to find drug targets. He adds: "Interestingly, the genetic variants we studied are also implicated in other neuropsychiatric disorders such as schizophrenia and bipolar disorder. So, this library may be useful for studying other conditions as well."

This research was funded by the Japan Society for the Promotion of Science (grants 16H06316, 16F16110, 21H00202, 21H04813, 23KK0132, 23H04233, 24H00620, 24H01241, 24K22036, 17K07119 and 21K07820), the Japan Agency for Medical Research and Development (grant JP21wm0425011), the Japan Science and Technology Agency (grants JPMJPF2018, JPMJMS2299 and JPMJMS229B), the National Center of Neurology and Psychiatry (grant 6-9), the Takeda Science Foundation, the Smoking Research Foundation, the Tokyo Biochemical Research Foundation, the Kawano Masanori Memorial Public Interest Incorporated Foundation for Promotion of Pediatrics, the Taiju Life Social Welfare Foundation, the Tokumori Yasumoto Memorial Trust for Researches on Tuberous Sclerosis Complex and Related Rare Neurological Diseases, and Takeda Pharmaceutical Company Ltd. It was conducted in collaboration with researchers from the RIKEN Center for Brain Science, Radboud University, the RIKEN Center for Integrative Medical Sciences, the Agency for Science, Technology and Research, the RIKEN Center for Biosystems Dynamics Research, and Hiroshima University.

Kobe University is a national university with roots dating back to the Kobe Higher Commercial School founded in 1902. It is now one of Japan's leading comprehensive research universities with nearly 16,000 students and nearly 1,700 faculty in 11 faculties and schools and 15 graduate schools. Combining the social and natural sciences to cultivate leaders with an interdisciplinary perspective, Kobe University creates knowledge and fosters innovation to address society's challenges.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250614034240.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Space-laser AI maps forest carbon in minutes-a game-changer for climate science | ScienceDaily
Satellite data used by archaeologists to find traces of ancient ruins hidden under dense forest canopies can also be used to improve the speed and accuracy to measure how much carbon is retained and released in forests.


						
Understanding this carbon cycle is key to climate change research, according to Hamdi Zurqani, an assistant professor of geospatial science for the Arkansas Forest Resources Center and the College of Forestry, Agriculture and Natural Resources at the University of Arkansas at Monticello. The center is headquartered at UAM and conducts research and extension activities through the Arkansas Agricultural Experiment Station and the Cooperative Extension Service, the University of Arkansas System Division of Agriculture's research and outreach arms.

"Forests are often called the lungs of our planet, and for good reason," Zurqani said. "They store roughly 80 percent of the world's terrestrial carbon and play a critical role in regulating Earth's climate."

To measure a forest's carbon cycle, a calculation of forest aboveground biomass is needed. Though effective, traditional ground-based methods for estimating forest aboveground biomass are labor-intensive, time-consuming and limited in spatial coverage abilities, Zurqani said.

In a study recently published in Ecological Informatics, Zurqani shows how information from open-access satellites can be integrated on Google Earth Engine with artificial intelligence algorithms to quickly and accurately map large-scale forest aboveground biomass, even in remote areas where accessibility is often an issue.

Zurqani's novel approach uses data from NASA's Global Ecosystem Dynamics Investigation LiDAR, also known as GEDI LiDAR, which includes three lasers installed on the International Space Station. The system can precisely measure three-dimensional forest canopy height, canopy vertical structure and surface elevation. LiDAR stands for "light detection and ranging" and uses light pulses to measure distance and create 3D models.

Zurqani also used imagery data from the European Space Agency's collection of Earth observation Copernicus Sentinel satellites -- Sentinel-1 and Sentinel-2. Combining the 3D imagery from GEDI and the optical imagery from the Sentinels, Zurqani improved the accuracy of biomass estimations.




The study tested four machine learning algorithms to analyze the data: Gradient tree boosting, random forest, classification and regression trees, or CART, and support vector machine. Gradient tree boosting achieved the highest accuracy score and the lowest error rates. Random forest came in second, proving reliable but slightly less precise. CART provided reasonable estimates but tended to focus on a smaller subset. The support vector machine algorithm struggled, Zurqani said, highlighting that not all AI models are equally suited for estimating aboveground forest biomass in this study.

