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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.


      
        Rivers are exhaling ancient carbon -- and climate math just changed
        Ancient carbon thought to be safely stored underground for millennia is unexpectedly resurfacing literally. A sweeping international study has found that over half of the carbon gases released by rivers come from long-term, old carbon sources like deep soils and weathered rocks, not just recent organic matter. This surprising discovery suggests Earth s vegetation is playing an even bigger role in absorbing excess carbon to keep the climate in check.

      

      
        Atom-thin tech replaces silicon in the world's first 2D computer
        In a bold challenge to silicon s long-held dominance in electronics, Penn State researchers have built the world s first working CMOS computer entirely from atom-thin 2D materials. Using molybdenum disulfide and tungsten diselenide, they fabricated over 2,000 transistors capable of executing logic operations on a computer free of traditional silicon. While still in early stages, this breakthrough hints at an exciting future of slimmer, faster, and dramatically more energy-efficient electronics po...

      

      
        Cleaner fish: Tiny healers or hidden spreaders in coral reef ecosystems?
        Reef "beauty salons" staffed by tiny cleaner fish aren t just for parasite removal they may also shape the microbial life of the entire ecosystem. A fascinating new study shows these bustling fish stations influence which microbes move around the reef, possibly helping or harming coral health. Cleaner gobies, it turns out, don t just offer spa treatments to their fish clients they may also serve as tiny microbiome engineers of the sea.

      

      
        Smart nanoparticles launch genetic attack on lung cancer and cystic fibrosis
        A scientific team has unlocked a new way to treat serious lung conditions by using specially designed nanoparticles to deliver genetic therapies straight to lung cells. This innovation could transform care for patients with cystic fibrosis or lung cancer. With a powerful combination of gene editing and RNA delivery, the system has already shown promise in animal trials. The streamlined approach not only enhances precision but also avoids harmful side effects, making it a bold leap forward in resp...

      

      
        Something more toxic than gators is hiding in the swamps
        Mercury contamination is surfacing as a serious concern in parts of Georgia and South Carolina, particularly in regions like the Okefenokee Swamp. University of Georgia researchers found alarmingly high levels of the neurotoxic metal in alligators, especially in older individuals and even hatchlings suggesting the toxin is passed both up the food chain and through generations. These ancient reptiles act as environmental indicators, raising red flags for the broader ecosystem and potentially for h...

      

      
        Scientists just took a big step toward the quantum internet
        A team of Danish and German scientists has launched a major project to create new technology that could form the foundation of the future quantum internet. They re using a rare element called erbium along with silicon chips like the ones in our phones to produce special particles of light for ultra-secure communication and powerful computing. With cutting-edge tools like lasers and nanotech, the researchers are working to make something that didn t seem possible just a few years ago: light that c...

      

      
        Sun's secret storms exposed: NASA's codex unveils a turbulent corona
        NASA s CODEX experiment aboard the International Space Station is revealing the Sun like never before. Using advanced filters and a specialized coronagraph, CODEX has captured images showing that the solar wind streams of charged particles from the Sun is not a smooth, uniform flow but rather a turbulent, gusty outpouring of hot plasma. These groundbreaking observations will allow scientists to measure the speed and temperature of the solar wind with unprecedented detail, providing critical insig...

      

      
        Pincer plot twist: How female earwigs evolved deadly claws for love and war
        Female earwigs may be evolving exaggerated weaponry just like males. A study from Toho University found that female forceps, once assumed to be passive tools, show the same kind of outsized growth linked to sexual selection as the male's iconic pincers. This means that female earwigs might be fighting for mates too specifically for access to non-aggressive males challenging long-standing assumptions in evolutionary biology.

      

      
        Astronomers just found a giant planet that shouldn't exist
        Scientists have discovered a giant planet orbiting a tiny red dwarf star, something they believed wasn t even possible. The planet, TOI-6894b, is about the size of Saturn but orbits a star just a fifth the mass of our Sun. This challenges long-standing ideas about how big planets form, especially around small stars. Current theories can't fully explain how such a planet could have taken shape. Even more fascinating, this cold planet may have a rare kind of atmosphere rich in methane or even ammon...

      

      
        Scientists found the brain glitch that makes you think you're still hungry
        A team of scientists has identified specialized neurons in the brain that store "meal memories" detailed recollections of when and what we eat. These engrams, found in the ventral hippocampus, help regulate eating behavior by communicating with hunger-related areas of the brain. When these memory traces are impaired due to distraction, brain injury, or memory disorders individuals are more likely to overeat because they can't recall recent meals. The research not only uncovers a critical neural m...

      

      
        This "Healthy" Fat May Secretly Be Fueling Obesity
        A popular fat found in olive oil may not be as innocent as it seems. Scientists discovered that oleic acid, a major component of many high-fat foods, uniquely spurs the growth of new fat cells by manipulating specific proteins in the body. Unlike other fats, it boosts the number of "fat cell soldiers," setting the stage for obesity and possibly chronic diseases. This unexpected twist reveals that the type of fat we eat, not just how much, may play a crucial role in our health.

      

      
        Scientists discover natural cancer-fighting sugar in sea cucumbers
        Sea cucumbers, long known for cleaning the ocean floor, may also harbor a powerful cancer-fighting secret. Scientists discovered a unique sugar in these marine creatures that can block Sulf-2, an enzyme that cancer cells use to spread. Unlike traditional medications, this compound doesn t cause dangerous blood clotting issues and offers a cleaner, potentially more sustainable way to develop carbohydrate-based drugs if scientists can find a way to synthesize it in the lab.

      

      
        Clean energy, dirty secrets: Inside the corruption plaguing california's solar market
        California s solar energy boom is often hailed as a green success story but a new study reveals a murkier reality beneath the sunlit panels. Researchers uncover seven distinct forms of corruption threatening the integrity of the state s clean energy expansion, including favoritism, land grabs, and misleading environmental claims. Perhaps most eyebrow-raising are allegations of romantic entanglements between senior officials and solar lobbyists, blurring the lines between personal influence and pu...

      

      
        From the andes to the beginning of time: Telescopes detect 13-billion-year-old signal
        Astronomers have pulled off an unprecedented feat: detecting ultra-faint light from the Big Bang using ground-based telescopes. This polarized light scattered by the universe's very first stars over 13 billion years ago offers a new lens into the Cosmic Dawn. Overcoming extreme technical challenges, the CLASS team matched their data with satellite readings to isolate this ancient signal. These insights could reshape our understanding of the universe s early evolution, and what it reveals about my...

      

      
        This mind-bending physics breakthrough could redefine timekeeping
        By using a clever quantum approach that involves two "hands" on a clock one moving quickly and invisibly in the quantum world, the other more traditionally scientists have found a way to boost timekeeping precision dramatically. Even better, this trick doesn't require a matching increase in energy use. The discovery not only challenges long-held beliefs about how clocks and physics work, but could also lead to powerful new tools in science, technology, and beyond.

      

      
        Unusual carbon build-up found in lungs of COPD patients
        Scientists have discovered that people with COPD have lung cells that contain over three times as much soot-like carbon as those of smokers without the disease. These overloaded cells are larger and trigger more inflammation, suggesting that pollution and carbon buildup not just smoking may drive the disease.

      

      
        The global rule that predicts where life thrives--and where it fails
        What if all life on Earth followed a surprisingly simple pattern? New research shows that in every region, species tend to cluster in small hotspots and then gradually thin out. This universal rule applies across drastically different organisms and habitats from trees to dragonflies, oceans to forests. Scientists now believe environmental filtering shapes this global distribution, providing new tools to predict how life responds to climate change and biodiversity threats.

      

      
        Ginger vs. Cancer: Natural compound targets tumor metabolism
        Scientists in Japan have discovered that a natural compound found in a type of ginger called kencur can throw cancer cells into disarray by disrupting how they generate energy. While healthy cells use oxygen to make energy efficiently, cancer cells often rely on a backup method. This ginger-derived molecule doesn t attack that method directly it shuts down the cells' fat-making machinery instead, which surprisingly causes the cells to ramp up their backup system even more. The finding opens new d...

      

      
        Sand clouds and moon nurseries: Webb's dazzling exoplanet reveal
        Astronomers using the James Webb Space Telescope have captured breathtakingly detailed images of two giant exoplanets orbiting a distant sun-like star. These observations revealed sand-like silicate clouds in one planet s atmosphere and an unexpected disk around another that may be forming moons something previously seen only in much younger systems. These snapshots offer a rare chance to witness planet formation in real time, giving clues about how worlds like Jupiter and even our own solar syst...

      

      
        AI sees through chaos--and reaches the edge of what physics allows
        Scientists have uncovered how close we can get to perfect optical precision using AI, despite the physical limitations imposed by light itself. By combining physics theory with neural networks trained on distorted light patterns, they showed it's possible to estimate object positions with nearly the highest accuracy allowed by nature. This breakthrough opens exciting new doors for applications in medical imaging, quantum tech, and materials science.

      

      
        What a dinosaur ate 100 million years ago--Preserved in a fossilized time capsule
        A prehistoric digestive time capsule has been unearthed in Australia: plant fossils found inside a sauropod dinosaur offer the first definitive glimpse into what these giant creatures actually ate. The remarkably preserved gut contents reveal that sauropods were massive, indiscriminate plant-eaters who swallowed leaves, conifer shoots, and even flowering plants without chewing relying on their gut microbes to break it all down.

      

      
        Scientists uncover why "stealth" volcanoes stay silent until eruption
        Some volcanoes erupt with little to no warning, posing serious risks to nearby communities and air traffic. A study of Alaska's Veniaminof volcano reveals how specific internal conditions like slow magma flow and warm chamber walls can create these so-called "stealthy eruptions."

      

      
        Sharper than lightning: Oxford's one-in-6. 7-million quantum breakthrough
        Physicists at the University of Oxford have set a new global benchmark for the accuracy of controlling a single quantum bit, achieving the lowest-ever error rate for a quantum logic operation--just 0.000015%, or one error in 6.7 million operations. This record-breaking result represents nearly an order of magnitude improvement over the previous benchmark, set by the same research group a decade ago.

      

      
        Sun unleashes monster solar storm: Rare G4 alert issued for earth
        A violent solar eruption on May 31 launched a coronal mass ejection (CME) hurtling toward Earth, triggering a rare G4-level geomagnetic storm alert. Captured in real-time by U.S. Naval Research Laboratory instruments, this cosmic blast has the potential to disrupt satellites, communications, and military systems.

      

      
        New discovery: Tylenol stops pain at the nerves, before it hits the brain
        Acetaminophen may be doing more than just dulling pain in your brain it could be stopping it before it even starts. Scientists at Hebrew University have discovered that a metabolite of the drug, AM404, blocks pain signals right at their source by shutting down specific sodium channels in pain-sensing nerves. This radically shifts our understanding of how this common medication works and opens a door to new, more targeted painkillers that might eliminate side effects like numbness or weakness.

      

      
        This overlooked supplement could help you think sharper and age better
        Creatine is gaining recognition far beyond its roots in athletic performance. Once seen as a gym-only supplement, it's now understood to play a vital role in cellular energy, cognitive function, and healthy aging. From boosting memory and reducing fatigue to preserving muscle mass over time, creatine is emerging as a powerful tool for everyday wellness. Despite persistent myths about bloating or safety risks, a vast body of research shows it's both safe and effective for nearly everyone especiall...

      

      
        2,000 miles through rivers and ice: Mapping neanderthals' hidden superhighways across eurasia
        Neanderthals may have trekked thousands of miles across Eurasia much faster than we ever imagined. New computer simulations suggest they used river valleys like natural highways to cross daunting landscapes during warmer climate windows. These findings not only help solve a long-standing archaeological mystery but also point to the likelihood of encounters and interbreeding with other ancient human species like the Denisovans.

      

      
        How madagascar's lizards became the island's last hope for reforestation
        After millions of years of evolutionary isolation, Madagascar developed an unparalleled array of wildlife, and recent research has uncovered an unsung ecological hero: the lizard. Though often dismissed in studies of seed dispersal, lizards in Madagascar have proven to be vital agents of endozoochory, consuming fruits and spreading the seeds of over 20 plant species. Surprisingly, their seed choices differ from those of the dominant lemurs, suggesting an unrecognized ecological role. Even more st...

      

      
        Scientists reveal the hidden pause that keeps bee colonies alive
        Bumblebee queens don t work nonstop. UC Riverside scientists discovered that queens take strategic reproductive breaks early in colony formation likely to conserve energy and increase the chance of survival. These pauses aren t due to stress but are a built-in response to brood development stages. The study shows queen behavior is far more flexible and dynamic than previously thought, potentially offering new insights into how to protect declining bee populations.

      

      
        Scientists may have spotted a giant new planet forming
        A team of international astronomers has uncovered what may be a gas giant planet forming around a distant young star. Using the powerful Very Large Telescope in Chile, they captured dazzling near-infrared images of a spiral-armed disk, matching theoretical predictions of how young planets shape their environment. With structures extending beyond the scale of our solar system and evidence of planet-driven disturbances, the system could provide vital clues to how planetary systems, including our ow...

      

      
        Planets may start forming before their stars are even done
        Planets may begin forming much earlier than scientists once believed during the final stages of a star s birth, not afterward. This bold new model, backed by simulations from researchers at SwRI, could solve a long-standing mystery: why so many exoplanet systems have tight clusters of similarly sized planets orbiting close to their stars. These compact systems seem to emerge naturally if planets start forming amid the swirling chaos of gas and dust still feeding the star.

      

      
        How a common antibiotic fuels bacterial resistance
        A new Rutgers Health study reveals a surprising twist in the antibiotic resistance story: instead of simply killing bacteria, drugs like ciprofloxacin can actually trigger a kind of microbial survival mode. By crashing the bacteria's energy levels, the antibiotic causes E. coli to ramp up its metabolism, survive attacks, and mutate faster ultimately accelerating the evolution of drug resistance.

      

      
        Shocking brain cancer breakthrough: Electric fields supercharge immune assault
        A breakthrough study from Keck Medicine of USC may have found a powerful new triple therapy for glioblastoma, one of the deadliest brain cancers. By combining Tumor Treating Fields (TTFields), which deliver electric waves into tumors, with immunotherapy and chemotherapy, researchers saw a major boost in survival.

      

      
        The dopamine clock: How your brain predicts when you'll feel good
        Deep within the brain, the ventral tegmental area does more than signal when we re rewarded it forecasts exactly when we ll be rewarded. This discovery came from an elegant collaboration between neuroscientists and AI researchers, revealing that VTA neurons not only predict the likelihood of future rewards but also their precise timing.

      

      
        Burning for Beauty: How TikTok Skin Trends Are Harming Young Girls
        Teens are diving into intense skincare routines inspired by TikTok, often slathering on six or more products daily, sometimes over ten in just minutes, chasing beauty ideals that favor lighter, flawless skin. But new research warns this digital trend comes at a high cost: irritation, allergies, and deep-seated social pressures around race and beauty.

      

      
        Krakencoder predicts brain function 20x better than past methods
        Scientists at Weill Cornell Medicine have developed a new algorithm, the Krakencoder, that merges multiple types of brain imaging data to better understand how the brain s wiring underpins behavior, thought, and recovery after injury. This cutting-edge tool can predict brain function from structure with unprecedented accuracy 20 times better than past models and even estimate traits like age, sex, and cognitive ability.

      

      
        Common supplement reverses premature aging in landmark human trial
        A rare genetic disorder called Werner syndrome causes premature aging and devastating health complications from an early age, yet treatment options have been lacking. New hope emerges from Chiba University, where researchers conducted the first clinical trial using nicotinamide riboside (NR), a precursor to NAD+ that s been linked to anti-aging effects. The double-blind trial revealed that NR not only safely boosted NAD+ levels but also improved cardiovascular health, reduced skin ulcers, and hel...

      

      
        Why past mass extinctions didn't break ecosystems--But this one might
        For millions of years, large herbivores like mastodons and giant deer shaped the Earth's ecosystems, which astonishingly stayed stable despite extinctions and upheavals. A new study reveals that only twice in 60 million years did environmental shifts dramatically reorganize these systems once with a continental land bridge, and again with climate-driven habitat change. Yet the ecosystems adapted, with new species taking on old roles. Now, a third, human-driven tipping point threatens that ancient...

      

      
        5-minute STI test poised to transform sexual health diagnostics
        A revolutionary STI test developed by UK-based Linear Diagnostics is on track to dramatically reduce the time it takes to detect infections like gonorrhea and chlamydia. Built on ultra-fast EXPAR DNA amplification technology, the platform can deliver lab-accurate results in as little as five minutes, without sending samples to centralized labs.

      

      
        New evidence reveals advanced maritime technology in the philippines 35,000 years ago
        In a bold reimagining of Southeast Asia s prehistory, scientists reveal that the Philippine island of Mindoro was a hub of human innovation and migration as far back as 35,000 years ago. Advanced tools, deep-sea fishing capabilities, and early burial customs show that early humans here weren t isolated they were maritime pioneers shaping a wide-reaching network across the region.

      

      
        Earth's core mystery solved: How solid rock flows 3,000 kilometers beneath us
        Beneath Earth s surface, nearly 3,000 kilometers down, lies a mysterious layer where seismic waves speed up inexplicably. For decades, scientists puzzled over this D' layer. Now, groundbreaking experiments by ETH Zurich have finally revealed that solid rock flows at extreme depths, acting like liquid in motion. This horizontal mantle flow aligns mineral crystals called post-perovskite in a single direction, explaining the seismic behavior. It s a stunning leap in understanding Earth s deep inner ...

      

      
        Photonic quantum chips are making AI smarter and greener
        A team of researchers has shown that even small-scale quantum computers can enhance machine learning performance, using a novel photonic quantum circuit. Their findings suggest that today s quantum technology isn t just experimental it can already outperform classical systems in specific tasks. Notably, this photonic approach could also drastically reduce energy consumption, offering a sustainable path forward as machine learning s power needs soar.

      

      
        Photons collide in the void: Quantum simulation creates light out of nothing
        Physicists have managed to simulate a strange quantum phenomenon where light appears to arise from empty space a concept that until now has only existed in theory. Using cutting-edge simulations, researchers modeled how powerful lasers interact with the so-called quantum vacuum, revealing how photons could bounce off each other and even generate new beams of light. These breakthroughs come just as new ultra-powerful laser facilities are preparing to test these mind-bending effects in reality, pot...

      

      
        How outdated phones can power smart cities and save the seas
        In a world where over a billion smartphones are produced yearly, a team of researchers is flipping the script on electronic waste. Instead of tossing out older phones, they ve demonstrated a groundbreaking approach: turning outdated smartphones into micro data centers. This low-cost innovation (just 8 euros per phone) offers practical applications from tracking bus passengers to monitoring marine life without needing new tech.

      

      
        Hidden in your dna: The mutation combo that raises clot risk by 180%
        Genetic research in Sweden has unveiled three new gene variants that dramatically increase the risk of venous blood clots, sometimes by up to 180%. These discoveries build on existing knowledge of Factor V Leiden and suggest that genetics plays a bigger role than previously thought, especially for clots in the legs that can lead to life-threatening pulmonary embolisms.

      

      
        160 million years ago, this fungus pierced trees like a microscopic spear
        In a paper published in National Science Review, a Chinese team of scientists highlights the discovery of well-preserved blue-stain fungal hyphae within a Jurassic fossil wood from northeastern China, which pushes back the earliest known fossil record of this fungal group by approximately 80 million years. The new finding provides crucial fossil evidence for studying the origin and early evolution of blue-stain fungi and offers fresh insights into understanding the ecological relationships betwee...

      

      
        Whales blow bubble rings--And they might be talking to us
        Humpback whales have been observed blowing bubble rings during friendly interactions with humans a behavior never before documented. This surprising display may be more than play; it could represent a sophisticated form of non-verbal communication. Scientists from the SETI Institute and UC Davis believe these interactions offer valuable insights into non-human intelligence, potentially helping refine our methods for detecting extraterrestrial life. Their findings underscore the intelligence, curi...

      

      
        Drone tech uncovers 1,000-year-old native american farms in michigan
        In the dense forests of Michigan s Upper Peninsula, archaeologists have uncovered a massive ancient agricultural system that rewrites what we thought we knew about Native American farming. Dating back as far as the 10th century, the raised ridged fields built by the ancestors of the Menominee Indian Tribe covered a vast area and were used for cultivating staple crops like corn and squash. Using drone-mounted lidar and excavations, researchers found evidence of a complex and labor-intensive system...

      

      
        Satellite tracking of 12,000 marine animals reveals ocean giants are in trouble
        A massive global collaboration has tracked over 12,000 marine animals from whales to turtles to create one of the most detailed movement maps of ocean giants ever assembled. The project, MegaMove, highlights how animal migrations intersect with fishing, shipping, and pollution, revealing alarming gaps in current ocean protections. Even if 30% of the oceans were protected, most critical habitats would still be exposed to threats.

      

      
        Lighting up earthquakes: How scientists watched ruptures evolve in milliseconds
        Scientists have built a lab model that visually tracks how microscopic contact points between fault surfaces evolve during earthquake cycles, revealing the hidden mechanics behind both the slow buildup of tectonic stress and the rapid ruptures that cause earthquakes. This breakthrough uncovers a key physical variable long used in models but never fully understood: the real contact area. With LED lighting and transparent materials, researchers watched ruptures unfold in milliseconds and verified t...
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Rivers are exhaling ancient carbon - and climate math just changed | ScienceDaily
A new study has revealed for the first time that ancient carbon, stored in landscapes for thousands of years or more, can find its way back to the atmosphere as CO2 released from the surfaces of rivers.


						
The findings, led by scientists at the University of Bristol and the cover story of the journal Nature, mean plants and shallow soil layers are likely removing around one gigatonne more CO2 each year from the atmosphere to counteract this, emphasising their pivotal and greater part in combating climate change.

Lead author Dr Josh Dean, Associate Professor in Biogeochemistry and UKRI Future Leaders Fellow at the University of Bristol, said: "The results took us by surprise because it turns out that old carbon stores are leaking out much more into the atmosphere then previous estimates suggested.

"The implications are potentially huge for our understanding of global carbon emissions. Plants and trees take up CO2 from the atmosphere and can then lock this carbon away in soils for thousands of years.

"Our findings show some of this old carbon, as well as ancient carbon from rocks, is leaking sideways into rivers and making its way back to the atmosphere. We don't yet know how humans are affecting this flow of ancient carbon, but we do know plants and trees must be taking up more carbon from the atmosphere today to account for this unrecognised release of old carbon."

Rivers transport and release methane and carbon dioxide as part of the global carbon cycle. Until now, scientists believed the majority of this was a quick turnover derived from the recycling of recent plant growth - organic material broken down and carried into the river system in the past 70 years or so. This new study indicates the opposite, with more than half - some 60% - of emissions being attributed to long-term carbon stores accumulated over hundreds to thousands of years ago, or even longer.

The international research team, led by scientists at the University of Bristol, University of Oxford and the UK Centre for Ecology and Hydrology, studied more than 700 river reaches from 26 different countries across the world.




They took detailed radiocarbon measurements of carbon dioxide and methane from the rivers. By comparing the levels of carbon-14 in the river samples with a standard reference for modern atmospheric CO2, the team was able to date the river carbon.

Co-author Prof Bob Hilton, Professor of Sedimentary Geography at the University of Oxford, explained: "We discovered that around half of the emissions are young, while the other half are much older, released from deep soil layers and rock weathering that were formed thousands and even millions of years ago."

The research was supported by funding from UK Research and Innovation (UKRI) Natural Environment Research Council (NERC).

Co-author Dr Gemma Coxon, Associate Professor in Hydrology and UKRI Future Leaders Fellow at the University of Bristol, said: "Rivers globally release about two gigatonnes of carbon each year, compared to human activity that results in between 10-15 gigatonnes of carbon emissions. These river emissions are significant at a global scale, and we're showing that over half of these emissions may be coming from carbon stores we considered relatively stable. This means we need to re-evaluate these crucial parts of the global carbon cycle."

Further building on these findings, the researchers plan to explore how the age of river carbon emissions varies across rivers the study was not able to capture, as well as investigating how the age of these emissions may have changed through time.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250612092543.htm
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Atom-thin tech replaces silicon in the world's first 2D computer | ScienceDaily
UNIVERSITY PARK, Pa. -- Silicon is king in the semiconductor technology that underpins smartphones, computers, electric vehicles and more, but its crown may be slipping according to a team led by researchers at Penn State. In a world first, they used two-dimensional (2D) materials, which are only an atom thick and retain their properties at that scale, unlike silicon, to develop a computer capable of simple operations.


						
The development, published today (June 11) in Nature, represents a major leap toward the realization of thinner, faster and more energy-efficient electronics, the researchers said. They created a complementary metal-oxide semiconductor (CMOS) computer -- technology at the heart of nearly every modern electronic device -- without relying on silicon. Instead, they used two different 2D materials to develop both types of transistors needed to control the electric current flow in CMOS computers: molybdenum disulfide for n-type transistors and tungsten diselenide for p-type transistors.

"Silicon has driven remarkable advances in electronics for decades by enabling continuous miniaturization of field-effect transistors (FETs)," said Saptarshi Das, the Ackley Professor of Engineering and professor of engineering science and mechanics at Penn State, who led the research. FETs control current flow using an electric field, which is produced when a voltage is applied. "However, as silicon devices shrink, their performance begins to degrade. Two-dimensional materials, by contrast, maintain their exceptional electronic properties at atomic thickness, offering a promising path forward."

Das explained that CMOS technology requires both n-type and p-type semiconductors working together to achieve high performance at low power consumption -- a key challenge that has stymied efforts to move beyond silicon. Although previous studies demonstrated small circuits based on 2D materials, scaling to complex, functional computers had remained elusive, Das said.

"That's the key advancement of our work," Das said. "We have demonstrated, for the first time, a CMOS computer built entirely from 2D materials, combining large area grown molybdenum disulfide and tungsten diselenide transistors."

The team used metal-organic chemical vapor deposition (MOCVD) -- a fabrication process that involves vaporizing ingredients, forcing a chemical reaction and depositing the products onto a substrate -- to grow large sheets of molybdenum disulfide and tungsten diselenide and fabricate over 1,000 of each type of transistor. By carefully tuning the device fabrication and post-processing steps, they were able to adjust the threshold voltages of both n- and p-type transistors, enabling the construction of fully functional CMOS logic circuits.

"Our 2D CMOS computer operates at low-supply voltages with minimal power consumption and can perform simple logic operations at frequencies up to 25 kilohertz," said first author Subir Ghosh, a doctoral student pursuing a degree in engineering science and mechanics under Das's mentorship.




Ghosh noted that the operating frequency is low compared to conventional silicon CMOS circuits, but their computer -- known as a one instruction set computer -- can still perform simple logic operations.

"We also developed a computational model, calibrated using experimental data and incorporating variations between devices, to project the performance of our 2D CMOS computer and benchmark it against state-of-the-art silicon technology," Ghosh said. "Although there remains scope for further optimization, this work marks a significant milestone in harnessing 2D materials to advance the field of electronics."

Das agreed, explaining that more work is needed to further develop the 2D CMOS computer approach for broad use, but also emphasizing that the field is moving quickly when compared to the development of silicon technology.

"Silicon technology has been under development for about 80 years, but research into 2D materials is relatively recent, only really arising around 2010," Das said. "We expect that the development of 2D material computers is going to be a gradual process, too, but this is a leap forward compared to the trajectory of silicon."

Ghosh and Das credited the 2D Crystal Consortium Materials Innovation Platform (2DCC-MIP) at Penn State with providing the facilities and tools needed to demonstrate their approach. Das is also affiliated with the Materials Research Institute, the 2DCC-MIP and the Departments of Electrical Engineering and of Materials Science and Engineering, all at Penn State. Other contributors from the Penn State Department of Engineering Science and Mechanics include graduate students Yikai Zheng, Najam U. Sakib, Harikrishnan Ravichandran, Yongwen Sun, Andrew L. Pannone, Muhtasim Ul Karim Sadaf and Samriddha Ray; and Yang Yang, assistant professor. Yang is also affiliated with the Materials Research Institute and the Ken and Mary Alice Lindquist Department of Nuclear Engineering at Penn State. Joan Redwing, director of the 2DCC-MIP and distinguished professor of materials science and engineering and of electrical engineering, and Chen Chen, assistant research professor, also co-authored the paper. Other contributors include Musaib Rafiq and Subham Sahay, Indian Institute of Technology; and Mrinmoy Goswami, Jadavpur University.

The U.S. National Science Foundation, the Army Research Office and the Office of Naval Research supported this work in part.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250612031705.htm
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Cleaner fish: Tiny healers or hidden spreaders in coral reef ecosystems? | ScienceDaily
Where do you go when you're a fish and you need a skincare treatment? Coral reefs contain natural "beauty salons," lively social hubs of activity where fish "clients" swim up and wait to be serviced by smaller fish cleaners. The little cleaners dart under and around their much bigger clients -- even entering their mouths -- cleaning their scales of bacteria and parasites like a team of car washers servicing a Buick. Sometimes cleaners even rub against their clients, providing a soothing massage.


						
But aside from skincare benefits, what role might busy cleaner fish stations play in spreading microbes and bacteria -- for good or ill -- throughout the reef?

A study published in the journal Marine Ecology Progress Series is the first to investigate the influence of cleaner fish stations on reef microbial diversity. It is led by scientists from the University of California, Davis, and Woods Hole Oceanographic Institute (WHOI) in collaboration with the University of Miami Rosenstiel School of Marine, Atmospheric, and Earth Science.

Could busy cleaning stations, like some medical clinics, be hotspots for spreading bacteria and pathogens? Conversely, could they help spread beneficial microbes among reef communities? Such questions carry important implications for protecting and restoring coral reefs.

"How pathogens or microbes are moving around a reef could be critically important to understanding how individuals will be affected," said lead author Anya Brown, an assistant professor with the UC Davis Bodega Marine Laboratory and a National Geographic Explorer who conducted the study while at WHOI. "We know microbes play a role in coral bleaching, for example. This study really lays a foundation for using cleaner fish stations as a way to study movement of microbes around the reef environment."

Cleaner fish and reef health

One hardworking fish is the cleaning goby, a pinky-sized fish with a boldly colored stripe running along its length. To understand how the presence of cleaner fish stations influence microbial diversity, the researchers experimentally removed cleaning gobies from cleaner stations on two Caribbean reefs in Puerto Rico and St. Croix in June 2021. They compared water nutrients and microbial communities of the surrounding reef area with and without gobies. This also included resident damselfish, frequent clients of cleaner gobies.




They found that more fish visited sites where cleaner fish were present compared to where they were removed in both Puerto Rico and St. Croix. They also found that cleaner fish do influence damselfish and reef microbial diversity, but the extent of their role depends on substrate type and the specific reef environment, as each reef carries a unique microbial signature. In the study, client fish, nutrient concentrations and water bacterial cell densities varied throughout the sites.

The authors say the results highlight yet another potential impact of cleaner fish and the need to further demystify their role in shaping reef microbial diversity and transmission.

Tiny fish can have big impact

"While larger organisms on coral reefs attract the most attention, the study underscores the huge impact tiny organisms such as these fish can have and how important they are to helping healthy reef ecosystems function," said coauthor Paul Sikkel, a research professor at the Rosenstiel School's Department of Marine Biology and Ecology. "While cleaner fish are well-known for their role in consuming parasites and reducing stress in other fish, this is the first field study to quantify their effects on microbes of other fish and the surrounding coral reef environment."

Additional coauthors include Amy Apprill and Jeanne Bloomberg of Woods Hole Oceanographic Institution (WHOI), Gina Hendrick and Matthew Nicholson of the University of Miami Rosenstiel School, and Marta Soares and Raquel Xavier of the University of Porto in Portugal.

The study was funded by the National Science Foundation, WHOI, and The Foundation for Science and Technology in Portugal.
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Smart nanoparticles launch genetic attack on lung cancer and cystic fibrosis | ScienceDaily
Scientists have made a key breakthrough for treating respiratory diseases by developing a new drug delivery system that transports genetic therapies directly to the lungs, opening promising possibilities for patients with conditions like lung cancer and cystic fibrosis.


						
The research, led by Gaurav Sahay of Oregon State University's College of Pharmacy, was conducted in collaboration with Oregon Health & Science University and the University of Helsinki. Findings were published in a pair of papers, in Nature Communications and the Journal of the American Chemical Society.

Scientists created and tested more than 150 different materials and discovered a new type of nanoparticle that can safely and effectively carry messenger RNA and gene-editing tools to lung cells. In studies with mice, the treatment slowed the growth of lung cancer and helped improve lung function that had been limited by cystic fibrosis, a condition caused by one faulty gene.

Researchers also developed a chemical strategy to build a broad library of lung-targeting lipids used in the nanocarriers. These materials form the foundation for the new drug delivery system and could be customized to reach different organs in the body, Sahay said.

"The streamlined synthesis method makes it easier to design future therapies for a wide range of diseases," he said. "These results demonstrate the power of targeted delivery for genetic medicines. We were able to both activate the immune system to fight cancer and restore function in a genetic lung disease, without harmful side effects."

Oregon State's K. Yu Vlasova, D.K. Sahel, Namratha Turuvekere Vittala Murthy, Milan Gautam and Antony Jozic were co-authors of the Nature Communications paper, which also included scientists from OHSU and the University of Helsinki. OSU's Murthy, Jonas Renner, Milan Gautam, Emily Bodi and Antony Jozic teamed with Sahay on the other study.

"Our long-term goal is to create safer, more effective treatments by delivering the right genetic tools to the right place," said Sahay. "This is a major step in that direction."

These studies were funded by the Cystic Fibrosis Foundation, the National Cancer Institute and the National Heart, Lung and Blood Institute.
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Something more toxic than gators is hiding in the swamps | ScienceDaily
New research from the University of Georgia's Odum School of Ecology and Marine Extension and Georgia Sea Grant suggests there may be elevated levels of mercury in Georgia and South Carolina waters.


						
In studying alligators from the Okefenokee Swamp, Jekyll Island and Yawkey Wildlife Center, UGA researchers found high levels of mercury, prompting concerns about the levels of the heavy metal in the environment.

"Alligators are very ancient creatures, and we can look at them in these areas as an indicator of what else might be happening in the ecosystem. Studying them can relate to many different things in the food web," said Kristen Zemaitis, lead author of the study and a graduate of the Odum School.

The presence of mercury in these waters not only impacts the health of the alligator but could have dangerous health effects on the other creatures relying on these waterways for food, including humans.

 Mercury concentrations matter for the bigger picture 

Trace amounts of mercury, a potentially harmful element, are often found in runoff and precipitation downstream from major industrial areas. Previous research has shown accumulating levels of the heavy metal in smaller animals in Georgia swamps but not as much is known about animals as high up in the food chain as the alligator.

Through studying the diet and analyzing blood samples of more than 100 alligators, across several months, the researchers found that where the alligators resided made a difference.




Alligators in the Okefenokee Swamp had mercury levels that were eight times higher than the other two research sites.

"If (mercury) builds up, it moves through the food web and creates the perfect storm. That's what we have in the Okefenokee." -- Jeb Byers, Odum School of Ecology

"That's one of the results from the study that was most striking to me," said Jeb Byers, co-author of the study and UGA Athletic Association Professor in the Odum School. "Mercury is a neurotoxin that is very lethal to organisms. If it builds up, it moves through the food web and creates the perfect storm. That's what we have in the Okefenokee."

Mercury concentrations in alligators show that the toxin can easily move up the food chain.

Whether it's gators themselves or the fish they cohabitate with, this study signals caution to any humans who may fish or hunt in the area. Although the Okefenokee Swamp is a wildlife refuge, it shares waters with the Suwannee and St. Marys rivers, which means there may be a heightened risk of mercury contamination in fish and other animals residing in the waters.

"Mercury contamination can be a high concern for the people who can be consuming a lot of fish or game species from the rivers, swamps or oceans that have high mercury. In any given ecosystem, there are some organisms that can tolerate only very little amounts of mercury, which can result in neurological issues, reproductive issues and eventually death," Zemaitis said.




 Alligators' age matters in mercury measurements 

It wasn't just where the alligators lived -- how long they'd been there mattered too.

The researchers discovered that mercury concentrations were more prominent in larger, older gators. That wasn't just from absorption over time but presumably from the alligators consuming greater amounts of creatures already contaminated with mercury.

UGA researchers examine one of the alligators in the study. (Photo by Jeb Byers)

"Organisms can accumulate dangerous levels over the course of a lifespan. However, we often account for age but not diet," said Benjamin Parrott, an associate professor at UGA's Savannah River Ecology Laboratory and Odum School and co-author of the study. "What our study shows is that as alligators grow and start to eat larger animals, this increases the amount of mercury they accumulate."

As for smaller, young alligators and hatchlings, the story was surprisingly the same. Mercury levels seemed to be inherited by offspring.

"Some of the hatchlings had really high levels of mercury which we were not expecting. Mothers are passing toxins and heavy metals into the egg yolks during reproduction," Zemaitis said.

 Research signals need for future studies on mercury impact 

It's likely not just alligators being influenced by high levels of mercury in the environment, Zemaitis said.

"Now that we know this about one of the apex predators in these systems, we wonder what else is being affected?" she said. "I would like to investigate more about where exactly the mercury is coming from and how it's getting into the ecosystem. It would be really great to pinpoint a prominent source and also see how it's affecting other animals in the ecosystem."

The study was funded by the Jekyll Island Authority and the Okefenokee Swamp Park, and includes co-authors Thomas Rainwater, of the Tom Yawkey Wildlife Center and Clemson University; Yank Moore, of the Conservation for Jekyll Island Authority; and Kimberly Andrews, a coastal ecology specialist with UGA Marine Extension and Georgia Sea Grant.
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Scientists just took a big step toward the quantum internet | ScienceDaily
A Danish-German research collaboration with participation of the Helmholtz-Zentrum Dresden-Rossendorf (HZDR) aims to develop new quantum light sources and technology for scalable quantum networks based on the rare-earth element erbium. The project EQUAL (Erbium-based silicon quantum light sources) is funded by the Innovation Fund Denmark with 40 million Danish crowns (about 5.3 million euros). It started in May of 2025 and will run for five years.


						
Quantum technology enables unbreakable encryption and entirely new types of computers, which in the future are expected to be connected through optical quantum networks. However, this requires quantum light sources that do not exist today. The new project aims to change that.

"It is a really difficult task, but we have also set a really strong team. One of the toughest goals is to integrate quantum light sources with quantum memories. This seemed unrealistic just a few years ago, but now we see a path forward," says the project coordinator Soren Stobbe, professor at the Technical University of Denmark (DTU).

The technological vision is based on combining nanophotonic chips from DTU with unique technologies in materials, nanoelectromechanics, nanolithography, and quantum systems. There are many different types of quantum light sources today, but either they do not work with quantum memories, or they are incompatible with optical fibers.

There is actually only one viable option: the element erbium. However, erbium interacts too weakly with light. The interaction needs to be significantly enhanced, and this is now possible thanks to new nanophotonic technology developed at DTU. But the project requires not only advanced nanophotonics, but also quantum technology, integrated photonics with extremely low power consumption, and new nanofabrication methods - all of which hold great potential.

HZDR will help develop new sources of quantum light using silicon, the very same material found in everyday electronics. These light sources will work at the same wavelengths used in fiber-optic communication, making them ideal for future quantum technologies like secure communication and powerful computing. "We intend to use advanced ion beam techniques to implant erbium atoms into tiny silicon structures and study how using ultra-pure silicon can improve their performance. This research will lay the foundation for building quantum devices that can be integrated into today's technology," explains Dr. Yonder Berencen, the project's principal investigator from the Institute of Ion Beam Physics and Materials Research at HZDR.

The EQUAL team has access to further technological input from partnering institutions: quantum networks from Humboldt University in Berlin, nanotechnology from Beamfox Technologies ApS, and integrated photonics from Lizard Photonics ApS.
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Sun's secret storms exposed: NASA's codex unveils a turbulent corona | ScienceDaily
Scientists analyzing data from NASA's CODEX (Coronal Diagnostic Experiment) investigation have successfully evaluated the instrument's first images, revealing the speed and temperature of material flowing out from the Sun. These images, shared at a press event Tuesday at the American Astronomical Society meeting in Anchorage, Alaska, illustrate the Sun's outer atmosphere, or corona, is not a homogenous, steady flow of material, but an area with sputtering gusts of hot plasma. These images will help scientists improve their understanding of how the Sun impacts Earth and our technology in space.


						 (Coronal Diagnostic Experiment) investigation have successfully evaluated the instrument's first images, revealing the speed and temperature of material flowing out from the Sun. These images, shared at a press event Tuesday at the American Astronomical Society meeting in Anchorage, Alaska, illustrate the Sun's outer atmosphere, or corona, is not a homogenous, steady flow of material, but an area with sputtering gusts of hot plasma. These images will help scientists improve their understanding of how the Sun impacts Earth and our technology in space.

"We really never had the ability to do this kind of science before," said Jeffrey Newmark, a heliophysicist at NASA's Goddard Space Flight Center in Greenbelt, Maryland, and the principal investigator for CODEX. "The right kind of filters, the right size instrumentation -- all the right things fell into place. These are brand new observations that have never been seen before, and we think there's a lot of really interesting science to be done with it."

NASA's CODEX is a solar coronagraph, an instrument often employed to study the Sun's faint corona, or outer atmosphere, by blocking the bright face of the Sun. The instrument, which is installed on the International Space Station, creates artificial eclipses using a series of circular pieces of material called occulting disks at the end of a long telescope-like tube. The occulting disks are about the size of a tennis ball and are held in place by three metal arms.

Scientists often use coronagraphs to study visible light from the corona, revealing dynamic features, such as solar storms, that shape the weather in space, potentially impacting Earth and beyond.

"The CODEX instrument is doing something new," said Newmark. "Previous coronagraph experiments have measured the density of material in the corona, but CODEX is measuring the temperature and speed of material in the slowly varying solar wind flowing out from the Sun."

These new measurements allow scientists to better characterize the energy at the source of the solar wind.

The CODEX instrument uses four narrow-band filters -- two for temperature and two for speed -- to capture solar wind data. "By comparing the brightness of the images in each of these filters, we can tell the temperature and speed of the coronal solar wind," said Newmark.

Understanding the speed and temperature of the solar wind helps scientists build a more accurate picture of the Sun, which is necessary for modeling and predicting the Sun's behaviors.

"The CODEX instrument will impact space weather modeling by providing constraints for modelers to use in the future," said Newmark. "We're excited for what's to come."

CODEX is a collaboration between NASA Goddard Space Flight Center and the Korea Astronomy and Space Science Institute (KASI) with additional contribution from Italy's National Institute for Astrophysics (INAF).
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Pincer plot twist: How female earwigs evolved deadly claws for love and war | ScienceDaily
A new study from Toho University reveals that female earwigs exhibit a similar pattern of exaggerated forceps growth as males, suggesting that both sexes may have evolved these traits through sexual selection.


						
Do larger male elk have proportionally larger antlers? The answer is no. In fact, larger individuals tend to have disproportionately larger antlers -- a phenomenon known as positive allometry. This pattern, where certain body parts grow disproportionately large relative to body size, is observed not only in mammals but also in animals such as beetles and fiddler crabs. Evolutionary biologists interpret such traits as evidence of sexual selection -- a process in which physical features evolve because they offer an advantage in competing for mates.

Male earwigs are known to show positive allometry in their forceps -- pincer-like appendages at the tip of the abdomen -- which are believed to have evolved as weapons in battles with rivals. But what about females? Female earwigs also have forceps -- so what purpose do they serve?

Tomoki Matsuzawa (then an undergraduate) and Associate Professor Junji Konuma from Toho University's Department of Biology conducted the first quantitative study of female earwig forceps. Using morphometric analysis on the maritime earwigs Anisolabis maritima, they found that female forceps also display positive allometry -- suggesting that they, too, may have evolved through sexual selection.

The team measured the head, thorax, abdomen, and bilateral forceps dimensions and analyzed shape differences in both sexes. They found that males have thick, short, and curved forceps, while females have thin, long, and straight ones -- indicating clear sexual dimorphism. When they plotted body size against forceps width and length on a log-log scale, the results revealed a pattern of positive allometry in males: forceps width increased disproportionately with body size. Surprisingly, positive allometry was also found in females -- in the length of the forceps. These results suggest that while the sexes differ in forceps shape, both may have evolved them as weapons -- albeit in different ways.

Associate Professor Konuma explains:"A previous behavioral study has shown that female earwigs compete for small, non-aggressive males. Our findings suggest that female forceps may have evolved as effective weapons in such competition. While most earlier research focused only on males, our study highlights the importance of considering female traits as well when studying the evolution of insect morphologies."

These findings were published on June 12, 2025, in the Biological Journal of the Linnean Society.
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Astronomers just found a giant planet that shouldn't exist | ScienceDaily
Star TOI-6894 is just like many in our galaxy, a small red dwarf, and only ~20% of the mass of our Sun. Like many small stars, it is not expected to provide suitable conditions for the formation and hosting of a large planet.


						
However, as published today in Nature Astronomy, an international team of astronomers have found the unmistakable signature of a giant planet, called TOI-6894b, orbiting this tiny star.

This system has been discovered as part of a large-scale investigation of TESS (Transiting Exoplanet Survey Satellite) data, looking for giant planets around low-mass stars, led by Dr. Edward Bryant, who completed this work at The University of Warwick and at UCL's Mullard Space Science Laboratory.

Dr. Edward Bryant, Warwick Astrophysics Prize Fellow and first author said: "I was very excited by this discovery. I originally searched through TESS observations of more than 91,000 low-mass red-dwarf stars looking for giant planets.

"Then, using observations taken with one of the world's largest telescopes, ESO's VLT, I discovered TOI-6894b, a giant planet transiting the lowest mass star known to date to host such a planet. We did not expect planets like TOI-6894b to be able to form around stars this low-mass. This discovery will be a cornerstone for understanding the extremes of giant planet formation."

The planet (TOI-6894b) is a low-density gas giant with a radius a little larger than Saturn's but with only ~50% of Saturn's mass. The star (TOI-6894) is the lowest mass star to have a transiting giant planet discovered to date and is just 60% the size of the next smallest star to host such a planet.

Dr. Daniel Bayliss, Associate Professor at The University of Warwick said: "Most stars in our Galaxy are actually small stars exactly like this, with low masses and previously thought to not be able to host gas giant planets. So, the fact that this star hosts a giant planet has big implications for the total number of giant planets we estimate exist in our Galaxy."

A Challenge to the Leading Theory 




Dr Vincent Van Eylen, from UCL's Mullard Space Science Laboratory, said: "It's an intriguing discovery. We don't really understand how a star with so little mass can form such a massive planet! This is one of the goals of the search for more exoplanets. By finding planetary systems different from our solar system, we can test our models and better understand how our own solar system formed."

The most widely held theory of planet formation is called the core accretion theory. A planetary core forms first through accretion (gradual accumulation of material) and as the core becomes more massive, it eventually attracts gases that form an atmosphere. It then gets massive enough to enter a runaway gas accretion process to become a gas giant.

In this theory, the formation of gas giants is harder around low-mass stars because the amount of gas and dust in a protoplanetary disc around the star (the raw material of planet formation) is too limited to allow a massive enough core to form, and the runaway process to occur.

Yet the existence of TOI-6894b (a giant planet orbiting an extremely low-mass star) suggests this model cannot be completely accurate and alternative theories are needed.

Edward added: "Given the mass of the planet, TOI-6894b could have formed through an intermediate core-accretion process, in which a protoplanet forms and steadily accretes gas without the core becoming massive enough for runaway gas accretion.

"Alternatively, it could have formed because of a gravitationally unstable disc. In some cases, the disc surrounding the star will become unstable due to the gravitational force it exerts on itself. These discs can then fragment, with the gas and dust collapsing to form a planet."

But the team found that neither theory could completely explain the formation of TOI-6894b from the available data, which leaves the origin of this giant planet as an open question for now.




Atmospheric Answers 

One avenue to shed light on the mystery of TOI-6894b's formation is a detailed atmospheric analysis. By measuring the distribution of material within the planet, astronomers can determine the size and structure of the planet's core, which can tell us whether TOI-6894b formed via accretion or via an unstable disc.

This is not the only interesting feature of TOI-6894b's atmosphere; it is unusually cold for a gas giant. Most of the gas giants found by exoplanet hunters are hot Jupiters, massive gas giants with temperatures of ~1000-2000 Kelvin. TOI-6894b, by comparison, is just 420 Kelvin. The cool temperature alongside other features of this planet, such as the very deep transits, makes it one of the most promising giant planets for astronomers to characterise with a cool atmosphere.

Professor Amaury Triaud, University of Birmingham, co-author, and member of the SPECULOOS collaboration said: "Based on the stellar irradiation of TOI-6894b, we expect the atmosphere is dominated by methane chemistry, which is exceedingly rare to identify. Temperatures are low enough that atmospheric observations could even show us ammonia, which would be the first time it is found in an exoplanet atmosphere.

"TOI-6894b likely presents a benchmark exoplanet for the study of methane-dominated atmospheres and the best 'laboratory' to study a planetary atmosphere containing carbon, nitrogen, and oxygen outside the Solar System."

The atmosphere of TOI-6894b is already scheduled to be observed by the James Webb Space Telescope (JWST) within the next 12 months. This should allow astronomers to determine which, if either, of the possible theories can explain the formation of this unexpected planet.

Co-author Dr. Andres Jordan, researcher at the Millennium Institute of Astrophysics and professor at Adolfo Ibanez University, said: "This system provides a new challenge for models of planet formation, and it offers a very interesting target for follow-up observations to characterize its atmosphere.

"This discovery is the result of a systematic program we have been carrying out for several years from Chile and the UK. Our efforts have allowed us to contribute significantly to a better understanding of how often small stars can form giant planets, and we are providing prime targets for follow-up with space-based platforms."
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Scientists found the brain glitch that makes you think you're still hungry | ScienceDaily
Researchers identify "meal memory" neurons in laboratory rats that could explain why forgetting lunch leads to overeating.


						
Scientists have discovered a specific group of brain cells that create memories of meals, encoding not just what food was eaten but when it was eaten. The findings, published today in Nature Communications, could explain why people with memory problems often overeat and why forgetting about a recent meal can trigger excessive hunger and lead to disordered eating.

During eating, neurons in the ventral hippocampus region of the brain become active and form what the team of researchers call "meal engrams" -- specialized memory traces that store information about the experience of food consumption. While scientists have long studied engrams for their role in storing memories and other experiences in the brain, the new study identified engrams dedicated to meal experiences.

"An engram is the physical trace that a memory leaves behind in the brain," said Scott Kanoski, professor of biological sciences at the USC Dornsife College of Letters, Arts and Sciences and corresponding author of the study. "Meal engrams function like sophisticated biological databases that store multiple types of information such as where you were eating, as well as the time that you ate."

Distracted eating implications

The discovery has immediate relevance for understanding human eating disorders. Patients with memory impairments, such as those with dementia or brain injuries that affect memory formation, may often consume multiple meals in quick succession because they cannot remember eating.

Furthermore, distracted eating -- such as mindlessly snacking while watching television or scrolling on a phone -- may impair meal memories and contribute to overconsumption.




Based on the experiment's findings, meal engrams are formed during brief pauses between bites when the brain of laboratory rats naturally survey the eating environment. These moments of awareness allow specialized hippocampal neurons to integrate multiple streams of information.

Kanoski said it can be assumed a human's brain would undergo a similar phenomenon. When someone's attention is focused elsewhere -- on phone or television screens -- these critical encoding moments are compromised. "The brain fails to properly catalog the meal experience," said Lea Decarie-Spain, postdoctoral scholar at USC Dornsife and the study's first author, "leading to weak or incomplete meal engrams."

Mechanism of 'meal memories'

The research team used advanced neuroscience techniques to observe the brain activity of laboratory rats as they ate, providing the first real-time view of how meal memories form.

The meal memory neurons are distinct from brain cells involved in other types of memory formation. When researchers selectively destroyed these neurons, lab rats showed impaired memory for food locations but retained normal spatial memory for non-food-related tasks, indicating a specialized system dedicated to meal-related information processing. The study revealed that meal memory neurons communicate with the lateral hypothalamus, a brain region long known to control hunger and eating behavior. When this hippocampus-hypothalamus connection was blocked, the lab rats overate and could not remember where meals were consumed.

Eating management implications

Kanoski said the findings could eventually inform new clinical approaches for treating obesity and weight management. Current weight management strategies often focus on restricting food intake or increasing exercise, but the new research suggests that enhancing meal memory formation could be equally important.




"We're finally beginning to understand that remembering what and when you ate is just as crucial for healthy eating as the food choices themselves," Kanoski said.

In addition to Kanoski, other study authors include Lea Decarie-Spain, Cindy Gu, Logan Tierno Lauer, Alicia E. Kao, Iris Deng, Molly E. Klug, Alice I. Waldow, Ashyah Hewage Galbokke, Olivia Moody, Kristen N. Donohue, Keshav S. Subramanian, Serena X. Gao, Alexander G. Bashaw and Jessica J. Rea of USC; and Samar N. Chehimi, Richard C. Crist, Benjamin C. Reiner and Matthew R. Hayes from the University of Pennsylvania's Perelman School of Medicine; and Mingxin Yang and Guillaume de Lartigue from the Monell Chemical Senses Center; and Kevin P. Myers from the Department of Psychology at Bucknell University.

The study was supported by a Quebec Research Funds Postdoctoral Fellowship (315201), an Alzheimer's Association Research Fellowship (AARFD-22-972811), a National Science Foundation Graduate Research Fellowship (DK105155), and a National Institute of Diabetes and Digestive and Kidney Diseases grant (K104897).
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This "Healthy" Fat May Secretly Be Fueling Obesity | ScienceDaily
Eating a high-fat diet containing a large amount of oleic acid - a type of fatty acid commonly found in olive oil - could drive obesity more than other types of dietary fats, according to a study published in the journal Cell Reports.


						
The study found that oleic acid, a monounsaturated fat associated with obesity, causes the body to make more fat cells. By boosting a signaling protein called AKT2 and reducing the activity of a regulating protein called LXR, high levels of oleic acid resulted in faster growth of the precursor cells that form new fat cells.