The most accurate predictions, Zurqani said, came from combining Sentinel-2 optical data, vegetation indices, topographic features, and canopy height with the GEDI LiDAR dataset serving as the reference input for both training and testing the machine learning models, showing that multi-source data integration is critical for reliable biomass mapping.

Why it matters

Zurqani said that accurate forest biomass mapping has real-world implications for better accounting of carbon and improved forest management on a global scale. With more accurate assessments, governments and organizations can more precisely track carbon sequestration and emissions from deforestation to inform policy decisions.

The road ahead

While the study marks a leap forward in measuring aboveground forest biomass, Zurqani said the challenges remaining include the impact weather can have on satellite data. Some regions still lack high-resolution LiDAR coverage. He added that future research may explore deeper AI models, such as neural networks, to refine predictions further.

"One thing is clear," Zurqani said. "As climate change intensifies, technology like this will be indispensable in safeguarding our forests and the planet."
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Africa's pangolin crisis: The delicacy that's driving a species to the brink | ScienceDaily
The vast majority of pangolin hunting in African forest landscapes is done for meat consumed by people in the region, rather than for scales shipped to East Asia, a new study led by the University of Cambridge suggests.


						
Pangolins are the most heavily trafficked wild mammal in the world. A solitary, insect-eating animal about the size of a large domestic cat*, pangolins are famous for their highly prized keratin scales -- a staple of traditional Chinese medicine.

All eight existing pangolin species are threatened with extinction and on the IUCN's Red List, with three Asian species categorised as critically endangered.

As Asian pangolins have declined dramatically, Nigeria has seen a boom in the export of pangolin scales to Asia. While hunting pangolins is illegal in Nigeria the West African country is now the world's largest hub for the criminal trade in pangolin products.

However, a new study published in the journal Nature Ecology & Evolution suggests that some 98% of Nigerian pangolins are caught for meat first and foremost, with around two-thirds of scales from these animals simply thrown away.

A research team led by Cambridge collected data from over eight hundred hunters and traders in thirty-three locations across Nigeria's Cross River Forest region, primarily between 2020 and 2023, during which time the conservationists estimate that around 21,000 pangolins were killed annually in the area.

Almost all pangolins were captured "opportunistically" or during general hunting trips (97%) rather than sought out, and caught primarily for meat (98%). Around 71% of pangolins were consumed by hunters themselves, with 27% traded locally as food.




Perhaps surprisingly, given their potential overseas value, around 70% of the scales were discarded, while less than 30% were sold on. However, researchers calculated that, per animal, pangolin meat fetched 3-4 times the price of scales at local Nigerian markets.

"Thousands of kilos of pangolin scales are seized at Nigeria's ports, creating the impression that the international demand for scales is behind pangolin exploitation in West Africa," said study lead author and Gates Cambridge Scholar Dr Charles Emogor, who conducted the research for his PhD at the University of Cambridge's Department of Zoology.

"When we spoke to hunters and traders on the ground around the Cross River forest, the largest stronghold for Nigeria's pangolins, it was obvious that meat was the motivation for almost all of the pangolin killings."

"We found that dedicated pangolin hunts are virtually non-existent. Most pangolins are killed by hunters out for any type of game," said Emogor, now a Schmidt Science Fellow split between Cambridge, UK, and Harvard, US.

"Around a third of pangolins are caught opportunistically, often while people are working in the fields. Pangolins curl into a ball when threatened, which sadly makes them easy to catch." Among frequent hunters, by far the most common method of catching pangolins was given as simply picking them up by hand.

While Emogor says the demands of traditional medicine markets are exacerbating the decline of African pangolins -- his previous research showed that just shipments intercepted by Nigerian authorities between 2010 and 2021 amounted to 190,407 kilos of pangolin scales taken from around 800,000 dead creatures -- pangolins have been exploited in West Africa long before being trafficked to Asia.




The meat is a delicacy in parts of Nigeria, often procured for pregnant women in the belief it helps produce strong babies. Emogor and colleagues surveyed hunters and Cross River locals on "palatability": asking them to rank the tastiness of almost a hundred different animals eaten in the region, from domestic beef and chicken to catfish, monkeys and antelope.