"We know that the types of fat that people eat have changed during the obesity epidemic. We wanted to know whether simply overeating a diet rich in fat causes obesity, or whether the composition of these fatty acids that make up the oils in the diet is important. Do specific fat molecules trigger responses in the cells?" said Michael Rudolph, Ph.D., assistant professor of biochemistry and physiology at the University of Oklahoma College of Medicine and member of OU Health Harold Hamm Diabetes Center.

Rudolph and his team, including Matthew Rodeheffer, Ph.D., of Yale University School of Medicine and other collaborators at Yale and New York University School of Medicine, fed mice a variety of specialized diets enriched in specific individual fatty acids, including those found in coconut oil, peanut oil, milk, lard and soybean oil. Oleic acid was the only one that caused the precursor cells that give rise to fat cells to proliferate more than other fatty acids.

"You can think of the fat cells as an army," Rudolph said. "When you give oleic acid, it initially increases the number of 'fat cell soldiers' in the army, which creates a larger capacity to store excess dietary nutrients. Over time, if the excess nutrients overtake the number of fat cells, obesity can occur, which can then lead to cardiovascular disease or diabetes if not controlled."

Unfortunately, it's not quite so easy to isolate different fatty acids in a human diet. People generally consume a complex mixture if they have cream in their coffee, a salad for lunch and meat and pasta for dinner. However, Rudolph said, there are increasing levels of oleic acid in the food supply, particularly when access to food variety is limited and fast food is an affordable option.

"I think the take-home message is moderation and to consume fats from a variety of different sources," he said. "Relatively balanced levels of oleic acid seem to be beneficial, but higher and prolonged levels may be detrimental. If someone is at risk for heart disease, high levels of oleic acid may not be a good idea."
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Scientists discover natural cancer-fighting sugar in sea cucumbers | ScienceDaily
Sea cucumbers are the ocean's janitors, cleaning the seabed and recycling nutrients back into the water. But this humble marine invertebrate could also hold the key to stopping the spread of cancer.


						
A sugar compound found in sea cucumbers can effectively block Sulf-2, an enzyme that plays a major role in cancer growth, according to a University of Mississippi-led study published in Glycobiology. 

"Marine life produces compounds with unique structures that are often rare or not found in terrestrial vertebrates," said Marwa Farrag, a fourth-year doctoral candidate in the UM Department of BioMolecular Sciences.

"And so, the sugar compounds in sea cucumbers are unique. They aren't commonly seen in other organisms. That's why they're worth studying."

Farrag, a native of Assiut, Egypt, and the study's lead author, worked with a team of researchers from Ole Miss and Georgetown University on the project.

Human cells, and those of most mammals, are covered in tiny, hairlike structures called glycans that help with cell communication, immune responses and the recognition of threats such as pathogens. Cancer cells alter the expression of certain enzymes, including Sulf-2, which in turn modifies the structure of glycans. This modification helps cancer spread.

"The cells in our body are essentially covered in 'forests' of glycans," said Vitor Pomin, associate professor of pharmacognosy. "And enzymes change the function of this forest - essentially prunes the leaves of that forest.




"If we can inhibit that enzyme, theoretically, we are fighting against the spread of cancer."

Using both computer modeling and laboratory testing, the research team found that the sugar - fucosylated chondroitin sulfate - from the sea cucumber Holothuria floridana can effectively inhibit Sulf-2.

"We were able to compare what we generated experimentally with what the simulation predicted, and they were consistent," said Robert Doerksen, professor of medicinal chemistry. "That gives us more confidence in the results."

Unlike other Sulf-2 regulating medications, the sea cucumber compound does not interfere with blood clotting, said Joshua Sharp, UM associate professor of pharmacology.

"As you can imagine, if you are treating a patient with a molecule that inhibits blood coagulation, then one of the adverse effects that can be pretty devastating is uncontrolled bleeding," he said. "So, it's very promising that this particular molecule that we're working with doesn't have that effect."

As a marine-based cancer therapy, the sea cucumber compound may be easier to create and safer to use.




"Some of these drugs we have been using for 100 years, but we're still isolating them from pigs because chemically synthesizing it would be very, very difficult and very expensive," Sharp said. "That's why a natural source is really a preferred way to get at these carbohydrate-based drugs."

Unlike extracting carbohydrate-based drugs from pigs or other land mammals, extracting the compound from sea cucumbers does not carry a risk of transferring viruses and other harmful agents, Pomin said.

"It's a more beneficial and cleaner resource," he said. "The marine environment has many advantages compared to more traditional sources."

But sea cucumbers - some variants of which are a culinary delicacy in the Pacific Rim - aren't so readily abundant that scientists could go out and harvest enough to create a line of medication. The next step in the research is to find a way to synthesize the sugar compound for future testing.

"One of the problems in developing this as a drug would be the low yield, because you can't get tons and tons of sea cucumbers," Pomin said. "So, we have to have a chemical route, and when we've developed that, we can begin applying this to animal models."

The interdisciplinary nature of the scientific study, which featured researchers from chemistry, pharmacognosy and computational biology, underscored the importance of cross-disciplinary collaboration in tackling complex diseases like cancer, Pomin said.

"This research took multiple expertise - mass spectrometry, biochemistry, enzyme inhibition, computation," Pomin said. "It's the effort of the whole team."

This work is based on material supported by the National Institutes of Health grant nos. 1P20GM130460-01A1-7936, R01CA238455, P30CA51008 and S10OD028623.
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Clean energy, dirty secrets: Inside the corruption plaguing california's solar market | ScienceDaily
Solar power is growing by leaps and bounds in the United States, propelled by climate mitigation policies and carbon-free energy goals -- and California is leading the way as the nation's top producer of solar electricity. A new study in Energy Strategy Reviews has revealed a dark side to the state's breakneck pace for solar investment, deployment, and adoption, taking a first-time look at patterns of public and private sector corruption in the California solar market.


						
Researchers at the Boston University Institute for Global Sustainability (IGS) have identified seven distinct types of corruption abuses and risks in California solar energy. Among them, favoritism in project approvals, including a high-profile incident at the senior ranks of the U.S. Department of the Interior involving an intimate relationship with a solar company lobbyist. To fully realize a just energy transition, the authors call for major solar reforms in California as the U.S. increasingly relies on solar energy to decarbonize its electricity sector.

"It's a wake-up call that the solar industry cannot continue on its current trajectory of bad governance and bad behavior."

"In this groundbreaking study, we find that efforts to accelerate solar infrastructure deployment in California end up contributing to a sobering array of corruption practices and risks. These include shocking abuses of power in the approval and licensing phases as well as the displacement of Indigenous groups, and also nefarious patterns of tax evasion or the falsification of information about solar projects," says lead author Benjamin Sovacool, who is the director of IGS and a Boston University professor of earth and environment. "It's a wake-up call that the solar industry cannot continue on its current trajectory of bad governance and bad behavior."

Drawing on a literature review and original interviews and fieldwork, the study's authors arrive at a framework that helps explore the wider socio-political realities driving corruption at a time of explosive growth in the California solar market, from 2010 to 2024. During this period, the state's solar energy production increased exponentially, reaching 79,544 gigawatt hours in 2024, or enough to power approximately 7.4 million U.S. households for a year, according to the State of Renewable Energy dashboard.

The research implicates solar energy in numerous corruption practices and risks that have adversely affected communities, policymaking and regulation, and siting decisions and planning.

"The most eye-opening finding for me is how common corruption is at every level of solar development, from small-scale vendors to high-level government officials, even in a well-regulated, progressive state like California," says co-author Alexander Dunlap, an IGS research fellow.




Favoritism and other forms of corruption 

To understand how corruption undermines the solar market, the researchers focused on numerous utility-scale deployments in Riverside County, the fourth most populous county in California. They set out to document patterns of perceived corruption from a broad range of voices, gaining insights through organized focus groups and observation at different solar sites, as well as conducting interviews door-to-door and in a local supermarket parking lot. Respondents included residents in Blythe and Desert Center, California, impacted by solar energy development, solar construction workers, non-governmental organizations, solar company employees, federal agencies, and state and local governments.

While the study's authors acknowledge the difficulty of confirming individual claims of corruption, their mixed-methods research approach combines these personal assertions with analysis of news stories, court testimony, and other official sources to support their findings.

They point to a blend of public, private, social, and political patterns of corruption in the California solar energy market.
    	Clientelism and favoritism: Hiring friends or family over others for solar projects and unfairly allocating government contracts or permits to project developers, which in one instance led to an investigative report questioning the influence of a sexual relationship.
    	Rent-seeking and land grabbing: Redirecting public funds or lands to benefit private developers and taking communal or public land from Indigenous peoples or other groups for energy infrastructure siting.
    	Service diversion: Withholding local benefits, such as lower electricity bills, or distributing locally generated power only to higher-paying parts of the state.
    	Theft: Forceful removal of flora or cultural artifacts, or disturbing animal habitat, to build solar project sites.
    	Greenwashing: Misleading the public about a solar project's environmental benefits; using flawed environmental or cultural impact assessments to evaluate project impacts, such as pollution of nearby waterways; and overriding environmental protections to fast-track solar infrastructure expansion.
    	Tax evasion and avoidance: Not paying or underpaying taxes, or governmental authorities strategically failing to adequately allocate project funds to communities impacted by solar project development.
    	Non-transparency: Hiding, manipulating, or failing to disclose relevant or important information surrounding solar projects, such as the local economic benefits and environmental impacts.

A sunnier future? 

Outside of a few headline-making scandals, corruption in California's renewable energy sector has gone largely unexamined, allowing the underlying dynamics at play to erode the potential of a just energy transition. To remedy this, the study's authors recommend corruption risk mapping to document problematic practices and entities, subsidy registers and sunset clauses to deter rent-seeking and tax evasion, transparency initiatives aimed at environmental changes and data production (for Environmental Impact Assessment), strong enforcement of anti-corruption laws, and shared ownership models for solar to improve accountability.

This newly published study, "Sex for Solar? Examining Patterns of Public and Private Sector Corruption within the Booming California Solar Energy Market," is part of a larger IGS research project looking at injustices in U.S. solar and wind energy supply chains.
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From the andes to the beginning of time: Telescopes detect 13-billion-year-old signal | ScienceDaily
For the first time, scientists have used Earth-based telescopes to look back over 13 billion years to see how the first stars in the universe affect light emitted from the Big Bang.


						
Using telescopes high in the Andes mountains of northern Chile, astrophysicists have measured this polarized microwave light to create a clearer picture of one of the least understood epochs in the history of the universe, the Cosmic Dawn.

"People thought this couldn't be done from the ground. Astronomy is a technology-limited field, and microwave signals from the Cosmic Dawn are famously difficult to measure," said Tobias Marriage, project leader and a Johns Hopkins professor of physics and astronomy. "Ground-based observations face additional challenges compared to space. Overcoming those obstacles makes this measurement a significant achievement."

Cosmic microwaves are mere millimeters in wavelength and very faint. The signal from polarized microwave light is about a million times fainter. On Earth, broadcast radio waves, radar, and satellites can drown out their signal, while changes in the atmosphere, weather, and temperature can distort it. Even in perfect conditions, measuring this type of microwave requires extremely sensitive equipment.

Scientists from the U.S. National Science Foundation's Cosmology Large Angular Scale Surveyor, or CLASS, project used telescopes uniquely designed to detect the fingerprints left by the first stars in the relic Big Bang light -- a feat that previously had only been accomplished by technology deployed in space, such as the U.S. National Aeronautics and Space Administration Wilkinson Microwave Anisotropy Probe (WMAP) and European Space Agency Planck space telescopes.

The new research, led by Johns Hopkins University and the University of Chicago, was published today in The Astrophysical Journal.

By comparing the CLASS telescope data with the data from the Planck and WMAP space missions, the researchers identified interference and narrowed in on a common signal from the polarized microwave light.




Polarization happens when light waves run into something and then scatter.

"When light hits the hood of your car and you see a glare, that's polarization. To see clearly, you can put on polarized glasses to take away glare," said first author Yunyang Li, who was a PhD student at Johns Hopkins and then a fellow at University of Chicago during the research. "Using the new common signal, we can determine how much of what we're seeing is cosmic glare from light bouncing off the hood of the Cosmic Dawn, so to speak."

After the Big Bang, the universe was a fog of electrons so dense that light energy was unable to escape. As the universe expanded and cooled, protons captured the electrons to form neutral hydrogen atoms, and microwave light was then free to travel through the space in between. When the first stars formed during the Cosmic Dawn, their intense energy ripped electrons free from the hydrogen atoms. The research team measured the probability that a photon from the Big Bang encountered one of the freed electrons on its way through the cloud of ionized gas and skittered off course.

The findings will help better define signals coming from the residual glow of the Big Bang, or the cosmic microwave background, and form a clearer picture of the early universe.

"Measuring this reionization signal more precisely is an important frontier of cosmic microwave background research," said Charles Bennett, a Bloomberg Distinguished Professor at Johns Hopkins who led the WMAP space mission. "For us, the universe is like a physics lab. Better measurements of the universe help to refine our understanding of dark matter and neutrinos, abundant but elusive particles that fill the universe. By analyzing additional CLASS data going forward, we hope to reach the highest possible precision that's achievable."

Building on research published last year that used the CLASS telescopes to map 75% of the night sky, the new results also help solidify the CLASS team's approach.




"No other ground-based experiment can do what CLASS is doing," says Nigel Sharp, program director in the NSF Division of Astronomical Sciences which has supported the CLASS instrument and research team since 2010. "The CLASS team has greatly improved measurement of the cosmic microwave polarization signal and this impressive leap forward is a testament to the scientific value produced by NSF's long-term support."

The CLASS observatory operates in the Parque Astronomico Atacama in northern Chile under the auspices of the Agencia Nacional de Investigacion y Desarrollo.

Other collaborators are at Villanova University, the NASA Goddard Space Flight Center, the University of Chicago, the National Institute of Standards and Technology, the Argonne National Laboratory, the Los Alamos National Laboratory, the Harvard-Smithsonian Center for Astrophysics, the University of Oslo, Massachusetts Institute of Technology, and the University of British Columbia. Collaborators in Chile are at the Universidad de Chile, Pontificia Universidad Catolica de Chile, Universidad de Concepcion, and the Universidad Catolica de la Santisima Concepcion.

The observatory is funded by the National Science Foundation, Johns Hopkins, and private donors.
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This mind-bending physics breakthrough could redefine timekeeping | ScienceDaily
How can the strange properties of quantum particles be exploited to perform extremely accurate measurements? This question is at the heart of the research field of quantum metrology. One example is the atomic clock, which uses the quantum properties of atoms to measure time much more accurately than would be possible with conventional clocks.


						
However, the fundamental laws of quantum physics always involve a certain degree of uncertainty. Some randomness or a certain amount of statistical noise has to be accepted. This results in fundamental limits to the accuracy that can be achieved. Until now, it seemed to be an immutable law that a clock twice as accurate requires at least twice as much energy. But now a team of researchers from TU Wien, Chalmers University of Technology, Sweden, and University of Malta have demonstrated that special tricks can be used to increase accuracy exponentially. The crucial point is using two different time scales - similar to how a clock has a second hand and a minute hand.

 What exactly is a clock? 

"We have analyzed in principle, which clocks could be theoretically possible," says Prof. Marcus Huber from the Atomic Institute at the TU Wien. "Every clock needs two components: first, a time base generator - such as a pendulum in a pendulum clock, or even a quantum oscillation. And second, a counter - any element that counts how many time units defined by the time base generator have already passed."

The time base generator can always return to exactly the same state. After one complete oscillation, the pendulum of a pendulum clock is exactly where it was before. After a certain number of oscillations, the caesium atom in an atomic clock returns to exactly the same state it was in before. The counter, on the other hand, must change - otherwise the clock is useless.

"This means that every clock must be connected to an irreversible process," says Florian Meier from TU Wien. "In the language of thermodynamics, this means that every clock increases the entropy in the universe; otherwise, it is not a clock." The pendulum of a pendulum clock generates a little heat and disorder among the air molecules around it, and every laser beam that reads the state of an atomic clock generates heat, radiation and thus entropy.

"We can now consider how much entropy a hypothetical clock with extremely high precision would have to generate - and, accordingly, how much energy such a clock would need," says Marcus Huber. "Until now, there seemed to be a linear relationship: if you want a thousand times the precision, you have to generate at least a thousand times as much entropy and expend a thousand times as much energy."

 Quantum time and classical time 




However, the research team at TU Wien, together with the Austrian Academy of Sciences (OAW) in Vienna and the teams from Chalmers University of Technology, Sweden, and University of Malta, has now shown that this apparent rule can be circumvented by using two different time scales.

"For example, you can use particles that move from one area to another to measure time, similar to how grains of sand indicate the time by falling from the top of the glass to the bottom," says Florian Meier. You can connect a whole series of such time-measuring devices in series and count how many of them have already passed through - similar to how one clock hand counts how many laps the other clock hand has already completed.

"This way, you can increase accuracy, but not without investing more energy," says Marcus Huber. "Because every time one clock hand completes a full rotation and the other clock hand is measured at a new location - you could also say every time the environment around it notices that this hand has moved to a new location - the entropy increases. This counting process is irreversible."

However, quantum physics also allows for another kind of particle transport: the particles can also travel through the entire structure, i.e. across the entire clock dial, without being measured anywhere. In a sense, the particle is then everywhere at once during this process; it has no clearly defined location until it finally arrives - and only then is it actually measured, in an irreversible process that increases entropy.

Like second and minute clock hands

"So we have a fast process that does not cause entropy - quantum transport - and a slow one, namely the arrival of the particle at the very end," explains Yuri Minoguchi, TU Wien. "The crucial thing about our method is that one hand behaves purely in terms of quantum physics, and only the other, slower hand actually has an entropy-generating effect."

The team has now been able to show that this strategy enables an exponential increase in accuracy per increase in entropy. This means that much higher precision can be achieved than would have been thought possible according to previous theories. "What's more, the theory could be tested in the real world using superconducting circuits, one of the most advanced quantum technologies currently available.," says Simone Gasparinetti, co-author of the study and leader of the experimental team at Chalmers. "This is an important result for research into high-precision quantum measurements and suppression of unwanted fluctuations," says Marcus Huber, "and at the same time it helps us to better understand one of the great unsolved mysteries of physics: the connection between quantum physics and thermodynamics."
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Unusual carbon build-up found in lungs of COPD patients | ScienceDaily
Cells taken from the lungs of people with chronic obstructive pulmonary disease (COPD) have a larger accumulation of soot-like carbon deposits compared to cells taken from people who smoke but do not have COPD, according to a study published today, June 10, in ERJ Open Research. Carbon can enter the lungs via cigarette smoke, diesel exhaust and polluted air.


						
The cells, called alveolar macrophages, normally protect the body by engulfing any particles or bacteria that reach the lungs. But, in their new study, researchers found that when these cells are exposed to carbon they grow larger and encourage inflammation.

The research was led by Dr James Baker and Dr Simon Lea from the University of Manchester, UK. Dr Baker said: "COPD is a complex disease that has a number of environmental and genetic risk factors. One factor is exposure to carbon from smoking or breathing polluted air.

"We wanted to study what happens in the lungs of COPD patients when this carbon builds up in alveolar macrophage cells, as this may influence the cells' ability to protect the lungs."

The researchers used samples of lung tissue from surgery for suspected lung cancer. They studied samples (that did not contain any cancer cells) from 28 people who had COPD and 15 people who were smokers but did not have COPD.

Looking specifically at alveolar macrophage cells under a microscope, the researchers measured the sizes of the cells and the amount of carbon accumulated in the cells.

They found that the average amount of carbon was more than three times greater in alveolar macrophage cells from COPD patients compared to smokers. Cells containing carbon were consistently larger than cells with no visible carbon.




Patients with larger deposits of carbon in their alveolar macrophages had worse lung function, according to a measure called FEV1%, which quantifies how much and how forcefully patients can breathe out.

When the researchers exposed macrophages to carbon particles in the lab, they saw the cells become much larger and found that they were producing higher levels of proteins that lead to inflammation.

Dr Lea said: "As we compared cells from COPD patients with cells from smokers, we can see that this build-up of carbon is not a direct result of cigarette smoking. Instead, we show alveolar macrophages in COPD patients contain more carbon and are inherently different in terms of their form and function compared to those in smokers.

"Our research raises an interesting question as to the cause of the increased levels of carbon in COPD patients' macrophages. It could be that people with COPD are less able to clear the carbon they breathe in. It could also be that people exposed to more particulate matter are accumulating this carbon and developing COPD as a result.

"In future, it would be interesting to study how this carbon builds up and how lung cells respond over a longer period of time."

Professor Fabio Ricciardolo is Chair of the European Respiratory Society's group on monitoring airway disease, based at the University of Torino, Italy, and was not involved in the research. He said: "This set of experiments suggest that people with COPD accumulate unusually large amounts of carbon in the cells of their lungs. This build-up seems to be altering those cells, potentially causing inflammation in the lungs and leading to worse lung function.

"In addition, this research offers some clues about why polluted air might cause or worsen COPD. However, we know that smoking and air pollution are risk factors for COPD and other lung conditions, so we need to reduce levels of pollution in the air we breathe and we need to help people to quit smoking."
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The global rule that predicts where life thrives-and where it fails | ScienceDaily
A simple rule that seems to govern how life is organized on Earth is described in a new study published on June 4 in Nature Ecology & Evolution.


						
The research team led, by Umea University and involving the University of Reading, believe this rule helps explain why species are spread the way they are across the planet. The discovery will help to understand life on Earth - including how ecosystems respond to global environmental changes.

The rule is simple: in every region on Earth, most species cluster together in small 'hotspot' areas, then gradually spread outward with fewer and fewer species able to survive farther away from these hotspots.

Ruben Bernardo-Madrid, lead author and researcher at Umea University (Sweden), said: "In every bioregion, there is always a core area where most species live. From that core, species expand into surrounding areas, but only a subset manages to persist. It seems these cores provide optimal conditions for species survival and diversification, acting as a source from which biodiversity radiates outward."

This pattern highlights the disproportionate ecological role these small areas play in sustaining the biodiversity of entire bioregions. Jose Luis Tella, from the Estacion Biologica de Donana-CSIC (Spain), said: "Safeguarding these core zones is therefore essential, as they represent critical priorities for conservation strategies."

Environmental filtering

Researchers studied bioregions across the world, examining species from very different life forms: amphibians, birds, dragonflies, mammals, marine rays, reptiles, and trees. Given the vast differences in life strategies -- some species fly, others crawl, swim, or remain rooted -- and the contrasting environmental and historical backgrounds of each bioregion, the researchers expected that species distribution would vary widely across bioregions. Surprisingly, they found the same pattern everywhere.

The pattern points to a general process known as environmental filtering. Environmental filtering has long been considered a key theoretical principle in ecology for explaining species distribution on Earth. Until now, however, global empirical evidence has been scarce. This study provides broad confirmation across multiple branches of life and at a planetary scale.

Professor Manuela Gonzalez-Suarez, co-author of the study at the University of Reading, said: "It doesn't matter whether the limiting factor is heat, cold, drought, or salinity. The result is always the same: only species able to tolerate local conditions establish and persist, creating a predictable distribution of life on Earth."

The existence of a universal organising mechanism has profound implications for our understanding of life on Earth. Joaquin Calatayud, co-author from the Rey Juan Carlos University (Spain), said: "This pattern suggests that life on Earth may be, to some extent, predictable." Such predictable patterns can help scientists trace how life has diversified through time and offer valuable insights into how ecosystems might react to global environmental changes.
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Ginger vs. Cancer: Natural compound targets tumor metabolism | ScienceDaily
Looking to nature for answers to complex questions can reveal new and unprecedented results that can even affect cells on molecular levels.


						
For instance, human cells oxidize glucose to produce ATP (adenosine triphosphate), an energy source necessary for life. Cancer cells produce ATP through glycolysis, which does not utilize oxygen even under conditions where oxygen is present, and convert glucose into pyruvic acid and lactic acid. This method of producing ATP, known as the Warburg effect, is considered inefficient, thus raising questions as to why cancer cells choose this energy pathway to fuel their proliferation and survival.

In search for this energy catalyst, Associate Professor Akiko Kojima-Yuasa's team at Osaka Metropolitan University's Graduate School of Human Life and Ecology analyzed the cinnamic acid ester ethyl p-methoxycinnamate, a main component of kencur ginger, and its mechanism of action. In previous research, the team discovered that ethyl p-methoxycinnamate has inhibitory effects on cancer cells. Furthering their study, the acid ester was administered to Ehrlich ascites tumor cells to assess which component of the cancer cells' energy pathway was being affected.

Results revealed that the acid ester inhibits ATP production by disrupting de novo fatty acid synthesis and lipid metabolism, rather than through glycolysis as commonly theorized. Further, the researchers discovered acid ester-induced inhibition triggered increased glycolysis, which acted as a possible survival mechanism in the cells. This adaptability was theorized to be attributed to ethyl p-methoxycinnamate's inability to induce cell death.

"These findings not only provide new insights that supplement and expand the theory of the Warburg effect, which can be considered the starting point of cancer metabolism research, but are also expected to lead to the discovery of new therapeutic targets and the development of new treatment methods," stated Professor Kojima-Yuasa.
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Sand clouds and moon nurseries: Webb's dazzling exoplanet reveal | ScienceDaily
Astrophysicists have gained precious new insights into how distant "exoplanets" form and what their atmospheres can look like, after using the James Webb Telescope to image two young exoplanets in extraordinary detail. Among the headline findings were the presence of silicate clouds in one of the planet's atmospheres, and a circumplanetary disk thought to feed material that can form moons around the other.


						
In broader terms, understanding how the "YSES-1" super-solar system formed offers further insight into the origins of our own solar system, and gives us the opportunity to watch and learn as a planet similar to Jupiter forms in real time.

"Directly imaged exoplanets -- planets outside our own Solar System -- are the only exoplanets that we can truly take photos of," said Dr Evert Nasedkin, a Postdoctoral Fellow in Trinity College Dublin's School of Physics, who is a co-author of the research article just published in leading international journal, Nature."These exoplanets are typically still young enough that they are still hot from their formation and it is this warmth, seen in the thermal infrared, that we as astronomers observe."

Using spectroscopic instruments on board the James Webb Space Telescope (JWST), Dr Kielan Hoch and a large international team, including astronomers at Trinity College Dublin, obtained broad spectra of two young, giant exoplanets which orbit a sun-like star, YSES-1. These planets are several times larger than Jupiter, and orbit far from their host star, highlighting the diversity of exoplanet systems even around stars like our own sun.

The main goal of measuring the spectra of these exoplanets was to understand their atmospheres. Different molecules and cloud particles all absorb different wavelengths of light, imparting a characteristic fingerprint onto the emission spectrum from the planets.

Dr Nasedkin said: "When we looked at the smaller, farther-out companion, known as YSES 1-c, we found the tell-tale signature of silicate clouds in the mid-infrared. Essentially made of sand-like particles, this is the strongest silicate absorption feature observed in an exoplanet yet."

"We believe this is linked to the relative youth of the planets: younger planets are slightly larger in radius, and this extended atmosphere may allow the cloud to absorb more of the light emitted by the planet. Using detailed modelling, we were able to identify the chemical composition of these clouds, as well as details about the shapes and sizes of the cloud particles."

The inner planet, YSES-1b offered up other surprises: while the whole planetary system is young, at 16.7 million years old, it is too old to find signs of the planet-forming disk around the host star. But around YSES-1b the team observed a disk around the planet itself, thought to feed material onto the planet and serve as the birthplace of moons - similar to those seen around Jupiter. Only three other such disks have been identified to date, both around objects significantly younger than YSES-1b, raising new questions as to how this disk could be so long-lived.




Dr Nasedkin added: "Overall, this work highlights the incredible abilities of JWST to characterise exoplanet atmospheres. With only a handful of exoplanets that can be directly imaged, the YSES-1 system offers unique insights into the atmospheric physics and formation processes of these distant giants."

In broad terms, understanding how this super-solar system formed offers further insight into the origins of our own solar system, giving us an opportunity to watch as a planet similar to Jupiter forms in real time. Understanding how long it takes to form planets, and the chemical makeup at the end of formation is important to learn what the building blocks of our own solar system looked like. Scientists can compare these young systems to our own, which provides hints of how our own planets have changed over time.

Dr Kielan Hoch, Giacconi Fellow at the Space Telescope Science Institute, said: "This program was proposed before the launch of JWST. It was unique, as we hypothesized that the NIRSpec instrument on the future telescope should be able to observe both planets in its field of view in a single exposure, essentially, giving us two for the price of one. Our simulations ended up being correct post-launch, providing the most detailed dataset of a multi-planet system to-date."

"The YSES-1 system planets are also too widely separated to be explained through current formation theories, so the additional discoveries of distinct silicate clouds around YSES-1 c and small hot dusty material around YSES-1 b leads to more mysteries and complexities for determining how planets form and evolve."

"This research was also led by a team of early career researchers such as postdocs and graduate students who make up the first five authors of the paper. This work would not have been possible without their creativity and hard work, which is what aided in making these incredible multidisciplinary discoveries."
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AI sees through chaos-and reaches the edge of what physics allows | ScienceDaily
No image is infinitely sharp. For 150 years, it has been known that no matter how ingeniously you build a microscope or a camera, there are always fundamental resolution limits that cannot be exceeded in principle. The position of a particle can never be measured with infinite precision; a certain amount of blurring is unavoidable. This limit does not result from technical weaknesses, but from the physical properties of light and the transmission of information itself.


						
TU Wien (Vienna), the University of Glasgow and the University of Grenoble therefore posed the question: Where is the absolute limit of precision that is possible with optical methods? And how can this limit be approached as closely as possible? And indeed, the international team succeeded in specifying a lowest limit for the theoretically achievable precision and in developing AI algorithms for neural networks that come very close to this limit after appropriate training. This strategy is now set to be employed in imaging procedures, such as those used in medicine.

 An absolute limit to precision 

"Let's imagine we are looking at a small object behind an irregular, cloudy pane of glass," says Prof Stefan Rotter from the Institute of Theoretical Physics at TU Wien. "We don't just see an image of the object, but a complicated light pattern consisting of many lighter and darker patches of light. The question now is: how precisely can we estimate where the object actually is based on this image -- and where is the absolute limit of this precision?"

Such scenarios are important in biophysics or medical imaging, for example. When light is scattered by biological tissue, it appears to lose information about deeper tissue structures. But how much of this information can be recovered in principle? This question is not only of technical nature, but physics itself sets fundamental limits here.

The answer to this question is provided by a theoretical measure: the so-called Fisher information. This measure describes how much information an optical signal contains about an unknown parameter -- such as the object position. If the Fisher information is low, precise determination is no longer possible, no matter how sophisticatedly the signal is analysed. Based on this Fisher information concept, the team was able to calculate an upper limit for the theoretically achievable precision in different experimental scenarios.

 Neural networks learn from chaotic light patterns 

While the team at TU Wien was providing theoretical input, a corresponding experiment was designed and implemented by Dorian Bouchet from the University of Grenoble (F) together with Ilya Starshynov and Daniele Faccio from the University of Glasgow (UK). In this experiment, a laser beam was directed at a small, reflective object located behind a turbid liquid, so that the recorded images only showed highly distorted light patterns. The measurement conditions varied depending on the turbidity -- and therefore also the difficulty of obtaining precise position information from the signal.




"To the human eye, these images look like random patterns," says Maximilian Weimar (TU Wien), one of the authors of the study. "But if we feed many such images -- each with a known object position -- into a neural network, the network can learn which patterns are associated with which positions." After sufficient training, the network was able to determine the object position very precisely, even with new, unknown patterns.

 Almost at the physical limit 

Particularly noteworthy: the precision of the prediction was only minimally worse than the theoretically achievable maximum, calculated using Fisher information. "This means that our AI-supported algorithm is not only effective, but almost optimal," says Stefan Rotter. "It achieves almost exactly the precision that is permitted by the laws of physics."

This realisation has far-reaching consequences: With the help of intelligent algorithms, optical measurement methods could be significantly improved in a wide range of areas -- from medical diagnostics to materials research and quantum technology. In future projects, the research team wants to work with partners from applied physics and medicine to investigate how these AI-supported methods can be used in specific systems.
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What a dinosaur ate 100 million years ago-Preserved in a fossilized time capsule | ScienceDaily
Plant fossils found in the abdomen of a sauropod support the long-standing hypothesis that these dinosaurs were herbivores, finds a study published on June 9 in the Cell Press journal Current Biology. The dinosaur, which was alive an estimated 94 to 101 million years ago, ate a variety of plants and relied almost entirely on its gut microbes for digestion.


						
"No genuine sauropod gut contents had ever been found anywhere before, despite sauropods being known from fossils found on every continent and despite the group being known to span at least 130 million years of time," says lead author Stephen Poropat of Curtin University. "This finding confirms several hypotheses about the sauropod diet that had been made based on studies of their anatomy and comparisons with modern-day animals."

Knowledge of the diet of dinosaurs is critical for understanding their biology and the role they played in ancient ecosystems, say the researchers. However, very few dinosaur fossils have been found with cololites, or preserved gut contents. Sauropod cololites have remained particularly elusive, even though these dinosaurs may have been the most ecologically impactful terrestrial herbivores worldwide throughout much of the Jurassic and Cretaceous periods, given their gigantic sizes. Due to this lack of direct evidence when it comes to diet, the specifics of sauropod herbivory -- including the plant taxa they ate -- have been largely inferred based on anatomical features such as tooth wear, jaw morphology, and neck length.

In the summer of 2017, the staff and volunteers at the Australian Age of Dinosaurs Museum of Natural History were excavating a relatively complete subadult skeleton of the sauropod Diamantinasaurus matildae from the mid-Cretaceous period, which was found in the Winton Formation of Queensland, Australia. During this process, they noticed an unusual, fractured rock layer that appeared to contain the sauropod's cololite, which consisted of many well-preserved plant fossils.

Analysis of the plant specimens within the cololite showed that sauropods likely only engaged in minimal oral processing of their food, relying instead on fermentation and their gut microbiota for digestion. The cololite consisted of a variety of plants, including foliage from conifers (cone-bearing seed plants), seed-fern fruiting bodies (plant structures that hold seeds), and leaves from angiosperms (flowering plants), indicating that Diamantinasaurus was an indiscriminate, bulk feeder.

"The plants within show evidence of having been severed, possibly bitten, but have not been chewed, supporting the hypothesis of bulk feeding in sauropods," says Poropat.

The researchers also found chemical biomarkers of both angiosperms and gymnosperms -- a group of woody, seed-producing plants that include conifers. "This implies that at least some sauropods were not selective feeders, instead eating whatever plants they could reach and safely process," Poropat says. "These findings largely corroborate past ideas regarding the enormous influence that sauropods must have had on ecosystems worldwide during the Mesozoic Era."

Although it was not unexpected that the gut contents provided support for sauropod herbivory and bulk feeding, Poropat was surprised to find angiosperms in the dinosaur's gut. "Angiosperms became approximately as diverse as conifers in Australia around 100 to 95 million years ago, when this sauropod was alive," he says. "This suggests that sauropods had successfully adapted to eat flowering plants within 40 million years of the first evidence of the presence of these plants in the fossil record."




Based on these findings, the team suggests that Diamantinasaurus likely fed on both low- and high-growing plants, at least before adulthood. As hatchlings, sauropods could only access plants found close to the ground, but as they grew, so did their viable dietary options. In addition, the prevalence of small shoots, bracts, and seed pods in the cololite implies that subadult Diamantinasaurus targeted new growth portions of conifers and seed ferns, which are easier to digest.

According to the authors, the strategy of indiscriminate bulk feeding seems to have served sauropods well for 130 million years and might have enabled their success and longevity as a clade. Despite the importance of this discovery, Poropat pointed out a few caveats.

"The primary limitation of this study is that the sauropod gut contents we describe constitute a single data point," he explains. "These gut contents only tell us about the last meal or several meals of a single subadult sauropod individual," says Poropat. "We don't know if the plants preserved in our sauropod represent its typical diet or the diet of a stressed animal. We also don't know how indicative the plants in the gut contents are of juvenile or adult sauropods, since ours is a subadult, and we don't know how seasonality might have affected this sauropod's diet."

This research was supported by funding from the Australian Research Council.
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Scientists uncover why "stealth" volcanoes stay silent until eruption | ScienceDaily
When volcanoes are preparing to erupt, scientists rely on typical signs to warn people living nearby: deformation of the ground and earthquakes, caused by underground chambers filling up with magma and volcanic gas. But some volcanoes, called 'stealthy' volcanoes, don't give obvious warning signs. Now scientists studying Veniaminof, Alaska, have developed a model which could explain and predict stealthy eruptions.


						
"Despite major advances in monitoring, some volcanoes erupt with little or no detectable precursors, significantly increasing the risk to nearby populations," said Dr Yuyu Li of the University of Illinois, lead author of the study in Frontiers in Earth Science. "Some of these volcanoes are located near major air routes or close to communities: examples include Popocatepetl and Colima in Mexico, Merapi in Indonesia, Galeras in Colombia, and Stromboli in Italy.

"Our work helps explain how this happens, by identifying the key internal conditions -- such as low magma supply and warm host rock -- that make eruptions stealthy."

Warning signs 

Veniaminof is an ice-clad volcano in the Aleutian Arc of Alaska. It's carefully monitored, but only two of its 13 eruptions since 1993 have been preceded by enough signs to alert observing scientists. In fact, a 2021 eruption wasn't caught until three days after it had started.

"Veniaminof is a case study in how a volcano can appear quiet while still being primed to erupt," said Li. "It is one of the most active volcanoes in Alaska. In recent decades, it has produced several VEI 3 eruptions -- moderate-sized explosive events that can send ash up to 15 km high, disrupt air traffic, and pose regional hazards to nearby communities and infrastructure -- often without clear warning signs."

To understand Veniaminof better, the scientists used monitoring data over three summer seasons immediately before the 2018 stealthy eruption, which produced only ambiguous warning signs immediately before it happened. They created a model of the volcano's behavior in different conditions which would change the impact of a filling magma reservoir on the ground above: six potential volumes of magma reservoir, a range of magma flow rates and reservoir depths, and three shapes of reservoir. They then compared the models to the data to see which matched best, and which conditions produced eruptions, stealthy or otherwise.




Volcano by the numbers 

They found that a high flow of magma into a chamber increases the deformation of the ground and the likelihood of an eruption. If magma is flowing quickly into a large chamber, an eruption may not occur, but if one does the ground will deform enough to warn scientists first. Similarly, a high flow of magma into a small chamber is likely to produce an eruption, but not a stealthy one. Stealthy eruptions become likely when a low flow of magma enters a relatively small chamber. Compared to observational data, the results suggest that Veniaminof has a small magma chamber and a low flow of magma.

The model also suggests that different conditions could produce different warning signs. Magma flowing into larger, flatter chambers may cause minimal earthquakes, while smaller, more elongated chambers may produce little deformation of the ground. But stealthy eruptions only happen when all the conditions are in place -- the right magma flow and the right chamber size, shape, and depth.

However, when the scientists added temperature to their model, they found that if magma is consistently present over time so that the rock of the chamber is warm, size and shape matters less. If the rock is warm, it's less likely to fail in ways that cause detectable earthquakes or deformation of the ground when magma flows into the chamber, increasing the likelihood of a stealthy eruption.

What next? 

"To mitigate the impact of these potential surprise eruptions, we need to integrate high-precision instruments like borehole tiltmeters and strainmeters and fiber optic sensing, as well as newer approaches such as infrasound and gas emission monitoring," said Li. "Machine learning has also shown promise in detecting subtle changes in volcanic behavior, especially in earthquake signal picking."

At Veniaminof, taking measures to improve the coverage of satellite monitoring and adding tiltmeters and strainmeters could improve the rate of detection. In the meantime, scientists now know which volcanoes they need to watch most closely: volcanoes with small, warm reservoirs and slow magma flows.

"Combining these models with real-time observations represents a promising direction for improving volcano forecasting," said Li. "In the future, this approach can enable improved monitoring for these stealthy systems, ultimately leading to more effective responses to protect nearby communities."
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Sharper than lightning: Oxford's one-in-6. 7-million quantum breakthrough | ScienceDaily
Physicists at the University of Oxford have set a new global benchmark for the accuracy of controlling a single quantum bit, achieving the lowest-ever error rate for a quantum logic operation -- just 0.000015%, or one error in 6.7 million operations. This record-breaking result represents nearly an order of magnitude improvement over the previous benchmark, set by the same research group a decade ago.


						
To put the result in perspective: a person is more likely to be struck by lightning in a given year (1 in 1.2 million) than for one of Oxford's quantum logic gates to make a mistake.

The findings, published in Physical Review Letters, are a major advance towards having robust and useful quantum computers.

"As far as we are aware, this is the most accurate qubit operation ever recorded anywhere in the world," said Professor David Lucas, co-author on the paper, from the University of Oxford's Department of Physics. "It is an important step toward building practical quantum computers that can tackle real-world problems."

To perform useful calculations on a quantum computer, millions of operations will need to be run across many qubits. This means that if the error rate is too high, the final result of the calculation will be meaningless. Although error correction can be used to fix mistakes, this comes at the cost of requiring many more qubits. By reducing the error, the new method reduces the number of qubits required and consequently the cost and size of the quantum computer itself.

Co-lead author Molly Smith (Graduate Student, Department of Physics, University of Oxford), said: "By drastically reducing the chance of error, this work significantly reduces the infrastructure required for error correction, opening the way for future quantum computers to be smaller, faster, and more efficient. Precise control of qubits will also be useful for other quantum technologies such as clocks and quantum sensors."

This unprecedented level of precision was achieved using a trapped calcium ion as the qubit (quantum bit). These are a natural choice to store quantum information due to their long lifetime and their robustness. Unlike the conventional approach, which uses lasers, the Oxford team controlled the quantum state of the calcium ions using electronic (microwave) signals.




This method offers greater stability than laser control and also has other benefits for building a practical quantum computer. For instance, electronic control is much cheaper and more robust than lasers, and easier to integrate in ion trapping chips. Furthermore, the experiment was conducted at room temperature and without magnetic shielding, thus simplifying the technical requirements for a working quantum computer.

The previous best single-qubit error rate, also achieved by the Oxford team, in 2014, was 1 in 1 million. The group's expertise led to the launch of the spinout company Oxford Ionics in 2019, which has become an established leader in high-performance trapped-ion qubit platforms.

Whilst this record-breaking result marks a major milestone, the research team caution that it is part of a larger challenge. Quantum computing requires both single- and two-qubit gates to function together. Currently, two-qubit gates still have significantly higher error rates -- around 1 in 2000 in the best demonstrations to date -- so reducing these will be crucial to building fully fault-tolerant quantum machines.

The experiments were carried out at the University of Oxford's Department of Physics by Molly Smith, Aaron Leu, Dr Mario Gely and Professor David Lucas, together with a visiting researcher, Dr Koichiro Miyanishi, from the University of Osaka's Centre for Quantum Information and Quantum Biology.

The Oxford scientists are part of the UK Quantum Computing and Simulation (QCS) Hub, which was a part of the ongoing UK National Quantum Technologies Programme.
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Sun unleashes monster solar storm: Rare G4 alert issued for earth | ScienceDaily
Local weather alerts are familiar warnings for potentially dangerous conditions, but an alert that puts all of Earth on warning is rare.


						
On May 31, U.S. Naval Research Laboratory's (NRL) space-based instrumentation captured real-time observations of a powerful Coronal Mass Ejection (CME) that erupted from the Sun initiating a "severe geomagnetic storm" alert for Earth.

"Our observations demonstrated that the eruption was a so-called 'halo CME,' meaning it was Earth-directed, with our preliminary analysis of the data showing an apparent velocity of over 1,700 kilometers per second for the event," stated Karl Battams, Ph.D., computational scientist for NRL's Heliospheric Science Division.

A geomagnetic storm is a major disturbance of Earth's magnetosphere that's caused by the highly efficient transfer of energy from the solar wind into our planet's surrounding space environment. These disruptions are primarily driven by sustained periods of high-speed solar wind and, crucially, a southward-directed solar wind magnetic field that can peel away Earth's field on the dayside of the magnetosphere. Energy from the solar wind can open Earth's magnetic shield.

The National Oceanic and Atmospheric Administration's (NOAA) Space Weather Prediction Center classified the recent solar storm as G4, the second-highest classification on its five-level geomagnetic scale.

Powerful storms such as this are typically associated with CMEs. The repercussions can range from temporary outages and data corruption to permanent damage to satellites, increased atmospheric drag on low-Earth orbit spacecraft altering their trajectories, and disruptions to high-frequency radio communications.

"Such disturbances can compromise situational awareness, hinder command and control, affect precision-guided systems, and even impact the electrical power grid, directly affecting military readiness and operational effectiveness," Battams said.




CMEs are colossal expulsions of plasma and magnetic field from the Sun's corona, often carrying billions of tons of material. While CMEs generally take several days to reach Earth, the most intense events have been observed to arrive in as little as 18 hours.

"CMEs are the explosive release of mass from the Sun's low corona and are a primary driver of space weather, playing a central role in understanding the conditions of the Earth's magnetosphere, ionosphere, and thermosphere," explained Arnaud Thernisien, Ph.D., a research physicist from the Advanced Sensor Technology Section within NRL's Space Science Division.

The May 30 event saw a relatively slow but powerful solar flare erupt from the Earth-facing side of the Sun. The energy released blasted a CME directly toward Earth, leading to the geomagnetic storm that has produced auroras as far south as New Mexico.

NRL's space-based instrumentation, operating on NASA and NOAA spacecraft, provided vital real-time observations of this event. Notably, NRL's venerable Large Angle Spectrometric Coronagraph (LASCO), which has been in operation since 1996, and the Compact Coronagraph 1 (CCOR-1), launched in 2024, both relayed critical data.

Such observations are paramount for operational space weather monitoring, allowing forecasters to predict the timing of the event's arrival at Earth and the potential geomagnetic storm it could induce. While precisely predicting the severity, exact timing, or duration of a geomagnetic storm remains challenging, these advance warnings are vital for enabling the Department of Defense (DoD) and other agencies to prepare.

The potential impacts of severe geomagnetic storms on DoD and Department of the Navy missions are significant and far-reaching. These events can disrupt or degrade critical systems and capabilities, including satellite communications, Global Positioning System (GPS) navigation and timing, and various remote sensing systems.




"NRL has been a pioneer in heliophysics and space weather research since the very inception of the field, dating back to the first discovery of CMEs through NRL space-based observations in 1971," Battams said. "Since then, NRL has consistently maintained its position at the forefront of coronal imaging with a portfolio of groundbreaking instrumentation that has driven heliospheric and space weather studies."

This includes:
    	LASCO coronagraphs operating on the joint ESA-NASA Solar and Heliospheric Observatory (SOHO) mission since 1996
    	Sun-Earth Connection Coronal and Heliospheric Investigation (SECCHI) instrument packages on the twin NASA Solar Terrestrial Relations Observatory (STEREO) spacecraft since 2006
    	Wide-Field Imager for Parker Solar Probe (WISPR) instrument on NASA Parker Solar Probe (PSP) since 2018
    	Solar Orbiter Heliospheric Imager (SoloHI) on ESA's Solar Orbiter mission since 2019
    	NOAA's CCOR-1, designed and built by NRL, operating on NOAA's GOES-19 since 2024

These assets, particularly instruments like LASCO and CCOR-1, are indispensable for providing the crucial real-time imagery necessary for forecasters to analyze and assess CMEs, determine Earth-impact likelihood, and issue timely warnings.

"They form the backbone of our ability to anticipate and mitigate the effects of space weather. As the G4 severe geomagnetic storm watch continues, the public and critical infrastructure operators are encouraged to visit NOAA's Space Weather Prediction Center for the latest information and updates," Thernisien said.

The journey of the CME, from its fierce eruption on the Sun to its arrival at Earth, approximately one million miles away, highlights the dynamic nature of our solar system and the ongoing importance of NRL's vital contributions to heliophysics research and space weather preparedness. The data collected from events such as this will be instrumental in future research, further enhancing our understanding and predictive capabilities and ultimately bolstering the resilience of national security and critical infrastructure.
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New discovery: Tylenol stops pain at the nerves, before it hits the brain | ScienceDaily
A new study from Hebrew University reveals that acetaminophen doesn't just work in the brain -- it also blocks pain at its source by acting on nerve endings in the body. The researchers found that its active metabolite, AM404, shuts down specific sodium channels in pain-sensing neurons, stopping pain signals before they reach the brain. This discovery not only reshapes our understanding of how one of the world's most common painkillers works, but also opens the door to developing safer, more targeted pain treatments.


						
A breakthrough study from the Hebrew University of Jerusalem, published this week in the prestigious journal PNAS (Proceedings of the National Academy of Sciences USA), reveals a previously unknown peripheral mechanism by which acetaminophen (also known as paracetamol, Tylenol(r), or Panadol(r)) relieves pain.

The study was led by Prof. Alexander Binshtok from the Hebrew University's Faculty of Medicine and Center for Brain Sciences (ELSC) and Prof. Avi Priel from its School of Pharmacy. Together, they uncovered a surprising new way that acetaminophen -- one of the world's most common painkillers -- actually works.

For decades, scientists believed that acetaminophen relieved pain by working only in the brain and spinal cord. But this new research, published in PNAS, shows that the drug also works outside the brain, in the nerves that first detect pain.

Their discovery centers on a substance called AM404, which the body makes after taking acetaminophen. The team found that AM404 is produced right in the pain-sensing nerve endings -- and that it works by shutting off specific channels (called sodium channels) that help transmit pain signals. By blocking these channels, AM404 stops the pain message before it even starts.

"This is the first time we've shown that AM404 works directly on the nerves outside the brain," said Prof. Binshtok. "It changes our entire understanding of how acetaminophen fights pain."

This breakthrough could also lead to new types of painkillers. Because AM404 targets only the nerves that carry pain, it may avoid the numbness, muscle weakness, and side effects that come with traditional local anesthetics.

"If we can develop new drugs based on AM404, we might finally have pain treatments that are highly effective but also safer and more precise," added Prof. Priel. 
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This overlooked supplement could help you think sharper and age better | ScienceDaily
Creatine, the supplement popular with athletes for its ability to help build strength and power, is increasingly being recognized for its broad health benefits.


						
The compound's usefulness extends well beyond the gym, according to Dr. Richard Kreider, professor and director of the Exercise & Sport Nutrition Lab at Texas A&M University. Kreider has spent more than 30 years investigating the effects of creatine, a naturally occurring compound stored in the muscle that combines with phosphate to form creatine phosphate, which is needed for cellular energy.

"When the body is stressed, like in exercise or under metabolic conditions like some diseases, creatine phosphate is needed to maintain energy in the cell, and therefore has a lot of protective and health benefits, in addition to the exercise performance effects that have been seen," Kreider said.

 How Much Creatine Do We Need? 

Our bodies create about a gram per day, but it's recommended to get two to four grams of creatine per day, depending on muscle mass and activity levels. According to Kreider, most people fall short of getting enough creatine from diet alone. The best sources of creatine in the diet are meat and fish.

"You only get about a gram of creatine per pound of red meat or fish, like salmon, so it's expensive and takes a lot of calories to get a gram," Kreider said. This is why supplementation matters, especially for vegetarians or vegans who do not consume enough creatine in their diet.

For athletes with performance-related goals, Kreider said it's recommended to supplement 5 grams, four times a day for a week. Supplementation "helps load the muscle up with more energy," which makes for improved high-intensity exercise, recovery and even cognitive function. After that, consuming 5 to 10 grams per day will maintain creatine stores and provide enough creatine for the brain.




Beyond boosting athletic performance, creatine is important for everyone as they age throughout their lives, Kreider said. It can help older adults who lose muscle mass and cognitive function as they age, he said, and in adolescents, low dietary creatine intake is associated with slower growth, less muscle mass and higher body fat.

 Is Creatine Safe? 

In a comprehensive review published in February in the Journal of the International Society of Sports Nutrition, Kreider and colleagues analyzed 685 clinical trials on creatine supplementation to assess its safety and the frequency of reported side effects. The analysis showed there were no significant differences in the rate of side effects for participants taking a placebo and those taking creatine.

As for anecdotal concerns like bloating or cramping, Kreider says those claims don't hold up under scrutiny, and studies have shown creatine can actually prevent cramping because it helps the body retain more fluid.

Despite the strong evidence base, Kreider said creatine has long been the subject of misconceptions and misinformation. He's among the members of the International Society of Sports Nutrition who recently issued a letter affirming the safety and efficacy of creatine, urging lobbyists and policymakers not to restrict access to it.

"There's absolutely no data supporting any negative side effect anecdotally reported about creatine on the internet and in the media," he said. "Creatine is safe, and it's important for everybody, not just bodybuilders and athletes."
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2,000 miles through rivers and ice: Mapping neanderthals' hidden superhighways across eurasia | ScienceDaily
Recent scholarship has concluded that Neanderthals made a second major migration from Eastern Europe to Central and Eastern Eurasia between 120,000 and 60,000 years ago. But the routes they took have long been a mystery -- primarily because there are few archaeological sites connecting the two regions.


						
In a new analysis, a team of anthropologists -- using computer simulations -- has offered a map of possible pathways, which concludes Neanderthals likely used river valleys as natural highways and traveled during warmer periods to move approximately 2,000 miles (3,250 km) in less than 2,000 years.

"Our findings show that, despite obstacles like mountains and large rivers, Neanderthals could have crossed northern Eurasia surprisingly quickly," explains Emily Coco, who began the study as a New York University doctoral student and is now a postdoctoral researcher at Portugal's University of Algarve.

The research, which appears in the journal PLOS One, was conducted with Radu Iovita, an associate professor at NYU's Center for the Study of Human Origins.

"These findings provide important insights into the paths of ancient migrations that cannot currently be studied from the archaeological record and reveal how computer simulations can help uncover new clues about ancient migrations that shaped human history," observes Coco.

In building their simulation of Neanderthals' two-millennia journey, Coco and Iovita considered the elevation of the terrain, reconstructed ancient rivers, glacial barriers, and temperature to model movement decisions of individuals -- an approach similar to that used to model both modern human and animal movement, but not previously applied to Neanderthals.