The three major African pangolin species were rated as the most palatable of all available meats, with average scores of almost nine out of ten, and the giant pangolin considered the topmost appetising meat in the region.

"Pangolins face a lethal combination of threats," said Emogor. "Pangolins are easy to hunt, breed slowly, taste good to humans, and are falsely believed to have curative properties in traditional medicines. In addition, their forest habitat is being destroyed."

Emogor's research led him to set up Pangolino in 2021, a global network of volunteers, scientists and pangolin enthusiasts committed to saving the endangered animal. He points out that the cost of policy interventions to tackle meat-driven pangolin trading might be cheaper than those for an international scales market.

These should include anti-poaching patrols as well as community programmes focused on food security. Through Pangolino, Emogor is piloting interventions in four Southeast Nigerian communities by helping create by-laws that prohibit pangolin killing, with financial rewards for compliance.

"Clearly in designing any intervention we need good information on what's motivating the hunters," said Prof Andrew Balmford, co-author from Cambridge's Department of Zoology. "That's why studies such as this are vital for effective conservation of endangered species."

While the latest study focused on Nigeria, researchers say their pangolin hunting and consumption data echo that from countries such as Cameroon and Gabon -- suggesting these patterns may be Africa-wide.

Raised on the edge of the Cross River National Park, home to Nigeria's endangered white-bellied and black-bellied pangolins, Emogor grew up surrounded by wildlife. Yet during childhood he only ever saw dead pangolins, and didn't encounter a living animal until his mid-twenties.

"If we lose the pangolin, we lose 80 million years of evolution," said Emogor. "Pangolins are the only mammals with scales, and their ancestors existed when dinosaurs still roamed the planet," added Emogor.

The latest study was conducted by an international team of researchers from the University of Cambridge, Wildlife Conservation Society, Pangolin Protection Network, University of Washington, CIFOR, CARE International, as well as the UK universities of Oxford, Exeter and Kent.

Notes: 

*While this is a rough size for some African species, such as the White-bellied pangolin, the Giant Pangolin can grow up to 30kg in weight.
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Brain food fight: Rutgers maps the hidden switch that turns cravings on and off | ScienceDaily
Scientists know the stomach talks to the brain, but two new studies from Rutgers Health researchers suggest the conversation is really a tug-of-war, with one side urging another bite, the other signaling "enough."


						
Together, the papers in Nature Metabolism and Nature Communications trace the first complementary wiring diagram of hunger and satiety in ways that could refine today's blockbuster weight-loss drugs and blunt their side effects.

One study, led by Zhiping Pang of Robert Wood Johnson Medical School's Center for NeuroMetabolism, pinpointed a slender bundle of neurons that runs from the hypothalamus to the brainstem.

The cells bristle with GLP-1 receptors, the proteins mimicked by weight-loss drugs such as Ozempic. When Pang's team hit the pathway with pulses of light, well-fed mice quit eating; when they silenced the circuit or deleted the receptor, the animals packed on weight. Fasting weakened the connection until a burst of natural or synthetic GLP-1 restored it.

"The synapse is a volume knob that only turns up when energy stores are low," Pang said, warning that drugs that keep the signal high around the clock could disrupt the brain's normal rhythm and create some of the side effects of GLP-1 drugs such as nausea, vomiting, constipation or diarrhea and muscle wasting.

For the other paper, Mark Rossi, who co-leads the Center for NeuroMetabolism with Pang, charted the circuit that triggers hunger. His group traced inhibitory neurons in the stria terminalis to similar cells in the lateral hypothalamus.

When researchers triggered the connection, a suddenly hungry mouse would sprint for sugar water; when they blocked it, the animals lounged even after a long fast.




Hormones modulated the effect. An injection of ghrelin, the gut's hunger messenger, revved food seeking, while leptin, the satiety signal, slammed it shut. Overfed mice gradually lost the response, but it returned after diets made them thin again.

"Pang's pathway shuts things down," Rossi said. "Ours steps on the accelerator."

Although the circuits sit in different corners of the brain, members of both teams saw the same principle: Energy state rewires synapses quickly. During a fast, the hunger circuit gains sensitivity while the satiety circuit loosens; after a meal, the relationship flips.