The authors find possible migration routes in two ancient periods -- Marine Isotope Stage 5e [MIS 5e] (beginning approximately 125,000 years ago) and Marine Isotope Stage3 [MIS 3] (beginning approximately 60,000 years ago) -- marked by warmer temperatures and therefore more suitable for movement.

Computer simulations, conducted on the NYU Greene Supercomputer Cluster, indicated that Neanderthals could have reached Eurasia's Siberian Altai Mountains within 2,000 years during either MIS 5e or MIS 3 using multiple possible routes that all follow the same basic northern path through the Ural Mountains and southern Siberia, often intersecting with known archaeological sites from the same time periods.

The authors add that the study sheds light on Neanderthal interactions with other ancient human groups. Specifically, their routes would have taken them into areas already occupied by Denisovans -- consistent with existing evidence of interbreeding between the two species.

"Neanderthals could have migrated thousands of kilometers from the Caucasus Mountains to Siberia in just 2,000 years by following river corridors," says Iovita. "Others have speculated on the possibility of this kind of fast, long-distance migration based on genetic data, but this has been difficult to substantiate due to limited archaeological evidence in the region. Based on detailed computer simulations, it appears this migration was a near-inevitable outcome of landscape conditions during past warm climatic periods."
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How madagascar's lizards became the island's last hope for reforestation | ScienceDaily
After the island of Madagascar drifted away from India 88 million years ago, isolating it from all other landmasses, its flora and fauna evolved in seclusion. As these transformed into plants and animals completely unique to their island, Madagascar became a biodiversity hotspot unlike anywhere else on Earth.


						
An important facet of this biodiversity is an ecological process called endozoochory, which is when animals eat plant seeds and then poop them out somewhere else, aiding in the spread of the plants. Most research on endozoochory has focused on the roles of birds and mammals as seed dispersers, but lizards, which are also known play a significant role, have remained largely overlooked.

This negligence inspired a team of researchers at Kyoto University to shine a spotlight on the humble lizard. Unlike many seed dispersers, lizards are not typically frugivores, animals that thrive on fruit and other fruit-like plant substances such as nuts and seeds. Fewer than 10% of lizard species have been reported to consume fruits, but those that do can play an important role, and some lizards are even known to act as primary seed dispersers for certain plant species.

"Lizards are under-appreciated as seed dispersers in many forest ecosystems, but we hypothesized that they may play a more important role across a broader range of regions than previously recognized," says corresponding author Ryobu Fukuyama.

The research team focused on three lizard species in a tropical dry forest in Madagascar, conducting behavioral observations, fecal analyses, and seed germination tests. The species, the Malagasy Giant Chameleon, Cuvier's Madagascar Swift, and the Western Girdled Lizard, are omnivores known to subsist on fruits, but they had not yet been carefully studied.

The team's results revealed that the lizards consumed fruits from over 20 plant species and expelled viable seeds. These plant species were largely different from those typically consumed by the Common Brown Lemur, a principal seed disperser in Madagascar's forests, indicating the lizards may play a more crucial role than previously thought.

Their project isn't only about acknowledging the importance of lizards, however. In recent years, environmental degradation caused by human activities has taken a toll on Malagasy forests, making some uninhabitable for large frugivores like lemurs. In contrast, the lizard species observed in this study can continue to inhabit these degraded environments. As seed dispersers, these lizards could potentially contribute to forest regeneration, but there are still many unknowns.

"Although lizards in Madagascar consume fruits from many plant species, other aspects of their role as seed dispersers, such as dispersal distances, remain poorly understood," says Fukuyama. In the future, the team intends to focus further on these additional unknowns.
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Scientists reveal the hidden pause that keeps bee colonies alive | ScienceDaily
Some queens don't rule nonstop. A new study from the University of California, Riverside shows that even bumble bee queens, the sole founders of their colonies, take regular breaks from reproduction -- likely to avoid burning out before their first workers arrive.


						
In the early stages of colony building, bumblebee queens shoulder the entire workload. They forage for food, incubate their developing brood by heating them with their wing muscles, maintain the nest, and lay eggs. It's a high-stakes balancing act: without the queen, the colony fails. Yet, researchers noticed an intriguing rhythm: a burst of egg-laying followed by several days of apparent inactivity.

"I saw these pauses early on, just by taking daily photos of the nests," said Blanca Peto, a doctoral student in entomology at UC Riverside and lead author of the new study. "It wasn't something I expected. I wanted to know what was happening during those breaks."

The findings are detailed in a paper published in BMC Ecology and Evolution.

To find out what triggered the pauses, Peto monitored more than 100 queens over a period of 45 days in a controlled insectary. She documented each queen's nesting activity, looking closely at their distinctive clutches -- clusters of eggs laid in wax-lined "cups" embedded in pollen mounds. Across the population, a pattern emerged: Many queens paused reproduction for several days, typically after a stretch of intense egg-laying.

The timing of these pauses appeared to align with the developmental stages of the existing brood. To test this, Peto experimentally added broods at different stages -- young larvae, older larvae, and pupae -- into nests during a queen's natural pause. The presence of pupae, which are nearly mature bees, prompted queens to resume egg-laying within about 1.5 days. In contrast, without added broods, the pauses stretched to an average of 12.5 days.

This suggests that queens respond to cues from their developing offspring and time their reproductive efforts accordingly.




"There's something about the presence of pupae that signals it's safe or necessary to start producing again," Peto said. "It's a dynamic process, not constant output like we once assumed."

Eusocial insects, including bumble bees, feature overlapping generations, cooperative brood care, and a division of labor. Conventional thinking about these types of insects is that they're producing young across all stages of development. However, Peto said this study challenges that conventional thinking about bumble bees, whose reproductive behavior is more nuanced and intermittent.

"What this study showed is that the queen's reproductive behavior is much more flexible than we thought," Peto said. "This matters because those early days are incredibly vulnerable. If a queen pushes too hard too fast, the whole colony might not survive."

The study focused on a single species native to the eastern U.S., but the implications could extend to other bumble bee species or even other eusocial insects. Queens in other species may also pace themselves during solo nest-founding stages. If so, this built-in rhythm could be an evolutionary trait that helps queens survive long enough to raise a workforce.

Multiple bumblebee populations in North America are declining, largely due to habitat loss, pesticide exposure, and climate stress. Understanding the biological needs of queens, the literal foundation of each colony, can help conservationists better protect them.

"Even in a lab where everything is stable and they don't have to forage, queens still pause," Peto said. "It tells us this isn't just a response to stress but something fundamental. They're managing their energy in a smart way."

This kind of insight is possible thanks to patient, hands-on observation, something Peto prioritized in her first research project as a graduate student.

"Without queens, there's no colony. And without colonies, we lose essential pollinators," Peto said. "These breaks may be the very reason colonies succeed."
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Scientists may have spotted a giant new planet forming | ScienceDaily
An international team of astronomers led by University of Galway, has discovered the likely site of a new planet in formation, most likely a gas giant planet up to a few times the mass of Jupiter.


						
Using the European Southern Observatory's Very Large Telescope (ESO's VLT) in Chile, the researchers captured spectacular images around a distant young star for the first time in the form of scattered near-infrared light that revealed an exceptionally structured disk.

The European Southern Observatory (ESO), the world's foremost international astronomy organization, has published a stunning view of the new planet-forming disk as their picture of the week.

The disk extends out to 130 astronomical units from its parent star -- the equivalent to 130 times the distance between Earth and the Sun. It shows a bright ring followed by a gap centered at roughly 50 astronomical units.

For comparison, the outermost planet in our solar system, Neptune, has an orbital distance from the Sun of 30 astronomical units.

Inside the disk gap, reminiscent of the outskirts of a hurricane on Earth, a system of spiral arms are visible. While appearing tiny in the image, the inner part of this planet-forming system measures 40 astronomical units in radius and would swallow all of the planets in our own solar system.

The study was led by Dr Christian Ginski from the Center for Astronomy in the School of Natural Sciences at University of Galway and was co-authored by four postgraduate students at the University.




Dr Christian Ginski, lecturer at the School of Natural Sciences, University of Galway and lead author of the paper, said: "While our team has now observed close to 100 possible planet-forming disks around nearby stars, this image is something special. One rarely finds a system with both rings and spiral arms in a configuration that almost perfectly fits the predictions of how a forming planet is supposed to shape its parent disk according to theoretical models. Detections like this bring us one step closer to understand how planets form in general and how our solar system might have formed in the distant past."

The study has been published in the international journal Astronomy and Astrophysics.

Dr Ginski said: "Besides this exceptionally beautiful planet-forming cradle there is something else that I find quite special about this study. Along with the large international team that we assembled for these observations, four of our own University of Galway graduate students were involved in this study. Without the critical help of Chloe Lawlor, Jake Byrne, Dan McLachlan and Matthew Murphy we would not have been able to finalize the analysis of these new results. It is my great privilege to work with such talented young researchers."

Chloe Lawlor, PhD student in Physics with a specialization in Astrophysics, University of Galway, said: "Working with Dr Christian Ginski on the 2MASS1612 paper has been an incredible experience. As an early-career researcher, having the opportunity to contribute to such exciting work has been especially rewarding. This work has been the perfect introduction to scientific writing and collaboration, and I'm very grateful for this kick-start to my research career."

Jake Byrne, MSc student in Physics with a specialization in Astrophysics, University of Galway, said: "It's an exciting time to be involved in planet formation theory at the University of Galway. There was a strong sense of collaboration among everyone involved in this paper, and I'm grateful to have been part of it. It's been a great introduction into what I hope to be a long career in research."

Dan McLachlan, MSc student in Physics with a specialization in Astrophysics, University of Galway, said: "I found it quite a thrilling experience to be making my first contribution to an astrophysics publication and was very grateful for the opportunity provided by being a part of Dr Ginski's research group. I also honed my academic writing skills in stepping up to the challenge and learned a few analytical techniques that will be of vital use in my own future research work."

The wider research team included colleagues in the UK, Germany, Australia, USA, Netherlands, Italy, Chile, France, Japan.




The scientific paper speculates on the presence of a planet based on its structure and the rings and spirals observed in the disk. It also notes some tentative atmospheric emission of just such a planet which the research team say requires further study to confirm.

Based on their research findings, Dr Ginski and his team have secured time at the world leading James Webb Space Telescope (JWST) observatory in the upcoming observation cycle.

Using the unprecedented sensitivity of the James Webb Telescope, the team hopes to be able to take an actual image of the young planet. If planets in the disk are confirmed, it will become a prime laboratory for the study of planet-disk interaction.
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Planets may start forming before their stars are even done | ScienceDaily
Star and planet formation has largely been considered separate, sequential processes. But in a new study, scientists at Southwest Research Institute (SwRI) have modeled a different scenario where planets start developing early -- during the final stages of stellar formation -- rather than after this phase ends, as previously assumed.


						
Among the many thousands of known exoplanets there is a large population of compact systems that each have multiple planets orbiting very close to their central star. This contrasts with our solar system, which lacks planets orbiting closer than Mercury. Interestingly, in compact systems, the total mass of the planets in each system relative to the host star's mass is remarkably consistent across hundreds of systems. The cause of this common mass ratio remains a mystery.

Dr. Raluca Rufu and Dr. Robin Canup of SwRI's Solar System Science and Exploration Division in Boulder, Colorado, used advanced simulations that show surviving early-formed planets match multiple observed features of compact systems, including both tight planetary orbits and a common mass ratio. Early planet growth also is consistent with prior observations of disks around young stars made by the Atacama Large Millimeter Array (ALMA) telescope.

"Compact systems are one of the great mysteries of exoplanet science," said Rufu, a Sagan Fellow and lead author of a Nature Communications describing this research. "They contain multiple rocky planets of similar size, like peas-in-a-pod, and a common mass ratio that is very different than that of our solar system's planets."

"Intriguingly, the common mass ratio seen in compact exoplanetary systems is similar to that of the satellite systems of our gas planets. These moons are thought to have developed as gas planets finalized their formation. This seems a powerful clue that compact systems may reflect a similar underlying process," said Canup.

A star forms as a molecular cloud of gas and dust collapses due to its own gravity. As material from the cloud infalls towards the central star, it is first deposited into a circumstellar disk orbiting the star. After infall ends, the disk persists for a few million years before its gas disperses. Planets form within the disk, starting with collisions and accumulation among dust grains and ending with the gravitational assembly of planets.

"Conventionally, it has been assumed that planetary assembly started after stellar infall ended. However, recent ALMA observations provide strong evidence that planetary accretion, or formation, may begin earlier," said Rufu. "We propose that compact systems are surviving remnants of planet accretion that occurred during the final phases of infall."

The new numerical simulations show that during infall, growing planets collect rocky material while their orbits gradually spiral inward through interactions with surrounding disk gas. As a planet gains mass, its inward orbit migration accelerates, so that planets above a critical mass fall into the star and are consumed. This balance between planetary growth and loss tends to produce similarly sized planets with characteristic masses determined by infall and disk conditions.




"We find that planets that accrete during infall can survive until the gas disk disperses and orbital migration ends," said Canup. "Importantly, across a broad range of conditions, the mass of surviving systems is proportional to the mass of the host star, providing the first explanation for the similar mass ratios of observed multi-planet compact systems."

The envisioned process is similar to the way moons may form around giant planets like Jupiter. Moons grow within a disk surrounding the planet that is fed by infalling gas and dust material from the circumstellar disk. A key difference lies in the timing: moon-forming disks disperse quickly once infall stops, while planet-forming disks around stars can last up to several million years. This subtle difference yields somewhat lower mass ratios for compact planetary systems than for gas planet satellite systems.

"It's exciting to see that the process of early assembly in young disks may work in a similar way across very different scales," the team notes.
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How a common antibiotic fuels bacterial resistance | ScienceDaily
Antibiotics are supposed to wipe out bacteria, yet the drugs can sometimes hand microbes an unexpected advantage.


						
A new study from Rutgers Health shows that ciprofloxacin, a staple treatment for urinary tract infections, throws Escherichia coli (E. coli) into an energy crisis that saves many cells from death and speeds the evolution of full-blown resistance.

"Antibiotics can actually change bacterial metabolism," said Barry Li, a student at Rutgers New Jersey Medical School pursuing a dual doctoral degree for physician-scientists and the first author of the paper published in Nature Communications. "We wanted to see what those changes do to the bugs' chances of survival."

Li and senior author Jason Yang focused on adenosine triphosphate (ATP), the molecular fuel that powers cells. When ATP levels crash, cells experience "bioenergetic stress." To mimic that stress, the team engineered E. coli with genetic drains that constantly burned ATP or its cousin nicotinamide adenine dinucleotide (NADH). Then, they pitted both the engineered strains and normal bacteria against ciprofloxacin.

The results surprised the researchers. The drug and the genetic drains each slashed ATP, but rather than slowing down, the bacteria revved up. Respiration soared, and the cells spewed extra reactive-oxygen molecules that can damage DNA. That frenzy produced two troubling outcomes.

First, more of the bacteria cells survived.

In time-kill tests, ten times as many stressed cells weathered a lethal ciprofloxacin dose compared with unstressed controls. These hardy stragglers, called persister cells, lie low until the drug is gone and then rebound to launch a new infection.




People have long blamed sluggish metabolism for persister cell formation.

"People expected a slower metabolism to cause less killing," Li said. "We saw the opposite. The cells ramp up metabolism to refill their energy tanks and that turns on stress responses that slow the killing."

Follow-up experiments traced the protection to the stringent response, a bacterial alarm system that reprograms the cell under stress.

Second, stressed cells mutated faster to evolve antibiotic resistance.

While persisters keep infections smoldering, genetic resistance can render a drug useless outright. The Rutgers group cycled E. coli through escalating ciprofloxacin doses and found that stressed cells reached the resistance threshold four rounds sooner than normal cells. DNA sequencing and classic mutation tests pointed to oxidative damage and error-prone repair as the culprits.

"The changes in metabolism are making antibiotics work less well and helping bacteria evolve resistance," said Yang, an assistant professor at the medical school and Chancellor Scholar of microbiology, biochemistry & molecular genetics.




Preliminary measurements show that gentamicin and ampicillin also drain ATP in addition to ciprofloxacin. The stress effect may span very different pathogens, including the pathogen Mycobacterium tuberculosis, which is highly sensitive to ATP shocks.

If so, the discovery casts new light on a global threat. Antibiotic resistance already contributes to 1.27 million deaths a year. Strategies that ignore the metabolic fallout of treatment may be missing a key lever.

The findings suggest several changes for antibiotic development and use.

First, screen candidate antibiotics for unintended energy-drain side effects. Second, pair existing drugs with anti-evolution boosters that block the stress pathways or mop up the extra oxygen radicals. Third, reconsider the instinct to blast infections with the highest possible dose. Earlier studies and the new data both hint that extreme concentrations can trigger the very stress that protects bacteria.

"Bacteria turn our attack into a training camp," Yang said. "If we can cut the power to that camp, we can keep our antibiotics working longer."

Li and Yang are planning on testing compounds that soothe bioenergetic stress in the hope of turning the microbial energy crisis back into an Achilles' heel rather than a shield.
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Shocking brain cancer breakthrough: Electric fields supercharge immune assault | ScienceDaily
A new study led by Keck Medicine of USC researchers may have uncovered an effective combination therapy for glioblastoma, a brain tumor diagnosis with few available effective treatments. According to the National Brain Tumor Society, the average survival for patients diagnosed with glioblastoma is eight months.


						
The study finds that using Tumor Treating Fields therapy (TTFields), which delivers targeted waves of electric fields directly into tumors to stop their growth and signal the body's immune system to attack cancerous tumor cells, may extend survival among patients with glioblastoma, when combined with immunotherapy (pembrolizumab) and chemotherapy (temozolomide).

TTFields disrupt tumor growth using low-intensity, alternating electric fields that push and pull key structures inside tumor cells in continually shifting directions, making it difficult for the cells to multiply. Preventing tumor growth gives patients a better chance of successfully fighting the cancer. When used to treat glioblastoma, TTFields are delivered through a set of mesh electrodes that are strategically positioned on the scalp, generating fields at a precise frequency and intensity focused on the tumor. Patients wear the electrodes for approximately 18 hours a day.

Researchers observed that TTFields attract more tumor-fighting T cells, which are white blood cells that identify and attack cancer cells, into and around the glioblastoma. When followed by immunotherapy, these T cells stay active longer and are replaced by even stronger, more effective tumor-fighting T cells.

"By using TTFields with immunotherapy, we prime the body to mount an attack on the cancer, which enables the immunotherapy to have a meaningful effect in ways that it could not before," said David Tran, MD, PhD, chief of neuro-oncology with Keck Medicine, co-director of the USC Brain Tumor Center and corresponding author of the study. "Our findings suggest that TTFields may be the key to unlocking the value of immunotherapy in treating glioblastoma."

TTFields are often combined with chemotherapy in cancer treatment. However, even with aggressive treatment, the prognosis for glioblastoma remains poor. Immunotherapy, while successful in many other cancer types, has also not proved effective for glioblastoma when used on its own.

However, in this study, adding immunotherapy to TTFields and chemotherapy was associated with a 70% increase in overall survival. Notably, patients with larger, unresected (not surgically removed) tumors showed an even stronger immune response to TTFields and lived even longer. This suggests that, when it comes to kick-starting the body's immune response against the cancer, having a larger tumor may provide more targets for the therapy to work against.




Using alternating electric fields to unlock immunotherapy 

Pembrolizumab, the immunotherapy used in this study, is an immune checkpoint inhibitor (ICI), which enhances the body's natural ability to fight cancers by improving T cells' ability to identify and attack cancer cells.

However, there are typically few T cells in and around glioblastomas because these tumors originate in the brain and are shielded from the body's natural immune response by the blood-brain barrier. This barrier safeguards the brain by tightly regulating which cells and substances enter from the bloodstream. Sometimes, this barrier even blocks T cells and other therapies that could help kill brain tumors.

This immunosuppressive environment inside and around the glioblastoma is what makes common cancer therapies like pembrolizumab and chemotherapy significantly less effective in treating it. Tran theorized the best way to get around this issue was to start an immune reaction directly inside the tumor itself, an approach known as in situ immunization, using TTFields.

This study demonstrates that combining TTFields with immunotherapy triggers a potent immune response within the tumor -- one that ICIs can then amplify to bolster the body's own defense against cancer.

"Think of it like a team sport -- immunotherapy sends players in to attack the tumor (the offense), while TTFields weaken the tumor's ability to fight back (the defense). And just like in team sports, the best defense is a good offense," said Tran, who is also a member of the USC Norris Comprehensive Cancer Center.




Study methodology and results

The study analyzed data from 2-THE-TOP, a Phase 2 clinical trial, which enrolled 31 newly diagnosed glioblastoma patients who had completed chemoradiation therapy. Of those, 26 received TTFields combined with both chemotherapy and immunotherapy. Seven of these 26 patients had inoperable tumors due to their locations -- an especially high-risk subgroup with the worst prognosis and few treatment options.

Patients in the trial were given six to 12 monthly treatments of chemotherapy alongside TTFields for up to 24 months. The number and duration of treatments were determined by patients' response to treatment. The immunotherapy was given every three weeks, starting with the second dose of chemotherapy, for up to 24 months.

Patients who used the device alongside chemotherapy and immunotherapy lived approximately 10 months longer than patients who had used the device with chemotherapy alone in the past. Moreover, those with large, inoperable tumors lived approximately 13 months longer and showed much stronger immune activation compared to patients who underwent surgical removal of their tumors.

"Further studies are needed to determine the optimal role of surgery in this setting, but these findings may offer hope, particularly for glioblastoma patients who do not have surgery as an option," said Tran.

Moving the research forward

Keck Medicine is participating in the multicenter Phase 3 clinical trial to validate the efficacy of TTFields with immunotherapy and chemotherapy. Tran, who has been researching TTFields for more than a decade, serves as the chair of the steering committee for this trial. Frances Chow, MD, neuro-oncologist with USC Norris, is the principal investigator of the Keck Medicine study site.

This Phase 3 trial, currently open at 28 sites across the United States, Europe and Israel, aims to enroll over 740 patients through April 2029, including those with gross total resection, partial resection or biopsy-only tumors to assess the extent of how surgically removing tumors influences immune response.

Keck School of Medicine of USC authors of this study include Dongjiang Chen, PhD, assistant professor of research neurological surgery; Son Le, PhD, assistant professor of research neurological surgery; Harshit Manektalia, research programmer; Ming Li, PhD, professor of research population and public health sciences; and Adam O'Dell, research lab specialist. Ashley Ghiaseddin, MD, and Maryam Rahman, MD, MS, colleagues from the University of Florida, also contributed to this work.

This study was funded by a grant from Novocure, which manufactures Optune, the TTFields device used in this study. Tran has received honoraria from Novocure for consultant work. Chen and Tran are inventors of two patent applications related to work reported in this study
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The dopamine clock: How your brain predicts when you'll feel good | ScienceDaily
A small region of the brain, known as the ventral tegmental area (VTA), plays a key role in how we process rewards. It produces dopamine, a neuromodulator that helps predict future rewards based on contextual cues. A team from the universities of Geneva (UNIGE), Harvard, and McGill has shown that the VTA goes even further: it encodes not only the anticipated reward but also the precise moment it is expected. This discovery, made possible by a machine learning algorithm, highlights the value of combining artificial intelligence with neuroscience. The study is published in the journal Nature.


						
The ventral tegmental area (VTA) plays a key role in motivation and the brain's reward circuit. The main source of dopamine, this small cluster of neurons sends this neuromodulator to other brain regions to trigger an action in response to a positive stimulus.

"Initially, the VTA was thought to be merely the brain's reward centre. But in the 1990s, scientists discovered that it doesn't encode reward itself, but rather the prediction of reward," explains Alexandre Pouget, full professor in the Department of Basic Neurosciences in the UNIGE Faculty of Medicine.

Experiments on animals have shown that when a reward consistently follows a light signal, for example, the VTA eventually releases dopamine not at the moment of the reward, but as soon as the signal appears. This response therefore encodes the prediction of the reward -- linked to the signal -- rather than the reward itself.

A much more sophisticated function

This "reinforcement learning," which requires minimal supervision, is central to human learning. It's also the principle behind many artificial intelligence algorithms that improve performance through training -- such as AlphaGo, the first algorithm to defeat a world champion in the game of Go.

In a recent study, Alexandre Pouget's team, in collaboration with Naoshige Uchida of Harvard University and Paul Masset of McGill University, shows that the VTA's coding is even more sophisticated than previously thought. "Rather than predicting a weighted sum of future rewards, the VTA predicts their temporal evolution. In other words, each gain is represented separately, with the precise moment at which it is expected," explains the UNIGE researcher, who led this work.




"While we knew that VTA neurons prioritised rewards close in time over the ones further in the future- on the principle of a bird in the hand is worth two in the bush -we discovered that different neurons do so on different time scales, with some focus on the reward possible in a few seconds' time, others on the reward expected in a minute's time, and others on more distant horizons. This diversity is what allows the encoding of reward timing. This much finer representation gives the learning system great flexibility, allowing it to adapt to maximise immediate or delayed rewards, depending on the individual's goals and priorities."

AI and neuroscience: a two-way street

These findings stem from a fruitful dialogue between neuroscience and artificial intelligence. Alexandre Pouget developed a purely mathematical algorithm that incorporates the timing of reward processing. Meanwhile, the Harvard researchers gathered extensive neurophysiological data on VTA activity in animals experiencing rewards.

"They then applied our algorithm to their data and found that the results matched perfectly with their empirical findings." While the brain inspires AI and machine learning techniques, these results demonstrate that algorithms can also serve as powerful tools to reveal our neurophysiological mechanisms.
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Burning for Beauty: How TikTok Skin Trends Are Harming Young Girls | ScienceDaily
It turns out when teens on TikTok say, "Get ready with me," it can be more harmful than they might realize.


						rs, authors caution only 26% of daytime skin care regimens contain sunscreen    
	Videos 'emphasize lighter, brighter skin' and set a high standard of beauty
It turns out when teens on TikTok say, "Get ready with me," it can be more harmful than they might realize.

In the first peer-reviewed study to examine the potential risks and benefits of teen skin-care routines posted on social media, scientists at Northwestern Medicine found girls ages 7 to 18 are using an average of six different products on their faces, with some girls using more than a dozen products. These products tend to be marketed heavily to younger consumers and carry a high risk of skin irritation and allergy, the study found.

The findings will be published June 9 in the journal Pediatrics.

Each teen daily skin-care regimen costs an average of $168 (which the authors estimate typically lasts a month depending on the size of the products), with some costing more than $500, the study found. As the summer nears, the study authors cautioned only 26% ofdaytime skin care regimens included sunscreen -- arguably the most important skin care product for any age range, but particularly for kids.

The top-viewed videos contained an average of 11 potentially irritating active ingredients, the study found, putting the content creators at risk of developing skin irritation, sun sensitivity and a skin allergy known as allergic contact dermatitis. Prior evidence has shown that developing such an allergy can limit the kinds of soaps, shampoos and cosmetics users can apply for the rest of their lives.

"That high risk of irritation came from both using multiple active ingredients at the same time, such as hydroxy acids, as well as applying the same active ingredient unknowingly over and over again when that active ingredient was found in three, four, five different products," said corresponding author Dr. Molly Hales, a postdoctoral research fellow and board-certified dermatologist in the department of dermatology at Northwestern University Feinberg School of Medicine.




For example, in one video included in the study, the content creator applied 10 products on her face in six minutes.

"As she's applying the products, she begins to express discomfort and burning, and in the final few minutes, she develops a visible skin reaction," said senior author Dr. Tara Lagu, adjunct lecturer of medicine and medical social sciences at Feinberg and a former Northwestern Medicine hospitalist.

Videos 'emphasized lighter, brighter skin' 

"We saw that there was preferential, encoded racial language in some cases that really emphasized lighter, brighter skin," Lagu said. "I think there also were real associations between use of these regimens and consumerism."

These videos offer little to no benefit for the pediatric populations they're targeting, the study authors concluded. What's more, given how the algorithms work, it's nearly impossible for parents or pediatricians to track exactly what children or adolescents are viewing. Lastly, there are dangers beyond skin damage, Hales said.

"It's problematic to show girls devoting this much time and attention to their skin," Hales said. "We're setting a very high standard for these girls. The pursuit of health has become a kind of virtue in our society, but the ideal of 'health' is also very wrapped up in ideals of beauty, thinness and whiteness. The insidious thing about 'skin care' is that it claims to be about health."

Studying teens in the TikTok environment

In the study, Hales and another researcher each created a new TikTok account, reporting themselves to be 13 years old. The "For You" tab was used to view relevant content until 100 unique videos were compiled. They collected demographics of content creators, number and types of products used and total cost of regimens and then created a list of products used and their active and inactive ingredients. The Pediatric Baseline Series used in patch testing was used to identify ingredients with elevated risk of inducing allergic contact dermatitis.

Funding for the study was provided by the National Institute of Arthritis and Musculoskeletal and Skin Diseases of the National Institutes of Health (grant number 5T32AR060710-11). Other Northwestern authors include Drs. Amy Paller and Walter Liszewski, and medical student Sarah Rigali.
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Krakencoder predicts brain function 20x better than past methods | ScienceDaily
Using an algorithm they call the Krakencoder, researchers at Weill Cornell Medicine are a step closer to unraveling how the brain's wiring supports the way we think and act. The study, published June 5 in Nature Methods, used imaging data from the Human Connectome Project to align neural activity with its underlying circuitry.


						
Mapping how the brain's anatomical connections and activity patterns relate to behavior is crucial not only for understanding how the brain works generally but also for identifying biomarkers of disease, predicting outcomes in neurological disorders and designing personalized interventions.

Addressing the Elephant in the Room

The brain consists of a complex network of interconnected neurons whose collective activity drives our behavior. The structural connectome represents the physical wiring of the brain, the map of how different regions are anatomically connected. The other piece of the puzzle is the functional connectome, which represents patterns of neuronal activity between different parts of the brain, highlighting regions that activate together during specific tasks or at rest. Surprisingly, scientists have found that regions that are "wired together" don't always "fire together."

"But we're still just scratching the surface of how brain networks relate to the tasks of everyday life, like solving a math problem, having a conversation with a friend or driving a car," said senior author Dr. Amy Kuceyeski, professor of mathematics in radiology and in neuroscience at Weill Cornell Medicine.

While many researchers are modeling the relationship between functional and structural connectomes, they come up with different maps. "Everybody uses different methods to take pictures of the brain's networks," Dr. Kuceyeski explained. For example, when using magnetic resonance imaging (MRI) for brain scans, different methods for processing the same raw images can generate different connectomes.

Dr. Kuceyeski likens this patchwork approach to examining an elephant in a dark room, where one person is touching the trunk, somebody a leg, someone else an ear. "Our fundamental assumption is that each set of choices in the imaging and processing pipelines provides a different view of the same underlying system," said Keith Jamison, the study's first author and a research associate in Dr. Kuceyeski's lab.




To get a more comprehensive representation, Dr. Kuceyeski and her team built a tool that could take the structural and functional connectomes produced by all of these disparate approaches and collapse them together to produce a more unified interpretation.

"In my head, I saw it as some sort of monster with multiple arms that could reach out and grab different brain representations and digest and congeal them into one unified connectome," Jamison said. The resulting program, an autoencoder that compresses and reconstructs more than a dozen different "flavors" of input data, thus came to be called the Krakencoder.

Identifying Connections that Restore Lost Function 

The team trained the Krakencoder on data collected from over 700 subjects who participated in the National Institutes of Health's Human Connectome Project. As part of that study, volunteers underwent extensive structural and functional MRI scanning.

The researchers found that the Krakencoder allowed them to take an individual's structural connectome and correctly predict that person's functional connectome about 20 times more accurately than previously published approaches.

The Krakencoder's combined and compressed representation also predicted the individual's age, sex and their cognitive performance scores received on tests which had been administered along with their imaging scans. Such scores, Dr. Kuceyeski noted, are notoriously difficult to gauge based on brain imaging alone.




Being able to map functions like cognition to specific brain networks is key to understanding how anatomy and physiology give rise to our behaviors and abilities -- and how diseases and injuries can impair our performance.

In the future, Dr. Kuceyeski and her colleagues plan to combine the Krakencoder with a network modification tool they call NeMo that will allow them to examine the connectomes of people whose brains have been damaged by diseases. Christie Gillies, a PhD student in the Kuceyeski Lab, is using this approach to map outcomes following stroke.

"She's comparing the functional connectome produced by the NeMo + Krakencoder pipeline, based only on MRIs regularly collected in the clinic, to the actual functional MRI of a person. We found that our functional connectomes do a better job at predicting an individual's motor scores and language scores at follow up," Dr. Kuceyeski said.

These tools could also identify brain network connections associated with improved cognitive or motor performance. Boosting the activity of damaged circuits -- for example, through transcranial magnetic stimulation, a treatment that uses magnetic pulses to stimulate nerve cells in the brain -- could strengthen those connections and hasten recovery.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250609054347.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Common supplement reverses premature aging in landmark human trial | ScienceDaily
Werner syndrome (WS), a rare genetic disorder that causes accelerated aging. From their twenties, patients develop gray hair, hair loss, cataracts, diabetes, and other age-related conditions normally seen in the elderly. Additionally, patients develop severe and untreatable skin ulcers, often requiring limb amputation, and face early death from cardiovascular diseases or cancer. This debilitating condition, which affects approximately nine per million people in Japan, lacks effective treatment options.


						
Interestingly, a recent study from the Bohr lab (Nat Commun, 2019 Nov 21;10(1):5284) showed that patients with WS model systems and patients had decreased levels of nicotinamide adenine dinucleotide (NAD+), a biomolecule crucial for cellular energy production, DNA repair, and various metabolic processes. This finding suggested that NAD+ depletion may contribute to the progression of the disease. While direct NAD+ supplementation isn't feasible in mammals, using its precursor -- nicotinamide riboside (NR) from Niagen Bioscience -- has shown promising results in animal studies, extending lifespan and protecting against age-related decline. In human clinical trials, NR has also demonstrated benefits against chronic inflammation, metabolic disorders, and muscle weakness across various populations. However, the effects of NR in WS remained largely unexplored -- until now.

In a recent study, a research team led by Associate Professor Masaya Koshizaka from the Center for Preventive Medical Sciences, Chiba University/Department of Diabetes, Metabolism and Endocrinology, Chiba University Hospital, Japan, conducted the world's first rigorous clinical trial of NR in patients with WS. Their paper, published in Aging Cell on June 03, 2025, was co-authored by University President Koutaro Yokote, Assistant Professor Hisaya Kato, Associate Professor Yoshiro Maezawa, and Assistant Professor Mayumi Shoji, all from Chiba University, along with Affiliate Professor Vilhelm Bohr from the University of Copenhagen, Denmark.

This groundbreaking work involved a randomized, double-blind, placebo-controlled trial to evaluate the safety and effectiveness of NR supplementation. The research team enrolled patients with WS in a crossover design, where participants received either a daily dose of NR or a placebo for 26 weeks, switched treatments for another 26 weeks. Researchers tracked NAD+ blood levels, skin ulcer size, arterial stiffness, and kidney function.

NR supplementation significantly increased NAD+ levels in patient blood compared to placebo. Importantly, NR improved arterial stiffness (a marker of cardiovascular disease risk), reduced the skin ulcer area, and appeared to slow the progression of kidney dysfunction -- all without any serious side effects. Moreover, a comprehensive examination of metabolites in blood revealed that NR treatment reduced levels of creatinine and other compounds associated with kidney dysfunction. This suggests that NR may help protect kidney function, addressing another serious complication of WS.

Dr. Yasmeen Nkrumah-Elie, Global Director of Niagen Bioscience's External Research Program called CERP, commented, "this study represents a significant step forward in understanding how NAD+ restoration with NR may help address the underlying biology of WS. By supporting cardiovascular, skin, and kidney health, NR shows potential to improve the quality of life for patients with this devastating condition. We are proud to support Chiba University's groundbreaking research as part of our ongoing commitment to advancing NAD+ science for rare and underserved diseases."

The treatment's multiple benefits across many different organ systems indicate that NAD+ depletion may be a fundamental mechanism in WS that can be targeted therapeutically. "Our findings suggest NR could serve as a valuable treatment option for two major symptoms, arteriosclerosis and skin ulcers, as well as for preventing kidney function decline," explains Dr. Koshizaka. The results are particularly significant given that untreatable skin ulcers affect well over 70% of patients with WS, often leading to amputation, while cardiovascular disease remains a leading cause of early mortality in this population.

Though larger studies are needed to extend these findings, this pioneering research offers new hope for patients with WS who have long lacked effective treatment options. Beyond its immediate implications for this rare condition, the study also provides valuable insights into the biology of aging and potential interventions to address age-related decline more broadly.

"We hope our work will accelerate studies on not only WS but also other premature aging disorders and common age-related diseases -- ultimately helping to extend health span and improve quality of life in both patients and the broader population," concludes Dr. Koshizaka.
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Why past mass extinctions didn't break ecosystems-But this one might | ScienceDaily
Two major environmental shifts have triggered global transformations in large herbivore communities. A new study with researchers from the University of Gothenburg show how these ecosystems remained remarkably resilient despite extinction and upheaval.


						
From mastodons to ancient rhinos and giant deer, large herbivores have been shaping Earth's landscapes for millions of years. A new study, published in Nature communications, shows how these giants responded to dramatic environmental shifts - and how their ecosystems found ways to stay together, even as species disappeared.

An international team of scientists analyzed fossil records from over 3,000 large herbivores across 60 million years.

"We found that the large herbivores ecosystems stayed remarkably stable over long periods of time, even as species came and went," said Fernando Blanco, leading author and a researcher at the University of Gothenburg at the time. "But twice in the last 60 million years, the environmental pressure was so great that the entire system underwent global reorganization."

Two major global shifts

The first major change occurred around 21 million years ago, when shifting continents closed the ancient Tethys Sea and formed a land bridge between Africa and Eurasia. This new land corridor unleashed a wave of migrations that reshaped ecosystems across the globe. Among the travelers were the ancestors of modern elephants, which had evolved in Africa and now began to spread across Europe and Asia. But deer, pigs, rhinos, and many other large plant-eaters also moved into new territories, altering the ecological balance.

The second global shift came around 10 million years ago, as Earth's climate became cooler and drier. Expanding grasslands and declining forests led to the rise of grazing species with tougher teeth and the gradual disappearance of many forest-dwelling herbivores. This marked the beginning of a long, steady decline in the functional diversity of these animals - the variety of ecological roles they played.




Fewer species, same structure

Despite these losses, the researchers found that the overall ecological structure of large herbivore communities remained surprisingly stable. Even as many of the largest species, like mammoths and giant rhinos, went extinct in the last 129,000 years, the basic framework of roles within ecosystems endured.

"It's like a football team changing players during a match but still keeping the same formation," said Ignacio A. Lazagabaster, researcher at CENIEH in Spain and co-author of the study. "Different species came into play and the communities changed, but they fulfilled similar ecological roles, so the overall structure remained the same."

Third tipping point

This resilience has lasted for the past 4.5 million years, enduring ice ages and other environmental crises up to the present day. However, the researchers caution that the ongoing loss of biodiversity - accelerated by human activity- could eventually overwhelm the system.

"Our results show that ecosystems have an amazing capacity to adapt. But the rate of change is so much faster this time. There's a limit. If we keep losing species and ecological roles, we may soon reach a third global tipping point, one that we're helping to accelerate, " says Juan L. Cantalapiedra, researcher at MNCN in Spain and senior author of the study.
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5-minute STI test poised to transform sexual health diagnostics | ScienceDaily
Birmingham spin-out Linear Diagnostics has been awarded PS1m funding to finalise the development of a rapid test for sexually transmitted infections (STIs), in partnership with the NIHR HealthTech Research Centre (HRC) in Diagnostic and Technology Evaluation and the North East Innovation Lab, part of Newcastle Hospitals.


						
Linear is developing a low-cost, accurate, near-patient diagnostic platform, that aims to diagnose infection from a single sample faster than any commercially available alternative.

The funding from the National Institute for Health and Care Research (NIHR) Invention for Innovation program covers a three-year package of work, which will culminate in the first test of the technology on clinical samples in a real-world setting, and readiness for clinical trials.

Linear's Exponential Amplification (EXPAR) technology detects bacterial DNA using an extremely fast method for amplifying the signal, which was developed and tested at the University during the COVID-19 pandemic, with results published in Proceedings of the National Academy of Sciences. The company has now shown that it can detect bacterial STIs, urinary tract infections, and viral infections including SARS-CoV-2 in as little as 5 minutes.

In recent years the company has focused on STIs, specifically Neisseria gonorrhoeae and Chlamydia trachomatis as the emergence of multi-drug-resistant strain of the former has become a global concern.

It is here that rapid testing is essential to stop the chain of transmission, so patients can be diagnosed and start treatment within one clinic visit. While current tests may be easy to use with minimal training, existing technologies have been unable to meet the target of 20 minutes from sample to results.

The new funding will enable Linear to finalise the design of a cartridge and reader design platform and validate the platform.




Dr Jean-Louis Duprey, Head of Research and Development at Linear Diagnostics, said: "The most difficult criteria to achieve in diagnostic testing is combining rapidity with accuracy. While rapid lateral flow meets the ideal timeframe of 20 minutes to diagnosis, it struggles to meet market requirements for high sensitivity and specificity. And while Nucleic Acid Amplification Tests deliver high accuracy, samples are sent to laboratories for analysis, meaning the waiting time for results may be days. We are developing a near patient device that will overcome this conundrum."

The HRC, hosted by Newcastle upon Tyne Hospitals NHS Foundation Trust in partnership with Newcastle University, will help to evaluate the technology.

Dr Jana Suklan, Senior Methodologist at the HRC, said: "The NIHR HRC in Diagnostic and Technology Evaluation is delighted to be collaborating with the North East Innovation Lab to support Linear Diagnostics with their exciting technology. Through reviewing clinical guidelines and speaking with healthcare professionals as well as patients and the public we will pinpoint how the platform can be developed and used so it can improve patient care."

"Our research involves analyzing unmet needs, examining current practice and identifying the most promising point in the patient pathway for implementing the technology. We will also assess the diagnostic accuracy of the test by statistically analysing data collected by the innovation lab and determine whether adopting the technology will provide value for money for the NHS through health economic modelling. Our public contributors will guide the research and ensure it meets the needs of patients, public and carers."

John Tyson, Head of the North East Innovation Lab, part of Newcastle Hospitals, said: "We're delighted to have the opportunity to continue our collaborative work with our partner innovators to support the development and evaluation of this new exciting test. By providing access to an extensive range of clinical samples and NHS lab performance testing, we can generate the necessary evidence to move new innovative technologies to the next stage of their development or launch to mainstream use."
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New evidence reveals advanced maritime technology in the philippines 35,000 years ago | ScienceDaily
In 15 years of groundbreaking archaeological research, scientists from the Ateneo de Manila University, working with international experts and institutions, have established compelling evidence of the pivotal role of the Philippine archipelago in ancient maritime Southeast Asia. They uncovered a story of effective human migration, advanced technological innovation, and long-distance intercultural relations dating back over 35,000 years.


						
The Ateneo researchers' latest publication presents a wealth of data and materials from the Mindoro Archaeology Project, including some of the oldest evidence of the presence of anatomically modern humans (Homo sapiens) in the Philippine archipelago, in Occidental Mindoro -- particularly on Ilin Island; San Jose; and Sta. Teresa, Magsaysay.

Mindoro, like most of the main Philippine islands except for Palawan, was never connected to mainland Southeast Asia, neither by land bridges nor by ice sheets, and sea-crossings were always necessary to reach it. This likely spurred the development of sophisticated technologies for traversing and surviving this environment.

Evidence of sophisticated ancient technology on Philippine islands

A variety of finds such as human remains, animal bones, shells, and tools made from stone, bone and shell show that Mindoro's early inhabitants successfully harnessed both terrestrial and marine resources such that, over 30,000 years ago, they already possessed seafaring capabilities and specific fishing skills that enabled them to catch predatory open-sea fish species, such as bonito and shark, and to establish connections with distant islands and populations in the vast maritime region of Wallacea.

Particularly noteworthy is the innovative use of shells as raw material for tools since more than 30,000 years ago. This culminated in the manufacture of adzes from giant clam shells (Tridacna species), dating back 7,000-9,000 years ago. These bear a striking similarity to shell adzes found across the region of Island Southeast Asia and as far as Manus Island in Papua New Guinea, over 3,000 kilometers away.

The researchers also found on Ilin Island a human grave dating to around 5,000 years ago, with the body laid to rest in a fetal position and bedded and covered with limestone slabs. The manner of burial was similar to other flexed burials found across Southeast Asia, suggesting shared ideological and social influences and an emerging social complexity across a vast area from the mainland to distant islands.




Mindoro hints at vast, advanced maritime network

Mindoro's archaeological sites have yielded evidence of culturally sophisticated inhabitants who were behaviorally and technologically adapted to coastal and marine environments. Collectively, these discoveries suggest that Mindoro and nearby Philippine islands were part of an extensive maritime network that existed already during the Stone Age and facilitated cultural and technological exchange between early human populations across Island Southeast Asia for many millennia.

By documenting human habitation over a long period of time, with the emergence of advanced subsistence strategies and maritime technologies, the Mindoro Archaeology Project not only fills critical gaps in the prehistoric record of the Philippines but also redefines the region's significance in the broader narrative of human migration and adaptation in Island Southeast Asia.

The latest publication of the Mindoro Archeology Project is authored by the Ateneo de Manila University Department of Sociology and Anthropology's Dr. Alfred F. Pawlik, Dr. Riczar B. Fuentes, and Dr. Tanya Uldin; together with Dr. Marie Grace Pamela G. Faylona of the University of the Philippines -- Diliman Department of Anthropology, De La Salle University Department of Sociology and Behavioral Sciences, and Philippine Normal University College of Advanced Studies; and Trishia Gayle R. Palconit, PhD student at the University of Ferrara, Italy.
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Earth's core mystery solved: How solid rock flows 3,000 kilometers beneath us | ScienceDaily
Earthquakes, volcanic eruptions, shifting tectonic plates -- these are all signs that our planet is alive. But what is revealed deep inside the Earth surprises laymen and scientists alike: Almost 3000 kilometers below the Earth's surface, solid rock is flowing that is neither liquid, like lava, nor brittle like solid rock. This is shown by a new study by geoscientists led by Motohiko Murakami, Professor of Experimental Mineral Physics at ETH Zurich. The study has just been published in the journal Communications Earth & Environment.


						ting tectonic plates -- these are all signs that our planet is alive. But what is revealed deep inside the Earth surprises laymen and scientists alike: Almost 3000 kilometers below the Earth's surface, solid rock is flowing that is neither liquid, like lava, nor brittle like solid rock. This is shown by a new study by geoscientists led by Motohiko Murakami, Professor of Experimental Mineral Physics at ETH Zurich. The study has just been published in the journal 
Communications Earth & Environment.

Half a century of guesswork

For over 50 years, researchers have been puzzling over a strange zone deep inside the Earth -- the so-called D" layer, around 2700 kilometers beneath our feet. Earthquake waves suddenly behave differently there: their speed jumps as if they were traveling through a different material. What exactly happens at that layer of the mantle has been unclear for a long time, until now.

In 2004, Murakami, who has been a professor at ETH Zurich since 2017, discovered that perovskite, the main mineral of the Earth's lower mantle, transforms into a new mineral near the D" layer under extreme pressure and very high temperatures -- so-called "post-perovskite."

The researchers assumed that this change explained the strange acceleration of the seismic waves. But that was not the full story. In 2007, Murakami and colleagues found new evidence that the phase change of perovskite alone is not enough to accelerate earthquake waves.

Using a sophisticated computer model, they finally discovered something important: depending on the direction in which the post-perovskite crystals point, the hardness of the mineral changes. Only when all the crystals of the mineral point in the same direction in the model are the seismic waves accelerated -- as can be observed in the D" layer at a depth of 2700 kilometers.

In an unusual laboratory experiment at ETH Zurich, Murakami has now proven that post-perovskite crystals align themselves in the identical direction under enormous pressure and extreme temperatures. To do this, the researchers measured the speed of seismic waves in their experiment and were also able to reproduce the jump that occurs at the D" layer in the laboratory. "We have finally found the last piece of the puzzle," says Murakami.




Mantle flow aligns crystals

The big question is: what makes these crystals line up? The answer is that solid mantle rock that flows horizontally along the lower edge of the Earth's mantle. Researchers have long suspected that this movement -- a kind of convection like boiling water -- must exist but have never been able to prove it directly.

A new chapter in Earth research begins

Murakami and his colleagues have now also demonstrated experimentally that mantle convection of solid rock is present at the boundary between the core and the Earth's mantle, i.e. that solid -- not liquid -- rock flows slowly but steadily at this depth. "This discovery not only solves the mystery of the D" layer but also opens a window into the dynamics in the depths of the Earth," Murakami explains.

It is not only a milestone, but also a turning point. The assumption that solid rock flows has been transformed from a theory into a certainty. "Our discovery shows that the Earth is not only active on the surface, but is also in motion deep inside," says the ETH professor.

With this knowledge, researchers can now begin to map the currents in the Earth's deepest interior and thus visualize the invisible motor that drives volcanoes, tectonic plates, and perhaps even the Earth's magnetic field.
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Photonic quantum chips are making AI smarter and greener | ScienceDaily
One of the current hot research topics is the combination of two of the most recent technological breakthroughs: machine learning and quantum computing. An experimental study shows that already small-scale quantum computers can boost the performance of machine learning algorithms. This was demonstrated on a photonic quantum processor by an international team of researchers of the University of Vienna. The work, recently published in Nature Photonics, shows promising new applications for optical quantum computers.


						
Recent scientific breakthroughs have reshaped the development of future technologies. On the one hand, machine learning and artificial intelligence have already revolutionized our lives from everyday tasks to scientific research. On the other hand, quantum computing has emerged as a new paradigm of computation.

From the combination of these promising two fields, a new research line has opened up: Quantum Machine Learning. This field aims at finding potential enhancements in the speed, efficiency or accuracy of algorithms when they run on quantum platforms. It is however still an open challenge, to achieve such an advantage on current technology quantum computers.

This is where an international team of researchers took the next step and designed a novel experiment carried out by scientists from the University of Vienna. The set-up features a quantum photonic circuit built at the Politecnico di Milano (Italy), which runs a machine learning algorithm first proposed by researchers working at Quantinuum (United Kingdom). The goal was to classify data points using a photonic quantum computer and single out the contribution of quantum effects, to understand the advantage with respect to classical computers. The experiment showed that already small-sized quantum processors can peform better than conventional algorithms. "We found that for specific tasks our algorithm commits fewer errors than its classical Counterpart," explains Philip Walther from the University of Vienna, lead of the project. "This implies that existing quantum computers can show good performances without necessarily going beyond the state-of-the-art Technology" adds Zhenghao Yin, first author of the publication in Nature Photonics.

Another interesting aspect of the new research is that photonic platforms can consume less energy with respect to standard computers. "This could prove crucial in the future, given that machine learning algorithms are becoming infeasible, due to the too high energy demands," emphasizes co-author Iris Agresti.

The result of the researchers has an impact both on quantum computation, since it identifies tasks that benefit from quantum effects, as well as on standard computing. Indeed, new algorithms, inspired by quantum architectures could be designed, reaching better performances and reducing energy consumption.
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Photons collide in the void: Quantum simulation creates light out of nothing | ScienceDaily
Using advanced computational modelling, a research team led by the University of Oxford, working in partnership with the Instituto Superior Tecnico in the University of Lisbon, has achieved the first-ever real-time, three-dimensional simulations of how intense laser beams alter the 'quantum vacuum' -- a state once assumed to be empty, but which quantum physics predicts is full of virtual electron-positron pairs.


						m bizarre quantum phenomena.    
	The results have been published in Communications Physics.
Using advanced computational modelling, a research team led by the University of Oxford, working in partnership with the Instituto Superior Tecnico in the University of Lisbon, has achieved the first-ever real-time, three-dimensional simulations of how intense laser beams alter the 'quantum vacuum' -- a state once assumed to be empty, but which quantum physics predicts is full of virtual electron-positron pairs.

Excitingly, these simulations recreate a bizarre phenomenon predicted by quantum physics, known as vacuum four-wave mixing. This states that the combined electromagnetic field of three focused laser pulses can polarise the virtual electron-positron pairs of a vacuum, causing photons to bounce off each other like billiard balls - generating a fourth laser beam in a 'light from darkness' process. These events could act as a probe of new physics at extremely high intensities.

"This is not just an academic curiosity -- it is a major step toward experimental confirmation of quantum effects that until now have been mostly theoretical," said study co-author Professor Peter Norreys, Department of Physics, University of Oxford.

The work arrives just in time as a new generation of ultra-powerful lasers starts to come online. Facilities such as the UK's Vulcan 20-20, the European 'Extreme Light Infrastructure (ELI)' project, and China's Station for Extreme Light (SEL) and SHINE facilities are set to deliver power levels high enough to potentially confirm photon-photon scattering in the lab for the first time. Photon-photon scattering has already been selected as one of three flag-ship experiments at the University of Rochester's OPAL dual-beam 25 PW laser facility in the United States.

The simulations were carried out using an advanced version of OSIRIS, a simulation software package which models interactions between laser beams and matter or plasma.

Lead author Zixin (Lily) Zhang, a doctoral student at Oxford's Department of Physics, said: "Our computer program gives us a time-resolved, 3D window into quantum vacuum interactions that were previously out of reach. By applying our model to a three-beam scattering experiment, we were able to capture the full range of quantum signatures, along with detailed insights into the interaction region and key time scales. Having thoroughly benchmarked the simulation, we can now turn our attention to more complex and exploratory scenarios -- including exotic laser beam structures and flying-focus pulses."

Crucially, these models provide details that experimentalists depend on to design precise, real-world tests including realistic laser shapes and pulse timings. The simulations also reveal new insights, including how these interactions evolve in real time and how subtle asymmetries in beam geometry can shift the outcome.

According to the team, the tool will not only assist in planning future high-energy laser experiments but could also help search for signs of hypothetical particles such as axions and millicharged particles -- potential candidates for dark matter.

Study co-author Professor Luis Silva (at the Instituto Superior Tecnico, University of Lisbon and Visiting Professor in Physics at the University of Oxford) added: "A wide range of planned experiments at the most advanced laser facilities will be greatly assisted by our new computational method implemented in OSIRIS. The combination of ultra-intense lasers, state-of-the-art detection, cutting-edge analytical and numerical modelling are the foundations for a new era in laser-matter interactions, which will open new horizons for fundamental physics."
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How outdated phones can power smart cities and save the seas | ScienceDaily
Each year, more than 1.2 billion smartphones are produced globally. The production of electronic devices is not only energy-intensive but also consumes valuable natural resources. Additionally, the manufacturing and delivery processes release a significant amount of CO2 into the atmosphere. Meanwhile, devices are aging faster than ever -- users replace their still-functional phones on average every 2 to 3 years. At best, old devices are recycled; at worst, they end up in landfills.


						
Although the most sustainable solution would be to change consumer behavior and consider more carefully whether every new model truly requires replacing the old one, this is easier said than done. Rapid technological development quickly renders older devices obsolete. Therefore, alternative solutions are needed -- such as extending the lifespan of devices by giving them an entirely new purpose.

This is precisely the approach tested by researchers Huber Flores, Ulrich Norbisrath, and Zhigang Yin from the University of Tartu's Institute of Computer Science, along with Perseverance Ngoy from the Institute of Technology and their international colleagues. "Innovation often begins not with something new, but with a new way of thinking about the old, re-imagining its role in shaping the future," explained Huber Flores, Associate Professor of Pervasive Computing. They demonstrated that old smartphones can be successfully repurposed into tiny data centers capable of efficiently processing and storing data. They also found that building such a data center is remarkably inexpensive -- around 8 euros per device.

These tiny data centers have a wide range of applications. For example, they could be used in urban environments like bus stops to collect real-time data on the number of passengers, which could then be used to optimize public transportation networks.

In the project's first stage, the researchers removed the phones' batteries and replaced them with external power sources to reduce the risk of chemical leakage into the environment. Then, four phones were connected together, fitted with 3D-printed casings and holders, and turned into a working prototype ready to be re-used, fostering sustainable practices for old electronics.

The prototype was then successfully tested underwater, where it participated in marine life monitoring by helping to count different sea species. Normally, these kinds of tasks require a scuba diver to record video and bring it to the surface for analysis. But with the prototype, the whole process was done automatically underwater.

The team's results show that outdated technology doesn't have to end up as waste. With minimal resources, these devices can be given a new purpose, contributing to the development of more environmentally friendly and sustainable digital solutions.

"Sustainability is not just about preserving the future -- it's about reimagining the present, where yesterday's devices become tomorrow's opportunities," commented Ulrich Norbisrath, Associate Professor of Software Engineering.
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Hidden in your dna: The mutation combo that raises clot risk by 180% | ScienceDaily
Blood clots can form in both arteries and veins. However, the reasons behind them differ, as do the consequences and the chances of preventing blood clots. In Sweden, almost half of all cases of venous thrombosis have a genetic explanation. A team of researchers from Lund University in Sweden has now discovered three gene variants that increase the risk of blood clots in the leg by up to 180 percent.


						
There is a difference between arterial and venous blood clots. Blood clots in the arteries form when plaque in calcified vessels bursts and the body perceives it as an injury. This activates the platelets, which clump together and form a clot. In the worst case, it can lead to a stroke or heart attack. A venous thrombus, on the other hand, usually forms in the leg when the blood stagnates for too long. This can activate the body's coagulation system, allowing the clotting system to be activated and the blood to clot, blocking blood flow. If the clot breaks loose and travels with the blood to the lungs, it can lead to pulmonary embolism, a life-threatening condition.

"Venous thrombosis is in fact one of the most common causes of death in the world. It is a common disease that has always been somewhat overshadowed by arterial blood clots," says Bengt Zoller, a specialist in general medicine at Skane University Hospital and professor of general medicine at Lund University.

In Sweden, more than 10,000 people suffer from venous thromboembolism each year and that number appears to be increasing. Several factors are contributing to this increase. One of the strongest risk factors is age, and as the number of older people in Sweden grows, the number of clots is also increasing. Ten per cent of 80-year-olds experience a blood clot at some point. The risk also increases if you are overweight or tall.

"The muscles control the blood flow in the veins and the legs become like columns of fluid where the force of gravity is strong. Too much sedentary and inactive behaviour, then, is harmful. Only the valves of the veins prevent backflow and if these are damaged, the risk of blood clots can increase. Therefore, tall people are more prone to blood clots, as their larger veins provide less blood flow, combined with the fact that blood must travel a greater distance back to the heart."

Because the heart pumps blood out into the arteries, there is much higher blood pressure in the arteries than in the veins, which can contribute to atherosclerosis. High blood pressure, high levels of blood lipids and smoking are all risk factors for atherosclerosis of the arteries. But because the veins are a low-pressure system, the vessels do not become atherosclerotic. Therefore, neither high blood pressure nor blood lipids are associated with venous clots and smoking is considered only a weak to moderate risk factor. Being overweight, on the other hand, is a very significant culprit. Obesity has a negative impact on venous circulation, especially when combined with the fact that overweight people are often less active. Some clotting factors are also affected by obesity.

"In terms of diet, there are fewer studies, but ultra-processed foods have been associated with a slightly increased risk of blood clots, and plant-based, healthy foods with a reduced risk. In our studies, we have also seen that commercial fishermen have a lower risk, which may be due to a higher omega-3 content in their diet."

There are also specific situations in which the risk of venous blood clots is particularly high. The risk of blood clots increases when blood flow is reduced, such as when travelling by air for long periods of time or when lying in bed for several days. Surgery or inflammation that damages the vessel wall can also lead to an increased tendency to clot. Particularly during pregnancy, blood clotting factors increase and levels of some protective proteins may decrease.




"In these risk situations, prophylaxis in the form of blood thinners may be particularly important if other risk factors are also present."

Other risk factors are the genetic variants that affect different parts of the blood's clotting ability. In Sweden, we have a high prevalence of APC (activated protein C) resistance due to an inherited mutation in the gene for coagulation factor V, called Factor V Leiden. About 10 per cent of Swedes have this mutation, which is considered the most common coagulation mutation among Indo-Europeans.

"Evolutionarily, bleeding less has been an advantage, but in our modern, sedentary society, APC resistance is becoming a risk factor."

Bengt Zoller and his fellow researchers have now identified the strongest genetic risk factor since Factor V Leiden was discovered. They used data from the population-based Malmo Kost Cancer study, involving 30,000 Malmo residents. By selecting 27 genes previously associated with clotting disorders, they found three variants that, when taken together, were as significant a risk factor for venous blood clots as Factor V Leiden: ABO, F8, and VWF each increased the risk of venous blood clots by 10 to 30 percent.

"And the more of these variants a person has - the higher the risk. An individual with five of these gene variants has a 180 per cent higher risk of venous thrombosis. Unlike Factor V Leiden, which is only found in Indo-Europeans, these three different mutations are found in between five and fifty per cent of various populations around the globe."

As these genetic variants are present in all populations, the next step is to investigate how the number of risk genes affects the duration of treatment with anticoagulants after a blood clot.




"I think tailoring treatment based on risk assessment will become increasingly important," concludes Bengt Zoller.

What you can do to prevent blood clots: 
    	Movement: Avoid sitting still for long periods. Stand up and move around on long flights.
    	Support stockings: Can help blood flow when you must stand or sit for long periods.
    	Blood-thinning medicines: Can be given prophylactically in high-risk situations such as surgery, cancer and others.
    	Contraceptive pills containing oestrogen: avoid contraceptive pills containing oestrogen or hormone replacement therapy if there is strong heredity for venous thromboembolism or if you have a history of blood clots.
    	Lifestyle changes: Stop smoking, eat healthier, lose weight and exercise.
    	Get vaccinated: Infections can activate the coagulation system.

Blood clot 

A blood clot consists of coagulated blood that has become lodged in a blood vessel. Clots can form either in the oxygen-rich blood in the body's arteries as it is pumped out of the heart, or in the low-oxygen blood in the veins (usually in the legs) as it is returned to the lungs and heart.
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160 million years ago, this fungus pierced trees like a microscopic spear | ScienceDaily
Blue-stain fungi constitute a distinctive group of wood-colonizing fungi which lack the ability to decompose wood lignocellulose, yet are capable of causing significant wood discoloration. Though these fungi are generally nonfatal to their hosts, they often accelerate tree mortality when associated with wood-boring insects.


						
Molecular phylogenetic analyses suggest that blue-stain fungi should be an old fungal group, which might originate during the Late Paleozoic or early Mesozoic. However, hardly anything is known about the geological occurrences of blue-stain fungi. "Not until 2022, the first credible fossil record of blue-stain fungi was reported from the Cretaceous in South Africa with an age of approximately 80 million years," says Dr. Ning Tian from Shenyang Normal University in Shenyang, China.

A Chinese research team led by Dr. Ning Tian and Dr. Yongdong Wang (Nanjing Institute of Geology and Palaenology, CAS) found well-preserved fossil fungal hyphae preserved within a Jurassic petrified wood from northeastern China, dated 160 million years ago. Microscopic examination reveals the fossil hyphae are dark in color, which is indicative of pigmentation, a hallmark of contemporary blue-stain fungi which results in the discoloration of woods. Of interest, when penetrating the wood cell wall, the hyphae commonly form a very specialized structure called "penetration peg" (Fig. 1). That is to say when pushing through the wood's cell walls, the hyphae commonly slim down in size, making it easier to pierce through the tough barrier. The discovery of the penetration peg enables the team to ensure that the fossil fungus that they found belongs to the blue-stain fungi. "Unlike wood-decay fungi, which degrade wood cell walls through enzymatic secretion, the blue-stain fungi lack the enzymatic capacity to decompose wood structures. Instead, their hyphae mechanically breach wood cell walls via the penetration pegs. " Dr. Tian says.

"The finding of Jurassic blue-stain fungi from China, represents the second report of the blue-stain fangi and the earliest fossil record of this fungal group in the world, pushes back the earliest known fossil record of this fungal group by approximately 80 million years, providing crucial fossil evidence for further understanding the origin and early evolution of blue-stain fungi. Additionally, it offers fresh insights into understanding the ecological relationships between the blue-stain fungi, plants, and insects during the Jurassic period," says Dr. Wang. The bark beetle subfamily Scolytinae is considered as one of the major spore dispersal agents for extant blue-stain. However, both molecular biological and fossil evidence proposed that the origin time of Scolytinae dates back no earlier than the Early Cretaceous. Given the Jurassic age of present fossil fungus, it is hypothesized that its spore dispersal vector was not Scolytinae but rather other wood-colonizing insects prevalent during that period.
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Whales blow bubble rings--And they might be talking to us | ScienceDaily
A team of scientists from the SETI Institute and the University of California at Davis documented, for the first time, humpback whales producing large bubble rings, like a human smoker blowing smoke rings, during friendly interactions with humans. This previously little studied behavior may represent play or communication. Humpback whales are already known for using bubbles to corral prey and creating bubble trails and bursts when competing to escort a female whale. These new observations show humpback whales producing bubble rings during friendly encounters with humans. This finding contributes to the WhaleSETI team's broader goal of studying non-human intelligence to aid in the search for extraterrestrial intelligence.


						
"Because of current limitations on technology, an important assumption of the search for extraterrestrial intelligence is that extraterrestrial intelligence and life will be interested in making contact and so target human receivers," said Dr. Laurance Doyle, SETI Institute scientist and co-author on the paper. "This important assumption is certainly supported by the independent evolution of curious behavior in humpback whales."

"Humpback whales live in complex societies, are acoustically diverse, use bubble tools and assist other species being harassed by predators," said co-lead author Dr. Fred Sharpe, UC Davis Affiliate. "Now, akin to a candidate signal, we show they are blowing bubble rings in our direction in an apparent attempt to playfully interact, observe our response, and/or engage in some form of communication."

"Humpback whales often exhibit inquisitive, friendly behavior towards boats and human swimmers," said co-lead author Jodi Frediani, marine wildlife photographer and U.C. Davis Affiliate. "We've now located a dozen whales from populations around the world, the majority of which have voluntarily approached boats and swimmers blowing bubble rings during these episodes of curious behavior."

The team's findings were recently published in Marine Mammal Science in a paper titled "Humpback Whales Blow Poloidal Vortex Bubble Rings." The study analyzes 12 bubble ring-production episodes involving 39 rings made by 11 individual whales.

Similar to studying Antarctica or other terrestrial analogs as a proxy for Mars, the Whale-SETI team is studying intelligent, non-terrestrial (aquatic), nonhuman communication systems to develop filters that aid in parsing cosmic signals for signs of extraterrestrial life. As noted by Karen Pryor, "patterns of bubble production in cetaceans constitute a mode of communication not available to terrestrial mammals" (Pryor 1990).

Other team members and coauthors of the paper are Dr. Josephine Hubbard (Postdoc, U.C. Davis), Doug Perrine (Doug Perrine Photography), Simon Hilbourne (Marine Research Facility, Jeddah, Saudi Arabia), Dr. Joy Reidenberg (Icahn School of Medicine at Mount Sinai, NY) and Dr. Brenda McCowan, ( U.C. Davis, Veterinary Medicine), with specialties in animal intelligences, photography and behavior of humpback whales, whale anatomy, and the use of AI in parsing animal communication, respectively. An earlier paper by the team was published in the journal, PeerJ, entitled, "Interactive Bioacoustic Playback as a Tool for Detecting and Exploring Nonhuman Intelligence: "Conversing" with an Alaskan Humpback Whale." The authors would like to acknowledge the Templeton Foundation Diverse Intelligences Program for financial support of this work.
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Drone tech uncovers 1,000-year-old native american farms in michigan | ScienceDaily
With its cold climate, short growing season, and dense forests, Michigan's Upper Peninsula is known as a challenging place for farming. But a new Dartmouth-led study provides evidence of intensive farming by ancestral Native Americans at the Sixty Islands archaeological site along the Menominee River, making it the most complete ancient agricultural site in the eastern half of the United States.


						
The site features a raised ridge field system that dates to around the 10th century to 1600, and much of it is still intact today.

The raised fields are comprised of clustered ridged garden beds that range from 4 to 12 inches in height and were used to grow corn, beans, squash, and other plants by ancestors of the Menominee Indian Tribe of Wisconsin.

The findings are published in Science.

"The scale of this agricultural system by ancestral Menominee communities is 10 times larger than what was previously estimated," says lead author Madeleine McLeester, an assistant professor of anthropology at Dartmouth. "That forces us to reconsider a number of preconceived ideas we have about agriculture not only in the region, but globally."

The researchers surveyed approximately 330 acres. However, they have yet to map the entire site because it extends beyond the edge of where they surveyed. They estimate that they surveyed approximately 40% percent of the site.

"When you look at the scale of farming, this would require the kind of labor organization that is typically associated with a much larger, state-level hierarchical society," says McLeester. "Yet, everything we know about this area suggests smaller egalitarian societies lived in this region but in fact, this may have been a rather large settlement."

The site is part of Anaem Omot, which stands for the "Dog's Belly" in Menominee. Anaem Omot is a cluster of significant ancestral Menominee archaeological sites that includes several burial mounds and a village that were excavated from the 1950s through the 1970s. It was initially mapped in the 1990s by Marla Buckmaster, an archaeologist at Northern Michigan University, and excavated by Jan Brashler, an archaeologist at Grand Valley State University, who found and radiocarbon dated a corn cupule (the cup-shaped structure on the cob that holds a kernel in place) during excavations. Given the site's cultural significance with its burial mounds, dance rings, and agricultural ridges, it is listed on the U.S. National Register of Historic Places.




Building on earlier work and upon the request of the Menominee tribal authorities, archaeologists from Dartmouth were invited to survey and document the area using new technologies that were previously unavailable. Through this partnership, the team collaborated with David Grignon, tribal historic preservation officer for the Menominee Indian Tribe of Wisconsin and the late David Overstreet, a consulting archaeologist for the College of the Menominee Nation.

In May 2023, after the snow had melted but before the leaves were out, the team conducted an innovative, drone-based survey of a 330-acre area using lidar, a remote sensing technology that uses pulses of light from a laser to map objects on the Earth's surface. Lidar provides a dataset that's like a giant cloud of points with the locations of the trees and rocks, which can be filtered out to see the ground.

"Lidar is a really powerful tool in any kind of forested or heavily vegetated region where the archaeology is hidden below trees -- where no kind of optical imagery can see what's underneath the tree canopy," says senior author Jesse Casana, a professor of anthropology who uses remote sensing technologies regularly in his work.

"Forests are really confounding to archaeology in a lot of ways, so a lot of archaeologists rely on publicly available lidar that has often been obtained from a plane that flies really high. But the resolution of the data is usually too low to see many archaeological features. Drone lidar enables us to collect the same kind of data but at a much higher resolution," says Casana.

The lidar uncovered sets of parallel ridges at the site that create quilt-like patterns stretched across the landscape. The ridges were constructed in various directions, illustrating that their locations may have been determined by individual farmers rather than the direction of the sun or other environmental factors.

The results also revealed: a circular dance ring, a rectangular building foundation that may have been a colonial trading post, two 19th-century logging camps, looted burial mounds, previously unknown burial mounds that were thought to be destroyed in the 1970s, and a burial mound on privately owned land that is currently owned by a mining company.




In August 2023, the team excavated three raised agricultural ridges at various distances from the Menominee River. Through radiocarbon dating of charcoal samples obtained during excavation, they found that the ridges had been rebuilt over a 600-year period, with construction initially around the year 1000, which was during the Late Woodland period.

"All three ridges showed a similar picture in terms of their construction, history and reconstruction," says Casana. "Most field systems have been either lost or destroyed due to intensive land use across most of North America, through farming, including pastures, and the cutting down of trees for urban development."

"Through this research, we get this little window of preservation into pre-Colonial farming in the Upper Peninsula of Michigan," says Casana.

Through the excavations, charcoal, broken pieces of ceramics known as sherds, and artifacts were recovered, suggesting that remains from fires and household refuse were likely used as compost in the fields. The results also showed that wetland soils had been used to enrich the soil.

"Our work shows that the ancestral Menominee communities were modifying the soil to completely rework the topography in order to plant and harvest corn at the near northern extent of where this crop can grow," says McLeester. "This farming system was a massive undertaking requiring a lot of organization, labor, and know-how to maximize agricultural productivity."

"We're seeing this kind of landscape alteration in a place where we wouldn't expect it," says McLeester.

"This may be just a little remnant of what must have been a much larger system," says Casana.

The findings have made the researchers consider if perhaps the majority of eastern North America was once covered with agricultural ridges. Findings also challenge existing forest history of the Upper Peninsula, since Sixty Islands would have been deforested during this 600 year period.

The team is continuing their work with the Menominee Indian Tribe of Wisconsin at the Menominee Sixty Islands site with upcoming plans to survey the site and locate ancestral Menominee villages.
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Satellite tracking of 12,000 marine animals reveals ocean giants are in trouble | ScienceDaily
A sweeping new study is helping pinpoint where whales, sharks, turtles, and other ocean giants need the most protection and where current efforts fall short.


						
Led by Ana Sequeira of Australian National University and supported by the United Nations, the research synthesized data from 12,000 satellite-tracked animals across more than 100 species. It reveals how marine megafauna move globally and where their migratory, feeding, and breeding behaviors intersect with human threats such as fishing, shipping, and pollution.

Virginia Tech contributed to the effort, called MegaMove, a massive collaboration of nearly 400 scientists across more than 50 countries. The project used biologging data collected using satellite tags to inform a new blueprint for ocean conservation.

"This is one of the largest marine tracking data sets ever assembled," said Francesco Ferretti, a marine ecologist at Virginia Tech who contributed to the study. "It's not just about drawing lines on a map. We need to understand animal behavior and overlap that with human activity to find the best solutions."

The research was published on June 5 in the journal Science.

 From the open ocean to Virginia waters 

Though global in scope, the findings hold direct relevance for Virginia and the East Coast.




"Virginia's coastline is part of a major migratory corridor for marine species," Ferretti said. "Sharks, for example, play a critical role in maintaining healthy marine ecosystems, which in turn support fisheries and recreation. What happens to apex predators can ripple across the food web and impact local economies."

Past collapses of shellfish fisheries in North Carolina and impacts on seagrasses meadows, important for fisheries, carbon sequestration, and to prevent coastal erosion, have shown how predator loss can shift entire ecosystems.

Ferretti said understanding these dynamics is critical to protecting both wildlife and the communities that rely on them.

 A global conservation puzzle 

MegaMove aimed to inform the United Nations' 30x30 target: a global goal to protect 30 percent of the world's oceans by 2030. The team used optimization algorithms to propose which areas should be prioritized for protection based on how marine species use the space.

But the findings show that even if all 30 percent of protected areas were perfectly placed, it wouldn't be enough.




"Sixty percent of the tracked animals' critical habitats would be still outside these zones," Ferretti said. "In addition to protected areas, we need targeted mitigation, changing fishing practices, rerouting shipping lanes, and reducing pollution."

Building global science at Virginia Tech 

Virginia Tech's participation to initiatives such as the MegaMove project reflects a broader push to contribute to international, data-driven science.

"This project shows where the field is heading," Ferretti said. "We're seeing a revolution in big data approaches in marine science. Students need to be trained not only in fieldwork but in data science to meet future challenges."

He said global efforts like MegaMove can also help inspire the next generation of researchers and showcase how Virginia Tech connects local talent to worldwide impact.
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Lighting up earthquakes: How scientists watched ruptures evolve in milliseconds | ScienceDaily
Researchers have developed a laboratory earthquake model that connects the microscopic real contact area between fault surfaces to the possibility of earthquake occurrences. Published in the Proceedings of the National Academy of Sciences, this breakthrough demonstrates the connection between microscopic friction and earthquakes, offering new insights into earthquake mechanics and potential prediction.


						
"We've essentially opened a window into the heart of earthquake mechanics," said Sylvain Barbot, associate professor of earth sciences at the USC Dornsife College of Letters, Arts and Sciences and principal investigator of the study. "By watching how the real contact area between fault surfaces evolves during the earthquake cycle, we can now explain both the slow buildup of stress in faults and the rapid rupture that follows. Down the road, this could lead to new approaches for monitoring and predicting earthquake nucleation at early stages."

For decades, scientists have relied on empirical "rate-and-state" friction laws to model earthquakes -- mathematical descriptions that work well but don't explain the underlying physical mechanisms. "Our model reveals what's actually happening at the fault interface during an earthquake cycle."

Barbot says the discovery is a deceptively simple concept: "When two rough surfaces slide against each other, they only make contact at minuscule, isolated junctions covering a fraction of the total surface area." This "real area of contact" -- invisible to the eye but measurable through optical techniques -- turns out to be the key state variable that controls earthquake behavior.

Laboratory earthquakes: Lighting earthquakes in real time

The study utilizes transparent acrylic materials that allowed the researchers to literally watch earthquake ruptures unfold in real time. Using high-speed cameras and optical measurements, the team tracked how LED light transmission changed as contact junctions formed, grew and were destroyed during laboratory earthquakes.

"We can literally watch the contact area evolve as ruptures propagate," Barbot said. "During fast ruptures, we see approximately 30% of the contact area disappear in milliseconds -- a dramatic weakening that drives the earthquake."

The laboratory results revealed a previously hidden relationship: The empirical "state variable" used in standard earthquake models for decades represents the real area of contact between fault surfaces. This discovery provides the first physical interpretation of a mathematical concept that has been central to earthquake science since the 1970s.




From simulation to prediction

The researchers analyzed 26 different simulated earthquake scenarios and found that the relationship between rupture speed and fracture energy follows the predictions of linear elastic fracture mechanics. The team's computer simulations successfully reproduced both slow and fast laboratory earthquakes, matching not only the rupture speeds and stress drops but also the amount of light transmitted across the fault interface during ruptures.

As contact areas change during the earthquake cycle, they affect multiple measurable properties including electrical conductivity, hydraulic permeability and seismic wave transmission. Since the real area of contact affects multiple physical properties of fault zones, continuous monitoring of these proxies during earthquake cycles could provide new insights into fault behavior.

The implications extend far beyond academic understanding and laboratory experiments. The research suggests that monitoring the physical state of fault contacts could provide new tools for earthquake short-term systems and potentially for reliable earthquake prediction using the electric conductivity of the fault.

"If we can monitor these properties continuously on natural faults, we might detect the early stages of earthquake nucleation," Barbot explained. "This could lead to new approaches for monitoring earthquake nucleation at early stages, well before seismic waves are radiated."

Looking ahead

The researchers plan to scale up their findings outside controlled laboratory conditions. Barbot explained: The study's model provides the physical foundation for understanding how fault properties evolve during seismic cycles.




"Imagine a future where we can detect subtle changes in fault conditions before an earthquake strikes," Barbot said. "That's the long-term potential of this work."

About the study

In addition to Barbot, Baoning Wu, formerly at USC and now at the University of California, San Diego, authored the study.

The study was supported by National Science Foundation award number EAR-1848192 and the Statewide California Earthquake Center proposal number 22105.
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        Cleaner fish: Tiny healers or hidden spreaders in coral reef ecosystems?
        Reef "beauty salons" staffed by tiny cleaner fish aren t just for parasite removal they may also shape the microbial life of the entire ecosystem. A fascinating new study shows these bustling fish stations influence which microbes move around the reef, possibly helping or harming coral health. Cleaner gobies, it turns out, don t just offer spa treatments to their fish clients they may also serve as tiny microbiome engineers of the sea.

      

      
        Sun's secret storms exposed: NASA's codex unveils a turbulent corona
        NASA s CODEX experiment aboard the International Space Station is revealing the Sun like never before. Using advanced filters and a specialized coronagraph, CODEX has captured images showing that the solar wind streams of charged particles from the Sun is not a smooth, uniform flow but rather a turbulent, gusty outpouring of hot plasma. These groundbreaking observations will allow scientists to measure the speed and temperature of the solar wind with unprecedented detail, providing critical insig...

      

      
        Pincer plot twist: How female earwigs evolved deadly claws for love and war
        Female earwigs may be evolving exaggerated weaponry just like males. A study from Toho University found that female forceps, once assumed to be passive tools, show the same kind of outsized growth linked to sexual selection as the male's iconic pincers. This means that female earwigs might be fighting for mates too specifically for access to non-aggressive males challenging long-standing assumptions in evolutionary biology.

      

      
        Astronomers just found a giant planet that shouldn't exist
        Scientists have discovered a giant planet orbiting a tiny red dwarf star, something they believed wasn t even possible. The planet, TOI-6894b, is about the size of Saturn but orbits a star just a fifth the mass of our Sun. This challenges long-standing ideas about how big planets form, especially around small stars. Current theories can't fully explain how such a planet could have taken shape. Even more fascinating, this cold planet may have a rare kind of atmosphere rich in methane or even ammon...

      

      
        Scientists found the brain glitch that makes you think you're still hungry
        A team of scientists has identified specialized neurons in the brain that store "meal memories" detailed recollections of when and what we eat. These engrams, found in the ventral hippocampus, help regulate eating behavior by communicating with hunger-related areas of the brain. When these memory traces are impaired due to distraction, brain injury, or memory disorders individuals are more likely to overeat because they can't recall recent meals. The research not only uncovers a critical neural m...

      

      
        Scientists discover natural cancer-fighting sugar in sea cucumbers
        Sea cucumbers, long known for cleaning the ocean floor, may also harbor a powerful cancer-fighting secret. Scientists discovered a unique sugar in these marine creatures that can block Sulf-2, an enzyme that cancer cells use to spread. Unlike traditional medications, this compound doesn t cause dangerous blood clotting issues and offers a cleaner, potentially more sustainable way to develop carbohydrate-based drugs if scientists can find a way to synthesize it in the lab.

      

      
        From the andes to the beginning of time: Telescopes detect 13-billion-year-old signal
        Astronomers have pulled off an unprecedented feat: detecting ultra-faint light from the Big Bang using ground-based telescopes. This polarized light scattered by the universe's very first stars over 13 billion years ago offers a new lens into the Cosmic Dawn. Overcoming extreme technical challenges, the CLASS team matched their data with satellite readings to isolate this ancient signal. These insights could reshape our understanding of the universe s early evolution, and what it reveals about my...

      

      
        This mind-bending physics breakthrough could redefine timekeeping
        By using a clever quantum approach that involves two "hands" on a clock one moving quickly and invisibly in the quantum world, the other more traditionally scientists have found a way to boost timekeeping precision dramatically. Even better, this trick doesn't require a matching increase in energy use. The discovery not only challenges long-held beliefs about how clocks and physics work, but could also lead to powerful new tools in science, technology, and beyond.

      

      
        Ginger vs. Cancer: Natural compound targets tumor metabolism
        Scientists in Japan have discovered that a natural compound found in a type of ginger called kencur can throw cancer cells into disarray by disrupting how they generate energy. While healthy cells use oxygen to make energy efficiently, cancer cells often rely on a backup method. This ginger-derived molecule doesn t attack that method directly it shuts down the cells' fat-making machinery instead, which surprisingly causes the cells to ramp up their backup system even more. The finding opens new d...

      

      
        Sand clouds and moon nurseries: Webb's dazzling exoplanet reveal
        Astronomers using the James Webb Space Telescope have captured breathtakingly detailed images of two giant exoplanets orbiting a distant sun-like star. These observations revealed sand-like silicate clouds in one planet s atmosphere and an unexpected disk around another that may be forming moons something previously seen only in much younger systems. These snapshots offer a rare chance to witness planet formation in real time, giving clues about how worlds like Jupiter and even our own solar syst...

      

      
        What a dinosaur ate 100 million years ago--Preserved in a fossilized time capsule
        A prehistoric digestive time capsule has been unearthed in Australia: plant fossils found inside a sauropod dinosaur offer the first definitive glimpse into what these giant creatures actually ate. The remarkably preserved gut contents reveal that sauropods were massive, indiscriminate plant-eaters who swallowed leaves, conifer shoots, and even flowering plants without chewing relying on their gut microbes to break it all down.

      

      
        Scientists uncover why "stealth" volcanoes stay silent until eruption
        Some volcanoes erupt with little to no warning, posing serious risks to nearby communities and air traffic. A study of Alaska's Veniaminof volcano reveals how specific internal conditions like slow magma flow and warm chamber walls can create these so-called "stealthy eruptions."

      

      
        Sun unleashes monster solar storm: Rare G4 alert issued for earth
        A violent solar eruption on May 31 launched a coronal mass ejection (CME) hurtling toward Earth, triggering a rare G4-level geomagnetic storm alert. Captured in real-time by U.S. Naval Research Laboratory instruments, this cosmic blast has the potential to disrupt satellites, communications, and military systems.

      

      
        New discovery: Tylenol stops pain at the nerves, before it hits the brain
        Acetaminophen may be doing more than just dulling pain in your brain it could be stopping it before it even starts. Scientists at Hebrew University have discovered that a metabolite of the drug, AM404, blocks pain signals right at their source by shutting down specific sodium channels in pain-sensing nerves. This radically shifts our understanding of how this common medication works and opens a door to new, more targeted painkillers that might eliminate side effects like numbness or weakness.

      

      
        2,000 miles through rivers and ice: Mapping neanderthals' hidden superhighways across eurasia
        Neanderthals may have trekked thousands of miles across Eurasia much faster than we ever imagined. New computer simulations suggest they used river valleys like natural highways to cross daunting landscapes during warmer climate windows. These findings not only help solve a long-standing archaeological mystery but also point to the likelihood of encounters and interbreeding with other ancient human species like the Denisovans.

      

      
        How madagascar's lizards became the island's last hope for reforestation
        After millions of years of evolutionary isolation, Madagascar developed an unparalleled array of wildlife, and recent research has uncovered an unsung ecological hero: the lizard. Though often dismissed in studies of seed dispersal, lizards in Madagascar have proven to be vital agents of endozoochory, consuming fruits and spreading the seeds of over 20 plant species. Surprisingly, their seed choices differ from those of the dominant lemurs, suggesting an unrecognized ecological role. Even more st...

      

      
        Scientists reveal the hidden pause that keeps bee colonies alive
        Bumblebee queens don t work nonstop. UC Riverside scientists discovered that queens take strategic reproductive breaks early in colony formation likely to conserve energy and increase the chance of survival. These pauses aren t due to stress but are a built-in response to brood development stages. The study shows queen behavior is far more flexible and dynamic than previously thought, potentially offering new insights into how to protect declining bee populations.

      

      
        Scientists may have spotted a giant new planet forming
        A team of international astronomers has uncovered what may be a gas giant planet forming around a distant young star. Using the powerful Very Large Telescope in Chile, they captured dazzling near-infrared images of a spiral-armed disk, matching theoretical predictions of how young planets shape their environment. With structures extending beyond the scale of our solar system and evidence of planet-driven disturbances, the system could provide vital clues to how planetary systems, including our ow...

      

      
        Planets may start forming before their stars are even done
        Planets may begin forming much earlier than scientists once believed during the final stages of a star s birth, not afterward. This bold new model, backed by simulations from researchers at SwRI, could solve a long-standing mystery: why so many exoplanet systems have tight clusters of similarly sized planets orbiting close to their stars. These compact systems seem to emerge naturally if planets start forming amid the swirling chaos of gas and dust still feeding the star.

      

      
        The dopamine clock: How your brain predicts when you'll feel good
        Deep within the brain, the ventral tegmental area does more than signal when we re rewarded it forecasts exactly when we ll be rewarded. This discovery came from an elegant collaboration between neuroscientists and AI researchers, revealing that VTA neurons not only predict the likelihood of future rewards but also their precise timing.

      

      
        Krakencoder predicts brain function 20x better than past methods
        Scientists at Weill Cornell Medicine have developed a new algorithm, the Krakencoder, that merges multiple types of brain imaging data to better understand how the brain s wiring underpins behavior, thought, and recovery after injury. This cutting-edge tool can predict brain function from structure with unprecedented accuracy 20 times better than past models and even estimate traits like age, sex, and cognitive ability.

      

      
        New evidence reveals advanced maritime technology in the philippines 35,000 years ago
        In a bold reimagining of Southeast Asia s prehistory, scientists reveal that the Philippine island of Mindoro was a hub of human innovation and migration as far back as 35,000 years ago. Advanced tools, deep-sea fishing capabilities, and early burial customs show that early humans here weren t isolated they were maritime pioneers shaping a wide-reaching network across the region.

      

      
        Earth's core mystery solved: How solid rock flows 3,000 kilometers beneath us
        Beneath Earth s surface, nearly 3,000 kilometers down, lies a mysterious layer where seismic waves speed up inexplicably. For decades, scientists puzzled over this D' layer. Now, groundbreaking experiments by ETH Zurich have finally revealed that solid rock flows at extreme depths, acting like liquid in motion. This horizontal mantle flow aligns mineral crystals called post-perovskite in a single direction, explaining the seismic behavior. It s a stunning leap in understanding Earth s deep inner ...

      

      
        Photons collide in the void: Quantum simulation creates light out of nothing
        Physicists have managed to simulate a strange quantum phenomenon where light appears to arise from empty space a concept that until now has only existed in theory. Using cutting-edge simulations, researchers modeled how powerful lasers interact with the so-called quantum vacuum, revealing how photons could bounce off each other and even generate new beams of light. These breakthroughs come just as new ultra-powerful laser facilities are preparing to test these mind-bending effects in reality, pot...

      

      
        Whales blow bubble rings--And they might be talking to us
        Humpback whales have been observed blowing bubble rings during friendly interactions with humans a behavior never before documented. This surprising display may be more than play; it could represent a sophisticated form of non-verbal communication. Scientists from the SETI Institute and UC Davis believe these interactions offer valuable insights into non-human intelligence, potentially helping refine our methods for detecting extraterrestrial life. Their findings underscore the intelligence, curi...

      

      
        Drone tech uncovers 1,000-year-old native american farms in michigan
        In the dense forests of Michigan s Upper Peninsula, archaeologists have uncovered a massive ancient agricultural system that rewrites what we thought we knew about Native American farming. Dating back as far as the 10th century, the raised ridged fields built by the ancestors of the Menominee Indian Tribe covered a vast area and were used for cultivating staple crops like corn and squash. Using drone-mounted lidar and excavations, researchers found evidence of a complex and labor-intensive system...

      

      
        Largest-ever map of the universe reveals 10x more early galaxies than expected
        An international team of scientists has unveiled the largest and most detailed map of the universe ever created using the James Webb Space Telescope, revealing nearly 800,000 galaxies stretching back to almost the beginning of time. The COSMOS-Web project not only challenges long-held beliefs about galaxy formation in the early universe but also unexpectedly revealed 10 times more galaxies than anticipated along with supermassive black holes Hubble couldn t see.

      

      
        Scientists find immune molecule that supercharges plant growth
        Scientists have discovered that a molecule known for defending animal immune systems called itaconate also plays a powerful role in plants. Researchers showed that itaconate not only exists in plant cells but actively stimulates growth, such as making corn seedlings grow taller. This surprising crossover between plant and animal biology may unlock new, natural ways to boost agriculture and even improve human health.

      

      
        Scientists uncover 230 giant ocean viruses that hijack photosynthesis
        Scientists have uncovered over 200 new giant viruses lurking in ocean waters that not only help shape marine ecosystems but also manipulate photosynthesis in algae. These massive viruses once nearly invisible to science are now being exposed using powerful supercomputing and a new tool called BEREN. By studying these viruses, researchers hope to predict harmful algal blooms and even explore biotech applications from the novel enzymes found in these viral genomes.

      

      
        3,500-year-old graves reveal secrets that rewrite bronze age history
        Bronze Age life changed radically around 1500 BC in Central Europe. New research reveals diets narrowed, millet was introduced, migration slowed, and social systems became looser challenging old ideas about nomadic Tumulus culture herders.

      

      
        Scientists freeze quantum motion using ultrafast laser trick
        Harvard and PSI scientists have managed to freeze normally fleeting quantum states in time, creating a pathway to control them using pure electronic tricks and laser precision.
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Cleaner fish: Tiny healers or hidden spreaders in coral reef ecosystems? | ScienceDaily
Where do you go when you're a fish and you need a skincare treatment? Coral reefs contain natural "beauty salons," lively social hubs of activity where fish "clients" swim up and wait to be serviced by smaller fish cleaners. The little cleaners dart under and around their much bigger clients -- even entering their mouths -- cleaning their scales of bacteria and parasites like a team of car washers servicing a Buick. Sometimes cleaners even rub against their clients, providing a soothing massage.


						
But aside from skincare benefits, what role might busy cleaner fish stations play in spreading microbes and bacteria -- for good or ill -- throughout the reef?

A study published in the journal Marine Ecology Progress Series is the first to investigate the influence of cleaner fish stations on reef microbial diversity. It is led by scientists from the University of California, Davis, and Woods Hole Oceanographic Institute (WHOI) in collaboration with the University of Miami Rosenstiel School of Marine, Atmospheric, and Earth Science.

Could busy cleaning stations, like some medical clinics, be hotspots for spreading bacteria and pathogens? Conversely, could they help spread beneficial microbes among reef communities? Such questions carry important implications for protecting and restoring coral reefs.

"How pathogens or microbes are moving around a reef could be critically important to understanding how individuals will be affected," said lead author Anya Brown, an assistant professor with the UC Davis Bodega Marine Laboratory and a National Geographic Explorer who conducted the study while at WHOI. "We know microbes play a role in coral bleaching, for example. This study really lays a foundation for using cleaner fish stations as a way to study movement of microbes around the reef environment."

Cleaner fish and reef health

One hardworking fish is the cleaning goby, a pinky-sized fish with a boldly colored stripe running along its length. To understand how the presence of cleaner fish stations influence microbial diversity, the researchers experimentally removed cleaning gobies from cleaner stations on two Caribbean reefs in Puerto Rico and St. Croix in June 2021. They compared water nutrients and microbial communities of the surrounding reef area with and without gobies. This also included resident damselfish, frequent clients of cleaner gobies.




They found that more fish visited sites where cleaner fish were present compared to where they were removed in both Puerto Rico and St. Croix. They also found that cleaner fish do influence damselfish and reef microbial diversity, but the extent of their role depends on substrate type and the specific reef environment, as each reef carries a unique microbial signature. In the study, client fish, nutrient concentrations and water bacterial cell densities varied throughout the sites.

The authors say the results highlight yet another potential impact of cleaner fish and the need to further demystify their role in shaping reef microbial diversity and transmission.

Tiny fish can have big impact

"While larger organisms on coral reefs attract the most attention, the study underscores the huge impact tiny organisms such as these fish can have and how important they are to helping healthy reef ecosystems function," said coauthor Paul Sikkel, a research professor at the Rosenstiel School's Department of Marine Biology and Ecology. "While cleaner fish are well-known for their role in consuming parasites and reducing stress in other fish, this is the first field study to quantify their effects on microbes of other fish and the surrounding coral reef environment."

Additional coauthors include Amy Apprill and Jeanne Bloomberg of Woods Hole Oceanographic Institution (WHOI), Gina Hendrick and Matthew Nicholson of the University of Miami Rosenstiel School, and Marta Soares and Raquel Xavier of the University of Porto in Portugal.

The study was funded by the National Science Foundation, WHOI, and The Foundation for Science and Technology in Portugal.
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Sun's secret storms exposed: NASA's codex unveils a turbulent corona | ScienceDaily
Scientists analyzing data from NASA's CODEX (Coronal Diagnostic Experiment) investigation have successfully evaluated the instrument's first images, revealing the speed and temperature of material flowing out from the Sun. These images, shared at a press event Tuesday at the American Astronomical Society meeting in Anchorage, Alaska, illustrate the Sun's outer atmosphere, or corona, is not a homogenous, steady flow of material, but an area with sputtering gusts of hot plasma. These images will help scientists improve their understanding of how the Sun impacts Earth and our technology in space.


						 (Coronal Diagnostic Experiment) investigation have successfully evaluated the instrument's first images, revealing the speed and temperature of material flowing out from the Sun. These images, shared at a press event Tuesday at the American Astronomical Society meeting in Anchorage, Alaska, illustrate the Sun's outer atmosphere, or corona, is not a homogenous, steady flow of material, but an area with sputtering gusts of hot plasma. These images will help scientists improve their understanding of how the Sun impacts Earth and our technology in space.

"We really never had the ability to do this kind of science before," said Jeffrey Newmark, a heliophysicist at NASA's Goddard Space Flight Center in Greenbelt, Maryland, and the principal investigator for CODEX. "The right kind of filters, the right size instrumentation -- all the right things fell into place. These are brand new observations that have never been seen before, and we think there's a lot of really interesting science to be done with it."

NASA's CODEX is a solar coronagraph, an instrument often employed to study the Sun's faint corona, or outer atmosphere, by blocking the bright face of the Sun. The instrument, which is installed on the International Space Station, creates artificial eclipses using a series of circular pieces of material called occulting disks at the end of a long telescope-like tube. The occulting disks are about the size of a tennis ball and are held in place by three metal arms.

Scientists often use coronagraphs to study visible light from the corona, revealing dynamic features, such as solar storms, that shape the weather in space, potentially impacting Earth and beyond.

"The CODEX instrument is doing something new," said Newmark. "Previous coronagraph experiments have measured the density of material in the corona, but CODEX is measuring the temperature and speed of material in the slowly varying solar wind flowing out from the Sun."

These new measurements allow scientists to better characterize the energy at the source of the solar wind.

The CODEX instrument uses four narrow-band filters -- two for temperature and two for speed -- to capture solar wind data. "By comparing the brightness of the images in each of these filters, we can tell the temperature and speed of the coronal solar wind," said Newmark.

Understanding the speed and temperature of the solar wind helps scientists build a more accurate picture of the Sun, which is necessary for modeling and predicting the Sun's behaviors.

"The CODEX instrument will impact space weather modeling by providing constraints for modelers to use in the future," said Newmark. "We're excited for what's to come."

CODEX is a collaboration between NASA Goddard Space Flight Center and the Korea Astronomy and Space Science Institute (KASI) with additional contribution from Italy's National Institute for Astrophysics (INAF).
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Pincer plot twist: How female earwigs evolved deadly claws for love and war | ScienceDaily
A new study from Toho University reveals that female earwigs exhibit a similar pattern of exaggerated forceps growth as males, suggesting that both sexes may have evolved these traits through sexual selection.


						
Do larger male elk have proportionally larger antlers? The answer is no. In fact, larger individuals tend to have disproportionately larger antlers -- a phenomenon known as positive allometry. This pattern, where certain body parts grow disproportionately large relative to body size, is observed not only in mammals but also in animals such as beetles and fiddler crabs. Evolutionary biologists interpret such traits as evidence of sexual selection -- a process in which physical features evolve because they offer an advantage in competing for mates.

Male earwigs are known to show positive allometry in their forceps -- pincer-like appendages at the tip of the abdomen -- which are believed to have evolved as weapons in battles with rivals. But what about females? Female earwigs also have forceps -- so what purpose do they serve?

Tomoki Matsuzawa (then an undergraduate) and Associate Professor Junji Konuma from Toho University's Department of Biology conducted the first quantitative study of female earwig forceps. Using morphometric analysis on the maritime earwigs Anisolabis maritima, they found that female forceps also display positive allometry -- suggesting that they, too, may have evolved through sexual selection.

The team measured the head, thorax, abdomen, and bilateral forceps dimensions and analyzed shape differences in both sexes. They found that males have thick, short, and curved forceps, while females have thin, long, and straight ones -- indicating clear sexual dimorphism. When they plotted body size against forceps width and length on a log-log scale, the results revealed a pattern of positive allometry in males: forceps width increased disproportionately with body size. Surprisingly, positive allometry was also found in females -- in the length of the forceps. These results suggest that while the sexes differ in forceps shape, both may have evolved them as weapons -- albeit in different ways.

Associate Professor Konuma explains:"A previous behavioral study has shown that female earwigs compete for small, non-aggressive males. Our findings suggest that female forceps may have evolved as effective weapons in such competition. While most earlier research focused only on males, our study highlights the importance of considering female traits as well when studying the evolution of insect morphologies."

These findings were published on June 12, 2025, in the Biological Journal of the Linnean Society.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250612001244.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Astronomers just found a giant planet that shouldn't exist | ScienceDaily
Star TOI-6894 is just like many in our galaxy, a small red dwarf, and only ~20% of the mass of our Sun. Like many small stars, it is not expected to provide suitable conditions for the formation and hosting of a large planet.


						
However, as published today in Nature Astronomy, an international team of astronomers have found the unmistakable signature of a giant planet, called TOI-6894b, orbiting this tiny star.

This system has been discovered as part of a large-scale investigation of TESS (Transiting Exoplanet Survey Satellite) data, looking for giant planets around low-mass stars, led by Dr. Edward Bryant, who completed this work at The University of Warwick and at UCL's Mullard Space Science Laboratory.

Dr. Edward Bryant, Warwick Astrophysics Prize Fellow and first author said: "I was very excited by this discovery. I originally searched through TESS observations of more than 91,000 low-mass red-dwarf stars looking for giant planets.

"Then, using observations taken with one of the world's largest telescopes, ESO's VLT, I discovered TOI-6894b, a giant planet transiting the lowest mass star known to date to host such a planet. We did not expect planets like TOI-6894b to be able to form around stars this low-mass. This discovery will be a cornerstone for understanding the extremes of giant planet formation."

The planet (TOI-6894b) is a low-density gas giant with a radius a little larger than Saturn's but with only ~50% of Saturn's mass. The star (TOI-6894) is the lowest mass star to have a transiting giant planet discovered to date and is just 60% the size of the next smallest star to host such a planet.

Dr. Daniel Bayliss, Associate Professor at The University of Warwick said: "Most stars in our Galaxy are actually small stars exactly like this, with low masses and previously thought to not be able to host gas giant planets. So, the fact that this star hosts a giant planet has big implications for the total number of giant planets we estimate exist in our Galaxy."

A Challenge to the Leading Theory 




Dr Vincent Van Eylen, from UCL's Mullard Space Science Laboratory, said: "It's an intriguing discovery. We don't really understand how a star with so little mass can form such a massive planet! This is one of the goals of the search for more exoplanets. By finding planetary systems different from our solar system, we can test our models and better understand how our own solar system formed."

The most widely held theory of planet formation is called the core accretion theory. A planetary core forms first through accretion (gradual accumulation of material) and as the core becomes more massive, it eventually attracts gases that form an atmosphere. It then gets massive enough to enter a runaway gas accretion process to become a gas giant.

In this theory, the formation of gas giants is harder around low-mass stars because the amount of gas and dust in a protoplanetary disc around the star (the raw material of planet formation) is too limited to allow a massive enough core to form, and the runaway process to occur.

Yet the existence of TOI-6894b (a giant planet orbiting an extremely low-mass star) suggests this model cannot be completely accurate and alternative theories are needed.

Edward added: "Given the mass of the planet, TOI-6894b could have formed through an intermediate core-accretion process, in which a protoplanet forms and steadily accretes gas without the core becoming massive enough for runaway gas accretion.

"Alternatively, it could have formed because of a gravitationally unstable disc. In some cases, the disc surrounding the star will become unstable due to the gravitational force it exerts on itself. These discs can then fragment, with the gas and dust collapsing to form a planet."

But the team found that neither theory could completely explain the formation of TOI-6894b from the available data, which leaves the origin of this giant planet as an open question for now.




Atmospheric Answers 

One avenue to shed light on the mystery of TOI-6894b's formation is a detailed atmospheric analysis. By measuring the distribution of material within the planet, astronomers can determine the size and structure of the planet's core, which can tell us whether TOI-6894b formed via accretion or via an unstable disc.

This is not the only interesting feature of TOI-6894b's atmosphere; it is unusually cold for a gas giant. Most of the gas giants found by exoplanet hunters are hot Jupiters, massive gas giants with temperatures of ~1000-2000 Kelvin. TOI-6894b, by comparison, is just 420 Kelvin. The cool temperature alongside other features of this planet, such as the very deep transits, makes it one of the most promising giant planets for astronomers to characterise with a cool atmosphere.

Professor Amaury Triaud, University of Birmingham, co-author, and member of the SPECULOOS collaboration said: "Based on the stellar irradiation of TOI-6894b, we expect the atmosphere is dominated by methane chemistry, which is exceedingly rare to identify. Temperatures are low enough that atmospheric observations could even show us ammonia, which would be the first time it is found in an exoplanet atmosphere.

"TOI-6894b likely presents a benchmark exoplanet for the study of methane-dominated atmospheres and the best 'laboratory' to study a planetary atmosphere containing carbon, nitrogen, and oxygen outside the Solar System."

The atmosphere of TOI-6894b is already scheduled to be observed by the James Webb Space Telescope (JWST) within the next 12 months. This should allow astronomers to determine which, if either, of the possible theories can explain the formation of this unexpected planet.

Co-author Dr. Andres Jordan, researcher at the Millennium Institute of Astrophysics and professor at Adolfo Ibanez University, said: "This system provides a new challenge for models of planet formation, and it offers a very interesting target for follow-up observations to characterize its atmosphere.

"This discovery is the result of a systematic program we have been carrying out for several years from Chile and the UK. Our efforts have allowed us to contribute significantly to a better understanding of how often small stars can form giant planets, and we are providing prime targets for follow-up with space-based platforms."
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Scientists found the brain glitch that makes you think you're still hungry | ScienceDaily
Researchers identify "meal memory" neurons in laboratory rats that could explain why forgetting lunch leads to overeating.


						
Scientists have discovered a specific group of brain cells that create memories of meals, encoding not just what food was eaten but when it was eaten. The findings, published today in Nature Communications, could explain why people with memory problems often overeat and why forgetting about a recent meal can trigger excessive hunger and lead to disordered eating.

During eating, neurons in the ventral hippocampus region of the brain become active and form what the team of researchers call "meal engrams" -- specialized memory traces that store information about the experience of food consumption. While scientists have long studied engrams for their role in storing memories and other experiences in the brain, the new study identified engrams dedicated to meal experiences.

"An engram is the physical trace that a memory leaves behind in the brain," said Scott Kanoski, professor of biological sciences at the USC Dornsife College of Letters, Arts and Sciences and corresponding author of the study. "Meal engrams function like sophisticated biological databases that store multiple types of information such as where you were eating, as well as the time that you ate."

Distracted eating implications

The discovery has immediate relevance for understanding human eating disorders. Patients with memory impairments, such as those with dementia or brain injuries that affect memory formation, may often consume multiple meals in quick succession because they cannot remember eating.

Furthermore, distracted eating -- such as mindlessly snacking while watching television or scrolling on a phone -- may impair meal memories and contribute to overconsumption.




Based on the experiment's findings, meal engrams are formed during brief pauses between bites when the brain of laboratory rats naturally survey the eating environment. These moments of awareness allow specialized hippocampal neurons to integrate multiple streams of information.

Kanoski said it can be assumed a human's brain would undergo a similar phenomenon. When someone's attention is focused elsewhere -- on phone or television screens -- these critical encoding moments are compromised. "The brain fails to properly catalog the meal experience," said Lea Decarie-Spain, postdoctoral scholar at USC Dornsife and the study's first author, "leading to weak or incomplete meal engrams."

Mechanism of 'meal memories'

The research team used advanced neuroscience techniques to observe the brain activity of laboratory rats as they ate, providing the first real-time view of how meal memories form.

The meal memory neurons are distinct from brain cells involved in other types of memory formation. When researchers selectively destroyed these neurons, lab rats showed impaired memory for food locations but retained normal spatial memory for non-food-related tasks, indicating a specialized system dedicated to meal-related information processing. The study revealed that meal memory neurons communicate with the lateral hypothalamus, a brain region long known to control hunger and eating behavior. When this hippocampus-hypothalamus connection was blocked, the lab rats overate and could not remember where meals were consumed.

Eating management implications

Kanoski said the findings could eventually inform new clinical approaches for treating obesity and weight management. Current weight management strategies often focus on restricting food intake or increasing exercise, but the new research suggests that enhancing meal memory formation could be equally important.