It is the first time researchers have watched the push-pull mechanism operate in parallel pathways, a yin-yang arrangement that may explain why diets and drugs that treat only one side of the equation often lose power over time and may help in making drugs that work even better than today's generation of GLP-1 medications.

GLP-1 mimics such as Wegovy and Zepbound can trigger double-digit weight loss but also nausea, diarrhea and, in some cases, muscle wasting. Pang's data suggest a therapy targeting only the brainstem circuit and sparing peripheral organs might curb eating without the side effects. Conversely, Rossi's work hints that restoring the body's response to the hunger-regulating hormone ghrelin could help dieters who plateau after months of calorie cutting.

Both projects relied on the modern toolkit of neural biology - optogenetics to fire axons with laser light, chemogenetics to silence them, fiber-optic photometry to watch calcium pulses and old-fashioned patch-clamp recordings to monitor single synapses. Those techniques allowed the researchers to tune individual pathways with a precision that has only recently become possible.

Follow-up work from both teams will explore more questions that could improve drug design. Pang wants to measure GLP-1 release in real time to see whether short bursts, rather than constant exposure, are enough to calm appetite. Rossi is cataloging the molecular identity of his hunger-trigger cells in hopes of finding drug targets that steer craving without crushing the joy of eating.

"You want to keep the system's flexibility," Rossi said. "It's the difference between dimming the lights and flicking them off."

Allowing the brain to correctly rebalance the desire to eat or stop eating throughout the day, rather than using drugs to keep desire constantly low, may be an important ingredient in tomorrow's weight-loss prescriptions.
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The 10,000-mile march through fire that made dinosaurs possible | ScienceDaily
The forerunners of dinosaurs and crocodiles in the Triassic period were able to migrate across areas of the ancient world deemed completely inhospitable to life, new research suggests.


						
In a paper published in Nature Ecology and Evolution on June 11, researchers from the University of Birmingham and University of Bristol have used a new method of geographical analysis to infer how these ancestral reptiles, known as archosauromorphs, dispersed following one of the most impactful climate events the Earth has ever seen, the end-Permian mass extinction.

The first archosauromorphs, some resembling modern reptiles and many times smaller than familiar dinosaurs, were previously believed to only survive in certain parts of the globe due to extreme heat across the tropics, viewed by many paleontologists as a dead zone, in the earliest Triassic.

By developing a new modelling technique based on landscape reconstructions and evolutionary trees, the team of researchers have been able to discover clues about how these reptiles moved around the world during the Triassic period, following the mass extinction where more than half of land-based animals and 81% of marine life died.

The archosauromorphs that survived the extinction event rose to prominence in Earth's ecosystems in the Triassic, leading to the evolution of dinosaurs. The team now suggest that their later success was in part due to their ability to migrate up to 10,000 miles across the tropical dead zone to access new ecosystems.

Dr Joseph Flannery-Sutherland from the University of Birmingham and corresponding author of the study said:

"Amid the worst climatic event in Earth's history, where more species died than at any period since, life still survived. We know that archosauromorphs as a group managed to come out of this event and over the Triassic period became one of the main players in shaping life thereafter.

"Gaps in their fossil record have increasingly begun to tell us something about what we weren't seeing when it comes to these reptiles. Using our modelling system, we have been able to build a picture of what was happening to the archosauromorphs in these gaps and how they dispersed across the ancient world. This is what led us to call our method TARDIS, as we were looking at terrains and routes directed in space-time.

"Our results suggest that these reptiles were much hardier to the extreme climate of the Pangaean tropical dead zone, able to endure these hellish conditions to reach the other side of the world. It's likely that this ability to survive the inhospitable tropics may have conferred an advantage that saw them thrive in the Triassic world."

"The evolution of life has been controlled at times by the environment," says Professor Michael Benton from the University of Bristol, senior author of the study, "but it is difficult to integrate our limited and uncertain knowledge about the ancient landscape with our limited and uncertain knowledge about the ecology of extinct organisms. But by combining the fossils with reconstructed maps of the ancient world, in the context of evolutionary trees, we provide a way of overcoming these challenges."
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