"We're finally beginning to understand that remembering what and when you ate is just as crucial for healthy eating as the food choices themselves," Kanoski said.

In addition to Kanoski, other study authors include Lea Decarie-Spain, Cindy Gu, Logan Tierno Lauer, Alicia E. Kao, Iris Deng, Molly E. Klug, Alice I. Waldow, Ashyah Hewage Galbokke, Olivia Moody, Kristen N. Donohue, Keshav S. Subramanian, Serena X. Gao, Alexander G. Bashaw and Jessica J. Rea of USC; and Samar N. Chehimi, Richard C. Crist, Benjamin C. Reiner and Matthew R. Hayes from the University of Pennsylvania's Perelman School of Medicine; and Mingxin Yang and Guillaume de Lartigue from the Monell Chemical Senses Center; and Kevin P. Myers from the Department of Psychology at Bucknell University.

The study was supported by a Quebec Research Funds Postdoctoral Fellowship (315201), an Alzheimer's Association Research Fellowship (AARFD-22-972811), a National Science Foundation Graduate Research Fellowship (DK105155), and a National Institute of Diabetes and Digestive and Kidney Diseases grant (K104897).
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Scientists discover natural cancer-fighting sugar in sea cucumbers | ScienceDaily
Sea cucumbers are the ocean's janitors, cleaning the seabed and recycling nutrients back into the water. But this humble marine invertebrate could also hold the key to stopping the spread of cancer.


						
A sugar compound found in sea cucumbers can effectively block Sulf-2, an enzyme that plays a major role in cancer growth, according to a University of Mississippi-led study published in Glycobiology. 

"Marine life produces compounds with unique structures that are often rare or not found in terrestrial vertebrates," said Marwa Farrag, a fourth-year doctoral candidate in the UM Department of BioMolecular Sciences.

"And so, the sugar compounds in sea cucumbers are unique. They aren't commonly seen in other organisms. That's why they're worth studying."

Farrag, a native of Assiut, Egypt, and the study's lead author, worked with a team of researchers from Ole Miss and Georgetown University on the project.

Human cells, and those of most mammals, are covered in tiny, hairlike structures called glycans that help with cell communication, immune responses and the recognition of threats such as pathogens. Cancer cells alter the expression of certain enzymes, including Sulf-2, which in turn modifies the structure of glycans. This modification helps cancer spread.

"The cells in our body are essentially covered in 'forests' of glycans," said Vitor Pomin, associate professor of pharmacognosy. "And enzymes change the function of this forest - essentially prunes the leaves of that forest.




"If we can inhibit that enzyme, theoretically, we are fighting against the spread of cancer."

Using both computer modeling and laboratory testing, the research team found that the sugar - fucosylated chondroitin sulfate - from the sea cucumber Holothuria floridana can effectively inhibit Sulf-2.

"We were able to compare what we generated experimentally with what the simulation predicted, and they were consistent," said Robert Doerksen, professor of medicinal chemistry. "That gives us more confidence in the results."

Unlike other Sulf-2 regulating medications, the sea cucumber compound does not interfere with blood clotting, said Joshua Sharp, UM associate professor of pharmacology.

"As you can imagine, if you are treating a patient with a molecule that inhibits blood coagulation, then one of the adverse effects that can be pretty devastating is uncontrolled bleeding," he said. "So, it's very promising that this particular molecule that we're working with doesn't have that effect."

As a marine-based cancer therapy, the sea cucumber compound may be easier to create and safer to use.




"Some of these drugs we have been using for 100 years, but we're still isolating them from pigs because chemically synthesizing it would be very, very difficult and very expensive," Sharp said. "That's why a natural source is really a preferred way to get at these carbohydrate-based drugs."

Unlike extracting carbohydrate-based drugs from pigs or other land mammals, extracting the compound from sea cucumbers does not carry a risk of transferring viruses and other harmful agents, Pomin said.

"It's a more beneficial and cleaner resource," he said. "The marine environment has many advantages compared to more traditional sources."

But sea cucumbers - some variants of which are a culinary delicacy in the Pacific Rim - aren't so readily abundant that scientists could go out and harvest enough to create a line of medication. The next step in the research is to find a way to synthesize the sugar compound for future testing.

"One of the problems in developing this as a drug would be the low yield, because you can't get tons and tons of sea cucumbers," Pomin said. "So, we have to have a chemical route, and when we've developed that, we can begin applying this to animal models."

The interdisciplinary nature of the scientific study, which featured researchers from chemistry, pharmacognosy and computational biology, underscored the importance of cross-disciplinary collaboration in tackling complex diseases like cancer, Pomin said.

"This research took multiple expertise - mass spectrometry, biochemistry, enzyme inhibition, computation," Pomin said. "It's the effort of the whole team."

This work is based on material supported by the National Institutes of Health grant nos. 1P20GM130460-01A1-7936, R01CA238455, P30CA51008 and S10OD028623.
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From the andes to the beginning of time: Telescopes detect 13-billion-year-old signal | ScienceDaily
For the first time, scientists have used Earth-based telescopes to look back over 13 billion years to see how the first stars in the universe affect light emitted from the Big Bang.


						
Using telescopes high in the Andes mountains of northern Chile, astrophysicists have measured this polarized microwave light to create a clearer picture of one of the least understood epochs in the history of the universe, the Cosmic Dawn.

"People thought this couldn't be done from the ground. Astronomy is a technology-limited field, and microwave signals from the Cosmic Dawn are famously difficult to measure," said Tobias Marriage, project leader and a Johns Hopkins professor of physics and astronomy. "Ground-based observations face additional challenges compared to space. Overcoming those obstacles makes this measurement a significant achievement."

Cosmic microwaves are mere millimeters in wavelength and very faint. The signal from polarized microwave light is about a million times fainter. On Earth, broadcast radio waves, radar, and satellites can drown out their signal, while changes in the atmosphere, weather, and temperature can distort it. Even in perfect conditions, measuring this type of microwave requires extremely sensitive equipment.

Scientists from the U.S. National Science Foundation's Cosmology Large Angular Scale Surveyor, or CLASS, project used telescopes uniquely designed to detect the fingerprints left by the first stars in the relic Big Bang light -- a feat that previously had only been accomplished by technology deployed in space, such as the U.S. National Aeronautics and Space Administration Wilkinson Microwave Anisotropy Probe (WMAP) and European Space Agency Planck space telescopes.

The new research, led by Johns Hopkins University and the University of Chicago, was published today in The Astrophysical Journal.

By comparing the CLASS telescope data with the data from the Planck and WMAP space missions, the researchers identified interference and narrowed in on a common signal from the polarized microwave light.




Polarization happens when light waves run into something and then scatter.

"When light hits the hood of your car and you see a glare, that's polarization. To see clearly, you can put on polarized glasses to take away glare," said first author Yunyang Li, who was a PhD student at Johns Hopkins and then a fellow at University of Chicago during the research. "Using the new common signal, we can determine how much of what we're seeing is cosmic glare from light bouncing off the hood of the Cosmic Dawn, so to speak."

After the Big Bang, the universe was a fog of electrons so dense that light energy was unable to escape. As the universe expanded and cooled, protons captured the electrons to form neutral hydrogen atoms, and microwave light was then free to travel through the space in between. When the first stars formed during the Cosmic Dawn, their intense energy ripped electrons free from the hydrogen atoms. The research team measured the probability that a photon from the Big Bang encountered one of the freed electrons on its way through the cloud of ionized gas and skittered off course.

The findings will help better define signals coming from the residual glow of the Big Bang, or the cosmic microwave background, and form a clearer picture of the early universe.

"Measuring this reionization signal more precisely is an important frontier of cosmic microwave background research," said Charles Bennett, a Bloomberg Distinguished Professor at Johns Hopkins who led the WMAP space mission. "For us, the universe is like a physics lab. Better measurements of the universe help to refine our understanding of dark matter and neutrinos, abundant but elusive particles that fill the universe. By analyzing additional CLASS data going forward, we hope to reach the highest possible precision that's achievable."

Building on research published last year that used the CLASS telescopes to map 75% of the night sky, the new results also help solidify the CLASS team's approach.




"No other ground-based experiment can do what CLASS is doing," says Nigel Sharp, program director in the NSF Division of Astronomical Sciences which has supported the CLASS instrument and research team since 2010. "The CLASS team has greatly improved measurement of the cosmic microwave polarization signal and this impressive leap forward is a testament to the scientific value produced by NSF's long-term support."

The CLASS observatory operates in the Parque Astronomico Atacama in northern Chile under the auspices of the Agencia Nacional de Investigacion y Desarrollo.

Other collaborators are at Villanova University, the NASA Goddard Space Flight Center, the University of Chicago, the National Institute of Standards and Technology, the Argonne National Laboratory, the Los Alamos National Laboratory, the Harvard-Smithsonian Center for Astrophysics, the University of Oslo, Massachusetts Institute of Technology, and the University of British Columbia. Collaborators in Chile are at the Universidad de Chile, Pontificia Universidad Catolica de Chile, Universidad de Concepcion, and the Universidad Catolica de la Santisima Concepcion.

The observatory is funded by the National Science Foundation, Johns Hopkins, and private donors.
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This mind-bending physics breakthrough could redefine timekeeping | ScienceDaily
How can the strange properties of quantum particles be exploited to perform extremely accurate measurements? This question is at the heart of the research field of quantum metrology. One example is the atomic clock, which uses the quantum properties of atoms to measure time much more accurately than would be possible with conventional clocks.


						
However, the fundamental laws of quantum physics always involve a certain degree of uncertainty. Some randomness or a certain amount of statistical noise has to be accepted. This results in fundamental limits to the accuracy that can be achieved. Until now, it seemed to be an immutable law that a clock twice as accurate requires at least twice as much energy. But now a team of researchers from TU Wien, Chalmers University of Technology, Sweden, and University of Malta have demonstrated that special tricks can be used to increase accuracy exponentially. The crucial point is using two different time scales - similar to how a clock has a second hand and a minute hand.

 What exactly is a clock? 

"We have analyzed in principle, which clocks could be theoretically possible," says Prof. Marcus Huber from the Atomic Institute at the TU Wien. "Every clock needs two components: first, a time base generator - such as a pendulum in a pendulum clock, or even a quantum oscillation. And second, a counter - any element that counts how many time units defined by the time base generator have already passed."

The time base generator can always return to exactly the same state. After one complete oscillation, the pendulum of a pendulum clock is exactly where it was before. After a certain number of oscillations, the caesium atom in an atomic clock returns to exactly the same state it was in before. The counter, on the other hand, must change - otherwise the clock is useless.

"This means that every clock must be connected to an irreversible process," says Florian Meier from TU Wien. "In the language of thermodynamics, this means that every clock increases the entropy in the universe; otherwise, it is not a clock." The pendulum of a pendulum clock generates a little heat and disorder among the air molecules around it, and every laser beam that reads the state of an atomic clock generates heat, radiation and thus entropy.

"We can now consider how much entropy a hypothetical clock with extremely high precision would have to generate - and, accordingly, how much energy such a clock would need," says Marcus Huber. "Until now, there seemed to be a linear relationship: if you want a thousand times the precision, you have to generate at least a thousand times as much entropy and expend a thousand times as much energy."

 Quantum time and classical time 




However, the research team at TU Wien, together with the Austrian Academy of Sciences (OAW) in Vienna and the teams from Chalmers University of Technology, Sweden, and University of Malta, has now shown that this apparent rule can be circumvented by using two different time scales.

"For example, you can use particles that move from one area to another to measure time, similar to how grains of sand indicate the time by falling from the top of the glass to the bottom," says Florian Meier. You can connect a whole series of such time-measuring devices in series and count how many of them have already passed through - similar to how one clock hand counts how many laps the other clock hand has already completed.

"This way, you can increase accuracy, but not without investing more energy," says Marcus Huber. "Because every time one clock hand completes a full rotation and the other clock hand is measured at a new location - you could also say every time the environment around it notices that this hand has moved to a new location - the entropy increases. This counting process is irreversible."

However, quantum physics also allows for another kind of particle transport: the particles can also travel through the entire structure, i.e. across the entire clock dial, without being measured anywhere. In a sense, the particle is then everywhere at once during this process; it has no clearly defined location until it finally arrives - and only then is it actually measured, in an irreversible process that increases entropy.

Like second and minute clock hands

"So we have a fast process that does not cause entropy - quantum transport - and a slow one, namely the arrival of the particle at the very end," explains Yuri Minoguchi, TU Wien. "The crucial thing about our method is that one hand behaves purely in terms of quantum physics, and only the other, slower hand actually has an entropy-generating effect."

The team has now been able to show that this strategy enables an exponential increase in accuracy per increase in entropy. This means that much higher precision can be achieved than would have been thought possible according to previous theories. "What's more, the theory could be tested in the real world using superconducting circuits, one of the most advanced quantum technologies currently available.," says Simone Gasparinetti, co-author of the study and leader of the experimental team at Chalmers. "This is an important result for research into high-precision quantum measurements and suppression of unwanted fluctuations," says Marcus Huber, "and at the same time it helps us to better understand one of the great unsolved mysteries of physics: the connection between quantum physics and thermodynamics."
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Ginger vs. Cancer: Natural compound targets tumor metabolism | ScienceDaily
Looking to nature for answers to complex questions can reveal new and unprecedented results that can even affect cells on molecular levels.


						
For instance, human cells oxidize glucose to produce ATP (adenosine triphosphate), an energy source necessary for life. Cancer cells produce ATP through glycolysis, which does not utilize oxygen even under conditions where oxygen is present, and convert glucose into pyruvic acid and lactic acid. This method of producing ATP, known as the Warburg effect, is considered inefficient, thus raising questions as to why cancer cells choose this energy pathway to fuel their proliferation and survival.

In search for this energy catalyst, Associate Professor Akiko Kojima-Yuasa's team at Osaka Metropolitan University's Graduate School of Human Life and Ecology analyzed the cinnamic acid ester ethyl p-methoxycinnamate, a main component of kencur ginger, and its mechanism of action. In previous research, the team discovered that ethyl p-methoxycinnamate has inhibitory effects on cancer cells. Furthering their study, the acid ester was administered to Ehrlich ascites tumor cells to assess which component of the cancer cells' energy pathway was being affected.

Results revealed that the acid ester inhibits ATP production by disrupting de novo fatty acid synthesis and lipid metabolism, rather than through glycolysis as commonly theorized. Further, the researchers discovered acid ester-induced inhibition triggered increased glycolysis, which acted as a possible survival mechanism in the cells. This adaptability was theorized to be attributed to ethyl p-methoxycinnamate's inability to induce cell death.

"These findings not only provide new insights that supplement and expand the theory of the Warburg effect, which can be considered the starting point of cancer metabolism research, but are also expected to lead to the discovery of new therapeutic targets and the development of new treatment methods," stated Professor Kojima-Yuasa.
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Sand clouds and moon nurseries: Webb's dazzling exoplanet reveal | ScienceDaily
Astrophysicists have gained precious new insights into how distant "exoplanets" form and what their atmospheres can look like, after using the James Webb Telescope to image two young exoplanets in extraordinary detail. Among the headline findings were the presence of silicate clouds in one of the planet's atmospheres, and a circumplanetary disk thought to feed material that can form moons around the other.


						
In broader terms, understanding how the "YSES-1" super-solar system formed offers further insight into the origins of our own solar system, and gives us the opportunity to watch and learn as a planet similar to Jupiter forms in real time.

"Directly imaged exoplanets -- planets outside our own Solar System -- are the only exoplanets that we can truly take photos of," said Dr Evert Nasedkin, a Postdoctoral Fellow in Trinity College Dublin's School of Physics, who is a co-author of the research article just published in leading international journal, Nature."These exoplanets are typically still young enough that they are still hot from their formation and it is this warmth, seen in the thermal infrared, that we as astronomers observe."

Using spectroscopic instruments on board the James Webb Space Telescope (JWST), Dr Kielan Hoch and a large international team, including astronomers at Trinity College Dublin, obtained broad spectra of two young, giant exoplanets which orbit a sun-like star, YSES-1. These planets are several times larger than Jupiter, and orbit far from their host star, highlighting the diversity of exoplanet systems even around stars like our own sun.

The main goal of measuring the spectra of these exoplanets was to understand their atmospheres. Different molecules and cloud particles all absorb different wavelengths of light, imparting a characteristic fingerprint onto the emission spectrum from the planets.

Dr Nasedkin said: "When we looked at the smaller, farther-out companion, known as YSES 1-c, we found the tell-tale signature of silicate clouds in the mid-infrared. Essentially made of sand-like particles, this is the strongest silicate absorption feature observed in an exoplanet yet."

"We believe this is linked to the relative youth of the planets: younger planets are slightly larger in radius, and this extended atmosphere may allow the cloud to absorb more of the light emitted by the planet. Using detailed modelling, we were able to identify the chemical composition of these clouds, as well as details about the shapes and sizes of the cloud particles."

The inner planet, YSES-1b offered up other surprises: while the whole planetary system is young, at 16.7 million years old, it is too old to find signs of the planet-forming disk around the host star. But around YSES-1b the team observed a disk around the planet itself, thought to feed material onto the planet and serve as the birthplace of moons - similar to those seen around Jupiter. Only three other such disks have been identified to date, both around objects significantly younger than YSES-1b, raising new questions as to how this disk could be so long-lived.




Dr Nasedkin added: "Overall, this work highlights the incredible abilities of JWST to characterise exoplanet atmospheres. With only a handful of exoplanets that can be directly imaged, the YSES-1 system offers unique insights into the atmospheric physics and formation processes of these distant giants."

In broad terms, understanding how this super-solar system formed offers further insight into the origins of our own solar system, giving us an opportunity to watch as a planet similar to Jupiter forms in real time. Understanding how long it takes to form planets, and the chemical makeup at the end of formation is important to learn what the building blocks of our own solar system looked like. Scientists can compare these young systems to our own, which provides hints of how our own planets have changed over time.

Dr Kielan Hoch, Giacconi Fellow at the Space Telescope Science Institute, said: "This program was proposed before the launch of JWST. It was unique, as we hypothesized that the NIRSpec instrument on the future telescope should be able to observe both planets in its field of view in a single exposure, essentially, giving us two for the price of one. Our simulations ended up being correct post-launch, providing the most detailed dataset of a multi-planet system to-date."

"The YSES-1 system planets are also too widely separated to be explained through current formation theories, so the additional discoveries of distinct silicate clouds around YSES-1 c and small hot dusty material around YSES-1 b leads to more mysteries and complexities for determining how planets form and evolve."

"This research was also led by a team of early career researchers such as postdocs and graduate students who make up the first five authors of the paper. This work would not have been possible without their creativity and hard work, which is what aided in making these incredible multidisciplinary discoveries."
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What a dinosaur ate 100 million years ago-Preserved in a fossilized time capsule | ScienceDaily
Plant fossils found in the abdomen of a sauropod support the long-standing hypothesis that these dinosaurs were herbivores, finds a study published on June 9 in the Cell Press journal Current Biology. The dinosaur, which was alive an estimated 94 to 101 million years ago, ate a variety of plants and relied almost entirely on its gut microbes for digestion.


						
"No genuine sauropod gut contents had ever been found anywhere before, despite sauropods being known from fossils found on every continent and despite the group being known to span at least 130 million years of time," says lead author Stephen Poropat of Curtin University. "This finding confirms several hypotheses about the sauropod diet that had been made based on studies of their anatomy and comparisons with modern-day animals."

Knowledge of the diet of dinosaurs is critical for understanding their biology and the role they played in ancient ecosystems, say the researchers. However, very few dinosaur fossils have been found with cololites, or preserved gut contents. Sauropod cololites have remained particularly elusive, even though these dinosaurs may have been the most ecologically impactful terrestrial herbivores worldwide throughout much of the Jurassic and Cretaceous periods, given their gigantic sizes. Due to this lack of direct evidence when it comes to diet, the specifics of sauropod herbivory -- including the plant taxa they ate -- have been largely inferred based on anatomical features such as tooth wear, jaw morphology, and neck length.

In the summer of 2017, the staff and volunteers at the Australian Age of Dinosaurs Museum of Natural History were excavating a relatively complete subadult skeleton of the sauropod Diamantinasaurus matildae from the mid-Cretaceous period, which was found in the Winton Formation of Queensland, Australia. During this process, they noticed an unusual, fractured rock layer that appeared to contain the sauropod's cololite, which consisted of many well-preserved plant fossils.

Analysis of the plant specimens within the cololite showed that sauropods likely only engaged in minimal oral processing of their food, relying instead on fermentation and their gut microbiota for digestion. The cololite consisted of a variety of plants, including foliage from conifers (cone-bearing seed plants), seed-fern fruiting bodies (plant structures that hold seeds), and leaves from angiosperms (flowering plants), indicating that Diamantinasaurus was an indiscriminate, bulk feeder.

"The plants within show evidence of having been severed, possibly bitten, but have not been chewed, supporting the hypothesis of bulk feeding in sauropods," says Poropat.

The researchers also found chemical biomarkers of both angiosperms and gymnosperms -- a group of woody, seed-producing plants that include conifers. "This implies that at least some sauropods were not selective feeders, instead eating whatever plants they could reach and safely process," Poropat says. "These findings largely corroborate past ideas regarding the enormous influence that sauropods must have had on ecosystems worldwide during the Mesozoic Era."

Although it was not unexpected that the gut contents provided support for sauropod herbivory and bulk feeding, Poropat was surprised to find angiosperms in the dinosaur's gut. "Angiosperms became approximately as diverse as conifers in Australia around 100 to 95 million years ago, when this sauropod was alive," he says. "This suggests that sauropods had successfully adapted to eat flowering plants within 40 million years of the first evidence of the presence of these plants in the fossil record."




Based on these findings, the team suggests that Diamantinasaurus likely fed on both low- and high-growing plants, at least before adulthood. As hatchlings, sauropods could only access plants found close to the ground, but as they grew, so did their viable dietary options. In addition, the prevalence of small shoots, bracts, and seed pods in the cololite implies that subadult Diamantinasaurus targeted new growth portions of conifers and seed ferns, which are easier to digest.

According to the authors, the strategy of indiscriminate bulk feeding seems to have served sauropods well for 130 million years and might have enabled their success and longevity as a clade. Despite the importance of this discovery, Poropat pointed out a few caveats.

"The primary limitation of this study is that the sauropod gut contents we describe constitute a single data point," he explains. "These gut contents only tell us about the last meal or several meals of a single subadult sauropod individual," says Poropat. "We don't know if the plants preserved in our sauropod represent its typical diet or the diet of a stressed animal. We also don't know how indicative the plants in the gut contents are of juvenile or adult sauropods, since ours is a subadult, and we don't know how seasonality might have affected this sauropod's diet."

This research was supported by funding from the Australian Research Council.
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Scientists uncover why "stealth" volcanoes stay silent until eruption | ScienceDaily
When volcanoes are preparing to erupt, scientists rely on typical signs to warn people living nearby: deformation of the ground and earthquakes, caused by underground chambers filling up with magma and volcanic gas. But some volcanoes, called 'stealthy' volcanoes, don't give obvious warning signs. Now scientists studying Veniaminof, Alaska, have developed a model which could explain and predict stealthy eruptions.


						
"Despite major advances in monitoring, some volcanoes erupt with little or no detectable precursors, significantly increasing the risk to nearby populations," said Dr Yuyu Li of the University of Illinois, lead author of the study in Frontiers in Earth Science. "Some of these volcanoes are located near major air routes or close to communities: examples include Popocatepetl and Colima in Mexico, Merapi in Indonesia, Galeras in Colombia, and Stromboli in Italy.

"Our work helps explain how this happens, by identifying the key internal conditions -- such as low magma supply and warm host rock -- that make eruptions stealthy."

Warning signs 

Veniaminof is an ice-clad volcano in the Aleutian Arc of Alaska. It's carefully monitored, but only two of its 13 eruptions since 1993 have been preceded by enough signs to alert observing scientists. In fact, a 2021 eruption wasn't caught until three days after it had started.

"Veniaminof is a case study in how a volcano can appear quiet while still being primed to erupt," said Li. "It is one of the most active volcanoes in Alaska. In recent decades, it has produced several VEI 3 eruptions -- moderate-sized explosive events that can send ash up to 15 km high, disrupt air traffic, and pose regional hazards to nearby communities and infrastructure -- often without clear warning signs."

To understand Veniaminof better, the scientists used monitoring data over three summer seasons immediately before the 2018 stealthy eruption, which produced only ambiguous warning signs immediately before it happened. They created a model of the volcano's behavior in different conditions which would change the impact of a filling magma reservoir on the ground above: six potential volumes of magma reservoir, a range of magma flow rates and reservoir depths, and three shapes of reservoir. They then compared the models to the data to see which matched best, and which conditions produced eruptions, stealthy or otherwise.




Volcano by the numbers 

They found that a high flow of magma into a chamber increases the deformation of the ground and the likelihood of an eruption. If magma is flowing quickly into a large chamber, an eruption may not occur, but if one does the ground will deform enough to warn scientists first. Similarly, a high flow of magma into a small chamber is likely to produce an eruption, but not a stealthy one. Stealthy eruptions become likely when a low flow of magma enters a relatively small chamber. Compared to observational data, the results suggest that Veniaminof has a small magma chamber and a low flow of magma.

The model also suggests that different conditions could produce different warning signs. Magma flowing into larger, flatter chambers may cause minimal earthquakes, while smaller, more elongated chambers may produce little deformation of the ground. But stealthy eruptions only happen when all the conditions are in place -- the right magma flow and the right chamber size, shape, and depth.

However, when the scientists added temperature to their model, they found that if magma is consistently present over time so that the rock of the chamber is warm, size and shape matters less. If the rock is warm, it's less likely to fail in ways that cause detectable earthquakes or deformation of the ground when magma flows into the chamber, increasing the likelihood of a stealthy eruption.

What next? 

"To mitigate the impact of these potential surprise eruptions, we need to integrate high-precision instruments like borehole tiltmeters and strainmeters and fiber optic sensing, as well as newer approaches such as infrasound and gas emission monitoring," said Li. "Machine learning has also shown promise in detecting subtle changes in volcanic behavior, especially in earthquake signal picking."

At Veniaminof, taking measures to improve the coverage of satellite monitoring and adding tiltmeters and strainmeters could improve the rate of detection. In the meantime, scientists now know which volcanoes they need to watch most closely: volcanoes with small, warm reservoirs and slow magma flows.

"Combining these models with real-time observations represents a promising direction for improving volcano forecasting," said Li. "In the future, this approach can enable improved monitoring for these stealthy systems, ultimately leading to more effective responses to protect nearby communities."
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Sun unleashes monster solar storm: Rare G4 alert issued for earth | ScienceDaily
Local weather alerts are familiar warnings for potentially dangerous conditions, but an alert that puts all of Earth on warning is rare.


						
On May 31, U.S. Naval Research Laboratory's (NRL) space-based instrumentation captured real-time observations of a powerful Coronal Mass Ejection (CME) that erupted from the Sun initiating a "severe geomagnetic storm" alert for Earth.

"Our observations demonstrated that the eruption was a so-called 'halo CME,' meaning it was Earth-directed, with our preliminary analysis of the data showing an apparent velocity of over 1,700 kilometers per second for the event," stated Karl Battams, Ph.D., computational scientist for NRL's Heliospheric Science Division.

A geomagnetic storm is a major disturbance of Earth's magnetosphere that's caused by the highly efficient transfer of energy from the solar wind into our planet's surrounding space environment. These disruptions are primarily driven by sustained periods of high-speed solar wind and, crucially, a southward-directed solar wind magnetic field that can peel away Earth's field on the dayside of the magnetosphere. Energy from the solar wind can open Earth's magnetic shield.

The National Oceanic and Atmospheric Administration's (NOAA) Space Weather Prediction Center classified the recent solar storm as G4, the second-highest classification on its five-level geomagnetic scale.

Powerful storms such as this are typically associated with CMEs. The repercussions can range from temporary outages and data corruption to permanent damage to satellites, increased atmospheric drag on low-Earth orbit spacecraft altering their trajectories, and disruptions to high-frequency radio communications.

"Such disturbances can compromise situational awareness, hinder command and control, affect precision-guided systems, and even impact the electrical power grid, directly affecting military readiness and operational effectiveness," Battams said.




CMEs are colossal expulsions of plasma and magnetic field from the Sun's corona, often carrying billions of tons of material. While CMEs generally take several days to reach Earth, the most intense events have been observed to arrive in as little as 18 hours.

"CMEs are the explosive release of mass from the Sun's low corona and are a primary driver of space weather, playing a central role in understanding the conditions of the Earth's magnetosphere, ionosphere, and thermosphere," explained Arnaud Thernisien, Ph.D., a research physicist from the Advanced Sensor Technology Section within NRL's Space Science Division.

The May 30 event saw a relatively slow but powerful solar flare erupt from the Earth-facing side of the Sun. The energy released blasted a CME directly toward Earth, leading to the geomagnetic storm that has produced auroras as far south as New Mexico.

NRL's space-based instrumentation, operating on NASA and NOAA spacecraft, provided vital real-time observations of this event. Notably, NRL's venerable Large Angle Spectrometric Coronagraph (LASCO), which has been in operation since 1996, and the Compact Coronagraph 1 (CCOR-1), launched in 2024, both relayed critical data.

Such observations are paramount for operational space weather monitoring, allowing forecasters to predict the timing of the event's arrival at Earth and the potential geomagnetic storm it could induce. While precisely predicting the severity, exact timing, or duration of a geomagnetic storm remains challenging, these advance warnings are vital for enabling the Department of Defense (DoD) and other agencies to prepare.

The potential impacts of severe geomagnetic storms on DoD and Department of the Navy missions are significant and far-reaching. These events can disrupt or degrade critical systems and capabilities, including satellite communications, Global Positioning System (GPS) navigation and timing, and various remote sensing systems.




"NRL has been a pioneer in heliophysics and space weather research since the very inception of the field, dating back to the first discovery of CMEs through NRL space-based observations in 1971," Battams said. "Since then, NRL has consistently maintained its position at the forefront of coronal imaging with a portfolio of groundbreaking instrumentation that has driven heliospheric and space weather studies."

This includes:
    	LASCO coronagraphs operating on the joint ESA-NASA Solar and Heliospheric Observatory (SOHO) mission since 1996
    	Sun-Earth Connection Coronal and Heliospheric Investigation (SECCHI) instrument packages on the twin NASA Solar Terrestrial Relations Observatory (STEREO) spacecraft since 2006
    	Wide-Field Imager for Parker Solar Probe (WISPR) instrument on NASA Parker Solar Probe (PSP) since 2018
    	Solar Orbiter Heliospheric Imager (SoloHI) on ESA's Solar Orbiter mission since 2019
    	NOAA's CCOR-1, designed and built by NRL, operating on NOAA's GOES-19 since 2024

These assets, particularly instruments like LASCO and CCOR-1, are indispensable for providing the crucial real-time imagery necessary for forecasters to analyze and assess CMEs, determine Earth-impact likelihood, and issue timely warnings.

"They form the backbone of our ability to anticipate and mitigate the effects of space weather. As the G4 severe geomagnetic storm watch continues, the public and critical infrastructure operators are encouraged to visit NOAA's Space Weather Prediction Center for the latest information and updates," Thernisien said.

The journey of the CME, from its fierce eruption on the Sun to its arrival at Earth, approximately one million miles away, highlights the dynamic nature of our solar system and the ongoing importance of NRL's vital contributions to heliophysics research and space weather preparedness. The data collected from events such as this will be instrumental in future research, further enhancing our understanding and predictive capabilities and ultimately bolstering the resilience of national security and critical infrastructure.
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New discovery: Tylenol stops pain at the nerves, before it hits the brain | ScienceDaily
A new study from Hebrew University reveals that acetaminophen doesn't just work in the brain -- it also blocks pain at its source by acting on nerve endings in the body. The researchers found that its active metabolite, AM404, shuts down specific sodium channels in pain-sensing neurons, stopping pain signals before they reach the brain. This discovery not only reshapes our understanding of how one of the world's most common painkillers works, but also opens the door to developing safer, more targeted pain treatments.


						
A breakthrough study from the Hebrew University of Jerusalem, published this week in the prestigious journal PNAS (Proceedings of the National Academy of Sciences USA), reveals a previously unknown peripheral mechanism by which acetaminophen (also known as paracetamol, Tylenol(r), or Panadol(r)) relieves pain.

The study was led by Prof. Alexander Binshtok from the Hebrew University's Faculty of Medicine and Center for Brain Sciences (ELSC) and Prof. Avi Priel from its School of Pharmacy. Together, they uncovered a surprising new way that acetaminophen -- one of the world's most common painkillers -- actually works.

For decades, scientists believed that acetaminophen relieved pain by working only in the brain and spinal cord. But this new research, published in PNAS, shows that the drug also works outside the brain, in the nerves that first detect pain.

Their discovery centers on a substance called AM404, which the body makes after taking acetaminophen. The team found that AM404 is produced right in the pain-sensing nerve endings -- and that it works by shutting off specific channels (called sodium channels) that help transmit pain signals. By blocking these channels, AM404 stops the pain message before it even starts.

"This is the first time we've shown that AM404 works directly on the nerves outside the brain," said Prof. Binshtok. "It changes our entire understanding of how acetaminophen fights pain."

This breakthrough could also lead to new types of painkillers. Because AM404 targets only the nerves that carry pain, it may avoid the numbness, muscle weakness, and side effects that come with traditional local anesthetics.

"If we can develop new drugs based on AM404, we might finally have pain treatments that are highly effective but also safer and more precise," added Prof. Priel. 
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2,000 miles through rivers and ice: Mapping neanderthals' hidden superhighways across eurasia | ScienceDaily
Recent scholarship has concluded that Neanderthals made a second major migration from Eastern Europe to Central and Eastern Eurasia between 120,000 and 60,000 years ago. But the routes they took have long been a mystery -- primarily because there are few archaeological sites connecting the two regions.


						
In a new analysis, a team of anthropologists -- using computer simulations -- has offered a map of possible pathways, which concludes Neanderthals likely used river valleys as natural highways and traveled during warmer periods to move approximately 2,000 miles (3,250 km) in less than 2,000 years.

"Our findings show that, despite obstacles like mountains and large rivers, Neanderthals could have crossed northern Eurasia surprisingly quickly," explains Emily Coco, who began the study as a New York University doctoral student and is now a postdoctoral researcher at Portugal's University of Algarve.

The research, which appears in the journal PLOS One, was conducted with Radu Iovita, an associate professor at NYU's Center for the Study of Human Origins.

"These findings provide important insights into the paths of ancient migrations that cannot currently be studied from the archaeological record and reveal how computer simulations can help uncover new clues about ancient migrations that shaped human history," observes Coco.

In building their simulation of Neanderthals' two-millennia journey, Coco and Iovita considered the elevation of the terrain, reconstructed ancient rivers, glacial barriers, and temperature to model movement decisions of individuals -- an approach similar to that used to model both modern human and animal movement, but not previously applied to Neanderthals.

The authors find possible migration routes in two ancient periods -- Marine Isotope Stage 5e [MIS 5e] (beginning approximately 125,000 years ago) and Marine Isotope Stage3 [MIS 3] (beginning approximately 60,000 years ago) -- marked by warmer temperatures and therefore more suitable for movement.

Computer simulations, conducted on the NYU Greene Supercomputer Cluster, indicated that Neanderthals could have reached Eurasia's Siberian Altai Mountains within 2,000 years during either MIS 5e or MIS 3 using multiple possible routes that all follow the same basic northern path through the Ural Mountains and southern Siberia, often intersecting with known archaeological sites from the same time periods.

The authors add that the study sheds light on Neanderthal interactions with other ancient human groups. Specifically, their routes would have taken them into areas already occupied by Denisovans -- consistent with existing evidence of interbreeding between the two species.

"Neanderthals could have migrated thousands of kilometers from the Caucasus Mountains to Siberia in just 2,000 years by following river corridors," says Iovita. "Others have speculated on the possibility of this kind of fast, long-distance migration based on genetic data, but this has been difficult to substantiate due to limited archaeological evidence in the region. Based on detailed computer simulations, it appears this migration was a near-inevitable outcome of landscape conditions during past warm climatic periods."
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How madagascar's lizards became the island's last hope for reforestation | ScienceDaily
After the island of Madagascar drifted away from India 88 million years ago, isolating it from all other landmasses, its flora and fauna evolved in seclusion. As these transformed into plants and animals completely unique to their island, Madagascar became a biodiversity hotspot unlike anywhere else on Earth.


						
An important facet of this biodiversity is an ecological process called endozoochory, which is when animals eat plant seeds and then poop them out somewhere else, aiding in the spread of the plants. Most research on endozoochory has focused on the roles of birds and mammals as seed dispersers, but lizards, which are also known play a significant role, have remained largely overlooked.

This negligence inspired a team of researchers at Kyoto University to shine a spotlight on the humble lizard. Unlike many seed dispersers, lizards are not typically frugivores, animals that thrive on fruit and other fruit-like plant substances such as nuts and seeds. Fewer than 10% of lizard species have been reported to consume fruits, but those that do can play an important role, and some lizards are even known to act as primary seed dispersers for certain plant species.

"Lizards are under-appreciated as seed dispersers in many forest ecosystems, but we hypothesized that they may play a more important role across a broader range of regions than previously recognized," says corresponding author Ryobu Fukuyama.

The research team focused on three lizard species in a tropical dry forest in Madagascar, conducting behavioral observations, fecal analyses, and seed germination tests. The species, the Malagasy Giant Chameleon, Cuvier's Madagascar Swift, and the Western Girdled Lizard, are omnivores known to subsist on fruits, but they had not yet been carefully studied.

The team's results revealed that the lizards consumed fruits from over 20 plant species and expelled viable seeds. These plant species were largely different from those typically consumed by the Common Brown Lemur, a principal seed disperser in Madagascar's forests, indicating the lizards may play a more crucial role than previously thought.

Their project isn't only about acknowledging the importance of lizards, however. In recent years, environmental degradation caused by human activities has taken a toll on Malagasy forests, making some uninhabitable for large frugivores like lemurs. In contrast, the lizard species observed in this study can continue to inhabit these degraded environments. As seed dispersers, these lizards could potentially contribute to forest regeneration, but there are still many unknowns.

"Although lizards in Madagascar consume fruits from many plant species, other aspects of their role as seed dispersers, such as dispersal distances, remain poorly understood," says Fukuyama. In the future, the team intends to focus further on these additional unknowns.
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Scientists reveal the hidden pause that keeps bee colonies alive | ScienceDaily
Some queens don't rule nonstop. A new study from the University of California, Riverside shows that even bumble bee queens, the sole founders of their colonies, take regular breaks from reproduction -- likely to avoid burning out before their first workers arrive.


						
In the early stages of colony building, bumblebee queens shoulder the entire workload. They forage for food, incubate their developing brood by heating them with their wing muscles, maintain the nest, and lay eggs. It's a high-stakes balancing act: without the queen, the colony fails. Yet, researchers noticed an intriguing rhythm: a burst of egg-laying followed by several days of apparent inactivity.

"I saw these pauses early on, just by taking daily photos of the nests," said Blanca Peto, a doctoral student in entomology at UC Riverside and lead author of the new study. "It wasn't something I expected. I wanted to know what was happening during those breaks."

The findings are detailed in a paper published in BMC Ecology and Evolution.

To find out what triggered the pauses, Peto monitored more than 100 queens over a period of 45 days in a controlled insectary. She documented each queen's nesting activity, looking closely at their distinctive clutches -- clusters of eggs laid in wax-lined "cups" embedded in pollen mounds. Across the population, a pattern emerged: Many queens paused reproduction for several days, typically after a stretch of intense egg-laying.

The timing of these pauses appeared to align with the developmental stages of the existing brood. To test this, Peto experimentally added broods at different stages -- young larvae, older larvae, and pupae -- into nests during a queen's natural pause. The presence of pupae, which are nearly mature bees, prompted queens to resume egg-laying within about 1.5 days. In contrast, without added broods, the pauses stretched to an average of 12.5 days.

This suggests that queens respond to cues from their developing offspring and time their reproductive efforts accordingly.




"There's something about the presence of pupae that signals it's safe or necessary to start producing again," Peto said. "It's a dynamic process, not constant output like we once assumed."

Eusocial insects, including bumble bees, feature overlapping generations, cooperative brood care, and a division of labor. Conventional thinking about these types of insects is that they're producing young across all stages of development. However, Peto said this study challenges that conventional thinking about bumble bees, whose reproductive behavior is more nuanced and intermittent.

"What this study showed is that the queen's reproductive behavior is much more flexible than we thought," Peto said. "This matters because those early days are incredibly vulnerable. If a queen pushes too hard too fast, the whole colony might not survive."

The study focused on a single species native to the eastern U.S., but the implications could extend to other bumble bee species or even other eusocial insects. Queens in other species may also pace themselves during solo nest-founding stages. If so, this built-in rhythm could be an evolutionary trait that helps queens survive long enough to raise a workforce.

Multiple bumblebee populations in North America are declining, largely due to habitat loss, pesticide exposure, and climate stress. Understanding the biological needs of queens, the literal foundation of each colony, can help conservationists better protect them.

"Even in a lab where everything is stable and they don't have to forage, queens still pause," Peto said. "It tells us this isn't just a response to stress but something fundamental. They're managing their energy in a smart way."

This kind of insight is possible thanks to patient, hands-on observation, something Peto prioritized in her first research project as a graduate student.

"Without queens, there's no colony. And without colonies, we lose essential pollinators," Peto said. "These breaks may be the very reason colonies succeed."
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Scientists may have spotted a giant new planet forming | ScienceDaily
An international team of astronomers led by University of Galway, has discovered the likely site of a new planet in formation, most likely a gas giant planet up to a few times the mass of Jupiter.


						
Using the European Southern Observatory's Very Large Telescope (ESO's VLT) in Chile, the researchers captured spectacular images around a distant young star for the first time in the form of scattered near-infrared light that revealed an exceptionally structured disk.

The European Southern Observatory (ESO), the world's foremost international astronomy organization, has published a stunning view of the new planet-forming disk as their picture of the week.

The disk extends out to 130 astronomical units from its parent star -- the equivalent to 130 times the distance between Earth and the Sun. It shows a bright ring followed by a gap centered at roughly 50 astronomical units.

For comparison, the outermost planet in our solar system, Neptune, has an orbital distance from the Sun of 30 astronomical units.

Inside the disk gap, reminiscent of the outskirts of a hurricane on Earth, a system of spiral arms are visible. While appearing tiny in the image, the inner part of this planet-forming system measures 40 astronomical units in radius and would swallow all of the planets in our own solar system.

The study was led by Dr Christian Ginski from the Center for Astronomy in the School of Natural Sciences at University of Galway and was co-authored by four postgraduate students at the University.




Dr Christian Ginski, lecturer at the School of Natural Sciences, University of Galway and lead author of the paper, said: "While our team has now observed close to 100 possible planet-forming disks around nearby stars, this image is something special. One rarely finds a system with both rings and spiral arms in a configuration that almost perfectly fits the predictions of how a forming planet is supposed to shape its parent disk according to theoretical models. Detections like this bring us one step closer to understand how planets form in general and how our solar system might have formed in the distant past."

The study has been published in the international journal Astronomy and Astrophysics.

Dr Ginski said: "Besides this exceptionally beautiful planet-forming cradle there is something else that I find quite special about this study. Along with the large international team that we assembled for these observations, four of our own University of Galway graduate students were involved in this study. Without the critical help of Chloe Lawlor, Jake Byrne, Dan McLachlan and Matthew Murphy we would not have been able to finalize the analysis of these new results. It is my great privilege to work with such talented young researchers."

Chloe Lawlor, PhD student in Physics with a specialization in Astrophysics, University of Galway, said: "Working with Dr Christian Ginski on the 2MASS1612 paper has been an incredible experience. As an early-career researcher, having the opportunity to contribute to such exciting work has been especially rewarding. This work has been the perfect introduction to scientific writing and collaboration, and I'm very grateful for this kick-start to my research career."

Jake Byrne, MSc student in Physics with a specialization in Astrophysics, University of Galway, said: "It's an exciting time to be involved in planet formation theory at the University of Galway. There was a strong sense of collaboration among everyone involved in this paper, and I'm grateful to have been part of it. It's been a great introduction into what I hope to be a long career in research."

Dan McLachlan, MSc student in Physics with a specialization in Astrophysics, University of Galway, said: "I found it quite a thrilling experience to be making my first contribution to an astrophysics publication and was very grateful for the opportunity provided by being a part of Dr Ginski's research group. I also honed my academic writing skills in stepping up to the challenge and learned a few analytical techniques that will be of vital use in my own future research work."

The wider research team included colleagues in the UK, Germany, Australia, USA, Netherlands, Italy, Chile, France, Japan.




The scientific paper speculates on the presence of a planet based on its structure and the rings and spirals observed in the disk. It also notes some tentative atmospheric emission of just such a planet which the research team say requires further study to confirm.

Based on their research findings, Dr Ginski and his team have secured time at the world leading James Webb Space Telescope (JWST) observatory in the upcoming observation cycle.

Using the unprecedented sensitivity of the James Webb Telescope, the team hopes to be able to take an actual image of the young planet. If planets in the disk are confirmed, it will become a prime laboratory for the study of planet-disk interaction.
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Planets may start forming before their stars are even done | ScienceDaily
Star and planet formation has largely been considered separate, sequential processes. But in a new study, scientists at Southwest Research Institute (SwRI) have modeled a different scenario where planets start developing early -- during the final stages of stellar formation -- rather than after this phase ends, as previously assumed.


						
Among the many thousands of known exoplanets there is a large population of compact systems that each have multiple planets orbiting very close to their central star. This contrasts with our solar system, which lacks planets orbiting closer than Mercury. Interestingly, in compact systems, the total mass of the planets in each system relative to the host star's mass is remarkably consistent across hundreds of systems. The cause of this common mass ratio remains a mystery.

Dr. Raluca Rufu and Dr. Robin Canup of SwRI's Solar System Science and Exploration Division in Boulder, Colorado, used advanced simulations that show surviving early-formed planets match multiple observed features of compact systems, including both tight planetary orbits and a common mass ratio. Early planet growth also is consistent with prior observations of disks around young stars made by the Atacama Large Millimeter Array (ALMA) telescope.

"Compact systems are one of the great mysteries of exoplanet science," said Rufu, a Sagan Fellow and lead author of a Nature Communications describing this research. "They contain multiple rocky planets of similar size, like peas-in-a-pod, and a common mass ratio that is very different than that of our solar system's planets."

"Intriguingly, the common mass ratio seen in compact exoplanetary systems is similar to that of the satellite systems of our gas planets. These moons are thought to have developed as gas planets finalized their formation. This seems a powerful clue that compact systems may reflect a similar underlying process," said Canup.

A star forms as a molecular cloud of gas and dust collapses due to its own gravity. As material from the cloud infalls towards the central star, it is first deposited into a circumstellar disk orbiting the star. After infall ends, the disk persists for a few million years before its gas disperses. Planets form within the disk, starting with collisions and accumulation among dust grains and ending with the gravitational assembly of planets.

"Conventionally, it has been assumed that planetary assembly started after stellar infall ended. However, recent ALMA observations provide strong evidence that planetary accretion, or formation, may begin earlier," said Rufu. "We propose that compact systems are surviving remnants of planet accretion that occurred during the final phases of infall."

The new numerical simulations show that during infall, growing planets collect rocky material while their orbits gradually spiral inward through interactions with surrounding disk gas. As a planet gains mass, its inward orbit migration accelerates, so that planets above a critical mass fall into the star and are consumed. This balance between planetary growth and loss tends to produce similarly sized planets with characteristic masses determined by infall and disk conditions.




"We find that planets that accrete during infall can survive until the gas disk disperses and orbital migration ends," said Canup. "Importantly, across a broad range of conditions, the mass of surviving systems is proportional to the mass of the host star, providing the first explanation for the similar mass ratios of observed multi-planet compact systems."

The envisioned process is similar to the way moons may form around giant planets like Jupiter. Moons grow within a disk surrounding the planet that is fed by infalling gas and dust material from the circumstellar disk. A key difference lies in the timing: moon-forming disks disperse quickly once infall stops, while planet-forming disks around stars can last up to several million years. This subtle difference yields somewhat lower mass ratios for compact planetary systems than for gas planet satellite systems.

"It's exciting to see that the process of early assembly in young disks may work in a similar way across very different scales," the team notes.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250609121632.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The dopamine clock: How your brain predicts when you'll feel good | ScienceDaily
A small region of the brain, known as the ventral tegmental area (VTA), plays a key role in how we process rewards. It produces dopamine, a neuromodulator that helps predict future rewards based on contextual cues. A team from the universities of Geneva (UNIGE), Harvard, and McGill has shown that the VTA goes even further: it encodes not only the anticipated reward but also the precise moment it is expected. This discovery, made possible by a machine learning algorithm, highlights the value of combining artificial intelligence with neuroscience. The study is published in the journal Nature.


						
The ventral tegmental area (VTA) plays a key role in motivation and the brain's reward circuit. The main source of dopamine, this small cluster of neurons sends this neuromodulator to other brain regions to trigger an action in response to a positive stimulus.

"Initially, the VTA was thought to be merely the brain's reward centre. But in the 1990s, scientists discovered that it doesn't encode reward itself, but rather the prediction of reward," explains Alexandre Pouget, full professor in the Department of Basic Neurosciences in the UNIGE Faculty of Medicine.

Experiments on animals have shown that when a reward consistently follows a light signal, for example, the VTA eventually releases dopamine not at the moment of the reward, but as soon as the signal appears. This response therefore encodes the prediction of the reward -- linked to the signal -- rather than the reward itself.

A much more sophisticated function

This "reinforcement learning," which requires minimal supervision, is central to human learning. It's also the principle behind many artificial intelligence algorithms that improve performance through training -- such as AlphaGo, the first algorithm to defeat a world champion in the game of Go.

In a recent study, Alexandre Pouget's team, in collaboration with Naoshige Uchida of Harvard University and Paul Masset of McGill University, shows that the VTA's coding is even more sophisticated than previously thought. "Rather than predicting a weighted sum of future rewards, the VTA predicts their temporal evolution. In other words, each gain is represented separately, with the precise moment at which it is expected," explains the UNIGE researcher, who led this work.




"While we knew that VTA neurons prioritised rewards close in time over the ones further in the future- on the principle of a bird in the hand is worth two in the bush -we discovered that different neurons do so on different time scales, with some focus on the reward possible in a few seconds' time, others on the reward expected in a minute's time, and others on more distant horizons. This diversity is what allows the encoding of reward timing. This much finer representation gives the learning system great flexibility, allowing it to adapt to maximise immediate or delayed rewards, depending on the individual's goals and priorities."

AI and neuroscience: a two-way street

These findings stem from a fruitful dialogue between neuroscience and artificial intelligence. Alexandre Pouget developed a purely mathematical algorithm that incorporates the timing of reward processing. Meanwhile, the Harvard researchers gathered extensive neurophysiological data on VTA activity in animals experiencing rewards.

"They then applied our algorithm to their data and found that the results matched perfectly with their empirical findings." While the brain inspires AI and machine learning techniques, these results demonstrate that algorithms can also serve as powerful tools to reveal our neurophysiological mechanisms.
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Krakencoder predicts brain function 20x better than past methods | ScienceDaily
Using an algorithm they call the Krakencoder, researchers at Weill Cornell Medicine are a step closer to unraveling how the brain's wiring supports the way we think and act. The study, published June 5 in Nature Methods, used imaging data from the Human Connectome Project to align neural activity with its underlying circuitry.


						
Mapping how the brain's anatomical connections and activity patterns relate to behavior is crucial not only for understanding how the brain works generally but also for identifying biomarkers of disease, predicting outcomes in neurological disorders and designing personalized interventions.

Addressing the Elephant in the Room

The brain consists of a complex network of interconnected neurons whose collective activity drives our behavior. The structural connectome represents the physical wiring of the brain, the map of how different regions are anatomically connected. The other piece of the puzzle is the functional connectome, which represents patterns of neuronal activity between different parts of the brain, highlighting regions that activate together during specific tasks or at rest. Surprisingly, scientists have found that regions that are "wired together" don't always "fire together."

"But we're still just scratching the surface of how brain networks relate to the tasks of everyday life, like solving a math problem, having a conversation with a friend or driving a car," said senior author Dr. Amy Kuceyeski, professor of mathematics in radiology and in neuroscience at Weill Cornell Medicine.

While many researchers are modeling the relationship between functional and structural connectomes, they come up with different maps. "Everybody uses different methods to take pictures of the brain's networks," Dr. Kuceyeski explained. For example, when using magnetic resonance imaging (MRI) for brain scans, different methods for processing the same raw images can generate different connectomes.

Dr. Kuceyeski likens this patchwork approach to examining an elephant in a dark room, where one person is touching the trunk, somebody a leg, someone else an ear. "Our fundamental assumption is that each set of choices in the imaging and processing pipelines provides a different view of the same underlying system," said Keith Jamison, the study's first author and a research associate in Dr. Kuceyeski's lab.




To get a more comprehensive representation, Dr. Kuceyeski and her team built a tool that could take the structural and functional connectomes produced by all of these disparate approaches and collapse them together to produce a more unified interpretation.

"In my head, I saw it as some sort of monster with multiple arms that could reach out and grab different brain representations and digest and congeal them into one unified connectome," Jamison said. The resulting program, an autoencoder that compresses and reconstructs more than a dozen different "flavors" of input data, thus came to be called the Krakencoder.

Identifying Connections that Restore Lost Function 

The team trained the Krakencoder on data collected from over 700 subjects who participated in the National Institutes of Health's Human Connectome Project. As part of that study, volunteers underwent extensive structural and functional MRI scanning.

The researchers found that the Krakencoder allowed them to take an individual's structural connectome and correctly predict that person's functional connectome about 20 times more accurately than previously published approaches.

The Krakencoder's combined and compressed representation also predicted the individual's age, sex and their cognitive performance scores received on tests which had been administered along with their imaging scans. Such scores, Dr. Kuceyeski noted, are notoriously difficult to gauge based on brain imaging alone.




Being able to map functions like cognition to specific brain networks is key to understanding how anatomy and physiology give rise to our behaviors and abilities -- and how diseases and injuries can impair our performance.

In the future, Dr. Kuceyeski and her colleagues plan to combine the Krakencoder with a network modification tool they call NeMo that will allow them to examine the connectomes of people whose brains have been damaged by diseases. Christie Gillies, a PhD student in the Kuceyeski Lab, is using this approach to map outcomes following stroke.

"She's comparing the functional connectome produced by the NeMo + Krakencoder pipeline, based only on MRIs regularly collected in the clinic, to the actual functional MRI of a person. We found that our functional connectomes do a better job at predicting an individual's motor scores and language scores at follow up," Dr. Kuceyeski said.

These tools could also identify brain network connections associated with improved cognitive or motor performance. Boosting the activity of damaged circuits -- for example, through transcranial magnetic stimulation, a treatment that uses magnetic pulses to stimulate nerve cells in the brain -- could strengthen those connections and hasten recovery.
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New evidence reveals advanced maritime technology in the philippines 35,000 years ago | ScienceDaily
In 15 years of groundbreaking archaeological research, scientists from the Ateneo de Manila University, working with international experts and institutions, have established compelling evidence of the pivotal role of the Philippine archipelago in ancient maritime Southeast Asia. They uncovered a story of effective human migration, advanced technological innovation, and long-distance intercultural relations dating back over 35,000 years.


						
The Ateneo researchers' latest publication presents a wealth of data and materials from the Mindoro Archaeology Project, including some of the oldest evidence of the presence of anatomically modern humans (Homo sapiens) in the Philippine archipelago, in Occidental Mindoro -- particularly on Ilin Island; San Jose; and Sta. Teresa, Magsaysay.

Mindoro, like most of the main Philippine islands except for Palawan, was never connected to mainland Southeast Asia, neither by land bridges nor by ice sheets, and sea-crossings were always necessary to reach it. This likely spurred the development of sophisticated technologies for traversing and surviving this environment.

Evidence of sophisticated ancient technology on Philippine islands

A variety of finds such as human remains, animal bones, shells, and tools made from stone, bone and shell show that Mindoro's early inhabitants successfully harnessed both terrestrial and marine resources such that, over 30,000 years ago, they already possessed seafaring capabilities and specific fishing skills that enabled them to catch predatory open-sea fish species, such as bonito and shark, and to establish connections with distant islands and populations in the vast maritime region of Wallacea.

Particularly noteworthy is the innovative use of shells as raw material for tools since more than 30,000 years ago. This culminated in the manufacture of adzes from giant clam shells (Tridacna species), dating back 7,000-9,000 years ago. These bear a striking similarity to shell adzes found across the region of Island Southeast Asia and as far as Manus Island in Papua New Guinea, over 3,000 kilometers away.

The researchers also found on Ilin Island a human grave dating to around 5,000 years ago, with the body laid to rest in a fetal position and bedded and covered with limestone slabs. The manner of burial was similar to other flexed burials found across Southeast Asia, suggesting shared ideological and social influences and an emerging social complexity across a vast area from the mainland to distant islands.




Mindoro hints at vast, advanced maritime network

Mindoro's archaeological sites have yielded evidence of culturally sophisticated inhabitants who were behaviorally and technologically adapted to coastal and marine environments. Collectively, these discoveries suggest that Mindoro and nearby Philippine islands were part of an extensive maritime network that existed already during the Stone Age and facilitated cultural and technological exchange between early human populations across Island Southeast Asia for many millennia.

By documenting human habitation over a long period of time, with the emergence of advanced subsistence strategies and maritime technologies, the Mindoro Archaeology Project not only fills critical gaps in the prehistoric record of the Philippines but also redefines the region's significance in the broader narrative of human migration and adaptation in Island Southeast Asia.

The latest publication of the Mindoro Archeology Project is authored by the Ateneo de Manila University Department of Sociology and Anthropology's Dr. Alfred F. Pawlik, Dr. Riczar B. Fuentes, and Dr. Tanya Uldin; together with Dr. Marie Grace Pamela G. Faylona of the University of the Philippines -- Diliman Department of Anthropology, De La Salle University Department of Sociology and Behavioral Sciences, and Philippine Normal University College of Advanced Studies; and Trishia Gayle R. Palconit, PhD student at the University of Ferrara, Italy.
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Earth's core mystery solved: How solid rock flows 3,000 kilometers beneath us | ScienceDaily
Earthquakes, volcanic eruptions, shifting tectonic plates -- these are all signs that our planet is alive. But what is revealed deep inside the Earth surprises laymen and scientists alike: Almost 3000 kilometers below the Earth's surface, solid rock is flowing that is neither liquid, like lava, nor brittle like solid rock. This is shown by a new study by geoscientists led by Motohiko Murakami, Professor of Experimental Mineral Physics at ETH Zurich. The study has just been published in the journal Communications Earth & Environment.


						ting tectonic plates -- these are all signs that our planet is alive. But what is revealed deep inside the Earth surprises laymen and scientists alike: Almost 3000 kilometers below the Earth's surface, solid rock is flowing that is neither liquid, like lava, nor brittle like solid rock. This is shown by a new study by geoscientists led by Motohiko Murakami, Professor of Experimental Mineral Physics at ETH Zurich. The study has just been published in the journal 
Communications Earth & Environment.

Half a century of guesswork

For over 50 years, researchers have been puzzling over a strange zone deep inside the Earth -- the so-called D" layer, around 2700 kilometers beneath our feet. Earthquake waves suddenly behave differently there: their speed jumps as if they were traveling through a different material. What exactly happens at that layer of the mantle has been unclear for a long time, until now.

In 2004, Murakami, who has been a professor at ETH Zurich since 2017, discovered that perovskite, the main mineral of the Earth's lower mantle, transforms into a new mineral near the D" layer under extreme pressure and very high temperatures -- so-called "post-perovskite."

The researchers assumed that this change explained the strange acceleration of the seismic waves. But that was not the full story. In 2007, Murakami and colleagues found new evidence that the phase change of perovskite alone is not enough to accelerate earthquake waves.

Using a sophisticated computer model, they finally discovered something important: depending on the direction in which the post-perovskite crystals point, the hardness of the mineral changes. Only when all the crystals of the mineral point in the same direction in the model are the seismic waves accelerated -- as can be observed in the D" layer at a depth of 2700 kilometers.

In an unusual laboratory experiment at ETH Zurich, Murakami has now proven that post-perovskite crystals align themselves in the identical direction under enormous pressure and extreme temperatures. To do this, the researchers measured the speed of seismic waves in their experiment and were also able to reproduce the jump that occurs at the D" layer in the laboratory. "We have finally found the last piece of the puzzle," says Murakami.




Mantle flow aligns crystals

The big question is: what makes these crystals line up? The answer is that solid mantle rock that flows horizontally along the lower edge of the Earth's mantle. Researchers have long suspected that this movement -- a kind of convection like boiling water -- must exist but have never been able to prove it directly.

A new chapter in Earth research begins

Murakami and his colleagues have now also demonstrated experimentally that mantle convection of solid rock is present at the boundary between the core and the Earth's mantle, i.e. that solid -- not liquid -- rock flows slowly but steadily at this depth. "This discovery not only solves the mystery of the D" layer but also opens a window into the dynamics in the depths of the Earth," Murakami explains.

It is not only a milestone, but also a turning point. The assumption that solid rock flows has been transformed from a theory into a certainty. "Our discovery shows that the Earth is not only active on the surface, but is also in motion deep inside," says the ETH professor.

With this knowledge, researchers can now begin to map the currents in the Earth's deepest interior and thus visualize the invisible motor that drives volcanoes, tectonic plates, and perhaps even the Earth's magnetic field.
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Photons collide in the void: Quantum simulation creates light out of nothing | ScienceDaily
Using advanced computational modelling, a research team led by the University of Oxford, working in partnership with the Instituto Superior Tecnico in the University of Lisbon, has achieved the first-ever real-time, three-dimensional simulations of how intense laser beams alter the 'quantum vacuum' -- a state once assumed to be empty, but which quantum physics predicts is full of virtual electron-positron pairs.


						m bizarre quantum phenomena.    
	The results have been published in Communications Physics.
Using advanced computational modelling, a research team led by the University of Oxford, working in partnership with the Instituto Superior Tecnico in the University of Lisbon, has achieved the first-ever real-time, three-dimensional simulations of how intense laser beams alter the 'quantum vacuum' -- a state once assumed to be empty, but which quantum physics predicts is full of virtual electron-positron pairs.

Excitingly, these simulations recreate a bizarre phenomenon predicted by quantum physics, known as vacuum four-wave mixing. This states that the combined electromagnetic field of three focused laser pulses can polarise the virtual electron-positron pairs of a vacuum, causing photons to bounce off each other like billiard balls - generating a fourth laser beam in a 'light from darkness' process. These events could act as a probe of new physics at extremely high intensities.

"This is not just an academic curiosity -- it is a major step toward experimental confirmation of quantum effects that until now have been mostly theoretical," said study co-author Professor Peter Norreys, Department of Physics, University of Oxford.

The work arrives just in time as a new generation of ultra-powerful lasers starts to come online. Facilities such as the UK's Vulcan 20-20, the European 'Extreme Light Infrastructure (ELI)' project, and China's Station for Extreme Light (SEL) and SHINE facilities are set to deliver power levels high enough to potentially confirm photon-photon scattering in the lab for the first time. Photon-photon scattering has already been selected as one of three flag-ship experiments at the University of Rochester's OPAL dual-beam 25 PW laser facility in the United States.

The simulations were carried out using an advanced version of OSIRIS, a simulation software package which models interactions between laser beams and matter or plasma.

Lead author Zixin (Lily) Zhang, a doctoral student at Oxford's Department of Physics, said: "Our computer program gives us a time-resolved, 3D window into quantum vacuum interactions that were previously out of reach. By applying our model to a three-beam scattering experiment, we were able to capture the full range of quantum signatures, along with detailed insights into the interaction region and key time scales. Having thoroughly benchmarked the simulation, we can now turn our attention to more complex and exploratory scenarios -- including exotic laser beam structures and flying-focus pulses."

Crucially, these models provide details that experimentalists depend on to design precise, real-world tests including realistic laser shapes and pulse timings. The simulations also reveal new insights, including how these interactions evolve in real time and how subtle asymmetries in beam geometry can shift the outcome.

According to the team, the tool will not only assist in planning future high-energy laser experiments but could also help search for signs of hypothetical particles such as axions and millicharged particles -- potential candidates for dark matter.

Study co-author Professor Luis Silva (at the Instituto Superior Tecnico, University of Lisbon and Visiting Professor in Physics at the University of Oxford) added: "A wide range of planned experiments at the most advanced laser facilities will be greatly assisted by our new computational method implemented in OSIRIS. The combination of ultra-intense lasers, state-of-the-art detection, cutting-edge analytical and numerical modelling are the foundations for a new era in laser-matter interactions, which will open new horizons for fundamental physics."
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Whales blow bubble rings--And they might be talking to us | ScienceDaily
A team of scientists from the SETI Institute and the University of California at Davis documented, for the first time, humpback whales producing large bubble rings, like a human smoker blowing smoke rings, during friendly interactions with humans. This previously little studied behavior may represent play or communication. Humpback whales are already known for using bubbles to corral prey and creating bubble trails and bursts when competing to escort a female whale. These new observations show humpback whales producing bubble rings during friendly encounters with humans. This finding contributes to the WhaleSETI team's broader goal of studying non-human intelligence to aid in the search for extraterrestrial intelligence.


						
"Because of current limitations on technology, an important assumption of the search for extraterrestrial intelligence is that extraterrestrial intelligence and life will be interested in making contact and so target human receivers," said Dr. Laurance Doyle, SETI Institute scientist and co-author on the paper. "This important assumption is certainly supported by the independent evolution of curious behavior in humpback whales."

"Humpback whales live in complex societies, are acoustically diverse, use bubble tools and assist other species being harassed by predators," said co-lead author Dr. Fred Sharpe, UC Davis Affiliate. "Now, akin to a candidate signal, we show they are blowing bubble rings in our direction in an apparent attempt to playfully interact, observe our response, and/or engage in some form of communication."

"Humpback whales often exhibit inquisitive, friendly behavior towards boats and human swimmers," said co-lead author Jodi Frediani, marine wildlife photographer and U.C. Davis Affiliate. "We've now located a dozen whales from populations around the world, the majority of which have voluntarily approached boats and swimmers blowing bubble rings during these episodes of curious behavior."

The team's findings were recently published in Marine Mammal Science in a paper titled "Humpback Whales Blow Poloidal Vortex Bubble Rings." The study analyzes 12 bubble ring-production episodes involving 39 rings made by 11 individual whales.

Similar to studying Antarctica or other terrestrial analogs as a proxy for Mars, the Whale-SETI team is studying intelligent, non-terrestrial (aquatic), nonhuman communication systems to develop filters that aid in parsing cosmic signals for signs of extraterrestrial life. As noted by Karen Pryor, "patterns of bubble production in cetaceans constitute a mode of communication not available to terrestrial mammals" (Pryor 1990).

Other team members and coauthors of the paper are Dr. Josephine Hubbard (Postdoc, U.C. Davis), Doug Perrine (Doug Perrine Photography), Simon Hilbourne (Marine Research Facility, Jeddah, Saudi Arabia), Dr. Joy Reidenberg (Icahn School of Medicine at Mount Sinai, NY) and Dr. Brenda McCowan, ( U.C. Davis, Veterinary Medicine), with specialties in animal intelligences, photography and behavior of humpback whales, whale anatomy, and the use of AI in parsing animal communication, respectively. An earlier paper by the team was published in the journal, PeerJ, entitled, "Interactive Bioacoustic Playback as a Tool for Detecting and Exploring Nonhuman Intelligence: "Conversing" with an Alaskan Humpback Whale." The authors would like to acknowledge the Templeton Foundation Diverse Intelligences Program for financial support of this work.
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Drone tech uncovers 1,000-year-old native american farms in michigan | ScienceDaily
With its cold climate, short growing season, and dense forests, Michigan's Upper Peninsula is known as a challenging place for farming. But a new Dartmouth-led study provides evidence of intensive farming by ancestral Native Americans at the Sixty Islands archaeological site along the Menominee River, making it the most complete ancient agricultural site in the eastern half of the United States.


						
The site features a raised ridge field system that dates to around the 10th century to 1600, and much of it is still intact today.

The raised fields are comprised of clustered ridged garden beds that range from 4 to 12 inches in height and were used to grow corn, beans, squash, and other plants by ancestors of the Menominee Indian Tribe of Wisconsin.

The findings are published in Science.

"The scale of this agricultural system by ancestral Menominee communities is 10 times larger than what was previously estimated," says lead author Madeleine McLeester, an assistant professor of anthropology at Dartmouth. "That forces us to reconsider a number of preconceived ideas we have about agriculture not only in the region, but globally."

The researchers surveyed approximately 330 acres. However, they have yet to map the entire site because it extends beyond the edge of where they surveyed. They estimate that they surveyed approximately 40% percent of the site.

"When you look at the scale of farming, this would require the kind of labor organization that is typically associated with a much larger, state-level hierarchical society," says McLeester. "Yet, everything we know about this area suggests smaller egalitarian societies lived in this region but in fact, this may have been a rather large settlement."

The site is part of Anaem Omot, which stands for the "Dog's Belly" in Menominee. Anaem Omot is a cluster of significant ancestral Menominee archaeological sites that includes several burial mounds and a village that were excavated from the 1950s through the 1970s. It was initially mapped in the 1990s by Marla Buckmaster, an archaeologist at Northern Michigan University, and excavated by Jan Brashler, an archaeologist at Grand Valley State University, who found and radiocarbon dated a corn cupule (the cup-shaped structure on the cob that holds a kernel in place) during excavations. Given the site's cultural significance with its burial mounds, dance rings, and agricultural ridges, it is listed on the U.S. National Register of Historic Places.




Building on earlier work and upon the request of the Menominee tribal authorities, archaeologists from Dartmouth were invited to survey and document the area using new technologies that were previously unavailable. Through this partnership, the team collaborated with David Grignon, tribal historic preservation officer for the Menominee Indian Tribe of Wisconsin and the late David Overstreet, a consulting archaeologist for the College of the Menominee Nation.

In May 2023, after the snow had melted but before the leaves were out, the team conducted an innovative, drone-based survey of a 330-acre area using lidar, a remote sensing technology that uses pulses of light from a laser to map objects on the Earth's surface. Lidar provides a dataset that's like a giant cloud of points with the locations of the trees and rocks, which can be filtered out to see the ground.

"Lidar is a really powerful tool in any kind of forested or heavily vegetated region where the archaeology is hidden below trees -- where no kind of optical imagery can see what's underneath the tree canopy," says senior author Jesse Casana, a professor of anthropology who uses remote sensing technologies regularly in his work.

"Forests are really confounding to archaeology in a lot of ways, so a lot of archaeologists rely on publicly available lidar that has often been obtained from a plane that flies really high. But the resolution of the data is usually too low to see many archaeological features. Drone lidar enables us to collect the same kind of data but at a much higher resolution," says Casana.

The lidar uncovered sets of parallel ridges at the site that create quilt-like patterns stretched across the landscape. The ridges were constructed in various directions, illustrating that their locations may have been determined by individual farmers rather than the direction of the sun or other environmental factors.

The results also revealed: a circular dance ring, a rectangular building foundation that may have been a colonial trading post, two 19th-century logging camps, looted burial mounds, previously unknown burial mounds that were thought to be destroyed in the 1970s, and a burial mound on privately owned land that is currently owned by a mining company.




In August 2023, the team excavated three raised agricultural ridges at various distances from the Menominee River. Through radiocarbon dating of charcoal samples obtained during excavation, they found that the ridges had been rebuilt over a 600-year period, with construction initially around the year 1000, which was during the Late Woodland period.

"All three ridges showed a similar picture in terms of their construction, history and reconstruction," says Casana. "Most field systems have been either lost or destroyed due to intensive land use across most of North America, through farming, including pastures, and the cutting down of trees for urban development."

"Through this research, we get this little window of preservation into pre-Colonial farming in the Upper Peninsula of Michigan," says Casana.

Through the excavations, charcoal, broken pieces of ceramics known as sherds, and artifacts were recovered, suggesting that remains from fires and household refuse were likely used as compost in the fields. The results also showed that wetland soils had been used to enrich the soil.

"Our work shows that the ancestral Menominee communities were modifying the soil to completely rework the topography in order to plant and harvest corn at the near northern extent of where this crop can grow," says McLeester. "This farming system was a massive undertaking requiring a lot of organization, labor, and know-how to maximize agricultural productivity."

"We're seeing this kind of landscape alteration in a place where we wouldn't expect it," says McLeester.

"This may be just a little remnant of what must have been a much larger system," says Casana.

The findings have made the researchers consider if perhaps the majority of eastern North America was once covered with agricultural ridges. Findings also challenge existing forest history of the Upper Peninsula, since Sixty Islands would have been deforested during this 600 year period.

The team is continuing their work with the Menominee Indian Tribe of Wisconsin at the Menominee Sixty Islands site with upcoming plans to survey the site and locate ancestral Menominee villages.
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Largest-ever map of the universe reveals 10x more early galaxies than expected | ScienceDaily
In the name of open science, the multinational scientific collaboration COSMOS on Thursday released the data behind the largest map of the universe. Called the COSMOS-Web field, the project, built with data collected by the James Webb Space Telescope (JWST), consists of all the imaging and a catalog of nearly 800,000 galaxies spanning nearly all of cosmic time. And it's been challenging existing notions of the infant universe.


						
"Our goal was to construct this deep field of space on a physical scale that far exceeded anything that had been done before," said UC Santa Barbara physics professor Caitlin Casey, who co-leads the COSMOS-Web collaboration alongside Jeyhan Kartaltepe of the Rochester Institute of Technology. "If you had a printout of the Hubble Ultra Deep Field on a standard piece of paper," she said, referring to the iconic view of nearly 10,000 galaxies released by NASA in 2004, "our image would be slightly larger than a 13-foot by 13-foot-wide mural, at the same depth. So it's really strikingly large."

The COSMOS-Web composite image reaches back about 13.5 billion years; according to NASA, the universe is about 13.8 billion years old, give or take one hundred million years. That covers about 98% of all cosmic time. The objective for the researchers was not just to see some of the most interesting galaxies at the beginning of time but also to see the wider view of cosmic environments that existed during the early universe, during the formation of the first stars, galaxies and black holes.

"The cosmos is organized in dense regions and voids," Casey explained. "And we wanted to go beyond finding the most distant galaxies; we wanted to get that broader context of where they lived."

A 'big surprise'

And what a cosmic neighborhood it turned out to be. Before JWST turned on, Casey said, she and fellow astronomers made their best predictions about how many more galaxies the space telescope would be able to see, given its 6.5 meter (21 foot) diameter light-collecting primary mirror, about six times larger than Hubble's 2.4 meter (7 foot, 10 in) diameter mirror. The best measurements from Hubble suggested that galaxies within the first 500 million years would be incredibly rare, she said.

"It makes sense -- the Big Bang happens and things take time to gravitationally collapse and form, and for stars to turn on. There's a timescale associated with that," Casey explained. "And the big surprise is that with JWST, we see roughly 10 times more galaxies than expected at these incredible distances. We're also seeing supermassive black holes that are not even visible with Hubble." And they're not just seeing more, they're seeing different types of galaxies and black holes, she added.




'Lots of unanswered questions'

While the COSMOS-Web images and catalog answer many questions astronomers have had about the early universe, they also spark more questions.

"Since the telescope turned on we've been wondering 'Are these JWST datasets breaking the cosmological model? Because the universe was producing too much light too early; it had only about 400 million years to form something like a billion solar masses of stars. We just do not know how to make that happen," Casey said. "So, lots of details to unpack, and lots of unanswered questions."

In releasing the data to the public, the hope is that other astronomers from all over the world will use it to, among other things, further refine our understanding of how the early universe was populated and how everything evolved to the present day. The dataset may also provide clues to other outstanding mysteries of the cosmos, such as dark matter and physics of the early universe that may be different from what we know today.

"A big part of this project is the democratization of science and making tools and data from the best telescopes accessible to the broader community," Casey said. The data was made public almost immediately after it was gathered, but only in its raw form, useful only to those with the specialized technical knowledge and the supercomputer access to process and interpret it. The COSMOS collaboration has worked tirelessly for the past two years to convert raw data into broadly usable images and catalogs. In creating these products and releasing them, the researchers hope that even undergraduate astronomers could dig into the material and learn something new.

"Because the best science is really done when everyone thinks about the same data set differently," Casey said. "It's not just for one group of people to figure out the mysteries."

For the COSMOS collaboration, the exploration continues. They've headed back to the deep field to further map and study it.

"We have more data collection coming up," she said. "We think we have identified the earliest galaxies in the image, but we need to verify that." To do so, they'll be using spectroscopy, which breaks up light from galaxies into a prism, to confirm the distance of these sources (more distant = older). "As a byproduct," Casey added, "we'll get to understand the interstellar chemistry in these systems through tracing nitrogen, carbon and oxygen. There's a lot left to learn and we're just beginning to scratch the surface."

The COSMOS-Web image is available to browse interactively; the accompanying scientific papers have been submitted to the Astrophysical Journal and Astronomy & Astrophysics.
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Scientists find immune molecule that supercharges plant growth | ScienceDaily
Within the animal kingdom, a naturally produced molecule known as itaconate serves a prominent role in the immune system as a defensive agent against viruses and inflammation. Itaconate is classified as a metabolite, a natural compound that arises when organisms convert food into energy.


						
While itaconate is well known in animals, its presence and functions in plants has been largely unexplored. Biologists at the University of California San Diego have now undertaken the first comprehensive exploration of itaconate's functions in plants. Researchers at the School of Biological Sciences, working with colleagues at Stanford University, Peking University, Carnegie Institute of Science and Universidad Nacional Autonoma de Mexico, used chemical imaging and measurement techniques to not only prove that itaconate exists in plants, but to reveal its significant role in stimulating plant growth.

"We found that itaconate is made in plants, particularly in growing cells," said study senior author Jazz Dickinson, an assistant professor in the Department of Cell and Developmental Biology. "Watering maize (corn) plants with itaconate made seedlings grow taller, which was exciting and encouraged us to investigate this metabolite further and understand how it interacts with plant proteins."

The results of the study, which was supported in part by funding from the National Science Foundation and the National Institutes of Health, were published June 6, 2025, in the journal Science Advances.

Dickinson's lab focuses on plant development, including research on processes related to root systems.

Using mass spectrometry, an imaging technique that reveals the chemical makeup of subjects by identifying individual molecules and compounds, the researchers confirmed that plants produce itaconate. Working with animal biochemists who specialize in itaconate, they described how itaconate interacts with plant-specific proteins in Arabidopsis, a member of the mustard family.

Further investigating these dynamics, the researchers found that itaconate plays multiple key roles in plant physiology. These include involvement in several critical plant processes, such as primary metabolism and oxygen-related stress response.

Optimizing the natural benefits of itaconate -- instead of synthetically derived chemicals -- could be crucial for safely maximizing crop growth to support growing global populations.

"This discovery could lead to nature-inspired solutions to improve the growth of crops, like corn," said Dickinson. "We also hope that developing a better understanding of the connections between plant and animal biology will reveal new insights that can help both plant and human health."

Since humans also make and use itaconate, the new study could offer fresh information for understanding the molecule's role in human development and growth.
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Scientists uncover 230 giant ocean viruses that hijack photosynthesis | ScienceDaily
Giant viruses play a role in the survival of single-celled marine organisms called protists. These include algae, amoeba, and flagellates, that form the base of ocean food webs. And since these protists form an important part of the food chain, these large DNA viruses are often responsible for various public health hazards, including harmful algal blooms.


						
A new study from scientists at the Rosenstiel School of Marine, Atmospheric and Earth Science may help unravel the many types of viruses present in our waterways and oceans. This knowledge could help local leaders better prepare for when a harmful algal bloom may be impacting their coastline or if any other viruses are present in local bays, rivers or lakes.

Using high-performance computing methods, researchers identified 230 novel giant viruses in publicly available marine metagenomic datasets and characterized their functions.

Published in the journal Nature npj Viruses, their findings include the discovery of new giant virus genomes previously unknown in literature. Within these genomes, 530 new functional proteins were characterized, including nine proteins involved in photosynthesis. This indicates that these viruses may be able to manipulate their host and the photosynthesis process during infection.

"By better understanding the diversity and role of giant viruses in the ocean and how they interact with algae and other ocean microbes, we can predict and possibly manage harmful algal blooms, which are human health hazards in Florida as well as all over the world," said Mohammad Moniruzzaman, a co-author of the study and an assistant professor in the Department of Marine Biology and Ecology. "Giant viruses are often the main cause of death for many phytoplankton, which serve as the base of the food web supporting ocean ecosystems and food sources. The novel functions found in giant viruses could have biotechnological potential, as some of these functions might represent novel enzymes."

Until recently, giant viruses were largely undetected by scientific methods due to limitations in bioinformatic pipelines. The researchers created an innovative tool called BEREN (Bioinformatic tool for Eukaryotic virus Recovery from Environmental metageNomes), designed to identify giant virus genomes within extensive public DNA sequencing datasets.

"We discovered that giant viruses possess genes involved in cellular functions such as carbon metabolism and photosynthesis -- traditionally found only in cellular organisms, said Benjamin Minch, the lead author of the study and a doctoral student in the Department of Marine Biology and Ecology at the Rosenstiel School. "This suggests that giant viruses play an outsized role in manipulating their host's metabolism during infection and influencing marine biogeochemistry."

The authors used the University of Miami's Pegasus supercomputer at the Frost Institute for Data Science and Computing (IDSC) to process and assemble large metagenomes -- often exceeding a gigabase per library -- enabling the reconstruction of hundreds of microbial community libraries.




"This study allowed us to create a framework to improve existing tools for detecting novel viruses that could aid in our ability to monitor pollution and pathogens in our waterways." Minch added.

The research team downloaded DNA sequencing data from nine large global ocean sampling projects spanning from pole to pole. Using BEREN, they recovered giant virus genomes from the data. The genomes were then annotated using publicly available gene function databases to characterize the functions encoded by these viruses. These genomes were compared to all currently available giant virus representatives to identify novel functions.

The BEREN program used to facilitate this research fills a gap in the research field by providing an easy-to-use, one-stop tool for identifying and classifying giant viruses in sequencing datasets. BEREN is available for anyone to use and can be download at: https://gitlab.com/benminch1/BEREN

The study titled, "Expansion of the genomic and functional diversity of global ocean giant viruses," was published on April 21, 2025 in the journal Nature npj Viruses. The authors are Benjamin Minch and Mohammad Moniruzzaman from the University of Miami Rosenstiel School of Marine, Atmospheric, and Earth Science.
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3,500-year-old graves reveal secrets that rewrite bronze age history | ScienceDaily
The bioarchaeological investigation of the Bronze Age cemetery of Tiszafured-Majoroshalom has shed new light on an important period in Central European history. An international research team - led by Tamas Hajdu, associate professor at the Department of Anthropology at ELTE and Claudio Cavazzuti, senior assistant professor at the University of Bologna, has shown that around 1500 BC, radical changes occurred in people's lives: they ate and lived differently, and the social system was also reorganized.


						
The multidisciplinary research was based on the Bronze Age cemetery excavated at Tiszafured-Majoroshalom, which was used both in the Middle Bronze Age (Fuzesabony culture) and in the Late Bronze Age (Tumulus culture). These finds allowed the researchers to compare the subsistence strategies before and after the change of era.

The research team, led by Tamas Hajdu and supported by the Hungarian National Research, Development and Innovation Office, sought to answer whether the spread of the Tumulus culture meant the arrival of new groups, or whether the autochtonous people continued their lives, and only the material culture changed. In addition, they also examined whether the archaeologically observed settlement changes around 1500 BC indicate a change in lifestyle: whether people began to follow a lifestyle involving mainly animal husbandry and frequent migration instead of settled farming.

The most important results of the research:

Diet changed: According to nitrogen stable isotope studies, people's food consumption was much more diverse during the Middle Bronze Age, and differences within society were also more evident in their diet -- especially in access to animal proteins. This difference decreased in the Late Bronze Age, and the diet became more uniform but poorer.

Broomcorn millet was introduced: According to carbon isotope analyses, the consumption of millet, a plant that can be grown quickly and has a high energy content, began at the beginning of the Late Bronze Age. The data from the Tiszafured Bronze Age cemetery indicate the earliest known consumption of millet in Europe.

Mobility decreased: According to the results of strontium isotope investigations, the populations of the Middle and Late Bronze Age Tiszafured had different mobility patterns. In the Late Bronze Age, fewer immigrants were identified and they arrived from different migration source than before. While in the Middle Bronze Age, beside the locals, several immigrants were observed among the people living in Tiszafured, and they most likely did not come from too far away (e.g. the Upper Tisza region, the northern part of the Carpathians), while in the Late Bronze Age, the settlers may have come from other geographical regions (e.g. Transdanubia or the Southern Carpathians). Based on radiocarbon dating, immigration began as early as the 1500s BC, which supports that the communities living further west had indeed reached the Great Hungarian Plain at the time of the appearance of the Tumulus culture.

Social relations changed: At the beginning of the Late Bronze Age, the long time-used tell-settlements were abandoned and people lived in less centralized settlement networks. This change created a looser, less structured social system - which is also reflected in dietary habits. According to microremains found in dental calculi and the aforementioned isotopic analyses, significantly less animal protein was consumed during this period than before, which contradicts the previous idea that people belonging to the Tumulus culture were mainly engaged in animal husbandry.

The study, published in the journal Scientific Reports, clearly refutes the previous idea that Tumulus culture people were mostly pastoralists. The research results show that the changes associated with the emergence of the Tumulus culture (around 1500 BC) - such as the observed differences in people's lifestyles, burial customs and settlements - can only be truly understood if traditional archaeological and anthropological studies are combined with modern bioarchaeological analyses.
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Scientists freeze quantum motion using ultrafast laser trick | ScienceDaily
Quantum materials exhibit remarkable emergent properties when they are excited by external sources. However, these excited states decay rapidly once the excitation is removed, limiting their practical applications. A team of researchers from Harvard University and the Paul Scherrer Institute PSI have now demonstrated an approach to stabilize these fleeting states and probe their quantum behaviour using bright X-ray flashes from the X-ray free electron laser SwissFEL at PSI. The findings are published in the journal Nature Materials.


						
Some materials exhibit fascinating quantum properties that can lead to transformative technologies, from lossless electronics to high-capacity batteries. However, when these materials are in their natural state, these properties remain hidden, and scientists need to gently ask for them to pop up. One way they can do this is by using ultrashort pulses of light to alter the microscopic structure and electronic interactions in these materials so that these functional properties emerge. But good things do not last forever - these light-induced states are transient, typically persisting only a few picoseconds, making them difficult to harness in practical applications. In rare cases, light-induced states become long-lived. Yet our understanding of these phenomena remains limited, and no general framework exists for designing excited states that last.

A team of scientists from Harvard University together with PSI colleagues overcame this challenge by manipulating the symmetry of electronic states in a copper oxide compound. Using the X-ray free electron laser SwissFEL at PSI, they demonstrated that tailored optical excitation can induce a 'metastable' non-equilibrium electronic state persisting for several nanoseconds - about a thousand times longer than they usually last for.

Steering electrons with light

The compound under study, Sr14Cu24O41 -- a so-called cuprate ladder -- is nearly one-dimensional. It is composed of two distinct structural units, the so-called ladders and chains, representing the shape in which copper and oxygen atoms organize. This one-dimensional structure offers a simplified platform to understand complex physical phenomena that also show up in higher-dimensional systems. "This material is like our fruit fly. It is the idealized platform that we can use to study general quantum phenomena," comments experimental condensed matter physicist Matteo Mitrano from Harvard University, who lead the study.

One way to achieve a long-lived ('metastable') non-equilibrium state is to trap it in an energy well from which it does not have enough energy to escape. However, this technique risks inducing structural phase transitions that change the material's molecular arrangement, and that is something Mitrano and his team wanted to avoid. "We wanted to figure out whether there was another way to lock the material in a non-equilibrium state through purely electronic methods," explains Mitrano. For that reason, an alternative approach was proposed.

In this compound, the chain units hold a high density of electronic charge, while the ladders are relatively empty. At equilibrium, the symmetry of the electronic states prevents any movement of charges between the two units. A precisely engineered laser pulse breaks this symmetry, allowing charges to quantum tunnel from the chains to the ladders. "It's like switching on and off a valve," explains Mitrano. Once the laser excitation is turned off, the tunnel connecting ladders and chains shuts down, cutting off the communication between these two units and trapping the system in a new long-lived state for some time that allows scientists to measure its properties.




Cutting-edge fast X-ray probes

The ultra-bright femtosecond X-ray pulses generated at the SwissFEL allowed the ultrafast electronic processes governing the formation and subsequent stabilization of the metastable state to be caught in action. Using a technique known as time-resolved Resonant Inelastic X-ray scattering (tr-RIXS) at the SwissFEL Furka endstation, researchers can gain unique insight into magnetic, electric, and orbital excitations - and their evolution over time - revealing properties that often remain hidden to other probes.

"We can specifically target those atoms that determine the physical properties of the system," comments Elia Razzoli, group leader of the Furka endstation and responsible for the experimental setup.

This capability was key to dissecting the light-induced electronic motion that gave rise to the metastable state. "With this technique, we could observe how the electrons moved at their intrinsic ultrafast timescale and hence reveal electronic metastability," adds Hari Padma, postdoctoral scholar at Harvard and lead author of the paper.

The first of many more to come

tr-RIXS gives unique insight into energy and momentum dynamics of excited materials, opening new scientific opportunities for users of SwissFEL in studying quantum materials; indeed, these results come from the first experiment conducted by a user group at the new Furka endstation. It was the interest in the development of tr-RIXS at Furka that motivated the Harvard team to collaborate with scientists at PSI. "It's a rare opportunity to get time on a machine where you can do these sorts of experiments," comments Mitrano.

Since this initial pilot experiment, the Furka endstation has undergone upgrades to improve the RIXS energy resolution, and it is ready to study new types of individual and collective excitations, such as lattice excitations. "This experiment was very important to showcase the kind of experiments that we can carry out. The endstation and its instrumentation are already much better now, and we will keep improving it," concludes Razzoli.

This work represents a major step forward in controlling quantum materials far from equilibrium, with broad implications for future technologies. By stabilising light-induced non-equilibrium states, the study opens new possibilities for designing materials with tuneable functionalities. This could enable ultrafast optoelectronic devices, including transducers that convert electrical signals to light and vice versa -- key components for quantum communication and photonic computing. It also offers a pathway toward non-volatile information storage, where data is encoded in quantum states created and controlled by light.
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        Atom-thin tech replaces silicon in the world's first 2D computer
        In a bold challenge to silicon s long-held dominance in electronics, Penn State researchers have built the world s first working CMOS computer entirely from atom-thin 2D materials. Using molybdenum disulfide and tungsten diselenide, they fabricated over 2,000 transistors capable of executing logic operations on a computer free of traditional silicon. While still in early stages, this breakthrough hints at an exciting future of slimmer, faster, and dramatically more energy-efficient electronics po...

      

      
        Smart nanoparticles launch genetic attack on lung cancer and cystic fibrosis
        A scientific team has unlocked a new way to treat serious lung conditions by using specially designed nanoparticles to deliver genetic therapies straight to lung cells. This innovation could transform care for patients with cystic fibrosis or lung cancer. With a powerful combination of gene editing and RNA delivery, the system has already shown promise in animal trials. The streamlined approach not only enhances precision but also avoids harmful side effects, making it a bold leap forward in resp...

      

      
        Pincer plot twist: How female earwigs evolved deadly claws for love and war
        Female earwigs may be evolving exaggerated weaponry just like males. A study from Toho University found that female forceps, once assumed to be passive tools, show the same kind of outsized growth linked to sexual selection as the male's iconic pincers. This means that female earwigs might be fighting for mates too specifically for access to non-aggressive males challenging long-standing assumptions in evolutionary biology.

      

      
        Scientists found the brain glitch that makes you think you're still hungry
        A team of scientists has identified specialized neurons in the brain that store "meal memories" detailed recollections of when and what we eat. These engrams, found in the ventral hippocampus, help regulate eating behavior by communicating with hunger-related areas of the brain. When these memory traces are impaired due to distraction, brain injury, or memory disorders individuals are more likely to overeat because they can't recall recent meals. The research not only uncovers a critical neural m...

      

      
        This "Healthy" Fat May Secretly Be Fueling Obesity
        A popular fat found in olive oil may not be as innocent as it seems. Scientists discovered that oleic acid, a major component of many high-fat foods, uniquely spurs the growth of new fat cells by manipulating specific proteins in the body. Unlike other fats, it boosts the number of "fat cell soldiers," setting the stage for obesity and possibly chronic diseases. This unexpected twist reveals that the type of fat we eat, not just how much, may play a crucial role in our health.

      

      
        Scientists discover natural cancer-fighting sugar in sea cucumbers
        Sea cucumbers, long known for cleaning the ocean floor, may also harbor a powerful cancer-fighting secret. Scientists discovered a unique sugar in these marine creatures that can block Sulf-2, an enzyme that cancer cells use to spread. Unlike traditional medications, this compound doesn t cause dangerous blood clotting issues and offers a cleaner, potentially more sustainable way to develop carbohydrate-based drugs if scientists can find a way to synthesize it in the lab.

      

      
        Unusual carbon build-up found in lungs of COPD patients
        Scientists have discovered that people with COPD have lung cells that contain over three times as much soot-like carbon as those of smokers without the disease. These overloaded cells are larger and trigger more inflammation, suggesting that pollution and carbon buildup not just smoking may drive the disease.

      

      
        Ginger vs. Cancer: Natural compound targets tumor metabolism
        Scientists in Japan have discovered that a natural compound found in a type of ginger called kencur can throw cancer cells into disarray by disrupting how they generate energy. While healthy cells use oxygen to make energy efficiently, cancer cells often rely on a backup method. This ginger-derived molecule doesn t attack that method directly it shuts down the cells' fat-making machinery instead, which surprisingly causes the cells to ramp up their backup system even more. The finding opens new d...

      

      
        New discovery: Tylenol stops pain at the nerves, before it hits the brain
        Acetaminophen may be doing more than just dulling pain in your brain it could be stopping it before it even starts. Scientists at Hebrew University have discovered that a metabolite of the drug, AM404, blocks pain signals right at their source by shutting down specific sodium channels in pain-sensing nerves. This radically shifts our understanding of how this common medication works and opens a door to new, more targeted painkillers that might eliminate side effects like numbness or weakness.

      

      
        This overlooked supplement could help you think sharper and age better
        Creatine is gaining recognition far beyond its roots in athletic performance. Once seen as a gym-only supplement, it's now understood to play a vital role in cellular energy, cognitive function, and healthy aging. From boosting memory and reducing fatigue to preserving muscle mass over time, creatine is emerging as a powerful tool for everyday wellness. Despite persistent myths about bloating or safety risks, a vast body of research shows it's both safe and effective for nearly everyone especiall...

      

      
        How a common antibiotic fuels bacterial resistance
        A new Rutgers Health study reveals a surprising twist in the antibiotic resistance story: instead of simply killing bacteria, drugs like ciprofloxacin can actually trigger a kind of microbial survival mode. By crashing the bacteria's energy levels, the antibiotic causes E. coli to ramp up its metabolism, survive attacks, and mutate faster ultimately accelerating the evolution of drug resistance.

      

      
        Shocking brain cancer breakthrough: Electric fields supercharge immune assault
        A breakthrough study from Keck Medicine of USC may have found a powerful new triple therapy for glioblastoma, one of the deadliest brain cancers. By combining Tumor Treating Fields (TTFields), which deliver electric waves into tumors, with immunotherapy and chemotherapy, researchers saw a major boost in survival.

      

      
        The dopamine clock: How your brain predicts when you'll feel good
        Deep within the brain, the ventral tegmental area does more than signal when we re rewarded it forecasts exactly when we ll be rewarded. This discovery came from an elegant collaboration between neuroscientists and AI researchers, revealing that VTA neurons not only predict the likelihood of future rewards but also their precise timing.

      

      
        Burning for Beauty: How TikTok Skin Trends Are Harming Young Girls
        Teens are diving into intense skincare routines inspired by TikTok, often slathering on six or more products daily, sometimes over ten in just minutes, chasing beauty ideals that favor lighter, flawless skin. But new research warns this digital trend comes at a high cost: irritation, allergies, and deep-seated social pressures around race and beauty.

      

      
        Krakencoder predicts brain function 20x better than past methods
        Scientists at Weill Cornell Medicine have developed a new algorithm, the Krakencoder, that merges multiple types of brain imaging data to better understand how the brain s wiring underpins behavior, thought, and recovery after injury. This cutting-edge tool can predict brain function from structure with unprecedented accuracy 20 times better than past models and even estimate traits like age, sex, and cognitive ability.

      

      
        Common supplement reverses premature aging in landmark human trial
        A rare genetic disorder called Werner syndrome causes premature aging and devastating health complications from an early age, yet treatment options have been lacking. New hope emerges from Chiba University, where researchers conducted the first clinical trial using nicotinamide riboside (NR), a precursor to NAD+ that s been linked to anti-aging effects. The double-blind trial revealed that NR not only safely boosted NAD+ levels but also improved cardiovascular health, reduced skin ulcers, and hel...

      

      
        5-minute STI test poised to transform sexual health diagnostics
        A revolutionary STI test developed by UK-based Linear Diagnostics is on track to dramatically reduce the time it takes to detect infections like gonorrhea and chlamydia. Built on ultra-fast EXPAR DNA amplification technology, the platform can deliver lab-accurate results in as little as five minutes, without sending samples to centralized labs.

      

      
        Hidden in your dna: The mutation combo that raises clot risk by 180%
        Genetic research in Sweden has unveiled three new gene variants that dramatically increase the risk of venous blood clots, sometimes by up to 180%. These discoveries build on existing knowledge of Factor V Leiden and suggest that genetics plays a bigger role than previously thought, especially for clots in the legs that can lead to life-threatening pulmonary embolisms.

      

      
        Whales blow bubble rings--And they might be talking to us
        Humpback whales have been observed blowing bubble rings during friendly interactions with humans a behavior never before documented. This surprising display may be more than play; it could represent a sophisticated form of non-verbal communication. Scientists from the SETI Institute and UC Davis believe these interactions offer valuable insights into non-human intelligence, potentially helping refine our methods for detecting extraterrestrial life. Their findings underscore the intelligence, curi...

      

      
        Cannabis use among seniors surges 46% in two years--Study reveals
        Cannabis use among older Americans has climbed dramatically, with 7% of adults 65 and older now reporting recent use. This rise isn't just in numbers but also in diversity older users today are more likely to be women, college-educated, and higher-income. Researchers suggest legalization and growing social acceptance are contributing factors, especially in states with medical marijuana laws. The trend is especially notable among those with chronic illnesses, raising both opportunities and concern...

      

      
        The hidden dna repair system that could transform cancer treatment
        A powerful new discovery reveals that Nup98 a protein once thought to only ferry molecules through the nucleus plays a vital role in safeguarding the most vulnerable areas of DNA. By forming droplet-like 'bubbles' around damaged DNA within dense regions called heterochromatin, Nup98 safely escorts the damaged segments to repair zones and times the involvement of risky repair proteins. This precise choreography prevents genetic errors that could trigger cancer or speed up aging.

      

      
        Why your diet might be making you sad--Especially if you're a man
        New research reveals a surprising downside to calorie-cutting diets: a link to higher levels of depressive symptoms, especially in men and those who are overweight. Despite popular beliefs that healthy eating boosts mental wellness, real-life restrictive diets may be nutritionally unbalanced, potentially harming emotional and cognitive health.

      

      
        Clinical trial finds diabetes pill reduces liver scarring
        A diabetes drug may soon double as a treatment for liver disease. Dapagliflozin, an SGLT-2 inhibitor typically used for type 2 diabetes, significantly improved liver inflammation and scarring in patients with metabolic dysfunction-associated steatohepatitis (MASH) during a clinical trial in China. Participants on the drug saw better liver outcomes and fewer side effects than those on a placebo. Although more research is needed, especially in diverse populations, this finding hints at a transforma...
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Atom-thin tech replaces silicon in the world's first 2D computer | ScienceDaily
UNIVERSITY PARK, Pa. -- Silicon is king in the semiconductor technology that underpins smartphones, computers, electric vehicles and more, but its crown may be slipping according to a team led by researchers at Penn State. In a world first, they used two-dimensional (2D) materials, which are only an atom thick and retain their properties at that scale, unlike silicon, to develop a computer capable of simple operations.


						
The development, published today (June 11) in Nature, represents a major leap toward the realization of thinner, faster and more energy-efficient electronics, the researchers said. They created a complementary metal-oxide semiconductor (CMOS) computer -- technology at the heart of nearly every modern electronic device -- without relying on silicon. Instead, they used two different 2D materials to develop both types of transistors needed to control the electric current flow in CMOS computers: molybdenum disulfide for n-type transistors and tungsten diselenide for p-type transistors.

"Silicon has driven remarkable advances in electronics for decades by enabling continuous miniaturization of field-effect transistors (FETs)," said Saptarshi Das, the Ackley Professor of Engineering and professor of engineering science and mechanics at Penn State, who led the research. FETs control current flow using an electric field, which is produced when a voltage is applied. "However, as silicon devices shrink, their performance begins to degrade. Two-dimensional materials, by contrast, maintain their exceptional electronic properties at atomic thickness, offering a promising path forward."

Das explained that CMOS technology requires both n-type and p-type semiconductors working together to achieve high performance at low power consumption -- a key challenge that has stymied efforts to move beyond silicon. Although previous studies demonstrated small circuits based on 2D materials, scaling to complex, functional computers had remained elusive, Das said.

"That's the key advancement of our work," Das said. "We have demonstrated, for the first time, a CMOS computer built entirely from 2D materials, combining large area grown molybdenum disulfide and tungsten diselenide transistors."

The team used metal-organic chemical vapor deposition (MOCVD) -- a fabrication process that involves vaporizing ingredients, forcing a chemical reaction and depositing the products onto a substrate -- to grow large sheets of molybdenum disulfide and tungsten diselenide and fabricate over 1,000 of each type of transistor. By carefully tuning the device fabrication and post-processing steps, they were able to adjust the threshold voltages of both n- and p-type transistors, enabling the construction of fully functional CMOS logic circuits.

"Our 2D CMOS computer operates at low-supply voltages with minimal power consumption and can perform simple logic operations at frequencies up to 25 kilohertz," said first author Subir Ghosh, a doctoral student pursuing a degree in engineering science and mechanics under Das's mentorship.




Ghosh noted that the operating frequency is low compared to conventional silicon CMOS circuits, but their computer -- known as a one instruction set computer -- can still perform simple logic operations.

"We also developed a computational model, calibrated using experimental data and incorporating variations between devices, to project the performance of our 2D CMOS computer and benchmark it against state-of-the-art silicon technology," Ghosh said. "Although there remains scope for further optimization, this work marks a significant milestone in harnessing 2D materials to advance the field of electronics."

Das agreed, explaining that more work is needed to further develop the 2D CMOS computer approach for broad use, but also emphasizing that the field is moving quickly when compared to the development of silicon technology.

"Silicon technology has been under development for about 80 years, but research into 2D materials is relatively recent, only really arising around 2010," Das said. "We expect that the development of 2D material computers is going to be a gradual process, too, but this is a leap forward compared to the trajectory of silicon."

Ghosh and Das credited the 2D Crystal Consortium Materials Innovation Platform (2DCC-MIP) at Penn State with providing the facilities and tools needed to demonstrate their approach. Das is also affiliated with the Materials Research Institute, the 2DCC-MIP and the Departments of Electrical Engineering and of Materials Science and Engineering, all at Penn State. Other contributors from the Penn State Department of Engineering Science and Mechanics include graduate students Yikai Zheng, Najam U. Sakib, Harikrishnan Ravichandran, Yongwen Sun, Andrew L. Pannone, Muhtasim Ul Karim Sadaf and Samriddha Ray; and Yang Yang, assistant professor. Yang is also affiliated with the Materials Research Institute and the Ken and Mary Alice Lindquist Department of Nuclear Engineering at Penn State. Joan Redwing, director of the 2DCC-MIP and distinguished professor of materials science and engineering and of electrical engineering, and Chen Chen, assistant research professor, also co-authored the paper. Other contributors include Musaib Rafiq and Subham Sahay, Indian Institute of Technology; and Mrinmoy Goswami, Jadavpur University.

The U.S. National Science Foundation, the Army Research Office and the Office of Naval Research supported this work in part.
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Smart nanoparticles launch genetic attack on lung cancer and cystic fibrosis | ScienceDaily
Scientists have made a key breakthrough for treating respiratory diseases by developing a new drug delivery system that transports genetic therapies directly to the lungs, opening promising possibilities for patients with conditions like lung cancer and cystic fibrosis.


						
The research, led by Gaurav Sahay of Oregon State University's College of Pharmacy, was conducted in collaboration with Oregon Health & Science University and the University of Helsinki. Findings were published in a pair of papers, in Nature Communications and the Journal of the American Chemical Society.

Scientists created and tested more than 150 different materials and discovered a new type of nanoparticle that can safely and effectively carry messenger RNA and gene-editing tools to lung cells. In studies with mice, the treatment slowed the growth of lung cancer and helped improve lung function that had been limited by cystic fibrosis, a condition caused by one faulty gene.

Researchers also developed a chemical strategy to build a broad library of lung-targeting lipids used in the nanocarriers. These materials form the foundation for the new drug delivery system and could be customized to reach different organs in the body, Sahay said.

"The streamlined synthesis method makes it easier to design future therapies for a wide range of diseases," he said. "These results demonstrate the power of targeted delivery for genetic medicines. We were able to both activate the immune system to fight cancer and restore function in a genetic lung disease, without harmful side effects."

Oregon State's K. Yu Vlasova, D.K. Sahel, Namratha Turuvekere Vittala Murthy, Milan Gautam and Antony Jozic were co-authors of the Nature Communications paper, which also included scientists from OHSU and the University of Helsinki. OSU's Murthy, Jonas Renner, Milan Gautam, Emily Bodi and Antony Jozic teamed with Sahay on the other study.

"Our long-term goal is to create safer, more effective treatments by delivering the right genetic tools to the right place," said Sahay. "This is a major step in that direction."

These studies were funded by the Cystic Fibrosis Foundation, the National Cancer Institute and the National Heart, Lung and Blood Institute.
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Pincer plot twist: How female earwigs evolved deadly claws for love and war | ScienceDaily
A new study from Toho University reveals that female earwigs exhibit a similar pattern of exaggerated forceps growth as males, suggesting that both sexes may have evolved these traits through sexual selection.


						
Do larger male elk have proportionally larger antlers? The answer is no. In fact, larger individuals tend to have disproportionately larger antlers -- a phenomenon known as positive allometry. This pattern, where certain body parts grow disproportionately large relative to body size, is observed not only in mammals but also in animals such as beetles and fiddler crabs. Evolutionary biologists interpret such traits as evidence of sexual selection -- a process in which physical features evolve because they offer an advantage in competing for mates.

Male earwigs are known to show positive allometry in their forceps -- pincer-like appendages at the tip of the abdomen -- which are believed to have evolved as weapons in battles with rivals. But what about females? Female earwigs also have forceps -- so what purpose do they serve?

Tomoki Matsuzawa (then an undergraduate) and Associate Professor Junji Konuma from Toho University's Department of Biology conducted the first quantitative study of female earwig forceps. Using morphometric analysis on the maritime earwigs Anisolabis maritima, they found that female forceps also display positive allometry -- suggesting that they, too, may have evolved through sexual selection.

The team measured the head, thorax, abdomen, and bilateral forceps dimensions and analyzed shape differences in both sexes. They found that males have thick, short, and curved forceps, while females have thin, long, and straight ones -- indicating clear sexual dimorphism. When they plotted body size against forceps width and length on a log-log scale, the results revealed a pattern of positive allometry in males: forceps width increased disproportionately with body size. Surprisingly, positive allometry was also found in females -- in the length of the forceps. These results suggest that while the sexes differ in forceps shape, both may have evolved them as weapons -- albeit in different ways.

Associate Professor Konuma explains:"A previous behavioral study has shown that female earwigs compete for small, non-aggressive males. Our findings suggest that female forceps may have evolved as effective weapons in such competition. While most earlier research focused only on males, our study highlights the importance of considering female traits as well when studying the evolution of insect morphologies."

These findings were published on June 12, 2025, in the Biological Journal of the Linnean Society.
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Scientists found the brain glitch that makes you think you're still hungry | ScienceDaily
Researchers identify "meal memory" neurons in laboratory rats that could explain why forgetting lunch leads to overeating.


						
Scientists have discovered a specific group of brain cells that create memories of meals, encoding not just what food was eaten but when it was eaten. The findings, published today in Nature Communications, could explain why people with memory problems often overeat and why forgetting about a recent meal can trigger excessive hunger and lead to disordered eating.

During eating, neurons in the ventral hippocampus region of the brain become active and form what the team of researchers call "meal engrams" -- specialized memory traces that store information about the experience of food consumption. While scientists have long studied engrams for their role in storing memories and other experiences in the brain, the new study identified engrams dedicated to meal experiences.

"An engram is the physical trace that a memory leaves behind in the brain," said Scott Kanoski, professor of biological sciences at the USC Dornsife College of Letters, Arts and Sciences and corresponding author of the study. "Meal engrams function like sophisticated biological databases that store multiple types of information such as where you were eating, as well as the time that you ate."

Distracted eating implications

The discovery has immediate relevance for understanding human eating disorders. Patients with memory impairments, such as those with dementia or brain injuries that affect memory formation, may often consume multiple meals in quick succession because they cannot remember eating.

Furthermore, distracted eating -- such as mindlessly snacking while watching television or scrolling on a phone -- may impair meal memories and contribute to overconsumption.




Based on the experiment's findings, meal engrams are formed during brief pauses between bites when the brain of laboratory rats naturally survey the eating environment. These moments of awareness allow specialized hippocampal neurons to integrate multiple streams of information.

Kanoski said it can be assumed a human's brain would undergo a similar phenomenon. When someone's attention is focused elsewhere -- on phone or television screens -- these critical encoding moments are compromised. "The brain fails to properly catalog the meal experience," said Lea Decarie-Spain, postdoctoral scholar at USC Dornsife and the study's first author, "leading to weak or incomplete meal engrams."

Mechanism of 'meal memories'

The research team used advanced neuroscience techniques to observe the brain activity of laboratory rats as they ate, providing the first real-time view of how meal memories form.

The meal memory neurons are distinct from brain cells involved in other types of memory formation. When researchers selectively destroyed these neurons, lab rats showed impaired memory for food locations but retained normal spatial memory for non-food-related tasks, indicating a specialized system dedicated to meal-related information processing. The study revealed that meal memory neurons communicate with the lateral hypothalamus, a brain region long known to control hunger and eating behavior. When this hippocampus-hypothalamus connection was blocked, the lab rats overate and could not remember where meals were consumed.

Eating management implications

Kanoski said the findings could eventually inform new clinical approaches for treating obesity and weight management. Current weight management strategies often focus on restricting food intake or increasing exercise, but the new research suggests that enhancing meal memory formation could be equally important.




"We're finally beginning to understand that remembering what and when you ate is just as crucial for healthy eating as the food choices themselves," Kanoski said.

In addition to Kanoski, other study authors include Lea Decarie-Spain, Cindy Gu, Logan Tierno Lauer, Alicia E. Kao, Iris Deng, Molly E. Klug, Alice I. Waldow, Ashyah Hewage Galbokke, Olivia Moody, Kristen N. Donohue, Keshav S. Subramanian, Serena X. Gao, Alexander G. Bashaw and Jessica J. Rea of USC; and Samar N. Chehimi, Richard C. Crist, Benjamin C. Reiner and Matthew R. Hayes from the University of Pennsylvania's Perelman School of Medicine; and Mingxin Yang and Guillaume de Lartigue from the Monell Chemical Senses Center; and Kevin P. Myers from the Department of Psychology at Bucknell University.

The study was supported by a Quebec Research Funds Postdoctoral Fellowship (315201), an Alzheimer's Association Research Fellowship (AARFD-22-972811), a National Science Foundation Graduate Research Fellowship (DK105155), and a National Institute of Diabetes and Digestive and Kidney Diseases grant (K104897).
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This "Healthy" Fat May Secretly Be Fueling Obesity | ScienceDaily
Eating a high-fat diet containing a large amount of oleic acid - a type of fatty acid commonly found in olive oil - could drive obesity more than other types of dietary fats, according to a study published in the journal Cell Reports.


						
The study found that oleic acid, a monounsaturated fat associated with obesity, causes the body to make more fat cells. By boosting a signaling protein called AKT2 and reducing the activity of a regulating protein called LXR, high levels of oleic acid resulted in faster growth of the precursor cells that form new fat cells.

"We know that the types of fat that people eat have changed during the obesity epidemic. We wanted to know whether simply overeating a diet rich in fat causes obesity, or whether the composition of these fatty acids that make up the oils in the diet is important. Do specific fat molecules trigger responses in the cells?" said Michael Rudolph, Ph.D., assistant professor of biochemistry and physiology at the University of Oklahoma College of Medicine and member of OU Health Harold Hamm Diabetes Center.

Rudolph and his team, including Matthew Rodeheffer, Ph.D., of Yale University School of Medicine and other collaborators at Yale and New York University School of Medicine, fed mice a variety of specialized diets enriched in specific individual fatty acids, including those found in coconut oil, peanut oil, milk, lard and soybean oil. Oleic acid was the only one that caused the precursor cells that give rise to fat cells to proliferate more than other fatty acids.

"You can think of the fat cells as an army," Rudolph said. "When you give oleic acid, it initially increases the number of 'fat cell soldiers' in the army, which creates a larger capacity to store excess dietary nutrients. Over time, if the excess nutrients overtake the number of fat cells, obesity can occur, which can then lead to cardiovascular disease or diabetes if not controlled."

Unfortunately, it's not quite so easy to isolate different fatty acids in a human diet. People generally consume a complex mixture if they have cream in their coffee, a salad for lunch and meat and pasta for dinner. However, Rudolph said, there are increasing levels of oleic acid in the food supply, particularly when access to food variety is limited and fast food is an affordable option.

"I think the take-home message is moderation and to consume fats from a variety of different sources," he said. "Relatively balanced levels of oleic acid seem to be beneficial, but higher and prolonged levels may be detrimental. If someone is at risk for heart disease, high levels of oleic acid may not be a good idea."
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Scientists discover natural cancer-fighting sugar in sea cucumbers | ScienceDaily
Sea cucumbers are the ocean's janitors, cleaning the seabed and recycling nutrients back into the water. But this humble marine invertebrate could also hold the key to stopping the spread of cancer.


						
A sugar compound found in sea cucumbers can effectively block Sulf-2, an enzyme that plays a major role in cancer growth, according to a University of Mississippi-led study published in Glycobiology. 

"Marine life produces compounds with unique structures that are often rare or not found in terrestrial vertebrates," said Marwa Farrag, a fourth-year doctoral candidate in the UM Department of BioMolecular Sciences.

"And so, the sugar compounds in sea cucumbers are unique. They aren't commonly seen in other organisms. That's why they're worth studying."

Farrag, a native of Assiut, Egypt, and the study's lead author, worked with a team of researchers from Ole Miss and Georgetown University on the project.

Human cells, and those of most mammals, are covered in tiny, hairlike structures called glycans that help with cell communication, immune responses and the recognition of threats such as pathogens. Cancer cells alter the expression of certain enzymes, including Sulf-2, which in turn modifies the structure of glycans. This modification helps cancer spread.

"The cells in our body are essentially covered in 'forests' of glycans," said Vitor Pomin, associate professor of pharmacognosy. "And enzymes change the function of this forest - essentially prunes the leaves of that forest.




"If we can inhibit that enzyme, theoretically, we are fighting against the spread of cancer."

Using both computer modeling and laboratory testing, the research team found that the sugar - fucosylated chondroitin sulfate - from the sea cucumber Holothuria floridana can effectively inhibit Sulf-2.

"We were able to compare what we generated experimentally with what the simulation predicted, and they were consistent," said Robert Doerksen, professor of medicinal chemistry. "That gives us more confidence in the results."

Unlike other Sulf-2 regulating medications, the sea cucumber compound does not interfere with blood clotting, said Joshua Sharp, UM associate professor of pharmacology.

"As you can imagine, if you are treating a patient with a molecule that inhibits blood coagulation, then one of the adverse effects that can be pretty devastating is uncontrolled bleeding," he said. "So, it's very promising that this particular molecule that we're working with doesn't have that effect."

As a marine-based cancer therapy, the sea cucumber compound may be easier to create and safer to use.




"Some of these drugs we have been using for 100 years, but we're still isolating them from pigs because chemically synthesizing it would be very, very difficult and very expensive," Sharp said. "That's why a natural source is really a preferred way to get at these carbohydrate-based drugs."

Unlike extracting carbohydrate-based drugs from pigs or other land mammals, extracting the compound from sea cucumbers does not carry a risk of transferring viruses and other harmful agents, Pomin said.

"It's a more beneficial and cleaner resource," he said. "The marine environment has many advantages compared to more traditional sources."

But sea cucumbers - some variants of which are a culinary delicacy in the Pacific Rim - aren't so readily abundant that scientists could go out and harvest enough to create a line of medication. The next step in the research is to find a way to synthesize the sugar compound for future testing.

"One of the problems in developing this as a drug would be the low yield, because you can't get tons and tons of sea cucumbers," Pomin said. "So, we have to have a chemical route, and when we've developed that, we can begin applying this to animal models."

The interdisciplinary nature of the scientific study, which featured researchers from chemistry, pharmacognosy and computational biology, underscored the importance of cross-disciplinary collaboration in tackling complex diseases like cancer, Pomin said.

"This research took multiple expertise - mass spectrometry, biochemistry, enzyme inhibition, computation," Pomin said. "It's the effort of the whole team."

This work is based on material supported by the National Institutes of Health grant nos. 1P20GM130460-01A1-7936, R01CA238455, P30CA51008 and S10OD028623.
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Unusual carbon build-up found in lungs of COPD patients | ScienceDaily
Cells taken from the lungs of people with chronic obstructive pulmonary disease (COPD) have a larger accumulation of soot-like carbon deposits compared to cells taken from people who smoke but do not have COPD, according to a study published today, June 10, in ERJ Open Research. Carbon can enter the lungs via cigarette smoke, diesel exhaust and polluted air.


						
The cells, called alveolar macrophages, normally protect the body by engulfing any particles or bacteria that reach the lungs. But, in their new study, researchers found that when these cells are exposed to carbon they grow larger and encourage inflammation.

The research was led by Dr James Baker and Dr Simon Lea from the University of Manchester, UK. Dr Baker said: "COPD is a complex disease that has a number of environmental and genetic risk factors. One factor is exposure to carbon from smoking or breathing polluted air.

"We wanted to study what happens in the lungs of COPD patients when this carbon builds up in alveolar macrophage cells, as this may influence the cells' ability to protect the lungs."

The researchers used samples of lung tissue from surgery for suspected lung cancer. They studied samples (that did not contain any cancer cells) from 28 people who had COPD and 15 people who were smokers but did not have COPD.

Looking specifically at alveolar macrophage cells under a microscope, the researchers measured the sizes of the cells and the amount of carbon accumulated in the cells.

They found that the average amount of carbon was more than three times greater in alveolar macrophage cells from COPD patients compared to smokers. Cells containing carbon were consistently larger than cells with no visible carbon.




Patients with larger deposits of carbon in their alveolar macrophages had worse lung function, according to a measure called FEV1%, which quantifies how much and how forcefully patients can breathe out.

When the researchers exposed macrophages to carbon particles in the lab, they saw the cells become much larger and found that they were producing higher levels of proteins that lead to inflammation.

Dr Lea said: "As we compared cells from COPD patients with cells from smokers, we can see that this build-up of carbon is not a direct result of cigarette smoking. Instead, we show alveolar macrophages in COPD patients contain more carbon and are inherently different in terms of their form and function compared to those in smokers.

"Our research raises an interesting question as to the cause of the increased levels of carbon in COPD patients' macrophages. It could be that people with COPD are less able to clear the carbon they breathe in. It could also be that people exposed to more particulate matter are accumulating this carbon and developing COPD as a result.

"In future, it would be interesting to study how this carbon builds up and how lung cells respond over a longer period of time."

Professor Fabio Ricciardolo is Chair of the European Respiratory Society's group on monitoring airway disease, based at the University of Torino, Italy, and was not involved in the research. He said: "This set of experiments suggest that people with COPD accumulate unusually large amounts of carbon in the cells of their lungs. This build-up seems to be altering those cells, potentially causing inflammation in the lungs and leading to worse lung function.

"In addition, this research offers some clues about why polluted air might cause or worsen COPD. However, we know that smoking and air pollution are risk factors for COPD and other lung conditions, so we need to reduce levels of pollution in the air we breathe and we need to help people to quit smoking."
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Ginger vs. Cancer: Natural compound targets tumor metabolism | ScienceDaily
Looking to nature for answers to complex questions can reveal new and unprecedented results that can even affect cells on molecular levels.


						
For instance, human cells oxidize glucose to produce ATP (adenosine triphosphate), an energy source necessary for life. Cancer cells produce ATP through glycolysis, which does not utilize oxygen even under conditions where oxygen is present, and convert glucose into pyruvic acid and lactic acid. This method of producing ATP, known as the Warburg effect, is considered inefficient, thus raising questions as to why cancer cells choose this energy pathway to fuel their proliferation and survival.

In search for this energy catalyst, Associate Professor Akiko Kojima-Yuasa's team at Osaka Metropolitan University's Graduate School of Human Life and Ecology analyzed the cinnamic acid ester ethyl p-methoxycinnamate, a main component of kencur ginger, and its mechanism of action. In previous research, the team discovered that ethyl p-methoxycinnamate has inhibitory effects on cancer cells. Furthering their study, the acid ester was administered to Ehrlich ascites tumor cells to assess which component of the cancer cells' energy pathway was being affected.

Results revealed that the acid ester inhibits ATP production by disrupting de novo fatty acid synthesis and lipid metabolism, rather than through glycolysis as commonly theorized. Further, the researchers discovered acid ester-induced inhibition triggered increased glycolysis, which acted as a possible survival mechanism in the cells. This adaptability was theorized to be attributed to ethyl p-methoxycinnamate's inability to induce cell death.

"These findings not only provide new insights that supplement and expand the theory of the Warburg effect, which can be considered the starting point of cancer metabolism research, but are also expected to lead to the discovery of new therapeutic targets and the development of new treatment methods," stated Professor Kojima-Yuasa.
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New discovery: Tylenol stops pain at the nerves, before it hits the brain | ScienceDaily
A new study from Hebrew University reveals that acetaminophen doesn't just work in the brain -- it also blocks pain at its source by acting on nerve endings in the body. The researchers found that its active metabolite, AM404, shuts down specific sodium channels in pain-sensing neurons, stopping pain signals before they reach the brain. This discovery not only reshapes our understanding of how one of the world's most common painkillers works, but also opens the door to developing safer, more targeted pain treatments.


						
A breakthrough study from the Hebrew University of Jerusalem, published this week in the prestigious journal PNAS (Proceedings of the National Academy of Sciences USA), reveals a previously unknown peripheral mechanism by which acetaminophen (also known as paracetamol, Tylenol(r), or Panadol(r)) relieves pain.

The study was led by Prof. Alexander Binshtok from the Hebrew University's Faculty of Medicine and Center for Brain Sciences (ELSC) and Prof. Avi Priel from its School of Pharmacy. Together, they uncovered a surprising new way that acetaminophen -- one of the world's most common painkillers -- actually works.

For decades, scientists believed that acetaminophen relieved pain by working only in the brain and spinal cord. But this new research, published in PNAS, shows that the drug also works outside the brain, in the nerves that first detect pain.

Their discovery centers on a substance called AM404, which the body makes after taking acetaminophen. The team found that AM404 is produced right in the pain-sensing nerve endings -- and that it works by shutting off specific channels (called sodium channels) that help transmit pain signals. By blocking these channels, AM404 stops the pain message before it even starts.

"This is the first time we've shown that AM404 works directly on the nerves outside the brain," said Prof. Binshtok. "It changes our entire understanding of how acetaminophen fights pain."

This breakthrough could also lead to new types of painkillers. Because AM404 targets only the nerves that carry pain, it may avoid the numbness, muscle weakness, and side effects that come with traditional local anesthetics.

"If we can develop new drugs based on AM404, we might finally have pain treatments that are highly effective but also safer and more precise," added Prof. Priel. 
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This overlooked supplement could help you think sharper and age better | ScienceDaily
Creatine, the supplement popular with athletes for its ability to help build strength and power, is increasingly being recognized for its broad health benefits.


						
The compound's usefulness extends well beyond the gym, according to Dr. Richard Kreider, professor and director of the Exercise & Sport Nutrition Lab at Texas A&M University. Kreider has spent more than 30 years investigating the effects of creatine, a naturally occurring compound stored in the muscle that combines with phosphate to form creatine phosphate, which is needed for cellular energy.

"When the body is stressed, like in exercise or under metabolic conditions like some diseases, creatine phosphate is needed to maintain energy in the cell, and therefore has a lot of protective and health benefits, in addition to the exercise performance effects that have been seen," Kreider said.

 How Much Creatine Do We Need? 

Our bodies create about a gram per day, but it's recommended to get two to four grams of creatine per day, depending on muscle mass and activity levels. According to Kreider, most people fall short of getting enough creatine from diet alone. The best sources of creatine in the diet are meat and fish.

"You only get about a gram of creatine per pound of red meat or fish, like salmon, so it's expensive and takes a lot of calories to get a gram," Kreider said. This is why supplementation matters, especially for vegetarians or vegans who do not consume enough creatine in their diet.

For athletes with performance-related goals, Kreider said it's recommended to supplement 5 grams, four times a day for a week. Supplementation "helps load the muscle up with more energy," which makes for improved high-intensity exercise, recovery and even cognitive function. After that, consuming 5 to 10 grams per day will maintain creatine stores and provide enough creatine for the brain.




Beyond boosting athletic performance, creatine is important for everyone as they age throughout their lives, Kreider said. It can help older adults who lose muscle mass and cognitive function as they age, he said, and in adolescents, low dietary creatine intake is associated with slower growth, less muscle mass and higher body fat.

 Is Creatine Safe? 

In a comprehensive review published in February in the Journal of the International Society of Sports Nutrition, Kreider and colleagues analyzed 685 clinical trials on creatine supplementation to assess its safety and the frequency of reported side effects. The analysis showed there were no significant differences in the rate of side effects for participants taking a placebo and those taking creatine.

As for anecdotal concerns like bloating or cramping, Kreider says those claims don't hold up under scrutiny, and studies have shown creatine can actually prevent cramping because it helps the body retain more fluid.

Despite the strong evidence base, Kreider said creatine has long been the subject of misconceptions and misinformation. He's among the members of the International Society of Sports Nutrition who recently issued a letter affirming the safety and efficacy of creatine, urging lobbyists and policymakers not to restrict access to it.

"There's absolutely no data supporting any negative side effect anecdotally reported about creatine on the internet and in the media," he said. "Creatine is safe, and it's important for everybody, not just bodybuilders and athletes."
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How a common antibiotic fuels bacterial resistance | ScienceDaily
Antibiotics are supposed to wipe out bacteria, yet the drugs can sometimes hand microbes an unexpected advantage.


						
A new study from Rutgers Health shows that ciprofloxacin, a staple treatment for urinary tract infections, throws Escherichia coli (E. coli) into an energy crisis that saves many cells from death and speeds the evolution of full-blown resistance.

"Antibiotics can actually change bacterial metabolism," said Barry Li, a student at Rutgers New Jersey Medical School pursuing a dual doctoral degree for physician-scientists and the first author of the paper published in Nature Communications. "We wanted to see what those changes do to the bugs' chances of survival."

Li and senior author Jason Yang focused on adenosine triphosphate (ATP), the molecular fuel that powers cells. When ATP levels crash, cells experience "bioenergetic stress." To mimic that stress, the team engineered E. coli with genetic drains that constantly burned ATP or its cousin nicotinamide adenine dinucleotide (NADH). Then, they pitted both the engineered strains and normal bacteria against ciprofloxacin.

The results surprised the researchers. The drug and the genetic drains each slashed ATP, but rather than slowing down, the bacteria revved up. Respiration soared, and the cells spewed extra reactive-oxygen molecules that can damage DNA. That frenzy produced two troubling outcomes.

First, more of the bacteria cells survived.

In time-kill tests, ten times as many stressed cells weathered a lethal ciprofloxacin dose compared with unstressed controls. These hardy stragglers, called persister cells, lie low until the drug is gone and then rebound to launch a new infection.




People have long blamed sluggish metabolism for persister cell formation.

"People expected a slower metabolism to cause less killing," Li said. "We saw the opposite. The cells ramp up metabolism to refill their energy tanks and that turns on stress responses that slow the killing."

Follow-up experiments traced the protection to the stringent response, a bacterial alarm system that reprograms the cell under stress.

Second, stressed cells mutated faster to evolve antibiotic resistance.

While persisters keep infections smoldering, genetic resistance can render a drug useless outright. The Rutgers group cycled E. coli through escalating ciprofloxacin doses and found that stressed cells reached the resistance threshold four rounds sooner than normal cells. DNA sequencing and classic mutation tests pointed to oxidative damage and error-prone repair as the culprits.

"The changes in metabolism are making antibiotics work less well and helping bacteria evolve resistance," said Yang, an assistant professor at the medical school and Chancellor Scholar of microbiology, biochemistry & molecular genetics.




Preliminary measurements show that gentamicin and ampicillin also drain ATP in addition to ciprofloxacin. The stress effect may span very different pathogens, including the pathogen Mycobacterium tuberculosis, which is highly sensitive to ATP shocks.

If so, the discovery casts new light on a global threat. Antibiotic resistance already contributes to 1.27 million deaths a year. Strategies that ignore the metabolic fallout of treatment may be missing a key lever.

The findings suggest several changes for antibiotic development and use.

First, screen candidate antibiotics for unintended energy-drain side effects. Second, pair existing drugs with anti-evolution boosters that block the stress pathways or mop up the extra oxygen radicals. Third, reconsider the instinct to blast infections with the highest possible dose. Earlier studies and the new data both hint that extreme concentrations can trigger the very stress that protects bacteria.

"Bacteria turn our attack into a training camp," Yang said. "If we can cut the power to that camp, we can keep our antibiotics working longer."

Li and Yang are planning on testing compounds that soothe bioenergetic stress in the hope of turning the microbial energy crisis back into an Achilles' heel rather than a shield.
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Shocking brain cancer breakthrough: Electric fields supercharge immune assault | ScienceDaily
A new study led by Keck Medicine of USC researchers may have uncovered an effective combination therapy for glioblastoma, a brain tumor diagnosis with few available effective treatments. According to the National Brain Tumor Society, the average survival for patients diagnosed with glioblastoma is eight months.


						
The study finds that using Tumor Treating Fields therapy (TTFields), which delivers targeted waves of electric fields directly into tumors to stop their growth and signal the body's immune system to attack cancerous tumor cells, may extend survival among patients with glioblastoma, when combined with immunotherapy (pembrolizumab) and chemotherapy (temozolomide).

TTFields disrupt tumor growth using low-intensity, alternating electric fields that push and pull key structures inside tumor cells in continually shifting directions, making it difficult for the cells to multiply. Preventing tumor growth gives patients a better chance of successfully fighting the cancer. When used to treat glioblastoma, TTFields are delivered through a set of mesh electrodes that are strategically positioned on the scalp, generating fields at a precise frequency and intensity focused on the tumor. Patients wear the electrodes for approximately 18 hours a day.

Researchers observed that TTFields attract more tumor-fighting T cells, which are white blood cells that identify and attack cancer cells, into and around the glioblastoma. When followed by immunotherapy, these T cells stay active longer and are replaced by even stronger, more effective tumor-fighting T cells.

"By using TTFields with immunotherapy, we prime the body to mount an attack on the cancer, which enables the immunotherapy to have a meaningful effect in ways that it could not before," said David Tran, MD, PhD, chief of neuro-oncology with Keck Medicine, co-director of the USC Brain Tumor Center and corresponding author of the study. "Our findings suggest that TTFields may be the key to unlocking the value of immunotherapy in treating glioblastoma."

TTFields are often combined with chemotherapy in cancer treatment. However, even with aggressive treatment, the prognosis for glioblastoma remains poor. Immunotherapy, while successful in many other cancer types, has also not proved effective for glioblastoma when used on its own.

However, in this study, adding immunotherapy to TTFields and chemotherapy was associated with a 70% increase in overall survival. Notably, patients with larger, unresected (not surgically removed) tumors showed an even stronger immune response to TTFields and lived even longer. This suggests that, when it comes to kick-starting the body's immune response against the cancer, having a larger tumor may provide more targets for the therapy to work against.




Using alternating electric fields to unlock immunotherapy 

Pembrolizumab, the immunotherapy used in this study, is an immune checkpoint inhibitor (ICI), which enhances the body's natural ability to fight cancers by improving T cells' ability to identify and attack cancer cells.

However, there are typically few T cells in and around glioblastomas because these tumors originate in the brain and are shielded from the body's natural immune response by the blood-brain barrier. This barrier safeguards the brain by tightly regulating which cells and substances enter from the bloodstream. Sometimes, this barrier even blocks T cells and other therapies that could help kill brain tumors.

This immunosuppressive environment inside and around the glioblastoma is what makes common cancer therapies like pembrolizumab and chemotherapy significantly less effective in treating it. Tran theorized the best way to get around this issue was to start an immune reaction directly inside the tumor itself, an approach known as in situ immunization, using TTFields.

This study demonstrates that combining TTFields with immunotherapy triggers a potent immune response within the tumor -- one that ICIs can then amplify to bolster the body's own defense against cancer.

"Think of it like a team sport -- immunotherapy sends players in to attack the tumor (the offense), while TTFields weaken the tumor's ability to fight back (the defense). And just like in team sports, the best defense is a good offense," said Tran, who is also a member of the USC Norris Comprehensive Cancer Center.




Study methodology and results

The study analyzed data from 2-THE-TOP, a Phase 2 clinical trial, which enrolled 31 newly diagnosed glioblastoma patients who had completed chemoradiation therapy. Of those, 26 received TTFields combined with both chemotherapy and immunotherapy. Seven of these 26 patients had inoperable tumors due to their locations -- an especially high-risk subgroup with the worst prognosis and few treatment options.

Patients in the trial were given six to 12 monthly treatments of chemotherapy alongside TTFields for up to 24 months. The number and duration of treatments were determined by patients' response to treatment. The immunotherapy was given every three weeks, starting with the second dose of chemotherapy, for up to 24 months.

Patients who used the device alongside chemotherapy and immunotherapy lived approximately 10 months longer than patients who had used the device with chemotherapy alone in the past. Moreover, those with large, inoperable tumors lived approximately 13 months longer and showed much stronger immune activation compared to patients who underwent surgical removal of their tumors.

"Further studies are needed to determine the optimal role of surgery in this setting, but these findings may offer hope, particularly for glioblastoma patients who do not have surgery as an option," said Tran.

Moving the research forward

Keck Medicine is participating in the multicenter Phase 3 clinical trial to validate the efficacy of TTFields with immunotherapy and chemotherapy. Tran, who has been researching TTFields for more than a decade, serves as the chair of the steering committee for this trial. Frances Chow, MD, neuro-oncologist with USC Norris, is the principal investigator of the Keck Medicine study site.

This Phase 3 trial, currently open at 28 sites across the United States, Europe and Israel, aims to enroll over 740 patients through April 2029, including those with gross total resection, partial resection or biopsy-only tumors to assess the extent of how surgically removing tumors influences immune response.

Keck School of Medicine of USC authors of this study include Dongjiang Chen, PhD, assistant professor of research neurological surgery; Son Le, PhD, assistant professor of research neurological surgery; Harshit Manektalia, research programmer; Ming Li, PhD, professor of research population and public health sciences; and Adam O'Dell, research lab specialist. Ashley Ghiaseddin, MD, and Maryam Rahman, MD, MS, colleagues from the University of Florida, also contributed to this work.

This study was funded by a grant from Novocure, which manufactures Optune, the TTFields device used in this study. Tran has received honoraria from Novocure for consultant work. Chen and Tran are inventors of two patent applications related to work reported in this study
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The dopamine clock: How your brain predicts when you'll feel good | ScienceDaily
A small region of the brain, known as the ventral tegmental area (VTA), plays a key role in how we process rewards. It produces dopamine, a neuromodulator that helps predict future rewards based on contextual cues. A team from the universities of Geneva (UNIGE), Harvard, and McGill has shown that the VTA goes even further: it encodes not only the anticipated reward but also the precise moment it is expected. This discovery, made possible by a machine learning algorithm, highlights the value of combining artificial intelligence with neuroscience. The study is published in the journal Nature.


						
The ventral tegmental area (VTA) plays a key role in motivation and the brain's reward circuit. The main source of dopamine, this small cluster of neurons sends this neuromodulator to other brain regions to trigger an action in response to a positive stimulus.

"Initially, the VTA was thought to be merely the brain's reward centre. But in the 1990s, scientists discovered that it doesn't encode reward itself, but rather the prediction of reward," explains Alexandre Pouget, full professor in the Department of Basic Neurosciences in the UNIGE Faculty of Medicine.

Experiments on animals have shown that when a reward consistently follows a light signal, for example, the VTA eventually releases dopamine not at the moment of the reward, but as soon as the signal appears. This response therefore encodes the prediction of the reward -- linked to the signal -- rather than the reward itself.

A much more sophisticated function

This "reinforcement learning," which requires minimal supervision, is central to human learning. It's also the principle behind many artificial intelligence algorithms that improve performance through training -- such as AlphaGo, the first algorithm to defeat a world champion in the game of Go.

In a recent study, Alexandre Pouget's team, in collaboration with Naoshige Uchida of Harvard University and Paul Masset of McGill University, shows that the VTA's coding is even more sophisticated than previously thought. "Rather than predicting a weighted sum of future rewards, the VTA predicts their temporal evolution. In other words, each gain is represented separately, with the precise moment at which it is expected," explains the UNIGE researcher, who led this work.




"While we knew that VTA neurons prioritised rewards close in time over the ones further in the future- on the principle of a bird in the hand is worth two in the bush -we discovered that different neurons do so on different time scales, with some focus on the reward possible in a few seconds' time, others on the reward expected in a minute's time, and others on more distant horizons. This diversity is what allows the encoding of reward timing. This much finer representation gives the learning system great flexibility, allowing it to adapt to maximise immediate or delayed rewards, depending on the individual's goals and priorities."

AI and neuroscience: a two-way street

These findings stem from a fruitful dialogue between neuroscience and artificial intelligence. Alexandre Pouget developed a purely mathematical algorithm that incorporates the timing of reward processing. Meanwhile, the Harvard researchers gathered extensive neurophysiological data on VTA activity in animals experiencing rewards.

"They then applied our algorithm to their data and found that the results matched perfectly with their empirical findings." While the brain inspires AI and machine learning techniques, these results demonstrate that algorithms can also serve as powerful tools to reveal our neurophysiological mechanisms.
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Burning for Beauty: How TikTok Skin Trends Are Harming Young Girls | ScienceDaily
It turns out when teens on TikTok say, "Get ready with me," it can be more harmful than they might realize.


						rs, authors caution only 26% of daytime skin care regimens contain sunscreen    
	Videos 'emphasize lighter, brighter skin' and set a high standard of beauty
It turns out when teens on TikTok say, "Get ready with me," it can be more harmful than they might realize.

In the first peer-reviewed study to examine the potential risks and benefits of teen skin-care routines posted on social media, scientists at Northwestern Medicine found girls ages 7 to 18 are using an average of six different products on their faces, with some girls using more than a dozen products. These products tend to be marketed heavily to younger consumers and carry a high risk of skin irritation and allergy, the study found.

The findings will be published June 9 in the journal Pediatrics.

Each teen daily skin-care regimen costs an average of $168 (which the authors estimate typically lasts a month depending on the size of the products), with some costing more than $500, the study found. As the summer nears, the study authors cautioned only 26% ofdaytime skin care regimens included sunscreen -- arguably the most important skin care product for any age range, but particularly for kids.

The top-viewed videos contained an average of 11 potentially irritating active ingredients, the study found, putting the content creators at risk of developing skin irritation, sun sensitivity and a skin allergy known as allergic contact dermatitis. Prior evidence has shown that developing such an allergy can limit the kinds of soaps, shampoos and cosmetics users can apply for the rest of their lives.

"That high risk of irritation came from both using multiple active ingredients at the same time, such as hydroxy acids, as well as applying the same active ingredient unknowingly over and over again when that active ingredient was found in three, four, five different products," said corresponding author Dr. Molly Hales, a postdoctoral research fellow and board-certified dermatologist in the department of dermatology at Northwestern University Feinberg School of Medicine.




For example, in one video included in the study, the content creator applied 10 products on her face in six minutes.

"As she's applying the products, she begins to express discomfort and burning, and in the final few minutes, she develops a visible skin reaction," said senior author Dr. Tara Lagu, adjunct lecturer of medicine and medical social sciences at Feinberg and a former Northwestern Medicine hospitalist.

Videos 'emphasized lighter, brighter skin' 

"We saw that there was preferential, encoded racial language in some cases that really emphasized lighter, brighter skin," Lagu said. "I think there also were real associations between use of these regimens and consumerism."

These videos offer little to no benefit for the pediatric populations they're targeting, the study authors concluded. What's more, given how the algorithms work, it's nearly impossible for parents or pediatricians to track exactly what children or adolescents are viewing. Lastly, there are dangers beyond skin damage, Hales said.

"It's problematic to show girls devoting this much time and attention to their skin," Hales said. "We're setting a very high standard for these girls. The pursuit of health has become a kind of virtue in our society, but the ideal of 'health' is also very wrapped up in ideals of beauty, thinness and whiteness. The insidious thing about 'skin care' is that it claims to be about health."

Studying teens in the TikTok environment

In the study, Hales and another researcher each created a new TikTok account, reporting themselves to be 13 years old. The "For You" tab was used to view relevant content until 100 unique videos were compiled. They collected demographics of content creators, number and types of products used and total cost of regimens and then created a list of products used and their active and inactive ingredients. The Pediatric Baseline Series used in patch testing was used to identify ingredients with elevated risk of inducing allergic contact dermatitis.

Funding for the study was provided by the National Institute of Arthritis and Musculoskeletal and Skin Diseases of the National Institutes of Health (grant number 5T32AR060710-11). Other Northwestern authors include Drs. Amy Paller and Walter Liszewski, and medical student Sarah Rigali.
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Krakencoder predicts brain function 20x better than past methods | ScienceDaily
Using an algorithm they call the Krakencoder, researchers at Weill Cornell Medicine are a step closer to unraveling how the brain's wiring supports the way we think and act. The study, published June 5 in Nature Methods, used imaging data from the Human Connectome Project to align neural activity with its underlying circuitry.


						
Mapping how the brain's anatomical connections and activity patterns relate to behavior is crucial not only for understanding how the brain works generally but also for identifying biomarkers of disease, predicting outcomes in neurological disorders and designing personalized interventions.

Addressing the Elephant in the Room

The brain consists of a complex network of interconnected neurons whose collective activity drives our behavior. The structural connectome represents the physical wiring of the brain, the map of how different regions are anatomically connected. The other piece of the puzzle is the functional connectome, which represents patterns of neuronal activity between different parts of the brain, highlighting regions that activate together during specific tasks or at rest. Surprisingly, scientists have found that regions that are "wired together" don't always "fire together."

"But we're still just scratching the surface of how brain networks relate to the tasks of everyday life, like solving a math problem, having a conversation with a friend or driving a car," said senior author Dr. Amy Kuceyeski, professor of mathematics in radiology and in neuroscience at Weill Cornell Medicine.

While many researchers are modeling the relationship between functional and structural connectomes, they come up with different maps. "Everybody uses different methods to take pictures of the brain's networks," Dr. Kuceyeski explained. For example, when using magnetic resonance imaging (MRI) for brain scans, different methods for processing the same raw images can generate different connectomes.

Dr. Kuceyeski likens this patchwork approach to examining an elephant in a dark room, where one person is touching the trunk, somebody a leg, someone else an ear. "Our fundamental assumption is that each set of choices in the imaging and processing pipelines provides a different view of the same underlying system," said Keith Jamison, the study's first author and a research associate in Dr. Kuceyeski's lab.




To get a more comprehensive representation, Dr. Kuceyeski and her team built a tool that could take the structural and functional connectomes produced by all of these disparate approaches and collapse them together to produce a more unified interpretation.

"In my head, I saw it as some sort of monster with multiple arms that could reach out and grab different brain representations and digest and congeal them into one unified connectome," Jamison said. The resulting program, an autoencoder that compresses and reconstructs more than a dozen different "flavors" of input data, thus came to be called the Krakencoder.

Identifying Connections that Restore Lost Function 

The team trained the Krakencoder on data collected from over 700 subjects who participated in the National Institutes of Health's Human Connectome Project. As part of that study, volunteers underwent extensive structural and functional MRI scanning.

The researchers found that the Krakencoder allowed them to take an individual's structural connectome and correctly predict that person's functional connectome about 20 times more accurately than previously published approaches.

The Krakencoder's combined and compressed representation also predicted the individual's age, sex and their cognitive performance scores received on tests which had been administered along with their imaging scans. Such scores, Dr. Kuceyeski noted, are notoriously difficult to gauge based on brain imaging alone.




Being able to map functions like cognition to specific brain networks is key to understanding how anatomy and physiology give rise to our behaviors and abilities -- and how diseases and injuries can impair our performance.

In the future, Dr. Kuceyeski and her colleagues plan to combine the Krakencoder with a network modification tool they call NeMo that will allow them to examine the connectomes of people whose brains have been damaged by diseases. Christie Gillies, a PhD student in the Kuceyeski Lab, is using this approach to map outcomes following stroke.

"She's comparing the functional connectome produced by the NeMo + Krakencoder pipeline, based only on MRIs regularly collected in the clinic, to the actual functional MRI of a person. We found that our functional connectomes do a better job at predicting an individual's motor scores and language scores at follow up," Dr. Kuceyeski said.

These tools could also identify brain network connections associated with improved cognitive or motor performance. Boosting the activity of damaged circuits -- for example, through transcranial magnetic stimulation, a treatment that uses magnetic pulses to stimulate nerve cells in the brain -- could strengthen those connections and hasten recovery.
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Common supplement reverses premature aging in landmark human trial | ScienceDaily
Werner syndrome (WS), a rare genetic disorder that causes accelerated aging. From their twenties, patients develop gray hair, hair loss, cataracts, diabetes, and other age-related conditions normally seen in the elderly. Additionally, patients develop severe and untreatable skin ulcers, often requiring limb amputation, and face early death from cardiovascular diseases or cancer. This debilitating condition, which affects approximately nine per million people in Japan, lacks effective treatment options.


						
Interestingly, a recent study from the Bohr lab (Nat Commun, 2019 Nov 21;10(1):5284) showed that patients with WS model systems and patients had decreased levels of nicotinamide adenine dinucleotide (NAD+), a biomolecule crucial for cellular energy production, DNA repair, and various metabolic processes. This finding suggested that NAD+ depletion may contribute to the progression of the disease. While direct NAD+ supplementation isn't feasible in mammals, using its precursor -- nicotinamide riboside (NR) from Niagen Bioscience -- has shown promising results in animal studies, extending lifespan and protecting against age-related decline. In human clinical trials, NR has also demonstrated benefits against chronic inflammation, metabolic disorders, and muscle weakness across various populations. However, the effects of NR in WS remained largely unexplored -- until now.

In a recent study, a research team led by Associate Professor Masaya Koshizaka from the Center for Preventive Medical Sciences, Chiba University/Department of Diabetes, Metabolism and Endocrinology, Chiba University Hospital, Japan, conducted the world's first rigorous clinical trial of NR in patients with WS. Their paper, published in Aging Cell on June 03, 2025, was co-authored by University President Koutaro Yokote, Assistant Professor Hisaya Kato, Associate Professor Yoshiro Maezawa, and Assistant Professor Mayumi Shoji, all from Chiba University, along with Affiliate Professor Vilhelm Bohr from the University of Copenhagen, Denmark.

This groundbreaking work involved a randomized, double-blind, placebo-controlled trial to evaluate the safety and effectiveness of NR supplementation. The research team enrolled patients with WS in a crossover design, where participants received either a daily dose of NR or a placebo for 26 weeks, switched treatments for another 26 weeks. Researchers tracked NAD+ blood levels, skin ulcer size, arterial stiffness, and kidney function.

NR supplementation significantly increased NAD+ levels in patient blood compared to placebo. Importantly, NR improved arterial stiffness (a marker of cardiovascular disease risk), reduced the skin ulcer area, and appeared to slow the progression of kidney dysfunction -- all without any serious side effects. Moreover, a comprehensive examination of metabolites in blood revealed that NR treatment reduced levels of creatinine and other compounds associated with kidney dysfunction. This suggests that NR may help protect kidney function, addressing another serious complication of WS.

Dr. Yasmeen Nkrumah-Elie, Global Director of Niagen Bioscience's External Research Program called CERP, commented, "this study represents a significant step forward in understanding how NAD+ restoration with NR may help address the underlying biology of WS. By supporting cardiovascular, skin, and kidney health, NR shows potential to improve the quality of life for patients with this devastating condition. We are proud to support Chiba University's groundbreaking research as part of our ongoing commitment to advancing NAD+ science for rare and underserved diseases."

The treatment's multiple benefits across many different organ systems indicate that NAD+ depletion may be a fundamental mechanism in WS that can be targeted therapeutically. "Our findings suggest NR could serve as a valuable treatment option for two major symptoms, arteriosclerosis and skin ulcers, as well as for preventing kidney function decline," explains Dr. Koshizaka. The results are particularly significant given that untreatable skin ulcers affect well over 70% of patients with WS, often leading to amputation, while cardiovascular disease remains a leading cause of early mortality in this population.

Though larger studies are needed to extend these findings, this pioneering research offers new hope for patients with WS who have long lacked effective treatment options. Beyond its immediate implications for this rare condition, the study also provides valuable insights into the biology of aging and potential interventions to address age-related decline more broadly.

"We hope our work will accelerate studies on not only WS but also other premature aging disorders and common age-related diseases -- ultimately helping to extend health span and improve quality of life in both patients and the broader population," concludes Dr. Koshizaka.
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5-minute STI test poised to transform sexual health diagnostics | ScienceDaily
Birmingham spin-out Linear Diagnostics has been awarded PS1m funding to finalise the development of a rapid test for sexually transmitted infections (STIs), in partnership with the NIHR HealthTech Research Centre (HRC) in Diagnostic and Technology Evaluation and the North East Innovation Lab, part of Newcastle Hospitals.


						
Linear is developing a low-cost, accurate, near-patient diagnostic platform, that aims to diagnose infection from a single sample faster than any commercially available alternative.

The funding from the National Institute for Health and Care Research (NIHR) Invention for Innovation program covers a three-year package of work, which will culminate in the first test of the technology on clinical samples in a real-world setting, and readiness for clinical trials.

Linear's Exponential Amplification (EXPAR) technology detects bacterial DNA using an extremely fast method for amplifying the signal, which was developed and tested at the University during the COVID-19 pandemic, with results published in Proceedings of the National Academy of Sciences. The company has now shown that it can detect bacterial STIs, urinary tract infections, and viral infections including SARS-CoV-2 in as little as 5 minutes.

In recent years the company has focused on STIs, specifically Neisseria gonorrhoeae and Chlamydia trachomatis as the emergence of multi-drug-resistant strain of the former has become a global concern.

It is here that rapid testing is essential to stop the chain of transmission, so patients can be diagnosed and start treatment within one clinic visit. While current tests may be easy to use with minimal training, existing technologies have been unable to meet the target of 20 minutes from sample to results.

The new funding will enable Linear to finalise the design of a cartridge and reader design platform and validate the platform.




Dr Jean-Louis Duprey, Head of Research and Development at Linear Diagnostics, said: "The most difficult criteria to achieve in diagnostic testing is combining rapidity with accuracy. While rapid lateral flow meets the ideal timeframe of 20 minutes to diagnosis, it struggles to meet market requirements for high sensitivity and specificity. And while Nucleic Acid Amplification Tests deliver high accuracy, samples are sent to laboratories for analysis, meaning the waiting time for results may be days. We are developing a near patient device that will overcome this conundrum."

The HRC, hosted by Newcastle upon Tyne Hospitals NHS Foundation Trust in partnership with Newcastle University, will help to evaluate the technology.

Dr Jana Suklan, Senior Methodologist at the HRC, said: "The NIHR HRC in Diagnostic and Technology Evaluation is delighted to be collaborating with the North East Innovation Lab to support Linear Diagnostics with their exciting technology. Through reviewing clinical guidelines and speaking with healthcare professionals as well as patients and the public we will pinpoint how the platform can be developed and used so it can improve patient care."

"Our research involves analyzing unmet needs, examining current practice and identifying the most promising point in the patient pathway for implementing the technology. We will also assess the diagnostic accuracy of the test by statistically analysing data collected by the innovation lab and determine whether adopting the technology will provide value for money for the NHS through health economic modelling. Our public contributors will guide the research and ensure it meets the needs of patients, public and carers."

John Tyson, Head of the North East Innovation Lab, part of Newcastle Hospitals, said: "We're delighted to have the opportunity to continue our collaborative work with our partner innovators to support the development and evaluation of this new exciting test. By providing access to an extensive range of clinical samples and NHS lab performance testing, we can generate the necessary evidence to move new innovative technologies to the next stage of their development or launch to mainstream use."
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Hidden in your dna: The mutation combo that raises clot risk by 180% | ScienceDaily
Blood clots can form in both arteries and veins. However, the reasons behind them differ, as do the consequences and the chances of preventing blood clots. In Sweden, almost half of all cases of venous thrombosis have a genetic explanation. A team of researchers from Lund University in Sweden has now discovered three gene variants that increase the risk of blood clots in the leg by up to 180 percent.


						
There is a difference between arterial and venous blood clots. Blood clots in the arteries form when plaque in calcified vessels bursts and the body perceives it as an injury. This activates the platelets, which clump together and form a clot. In the worst case, it can lead to a stroke or heart attack. A venous thrombus, on the other hand, usually forms in the leg when the blood stagnates for too long. This can activate the body's coagulation system, allowing the clotting system to be activated and the blood to clot, blocking blood flow. If the clot breaks loose and travels with the blood to the lungs, it can lead to pulmonary embolism, a life-threatening condition.

"Venous thrombosis is in fact one of the most common causes of death in the world. It is a common disease that has always been somewhat overshadowed by arterial blood clots," says Bengt Zoller, a specialist in general medicine at Skane University Hospital and professor of general medicine at Lund University.

In Sweden, more than 10,000 people suffer from venous thromboembolism each year and that number appears to be increasing. Several factors are contributing to this increase. One of the strongest risk factors is age, and as the number of older people in Sweden grows, the number of clots is also increasing. Ten per cent of 80-year-olds experience a blood clot at some point. The risk also increases if you are overweight or tall.

"The muscles control the blood flow in the veins and the legs become like columns of fluid where the force of gravity is strong. Too much sedentary and inactive behaviour, then, is harmful. Only the valves of the veins prevent backflow and if these are damaged, the risk of blood clots can increase. Therefore, tall people are more prone to blood clots, as their larger veins provide less blood flow, combined with the fact that blood must travel a greater distance back to the heart."

Because the heart pumps blood out into the arteries, there is much higher blood pressure in the arteries than in the veins, which can contribute to atherosclerosis. High blood pressure, high levels of blood lipids and smoking are all risk factors for atherosclerosis of the arteries. But because the veins are a low-pressure system, the vessels do not become atherosclerotic. Therefore, neither high blood pressure nor blood lipids are associated with venous clots and smoking is considered only a weak to moderate risk factor. Being overweight, on the other hand, is a very significant culprit. Obesity has a negative impact on venous circulation, especially when combined with the fact that overweight people are often less active. Some clotting factors are also affected by obesity.

"In terms of diet, there are fewer studies, but ultra-processed foods have been associated with a slightly increased risk of blood clots, and plant-based, healthy foods with a reduced risk. In our studies, we have also seen that commercial fishermen have a lower risk, which may be due to a higher omega-3 content in their diet."

There are also specific situations in which the risk of venous blood clots is particularly high. The risk of blood clots increases when blood flow is reduced, such as when travelling by air for long periods of time or when lying in bed for several days. Surgery or inflammation that damages the vessel wall can also lead to an increased tendency to clot. Particularly during pregnancy, blood clotting factors increase and levels of some protective proteins may decrease.




"In these risk situations, prophylaxis in the form of blood thinners may be particularly important if other risk factors are also present."

Other risk factors are the genetic variants that affect different parts of the blood's clotting ability. In Sweden, we have a high prevalence of APC (activated protein C) resistance due to an inherited mutation in the gene for coagulation factor V, called Factor V Leiden. About 10 per cent of Swedes have this mutation, which is considered the most common coagulation mutation among Indo-Europeans.

"Evolutionarily, bleeding less has been an advantage, but in our modern, sedentary society, APC resistance is becoming a risk factor."

Bengt Zoller and his fellow researchers have now identified the strongest genetic risk factor since Factor V Leiden was discovered. They used data from the population-based Malmo Kost Cancer study, involving 30,000 Malmo residents. By selecting 27 genes previously associated with clotting disorders, they found three variants that, when taken together, were as significant a risk factor for venous blood clots as Factor V Leiden: ABO, F8, and VWF each increased the risk of venous blood clots by 10 to 30 percent.

"And the more of these variants a person has - the higher the risk. An individual with five of these gene variants has a 180 per cent higher risk of venous thrombosis. Unlike Factor V Leiden, which is only found in Indo-Europeans, these three different mutations are found in between five and fifty per cent of various populations around the globe."

As these genetic variants are present in all populations, the next step is to investigate how the number of risk genes affects the duration of treatment with anticoagulants after a blood clot.




"I think tailoring treatment based on risk assessment will become increasingly important," concludes Bengt Zoller.

What you can do to prevent blood clots: 
    	Movement: Avoid sitting still for long periods. Stand up and move around on long flights.
    	Support stockings: Can help blood flow when you must stand or sit for long periods.
    	Blood-thinning medicines: Can be given prophylactically in high-risk situations such as surgery, cancer and others.
    	Contraceptive pills containing oestrogen: avoid contraceptive pills containing oestrogen or hormone replacement therapy if there is strong heredity for venous thromboembolism or if you have a history of blood clots.
    	Lifestyle changes: Stop smoking, eat healthier, lose weight and exercise.
    	Get vaccinated: Infections can activate the coagulation system.

Blood clot 

A blood clot consists of coagulated blood that has become lodged in a blood vessel. Clots can form either in the oxygen-rich blood in the body's arteries as it is pumped out of the heart, or in the low-oxygen blood in the veins (usually in the legs) as it is returned to the lungs and heart.
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Whales blow bubble rings--And they might be talking to us | ScienceDaily
A team of scientists from the SETI Institute and the University of California at Davis documented, for the first time, humpback whales producing large bubble rings, like a human smoker blowing smoke rings, during friendly interactions with humans. This previously little studied behavior may represent play or communication. Humpback whales are already known for using bubbles to corral prey and creating bubble trails and bursts when competing to escort a female whale. These new observations show humpback whales producing bubble rings during friendly encounters with humans. This finding contributes to the WhaleSETI team's broader goal of studying non-human intelligence to aid in the search for extraterrestrial intelligence.


						
"Because of current limitations on technology, an important assumption of the search for extraterrestrial intelligence is that extraterrestrial intelligence and life will be interested in making contact and so target human receivers," said Dr. Laurance Doyle, SETI Institute scientist and co-author on the paper. "This important assumption is certainly supported by the independent evolution of curious behavior in humpback whales."

"Humpback whales live in complex societies, are acoustically diverse, use bubble tools and assist other species being harassed by predators," said co-lead author Dr. Fred Sharpe, UC Davis Affiliate. "Now, akin to a candidate signal, we show they are blowing bubble rings in our direction in an apparent attempt to playfully interact, observe our response, and/or engage in some form of communication."

"Humpback whales often exhibit inquisitive, friendly behavior towards boats and human swimmers," said co-lead author Jodi Frediani, marine wildlife photographer and U.C. Davis Affiliate. "We've now located a dozen whales from populations around the world, the majority of which have voluntarily approached boats and swimmers blowing bubble rings during these episodes of curious behavior."

The team's findings were recently published in Marine Mammal Science in a paper titled "Humpback Whales Blow Poloidal Vortex Bubble Rings." The study analyzes 12 bubble ring-production episodes involving 39 rings made by 11 individual whales.

Similar to studying Antarctica or other terrestrial analogs as a proxy for Mars, the Whale-SETI team is studying intelligent, non-terrestrial (aquatic), nonhuman communication systems to develop filters that aid in parsing cosmic signals for signs of extraterrestrial life. As noted by Karen Pryor, "patterns of bubble production in cetaceans constitute a mode of communication not available to terrestrial mammals" (Pryor 1990).

Other team members and coauthors of the paper are Dr. Josephine Hubbard (Postdoc, U.C. Davis), Doug Perrine (Doug Perrine Photography), Simon Hilbourne (Marine Research Facility, Jeddah, Saudi Arabia), Dr. Joy Reidenberg (Icahn School of Medicine at Mount Sinai, NY) and Dr. Brenda McCowan, ( U.C. Davis, Veterinary Medicine), with specialties in animal intelligences, photography and behavior of humpback whales, whale anatomy, and the use of AI in parsing animal communication, respectively. An earlier paper by the team was published in the journal, PeerJ, entitled, "Interactive Bioacoustic Playback as a Tool for Detecting and Exploring Nonhuman Intelligence: "Conversing" with an Alaskan Humpback Whale." The authors would like to acknowledge the Templeton Foundation Diverse Intelligences Program for financial support of this work.
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Cannabis use among seniors surges 46% in two years--Study reveals | ScienceDaily
Marijuana use among older adults in the US has reached a new high, with 7 percent of adults aged 65 and over who report using it in the past month, according to an analysis led by researchers with the Center for Drug Use and HIV/HCV Research (CDUHR) at the NYU School of Global Public Health.


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

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

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

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

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

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




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

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

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

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

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

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

Kevin H. Yang of UC San Diego and Charles Cleland of NYU Grossman School of Medicine were also co-authors on the study. The research was supported by the National Institute on Drug Abuse (K23DA043651, R21DA058404, R21DA060362, R01DA057289, R01DA060207, and P30DA01104) and the UC San Diego Sam and Rose Stein Institute for Research on Aging.
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The hidden dna repair system that could transform cancer treatment | ScienceDaily
When DNA breaks inside the cell, it can spell disaster, especially if the damage occurs in areas of the genome that are difficult to repair. Now, scientists Irene Chiolo and Chiara Merigliano at the USC Dornsife College of Letters, Arts and Sciences have discovered that a protein called Nup98, long known for helping traffic molecules in and out of the cell's nucleus, plays another surprising role: guiding the cell's most delicate repairs and reducing the risk of genetic mistakes that can lead to cancer. Their findings were published in Molecular Cell.


						
With support from the National Institutes of Health, the National Science Foundation, and the American Cancer Society, the researchers revealed that Nup98 forms droplet-like structures deep inside the nucleus. These "condensates" act as protective bubbles around broken strands of DNA in areas called heterochromatin -- zones where the genetic material is so tightly packed that making accurate repairs is especially challenging.

Heterochromatin -- a major focus of Chiolo's research -- is filled with repeated DNA sequences, making it easy for the cell to confuse one stretch for another. Nup98's droplets help lift the damaged section out of that dense zone and create a safer space where it can be repaired accurately, reducing the chance of genetic mix-ups that could lead to cancer.

The researchers also found that Nup98 helps mobilize the damaged site in tightly packed heterochromatin, so it can reach a different part of the nucleus where repair is safer.

Coordinating the repair crew

Timing is everything when it comes to DNA repair, and one of Nup98's most important roles is knowing when to say, "Not yet."

The protein's droplet-like condensates act as a temporary shield around damaged DNA, keeping out certain repair proteins that can cause trouble if they arrive too soon. One of those proteins, called Rad51, can accidentally stitch together the wrong pieces of DNA if it gets involved too early in the process.




"The Nup98 droplets keep Rad51 away until other mechanisms have done their work to line up the correct pieces," Chiolo said. "Only once the damaged heterochromatin moves into a different nuclear space, Rad51 can safely finish the repair."

By coordinating this carefully staged process, Nup98 helps cells avoid dangerous genetic rearrangements -- a key part of maintaining genome stability and slowing processes responsible for cancer and aging.

Implications for cancer and therapy

Although the researchers studied cells of fruit flies, the insights gained can help explain how similar DNA repair mechanisms work in humans. Many DNA repair mechanisms in fruit flies are shared across species, making them a powerful model for understanding genome stability.

The Nup98 discovery could have real-world impact, especially for diseases like acute myeloid leukemia, where mutations in Nup98 are known to play a role. By elucidating how Nup98 guides DNA repair, scientists hope to uncover why its mutations are so dangerous -- and how to harness the mutations to disrupt cancer cells in targeted treatments.

"Eventually, we may also be able to turn Nup98 mutations that lead to cancer, especially acute myeloid leukemia, into treatment targets -- either by specifically disrupting the cells carrying the mutation or by inactivating the harmful functions of the mutated proteins," Merigliano said.

The team also sees long-term potential for therapies that could enhance or mimic Nup98's protective functions, reducing the risk of genome instability, which is a major factor not only in cancer, but also in aging and other genome instability disorders.
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Why your diet might be making you sad--Especially if you're a man | ScienceDaily
Following a low calorie diet is linked to a heightened risk of depressive symptoms, finds research published in the open access journal, BMJ Nutrition Prevention & Health.


						
Men and those who are overweight may be especially vulnerable to the effects of restrictive eating, the findings suggest.

A 'healthy' diet rich in minimally processed foods, fresh fruits and vegetables, whole grains, nuts, seeds, lean proteins and fish, is generally associated with a lower risk of depression, while an 'unhealthy' diet, dominated by ultra-processed foods, refined carbs, saturated fats, processed meats and sweets, is generally associated with a heightened risk, explain the researchers.

But people follow many different types of diet for health or medical reasons, including those that restrict calories or particular nutrients, and it's not clear if these other dietary patterns might be associated with a risk of depressive symptoms, they add.

To explore this further, they drew on 28,525 adult respondents (14,329 women and 14,196 men) to the nationally representative US National Health and Nutrition Examination Survey (NHANES) for the years 2007-18, who had completed the Patient Health Questionnaire-9 (PHQ-9) for depressive symptom severity.

In all, 2508 people (just under 8%) reported depressive symptoms, and 7995 participants (29%) had a healthy weight; 9470 (33%) were overweight; and 11060 (38%) were obese.

Participants were asked if they were following any particular diet either to lose weight or for other health reasons, and if so, which of the 9 diet options set out in all 6 cycles of NHANES they were on.




Dietary patterns were categorised into 4 groups: (1) calorie-restrictive; (2) nutrient-restrictive (low in fat/cholesterol, sugar, salt, fibre, or carbs); (3) established dietary patterns (adapted for diabetes, for example); and (4) not on a diet.

Most participants (25,009, 87%) said they weren't on any specific diet, while 2026 (8%) followed a calorie-restrictive diet, 859 (3%) a nutrient-restrictive diet, and 631 (2%) an established dietary pattern.

When stratified by sex, a greater proportion of men (12,772; 90%) than women (12,237; 85%) said they weren't on a diet. Calorie restriction was most commonly reported by obese participants (1247;12%) and those who were overweight (594; 8%), while nutrient-restrictive and established dietary patterns were less commonly reported, with the highest proportion of established dietary pattern users among obese participants (359; 3%).

PHQ-9 scores were 0.29 points higher in those on calorie-restrictive diets than in those not on any specific diet.

The scores were higher among those who were overweight and following a calorie-restrictive diet: their PHQ-9 scores were 0.46 points higher, while a nutrient-restrictive diet was associated with a 0.61 point increase in PHQ-9 scores.

Calorie-restrictive diets were also associated with higher cognitive-affective symptom scores (measure of relationship between thoughts and feelings) while nutrient-restrictive diets were associated with higher somatic symptom scores (excessive distress and anxiety about physical symptoms).




These scores also varied by sex: a nutrient-restrictive diet was associated with higher cognitive-affective symptom scores in men than in women not on a diet, while all 3 types of diet were associated with higher somatic symptom scores in men.

And people living with obesity following an established dietary pattern had higher cognitive-affective and somatic symptom scores than those of a healthy weight not on a diet.

This is an observational study, and as such no firm conclusions can be drawn about causality. Respondents may not have accurately classified their diets either, say the researchers.

The findings also contradict those of previously published studies suggesting that low calorie diets improve depressive symptoms. But the researchers explain: "This discrepancy may arise because prior studies were primarily randomised controlled trials (RCTs) where participants adhered to carefully designed diets ensuring balanced nutrient intake.

"In contrast, real-life calorie-restricted diets and obesity often result in nutritional deficiencies (particularly in protein, essential vitamins/minerals) and induce physiological stress, which can exacerbate depressive symptomatology including cognitive-affective symptoms." Another possible explanation might be a failure to lose weight or weight cycling -- losing weight and then putting it back on, they suggest.

By way of an explanation for the observed gender discrepancies, the researchers point out that glucose and the fatty acid omega-3 are critical for brain health. "Diets low in carbohydrates (glucose) or fats (omega-3s) may theoretically worsen brain function and exacerbate cognitive-affective symptoms, especially in men with greater nutritional needs," they suggest.

Professor Sumantra Ray, Chief Scientist and Executive Director of the NNEdPro Global Institute for Food, Nutrition and Health, which co-owns BMJ Nutrition Prevention & Health with BMJ Group, comments: "This study adds to the emerging evidence linking dietary patterns and mental health, raising important questions about whether restrictive diets which are low in nutrients considered beneficial for cognitive health, such as omega-3 fatty acids and vitamin B12, may precipitate depressive symptoms.

"But the effect sizes are small, with further statistical limitations limiting the generalisability of the findings. Further well designed studies that accurately capture dietary intake and minimise the impact of chance and confounding are needed to continue this important line of inquiry."
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Clinical trial finds diabetes pill reduces liver scarring | ScienceDaily
The sodium glucose cotransporter 2 (SGLT-2) inhibitor drug dapagliflozin, widely used to treat type 2 diabetes, also shows improvements for patients with progressive liver disease, finds a clinical trial from China published on June 4 by The BMJ.


						
The results show that treatment with dapagliflozin improved metabolic dysfunction-associated steatohepatitis (MASH) -- a condition where excess fat accumulates in the liver, leading to inflammation -- and liver fibrosis (a build up of scar tissue) compared with placebo.

MASH affects more than 5% of adults, more than 30% of individuals with diabetes or obesity, and can progress to cirrhosis in up to 25% of individuals.

Several studies have reported that SGLT-2 inhibitors can improve liver fat content, liver enzymes, and liver stiffness, but no trial has been carried out among patients with MASH.

To address this, researchers enrolled 154 adults (average age 35; 85% men) diagnosed with MASH after a liver biopsy at six medical centers in China from November 2018 to March 2023.

Almost half (45%) had type 2 diabetes, and almost all had liver fibrosis (33% stage 1, 45% stage 2, 19% stage 3).

After an initial screening biopsy, participants were randomly assigned to receive 10 mg of dapagliflozin or matching placebo once daily for 48 weeks and attended health education sessions twice a year.




Various factors including body weight, blood pressure, blood glucose, liver enzymes, physical activity, diet, insulin, and lipids were also assessed at enrollment and throughout the trial.

MASH improvement was defined as a decrease of at least 2 points in non-alcoholic fatty liver disease activity score (NAS) or a NAS of 3 points or less.

After an end of study biopsy at week 48, 53% (41 of 78) participants in the dapagliflozin group showed improvement in MASH without worsening of fibrosis (defined as no increase in fibrosis stage) compared with 30% (23 of 76) in the placebo group.

Resolution of MASH without worsening of fibrosis occurred in 23% (18 of 78) participants in the dapagliflozin group compared with 8% (6 of 76) in the placebo group.

Fibrosis improvement without worsening of MASH was also reported in 45% (35 of 78) participants in the dapagliflozin group compared with 20% (15 of 76) in the placebo group.

The percentage of participants who discontinued treatment because of adverse events was 1% (1 of 78) in the dapagliflozin group and 3% (2 of 76) in the placebo group.




The researchers acknowledge that the trial was conducted in a Chinese population, which limits its broader generalizability, and that female and older patients were under-represented. But they point out that results were consistent after further analyses, suggesting they are robust.

As such, they conclude: "Our findings indicate that dapagliflozin may affect key aspects of MASH by improving both steatohepatitis and fibrosis." Large scale and long term trials are needed to further confirm these effects, they add.

The coming years are expected to be particularly exciting in the field of pharmacological treatment for MASH, say researchers from Argentina in a linked editorial.

As more drugs become available, therapeutic decisions will likely become increasingly tailored to individual patient profiles, they write. "Ideally, such treatments should provide cardiovascular benefit, have an established safety profile, and be accessible to broad and diverse patient populations," they conclude.
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        Atom-thin tech replaces silicon in the world's first 2D computer
        In a bold challenge to silicon s long-held dominance in electronics, Penn State researchers have built the world s first working CMOS computer entirely from atom-thin 2D materials. Using molybdenum disulfide and tungsten diselenide, they fabricated over 2,000 transistors capable of executing logic operations on a computer free of traditional silicon. While still in early stages, this breakthrough hints at an exciting future of slimmer, faster, and dramatically more energy-efficient electronics po...

      

      
        Scientists just took a big step toward the quantum internet
        A team of Danish and German scientists has launched a major project to create new technology that could form the foundation of the future quantum internet. They re using a rare element called erbium along with silicon chips like the ones in our phones to produce special particles of light for ultra-secure communication and powerful computing. With cutting-edge tools like lasers and nanotech, the researchers are working to make something that didn t seem possible just a few years ago: light that c...

      

      
        Sun's secret storms exposed: NASA's codex unveils a turbulent corona
        NASA s CODEX experiment aboard the International Space Station is revealing the Sun like never before. Using advanced filters and a specialized coronagraph, CODEX has captured images showing that the solar wind streams of charged particles from the Sun is not a smooth, uniform flow but rather a turbulent, gusty outpouring of hot plasma. These groundbreaking observations will allow scientists to measure the speed and temperature of the solar wind with unprecedented detail, providing critical insig...

      

      
        Astronomers just found a giant planet that shouldn't exist
        Scientists have discovered a giant planet orbiting a tiny red dwarf star, something they believed wasn t even possible. The planet, TOI-6894b, is about the size of Saturn but orbits a star just a fifth the mass of our Sun. This challenges long-standing ideas about how big planets form, especially around small stars. Current theories can't fully explain how such a planet could have taken shape. Even more fascinating, this cold planet may have a rare kind of atmosphere rich in methane or even ammon...

      

      
        Clean energy, dirty secrets: Inside the corruption plaguing california's solar market
        California s solar energy boom is often hailed as a green success story but a new study reveals a murkier reality beneath the sunlit panels. Researchers uncover seven distinct forms of corruption threatening the integrity of the state s clean energy expansion, including favoritism, land grabs, and misleading environmental claims. Perhaps most eyebrow-raising are allegations of romantic entanglements between senior officials and solar lobbyists, blurring the lines between personal influence and pu...

      

      
        From the andes to the beginning of time: Telescopes detect 13-billion-year-old signal
        Astronomers have pulled off an unprecedented feat: detecting ultra-faint light from the Big Bang using ground-based telescopes. This polarized light scattered by the universe's very first stars over 13 billion years ago offers a new lens into the Cosmic Dawn. Overcoming extreme technical challenges, the CLASS team matched their data with satellite readings to isolate this ancient signal. These insights could reshape our understanding of the universe s early evolution, and what it reveals about my...

      

      
        This mind-bending physics breakthrough could redefine timekeeping
        By using a clever quantum approach that involves two "hands" on a clock one moving quickly and invisibly in the quantum world, the other more traditionally scientists have found a way to boost timekeeping precision dramatically. Even better, this trick doesn't require a matching increase in energy use. The discovery not only challenges long-held beliefs about how clocks and physics work, but could also lead to powerful new tools in science, technology, and beyond.

      

      
        Sand clouds and moon nurseries: Webb's dazzling exoplanet reveal
        Astronomers using the James Webb Space Telescope have captured breathtakingly detailed images of two giant exoplanets orbiting a distant sun-like star. These observations revealed sand-like silicate clouds in one planet s atmosphere and an unexpected disk around another that may be forming moons something previously seen only in much younger systems. These snapshots offer a rare chance to witness planet formation in real time, giving clues about how worlds like Jupiter and even our own solar syst...

      

      
        AI sees through chaos--and reaches the edge of what physics allows
        Scientists have uncovered how close we can get to perfect optical precision using AI, despite the physical limitations imposed by light itself. By combining physics theory with neural networks trained on distorted light patterns, they showed it's possible to estimate object positions with nearly the highest accuracy allowed by nature. This breakthrough opens exciting new doors for applications in medical imaging, quantum tech, and materials science.

      

      
        Sharper than lightning: Oxford's one-in-6. 7-million quantum breakthrough
        Physicists at the University of Oxford have set a new global benchmark for the accuracy of controlling a single quantum bit, achieving the lowest-ever error rate for a quantum logic operation--just 0.000015%, or one error in 6.7 million operations. This record-breaking result represents nearly an order of magnitude improvement over the previous benchmark, set by the same research group a decade ago.

      

      
        Sun unleashes monster solar storm: Rare G4 alert issued for earth
        A violent solar eruption on May 31 launched a coronal mass ejection (CME) hurtling toward Earth, triggering a rare G4-level geomagnetic storm alert. Captured in real-time by U.S. Naval Research Laboratory instruments, this cosmic blast has the potential to disrupt satellites, communications, and military systems.

      

      
        Scientists may have spotted a giant new planet forming
        A team of international astronomers has uncovered what may be a gas giant planet forming around a distant young star. Using the powerful Very Large Telescope in Chile, they captured dazzling near-infrared images of a spiral-armed disk, matching theoretical predictions of how young planets shape their environment. With structures extending beyond the scale of our solar system and evidence of planet-driven disturbances, the system could provide vital clues to how planetary systems, including our ow...

      

      
        Planets may start forming before their stars are even done
        Planets may begin forming much earlier than scientists once believed during the final stages of a star s birth, not afterward. This bold new model, backed by simulations from researchers at SwRI, could solve a long-standing mystery: why so many exoplanet systems have tight clusters of similarly sized planets orbiting close to their stars. These compact systems seem to emerge naturally if planets start forming amid the swirling chaos of gas and dust still feeding the star.

      

      
        Photonic quantum chips are making AI smarter and greener
        A team of researchers has shown that even small-scale quantum computers can enhance machine learning performance, using a novel photonic quantum circuit. Their findings suggest that today s quantum technology isn t just experimental it can already outperform classical systems in specific tasks. Notably, this photonic approach could also drastically reduce energy consumption, offering a sustainable path forward as machine learning s power needs soar.

      

      
        Photons collide in the void: Quantum simulation creates light out of nothing
        Physicists have managed to simulate a strange quantum phenomenon where light appears to arise from empty space a concept that until now has only existed in theory. Using cutting-edge simulations, researchers modeled how powerful lasers interact with the so-called quantum vacuum, revealing how photons could bounce off each other and even generate new beams of light. These breakthroughs come just as new ultra-powerful laser facilities are preparing to test these mind-bending effects in reality, pot...

      

      
        How outdated phones can power smart cities and save the seas
        In a world where over a billion smartphones are produced yearly, a team of researchers is flipping the script on electronic waste. Instead of tossing out older phones, they ve demonstrated a groundbreaking approach: turning outdated smartphones into micro data centers. This low-cost innovation (just 8 euros per phone) offers practical applications from tracking bus passengers to monitoring marine life without needing new tech.

      

      
        This battery self-destructs: Biodegradable power inspired by 'Mission: Impossible'
        Scientists at Binghamton University are bringing a sci-fi fantasy to life by developing tiny batteries that vanish after use inspired by Mission: Impossible. Led by Professor Seokheun Choi, the team is tackling one of the trickiest parts of biodegradable electronics: the power source. Instead of using toxic materials, they re exploring probiotics friendly bacteria often found in yogurt to generate electricity. With engineered paper-based batteries that dissolve in acidic environments, this breakt...

      

      
        This "robot bird" flies at 45 mph through forests--With no GPS or light
        Unlike birds, which navigate unknown environments with remarkable speed and agility, drones typically rely on external guidance or pre-mapped routes. However, a groundbreaking development by Professor Fu Zhang and researchers from the Department of Mechanical Engineering of Faculty of Engineering at the University of Hong Kong (HKU), has enabled drones and micro air vehicles (MAVs) to emulate the flight capabilities of birds more closely than ever before.

      

      
        Largest-ever map of the universe reveals 10x more early galaxies than expected
        An international team of scientists has unveiled the largest and most detailed map of the universe ever created using the James Webb Space Telescope, revealing nearly 800,000 galaxies stretching back to almost the beginning of time. The COSMOS-Web project not only challenges long-held beliefs about galaxy formation in the early universe but also unexpectedly revealed 10 times more galaxies than anticipated along with supermassive black holes Hubble couldn t see.

      

      
        Scientists built a transistor that could leave silicon in the dust
        Shrinking silicon transistors have reached their physical limits, but a team from the University of Tokyo is rewriting the rules. They've created a cutting-edge transistor using gallium-doped indium oxide with a novel "gate-all-around" structure. By precisely engineering the material's atomic structure, the new device achieves remarkable electron mobility and stability. This breakthrough could fuel faster, more reliable electronics powering future technologies from AI to big data systems.

      

      
        Scientists freeze quantum motion using ultrafast laser trick
        Harvard and PSI scientists have managed to freeze normally fleeting quantum states in time, creating a pathway to control them using pure electronic tricks and laser precision.
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Atom-thin tech replaces silicon in the world's first 2D computer | ScienceDaily
UNIVERSITY PARK, Pa. -- Silicon is king in the semiconductor technology that underpins smartphones, computers, electric vehicles and more, but its crown may be slipping according to a team led by researchers at Penn State. In a world first, they used two-dimensional (2D) materials, which are only an atom thick and retain their properties at that scale, unlike silicon, to develop a computer capable of simple operations.


						
The development, published today (June 11) in Nature, represents a major leap toward the realization of thinner, faster and more energy-efficient electronics, the researchers said. They created a complementary metal-oxide semiconductor (CMOS) computer -- technology at the heart of nearly every modern electronic device -- without relying on silicon. Instead, they used two different 2D materials to develop both types of transistors needed to control the electric current flow in CMOS computers: molybdenum disulfide for n-type transistors and tungsten diselenide for p-type transistors.

"Silicon has driven remarkable advances in electronics for decades by enabling continuous miniaturization of field-effect transistors (FETs)," said Saptarshi Das, the Ackley Professor of Engineering and professor of engineering science and mechanics at Penn State, who led the research. FETs control current flow using an electric field, which is produced when a voltage is applied. "However, as silicon devices shrink, their performance begins to degrade. Two-dimensional materials, by contrast, maintain their exceptional electronic properties at atomic thickness, offering a promising path forward."

Das explained that CMOS technology requires both n-type and p-type semiconductors working together to achieve high performance at low power consumption -- a key challenge that has stymied efforts to move beyond silicon. Although previous studies demonstrated small circuits based on 2D materials, scaling to complex, functional computers had remained elusive, Das said.

"That's the key advancement of our work," Das said. "We have demonstrated, for the first time, a CMOS computer built entirely from 2D materials, combining large area grown molybdenum disulfide and tungsten diselenide transistors."

The team used metal-organic chemical vapor deposition (MOCVD) -- a fabrication process that involves vaporizing ingredients, forcing a chemical reaction and depositing the products onto a substrate -- to grow large sheets of molybdenum disulfide and tungsten diselenide and fabricate over 1,000 of each type of transistor. By carefully tuning the device fabrication and post-processing steps, they were able to adjust the threshold voltages of both n- and p-type transistors, enabling the construction of fully functional CMOS logic circuits.

"Our 2D CMOS computer operates at low-supply voltages with minimal power consumption and can perform simple logic operations at frequencies up to 25 kilohertz," said first author Subir Ghosh, a doctoral student pursuing a degree in engineering science and mechanics under Das's mentorship.




Ghosh noted that the operating frequency is low compared to conventional silicon CMOS circuits, but their computer -- known as a one instruction set computer -- can still perform simple logic operations.

"We also developed a computational model, calibrated using experimental data and incorporating variations between devices, to project the performance of our 2D CMOS computer and benchmark it against state-of-the-art silicon technology," Ghosh said. "Although there remains scope for further optimization, this work marks a significant milestone in harnessing 2D materials to advance the field of electronics."

Das agreed, explaining that more work is needed to further develop the 2D CMOS computer approach for broad use, but also emphasizing that the field is moving quickly when compared to the development of silicon technology.

"Silicon technology has been under development for about 80 years, but research into 2D materials is relatively recent, only really arising around 2010," Das said. "We expect that the development of 2D material computers is going to be a gradual process, too, but this is a leap forward compared to the trajectory of silicon."

Ghosh and Das credited the 2D Crystal Consortium Materials Innovation Platform (2DCC-MIP) at Penn State with providing the facilities and tools needed to demonstrate their approach. Das is also affiliated with the Materials Research Institute, the 2DCC-MIP and the Departments of Electrical Engineering and of Materials Science and Engineering, all at Penn State. Other contributors from the Penn State Department of Engineering Science and Mechanics include graduate students Yikai Zheng, Najam U. Sakib, Harikrishnan Ravichandran, Yongwen Sun, Andrew L. Pannone, Muhtasim Ul Karim Sadaf and Samriddha Ray; and Yang Yang, assistant professor. Yang is also affiliated with the Materials Research Institute and the Ken and Mary Alice Lindquist Department of Nuclear Engineering at Penn State. Joan Redwing, director of the 2DCC-MIP and distinguished professor of materials science and engineering and of electrical engineering, and Chen Chen, assistant research professor, also co-authored the paper. Other contributors include Musaib Rafiq and Subham Sahay, Indian Institute of Technology; and Mrinmoy Goswami, Jadavpur University.

The U.S. National Science Foundation, the Army Research Office and the Office of Naval Research supported this work in part.
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Scientists just took a big step toward the quantum internet | ScienceDaily
A Danish-German research collaboration with participation of the Helmholtz-Zentrum Dresden-Rossendorf (HZDR) aims to develop new quantum light sources and technology for scalable quantum networks based on the rare-earth element erbium. The project EQUAL (Erbium-based silicon quantum light sources) is funded by the Innovation Fund Denmark with 40 million Danish crowns (about 5.3 million euros). It started in May of 2025 and will run for five years.


						
Quantum technology enables unbreakable encryption and entirely new types of computers, which in the future are expected to be connected through optical quantum networks. However, this requires quantum light sources that do not exist today. The new project aims to change that.

"It is a really difficult task, but we have also set a really strong team. One of the toughest goals is to integrate quantum light sources with quantum memories. This seemed unrealistic just a few years ago, but now we see a path forward," says the project coordinator Soren Stobbe, professor at the Technical University of Denmark (DTU).

The technological vision is based on combining nanophotonic chips from DTU with unique technologies in materials, nanoelectromechanics, nanolithography, and quantum systems. There are many different types of quantum light sources today, but either they do not work with quantum memories, or they are incompatible with optical fibers.

There is actually only one viable option: the element erbium. However, erbium interacts too weakly with light. The interaction needs to be significantly enhanced, and this is now possible thanks to new nanophotonic technology developed at DTU. But the project requires not only advanced nanophotonics, but also quantum technology, integrated photonics with extremely low power consumption, and new nanofabrication methods - all of which hold great potential.

HZDR will help develop new sources of quantum light using silicon, the very same material found in everyday electronics. These light sources will work at the same wavelengths used in fiber-optic communication, making them ideal for future quantum technologies like secure communication and powerful computing. "We intend to use advanced ion beam techniques to implant erbium atoms into tiny silicon structures and study how using ultra-pure silicon can improve their performance. This research will lay the foundation for building quantum devices that can be integrated into today's technology," explains Dr. Yonder Berencen, the project's principal investigator from the Institute of Ion Beam Physics and Materials Research at HZDR.

The EQUAL team has access to further technological input from partnering institutions: quantum networks from Humboldt University in Berlin, nanotechnology from Beamfox Technologies ApS, and integrated photonics from Lizard Photonics ApS.
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Sun's secret storms exposed: NASA's codex unveils a turbulent corona | ScienceDaily
Scientists analyzing data from NASA's CODEX (Coronal Diagnostic Experiment) investigation have successfully evaluated the instrument's first images, revealing the speed and temperature of material flowing out from the Sun. These images, shared at a press event Tuesday at the American Astronomical Society meeting in Anchorage, Alaska, illustrate the Sun's outer atmosphere, or corona, is not a homogenous, steady flow of material, but an area with sputtering gusts of hot plasma. These images will help scientists improve their understanding of how the Sun impacts Earth and our technology in space.


						 (Coronal Diagnostic Experiment) investigation have successfully evaluated the instrument's first images, revealing the speed and temperature of material flowing out from the Sun. These images, shared at a press event Tuesday at the American Astronomical Society meeting in Anchorage, Alaska, illustrate the Sun's outer atmosphere, or corona, is not a homogenous, steady flow of material, but an area with sputtering gusts of hot plasma. These images will help scientists improve their understanding of how the Sun impacts Earth and our technology in space.

"We really never had the ability to do this kind of science before," said Jeffrey Newmark, a heliophysicist at NASA's Goddard Space Flight Center in Greenbelt, Maryland, and the principal investigator for CODEX. "The right kind of filters, the right size instrumentation -- all the right things fell into place. These are brand new observations that have never been seen before, and we think there's a lot of really interesting science to be done with it."

NASA's CODEX is a solar coronagraph, an instrument often employed to study the Sun's faint corona, or outer atmosphere, by blocking the bright face of the Sun. The instrument, which is installed on the International Space Station, creates artificial eclipses using a series of circular pieces of material called occulting disks at the end of a long telescope-like tube. The occulting disks are about the size of a tennis ball and are held in place by three metal arms.

Scientists often use coronagraphs to study visible light from the corona, revealing dynamic features, such as solar storms, that shape the weather in space, potentially impacting Earth and beyond.

"The CODEX instrument is doing something new," said Newmark. "Previous coronagraph experiments have measured the density of material in the corona, but CODEX is measuring the temperature and speed of material in the slowly varying solar wind flowing out from the Sun."

These new measurements allow scientists to better characterize the energy at the source of the solar wind.

The CODEX instrument uses four narrow-band filters -- two for temperature and two for speed -- to capture solar wind data. "By comparing the brightness of the images in each of these filters, we can tell the temperature and speed of the coronal solar wind," said Newmark.

Understanding the speed and temperature of the solar wind helps scientists build a more accurate picture of the Sun, which is necessary for modeling and predicting the Sun's behaviors.

"The CODEX instrument will impact space weather modeling by providing constraints for modelers to use in the future," said Newmark. "We're excited for what's to come."

CODEX is a collaboration between NASA Goddard Space Flight Center and the Korea Astronomy and Space Science Institute (KASI) with additional contribution from Italy's National Institute for Astrophysics (INAF).
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Astronomers just found a giant planet that shouldn't exist | ScienceDaily
Star TOI-6894 is just like many in our galaxy, a small red dwarf, and only ~20% of the mass of our Sun. Like many small stars, it is not expected to provide suitable conditions for the formation and hosting of a large planet.


						
However, as published today in Nature Astronomy, an international team of astronomers have found the unmistakable signature of a giant planet, called TOI-6894b, orbiting this tiny star.

This system has been discovered as part of a large-scale investigation of TESS (Transiting Exoplanet Survey Satellite) data, looking for giant planets around low-mass stars, led by Dr. Edward Bryant, who completed this work at The University of Warwick and at UCL's Mullard Space Science Laboratory.

Dr. Edward Bryant, Warwick Astrophysics Prize Fellow and first author said: "I was very excited by this discovery. I originally searched through TESS observations of more than 91,000 low-mass red-dwarf stars looking for giant planets.

"Then, using observations taken with one of the world's largest telescopes, ESO's VLT, I discovered TOI-6894b, a giant planet transiting the lowest mass star known to date to host such a planet. We did not expect planets like TOI-6894b to be able to form around stars this low-mass. This discovery will be a cornerstone for understanding the extremes of giant planet formation."

The planet (TOI-6894b) is a low-density gas giant with a radius a little larger than Saturn's but with only ~50% of Saturn's mass. The star (TOI-6894) is the lowest mass star to have a transiting giant planet discovered to date and is just 60% the size of the next smallest star to host such a planet.

Dr. Daniel Bayliss, Associate Professor at The University of Warwick said: "Most stars in our Galaxy are actually small stars exactly like this, with low masses and previously thought to not be able to host gas giant planets. So, the fact that this star hosts a giant planet has big implications for the total number of giant planets we estimate exist in our Galaxy."

A Challenge to the Leading Theory 




Dr Vincent Van Eylen, from UCL's Mullard Space Science Laboratory, said: "It's an intriguing discovery. We don't really understand how a star with so little mass can form such a massive planet! This is one of the goals of the search for more exoplanets. By finding planetary systems different from our solar system, we can test our models and better understand how our own solar system formed."

The most widely held theory of planet formation is called the core accretion theory. A planetary core forms first through accretion (gradual accumulation of material) and as the core becomes more massive, it eventually attracts gases that form an atmosphere. It then gets massive enough to enter a runaway gas accretion process to become a gas giant.

In this theory, the formation of gas giants is harder around low-mass stars because the amount of gas and dust in a protoplanetary disc around the star (the raw material of planet formation) is too limited to allow a massive enough core to form, and the runaway process to occur.

Yet the existence of TOI-6894b (a giant planet orbiting an extremely low-mass star) suggests this model cannot be completely accurate and alternative theories are needed.

Edward added: "Given the mass of the planet, TOI-6894b could have formed through an intermediate core-accretion process, in which a protoplanet forms and steadily accretes gas without the core becoming massive enough for runaway gas accretion.

"Alternatively, it could have formed because of a gravitationally unstable disc. In some cases, the disc surrounding the star will become unstable due to the gravitational force it exerts on itself. These discs can then fragment, with the gas and dust collapsing to form a planet."

But the team found that neither theory could completely explain the formation of TOI-6894b from the available data, which leaves the origin of this giant planet as an open question for now.




Atmospheric Answers 

One avenue to shed light on the mystery of TOI-6894b's formation is a detailed atmospheric analysis. By measuring the distribution of material within the planet, astronomers can determine the size and structure of the planet's core, which can tell us whether TOI-6894b formed via accretion or via an unstable disc.

This is not the only interesting feature of TOI-6894b's atmosphere; it is unusually cold for a gas giant. Most of the gas giants found by exoplanet hunters are hot Jupiters, massive gas giants with temperatures of ~1000-2000 Kelvin. TOI-6894b, by comparison, is just 420 Kelvin. The cool temperature alongside other features of this planet, such as the very deep transits, makes it one of the most promising giant planets for astronomers to characterise with a cool atmosphere.

Professor Amaury Triaud, University of Birmingham, co-author, and member of the SPECULOOS collaboration said: "Based on the stellar irradiation of TOI-6894b, we expect the atmosphere is dominated by methane chemistry, which is exceedingly rare to identify. Temperatures are low enough that atmospheric observations could even show us ammonia, which would be the first time it is found in an exoplanet atmosphere.

"TOI-6894b likely presents a benchmark exoplanet for the study of methane-dominated atmospheres and the best 'laboratory' to study a planetary atmosphere containing carbon, nitrogen, and oxygen outside the Solar System."

The atmosphere of TOI-6894b is already scheduled to be observed by the James Webb Space Telescope (JWST) within the next 12 months. This should allow astronomers to determine which, if either, of the possible theories can explain the formation of this unexpected planet.

Co-author Dr. Andres Jordan, researcher at the Millennium Institute of Astrophysics and professor at Adolfo Ibanez University, said: "This system provides a new challenge for models of planet formation, and it offers a very interesting target for follow-up observations to characterize its atmosphere.

"This discovery is the result of a systematic program we have been carrying out for several years from Chile and the UK. Our efforts have allowed us to contribute significantly to a better understanding of how often small stars can form giant planets, and we are providing prime targets for follow-up with space-based platforms."
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Clean energy, dirty secrets: Inside the corruption plaguing california's solar market | ScienceDaily
Solar power is growing by leaps and bounds in the United States, propelled by climate mitigation policies and carbon-free energy goals -- and California is leading the way as the nation's top producer of solar electricity. A new study in Energy Strategy Reviews has revealed a dark side to the state's breakneck pace for solar investment, deployment, and adoption, taking a first-time look at patterns of public and private sector corruption in the California solar market.


						
Researchers at the Boston University Institute for Global Sustainability (IGS) have identified seven distinct types of corruption abuses and risks in California solar energy. Among them, favoritism in project approvals, including a high-profile incident at the senior ranks of the U.S. Department of the Interior involving an intimate relationship with a solar company lobbyist. To fully realize a just energy transition, the authors call for major solar reforms in California as the U.S. increasingly relies on solar energy to decarbonize its electricity sector.

"It's a wake-up call that the solar industry cannot continue on its current trajectory of bad governance and bad behavior."

"In this groundbreaking study, we find that efforts to accelerate solar infrastructure deployment in California end up contributing to a sobering array of corruption practices and risks. These include shocking abuses of power in the approval and licensing phases as well as the displacement of Indigenous groups, and also nefarious patterns of tax evasion or the falsification of information about solar projects," says lead author Benjamin Sovacool, who is the director of IGS and a Boston University professor of earth and environment. "It's a wake-up call that the solar industry cannot continue on its current trajectory of bad governance and bad behavior."

Drawing on a literature review and original interviews and fieldwork, the study's authors arrive at a framework that helps explore the wider socio-political realities driving corruption at a time of explosive growth in the California solar market, from 2010 to 2024. During this period, the state's solar energy production increased exponentially, reaching 79,544 gigawatt hours in 2024, or enough to power approximately 7.4 million U.S. households for a year, according to the State of Renewable Energy dashboard.

The research implicates solar energy in numerous corruption practices and risks that have adversely affected communities, policymaking and regulation, and siting decisions and planning.

"The most eye-opening finding for me is how common corruption is at every level of solar development, from small-scale vendors to high-level government officials, even in a well-regulated, progressive state like California," says co-author Alexander Dunlap, an IGS research fellow.




Favoritism and other forms of corruption 

To understand how corruption undermines the solar market, the researchers focused on numerous utility-scale deployments in Riverside County, the fourth most populous county in California. They set out to document patterns of perceived corruption from a broad range of voices, gaining insights through organized focus groups and observation at different solar sites, as well as conducting interviews door-to-door and in a local supermarket parking lot. Respondents included residents in Blythe and Desert Center, California, impacted by solar energy development, solar construction workers, non-governmental organizations, solar company employees, federal agencies, and state and local governments.

While the study's authors acknowledge the difficulty of confirming individual claims of corruption, their mixed-methods research approach combines these personal assertions with analysis of news stories, court testimony, and other official sources to support their findings.

They point to a blend of public, private, social, and political patterns of corruption in the California solar energy market.
    	Clientelism and favoritism: Hiring friends or family over others for solar projects and unfairly allocating government contracts or permits to project developers, which in one instance led to an investigative report questioning the influence of a sexual relationship.
    	Rent-seeking and land grabbing: Redirecting public funds or lands to benefit private developers and taking communal or public land from Indigenous peoples or other groups for energy infrastructure siting.
    	Service diversion: Withholding local benefits, such as lower electricity bills, or distributing locally generated power only to higher-paying parts of the state.
    	Theft: Forceful removal of flora or cultural artifacts, or disturbing animal habitat, to build solar project sites.
    	Greenwashing: Misleading the public about a solar project's environmental benefits; using flawed environmental or cultural impact assessments to evaluate project impacts, such as pollution of nearby waterways; and overriding environmental protections to fast-track solar infrastructure expansion.
    	Tax evasion and avoidance: Not paying or underpaying taxes, or governmental authorities strategically failing to adequately allocate project funds to communities impacted by solar project development.
    	Non-transparency: Hiding, manipulating, or failing to disclose relevant or important information surrounding solar projects, such as the local economic benefits and environmental impacts.

A sunnier future? 

Outside of a few headline-making scandals, corruption in California's renewable energy sector has gone largely unexamined, allowing the underlying dynamics at play to erode the potential of a just energy transition. To remedy this, the study's authors recommend corruption risk mapping to document problematic practices and entities, subsidy registers and sunset clauses to deter rent-seeking and tax evasion, transparency initiatives aimed at environmental changes and data production (for Environmental Impact Assessment), strong enforcement of anti-corruption laws, and shared ownership models for solar to improve accountability.

This newly published study, "Sex for Solar? Examining Patterns of Public and Private Sector Corruption within the Booming California Solar Energy Market," is part of a larger IGS research project looking at injustices in U.S. solar and wind energy supply chains.
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From the andes to the beginning of time: Telescopes detect 13-billion-year-old signal | ScienceDaily
For the first time, scientists have used Earth-based telescopes to look back over 13 billion years to see how the first stars in the universe affect light emitted from the Big Bang.


						
Using telescopes high in the Andes mountains of northern Chile, astrophysicists have measured this polarized microwave light to create a clearer picture of one of the least understood epochs in the history of the universe, the Cosmic Dawn.

"People thought this couldn't be done from the ground. Astronomy is a technology-limited field, and microwave signals from the Cosmic Dawn are famously difficult to measure," said Tobias Marriage, project leader and a Johns Hopkins professor of physics and astronomy. "Ground-based observations face additional challenges compared to space. Overcoming those obstacles makes this measurement a significant achievement."

Cosmic microwaves are mere millimeters in wavelength and very faint. The signal from polarized microwave light is about a million times fainter. On Earth, broadcast radio waves, radar, and satellites can drown out their signal, while changes in the atmosphere, weather, and temperature can distort it. Even in perfect conditions, measuring this type of microwave requires extremely sensitive equipment.

Scientists from the U.S. National Science Foundation's Cosmology Large Angular Scale Surveyor, or CLASS, project used telescopes uniquely designed to detect the fingerprints left by the first stars in the relic Big Bang light -- a feat that previously had only been accomplished by technology deployed in space, such as the U.S. National Aeronautics and Space Administration Wilkinson Microwave Anisotropy Probe (WMAP) and European Space Agency Planck space telescopes.

The new research, led by Johns Hopkins University and the University of Chicago, was published today in The Astrophysical Journal.

By comparing the CLASS telescope data with the data from the Planck and WMAP space missions, the researchers identified interference and narrowed in on a common signal from the polarized microwave light.




Polarization happens when light waves run into something and then scatter.

"When light hits the hood of your car and you see a glare, that's polarization. To see clearly, you can put on polarized glasses to take away glare," said first author Yunyang Li, who was a PhD student at Johns Hopkins and then a fellow at University of Chicago during the research. "Using the new common signal, we can determine how much of what we're seeing is cosmic glare from light bouncing off the hood of the Cosmic Dawn, so to speak."

After the Big Bang, the universe was a fog of electrons so dense that light energy was unable to escape. As the universe expanded and cooled, protons captured the electrons to form neutral hydrogen atoms, and microwave light was then free to travel through the space in between. When the first stars formed during the Cosmic Dawn, their intense energy ripped electrons free from the hydrogen atoms. The research team measured the probability that a photon from the Big Bang encountered one of the freed electrons on its way through the cloud of ionized gas and skittered off course.

The findings will help better define signals coming from the residual glow of the Big Bang, or the cosmic microwave background, and form a clearer picture of the early universe.

"Measuring this reionization signal more precisely is an important frontier of cosmic microwave background research," said Charles Bennett, a Bloomberg Distinguished Professor at Johns Hopkins who led the WMAP space mission. "For us, the universe is like a physics lab. Better measurements of the universe help to refine our understanding of dark matter and neutrinos, abundant but elusive particles that fill the universe. By analyzing additional CLASS data going forward, we hope to reach the highest possible precision that's achievable."

Building on research published last year that used the CLASS telescopes to map 75% of the night sky, the new results also help solidify the CLASS team's approach.




"No other ground-based experiment can do what CLASS is doing," says Nigel Sharp, program director in the NSF Division of Astronomical Sciences which has supported the CLASS instrument and research team since 2010. "The CLASS team has greatly improved measurement of the cosmic microwave polarization signal and this impressive leap forward is a testament to the scientific value produced by NSF's long-term support."

The CLASS observatory operates in the Parque Astronomico Atacama in northern Chile under the auspices of the Agencia Nacional de Investigacion y Desarrollo.

Other collaborators are at Villanova University, the NASA Goddard Space Flight Center, the University of Chicago, the National Institute of Standards and Technology, the Argonne National Laboratory, the Los Alamos National Laboratory, the Harvard-Smithsonian Center for Astrophysics, the University of Oslo, Massachusetts Institute of Technology, and the University of British Columbia. Collaborators in Chile are at the Universidad de Chile, Pontificia Universidad Catolica de Chile, Universidad de Concepcion, and the Universidad Catolica de la Santisima Concepcion.

The observatory is funded by the National Science Foundation, Johns Hopkins, and private donors.
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This mind-bending physics breakthrough could redefine timekeeping | ScienceDaily
How can the strange properties of quantum particles be exploited to perform extremely accurate measurements? This question is at the heart of the research field of quantum metrology. One example is the atomic clock, which uses the quantum properties of atoms to measure time much more accurately than would be possible with conventional clocks.


						
However, the fundamental laws of quantum physics always involve a certain degree of uncertainty. Some randomness or a certain amount of statistical noise has to be accepted. This results in fundamental limits to the accuracy that can be achieved. Until now, it seemed to be an immutable law that a clock twice as accurate requires at least twice as much energy. But now a team of researchers from TU Wien, Chalmers University of Technology, Sweden, and University of Malta have demonstrated that special tricks can be used to increase accuracy exponentially. The crucial point is using two different time scales - similar to how a clock has a second hand and a minute hand.

 What exactly is a clock? 

"We have analyzed in principle, which clocks could be theoretically possible," says Prof. Marcus Huber from the Atomic Institute at the TU Wien. "Every clock needs two components: first, a time base generator - such as a pendulum in a pendulum clock, or even a quantum oscillation. And second, a counter - any element that counts how many time units defined by the time base generator have already passed."

The time base generator can always return to exactly the same state. After one complete oscillation, the pendulum of a pendulum clock is exactly where it was before. After a certain number of oscillations, the caesium atom in an atomic clock returns to exactly the same state it was in before. The counter, on the other hand, must change - otherwise the clock is useless.

"This means that every clock must be connected to an irreversible process," says Florian Meier from TU Wien. "In the language of thermodynamics, this means that every clock increases the entropy in the universe; otherwise, it is not a clock." The pendulum of a pendulum clock generates a little heat and disorder among the air molecules around it, and every laser beam that reads the state of an atomic clock generates heat, radiation and thus entropy.

"We can now consider how much entropy a hypothetical clock with extremely high precision would have to generate - and, accordingly, how much energy such a clock would need," says Marcus Huber. "Until now, there seemed to be a linear relationship: if you want a thousand times the precision, you have to generate at least a thousand times as much entropy and expend a thousand times as much energy."

 Quantum time and classical time 




However, the research team at TU Wien, together with the Austrian Academy of Sciences (OAW) in Vienna and the teams from Chalmers University of Technology, Sweden, and University of Malta, has now shown that this apparent rule can be circumvented by using two different time scales.

"For example, you can use particles that move from one area to another to measure time, similar to how grains of sand indicate the time by falling from the top of the glass to the bottom," says Florian Meier. You can connect a whole series of such time-measuring devices in series and count how many of them have already passed through - similar to how one clock hand counts how many laps the other clock hand has already completed.

"This way, you can increase accuracy, but not without investing more energy," says Marcus Huber. "Because every time one clock hand completes a full rotation and the other clock hand is measured at a new location - you could also say every time the environment around it notices that this hand has moved to a new location - the entropy increases. This counting process is irreversible."

However, quantum physics also allows for another kind of particle transport: the particles can also travel through the entire structure, i.e. across the entire clock dial, without being measured anywhere. In a sense, the particle is then everywhere at once during this process; it has no clearly defined location until it finally arrives - and only then is it actually measured, in an irreversible process that increases entropy.

Like second and minute clock hands

"So we have a fast process that does not cause entropy - quantum transport - and a slow one, namely the arrival of the particle at the very end," explains Yuri Minoguchi, TU Wien. "The crucial thing about our method is that one hand behaves purely in terms of quantum physics, and only the other, slower hand actually has an entropy-generating effect."

The team has now been able to show that this strategy enables an exponential increase in accuracy per increase in entropy. This means that much higher precision can be achieved than would have been thought possible according to previous theories. "What's more, the theory could be tested in the real world using superconducting circuits, one of the most advanced quantum technologies currently available.," says Simone Gasparinetti, co-author of the study and leader of the experimental team at Chalmers. "This is an important result for research into high-precision quantum measurements and suppression of unwanted fluctuations," says Marcus Huber, "and at the same time it helps us to better understand one of the great unsolved mysteries of physics: the connection between quantum physics and thermodynamics."
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Sand clouds and moon nurseries: Webb's dazzling exoplanet reveal | ScienceDaily
Astrophysicists have gained precious new insights into how distant "exoplanets" form and what their atmospheres can look like, after using the James Webb Telescope to image two young exoplanets in extraordinary detail. Among the headline findings were the presence of silicate clouds in one of the planet's atmospheres, and a circumplanetary disk thought to feed material that can form moons around the other.


						
In broader terms, understanding how the "YSES-1" super-solar system formed offers further insight into the origins of our own solar system, and gives us the opportunity to watch and learn as a planet similar to Jupiter forms in real time.

"Directly imaged exoplanets -- planets outside our own Solar System -- are the only exoplanets that we can truly take photos of," said Dr Evert Nasedkin, a Postdoctoral Fellow in Trinity College Dublin's School of Physics, who is a co-author of the research article just published in leading international journal, Nature."These exoplanets are typically still young enough that they are still hot from their formation and it is this warmth, seen in the thermal infrared, that we as astronomers observe."

Using spectroscopic instruments on board the James Webb Space Telescope (JWST), Dr Kielan Hoch and a large international team, including astronomers at Trinity College Dublin, obtained broad spectra of two young, giant exoplanets which orbit a sun-like star, YSES-1. These planets are several times larger than Jupiter, and orbit far from their host star, highlighting the diversity of exoplanet systems even around stars like our own sun.

The main goal of measuring the spectra of these exoplanets was to understand their atmospheres. Different molecules and cloud particles all absorb different wavelengths of light, imparting a characteristic fingerprint onto the emission spectrum from the planets.

Dr Nasedkin said: "When we looked at the smaller, farther-out companion, known as YSES 1-c, we found the tell-tale signature of silicate clouds in the mid-infrared. Essentially made of sand-like particles, this is the strongest silicate absorption feature observed in an exoplanet yet."

"We believe this is linked to the relative youth of the planets: younger planets are slightly larger in radius, and this extended atmosphere may allow the cloud to absorb more of the light emitted by the planet. Using detailed modelling, we were able to identify the chemical composition of these clouds, as well as details about the shapes and sizes of the cloud particles."

The inner planet, YSES-1b offered up other surprises: while the whole planetary system is young, at 16.7 million years old, it is too old to find signs of the planet-forming disk around the host star. But around YSES-1b the team observed a disk around the planet itself, thought to feed material onto the planet and serve as the birthplace of moons - similar to those seen around Jupiter. Only three other such disks have been identified to date, both around objects significantly younger than YSES-1b, raising new questions as to how this disk could be so long-lived.




Dr Nasedkin added: "Overall, this work highlights the incredible abilities of JWST to characterise exoplanet atmospheres. With only a handful of exoplanets that can be directly imaged, the YSES-1 system offers unique insights into the atmospheric physics and formation processes of these distant giants."

In broad terms, understanding how this super-solar system formed offers further insight into the origins of our own solar system, giving us an opportunity to watch as a planet similar to Jupiter forms in real time. Understanding how long it takes to form planets, and the chemical makeup at the end of formation is important to learn what the building blocks of our own solar system looked like. Scientists can compare these young systems to our own, which provides hints of how our own planets have changed over time.

Dr Kielan Hoch, Giacconi Fellow at the Space Telescope Science Institute, said: "This program was proposed before the launch of JWST. It was unique, as we hypothesized that the NIRSpec instrument on the future telescope should be able to observe both planets in its field of view in a single exposure, essentially, giving us two for the price of one. Our simulations ended up being correct post-launch, providing the most detailed dataset of a multi-planet system to-date."

"The YSES-1 system planets are also too widely separated to be explained through current formation theories, so the additional discoveries of distinct silicate clouds around YSES-1 c and small hot dusty material around YSES-1 b leads to more mysteries and complexities for determining how planets form and evolve."

"This research was also led by a team of early career researchers such as postdocs and graduate students who make up the first five authors of the paper. This work would not have been possible without their creativity and hard work, which is what aided in making these incredible multidisciplinary discoveries."
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AI sees through chaos-and reaches the edge of what physics allows | ScienceDaily
No image is infinitely sharp. For 150 years, it has been known that no matter how ingeniously you build a microscope or a camera, there are always fundamental resolution limits that cannot be exceeded in principle. The position of a particle can never be measured with infinite precision; a certain amount of blurring is unavoidable. This limit does not result from technical weaknesses, but from the physical properties of light and the transmission of information itself.


						
TU Wien (Vienna), the University of Glasgow and the University of Grenoble therefore posed the question: Where is the absolute limit of precision that is possible with optical methods? And how can this limit be approached as closely as possible? And indeed, the international team succeeded in specifying a lowest limit for the theoretically achievable precision and in developing AI algorithms for neural networks that come very close to this limit after appropriate training. This strategy is now set to be employed in imaging procedures, such as those used in medicine.

 An absolute limit to precision 

"Let's imagine we are looking at a small object behind an irregular, cloudy pane of glass," says Prof Stefan Rotter from the Institute of Theoretical Physics at TU Wien. "We don't just see an image of the object, but a complicated light pattern consisting of many lighter and darker patches of light. The question now is: how precisely can we estimate where the object actually is based on this image -- and where is the absolute limit of this precision?"

Such scenarios are important in biophysics or medical imaging, for example. When light is scattered by biological tissue, it appears to lose information about deeper tissue structures. But how much of this information can be recovered in principle? This question is not only of technical nature, but physics itself sets fundamental limits here.

The answer to this question is provided by a theoretical measure: the so-called Fisher information. This measure describes how much information an optical signal contains about an unknown parameter -- such as the object position. If the Fisher information is low, precise determination is no longer possible, no matter how sophisticatedly the signal is analysed. Based on this Fisher information concept, the team was able to calculate an upper limit for the theoretically achievable precision in different experimental scenarios.

 Neural networks learn from chaotic light patterns 

While the team at TU Wien was providing theoretical input, a corresponding experiment was designed and implemented by Dorian Bouchet from the University of Grenoble (F) together with Ilya Starshynov and Daniele Faccio from the University of Glasgow (UK). In this experiment, a laser beam was directed at a small, reflective object located behind a turbid liquid, so that the recorded images only showed highly distorted light patterns. The measurement conditions varied depending on the turbidity -- and therefore also the difficulty of obtaining precise position information from the signal.




"To the human eye, these images look like random patterns," says Maximilian Weimar (TU Wien), one of the authors of the study. "But if we feed many such images -- each with a known object position -- into a neural network, the network can learn which patterns are associated with which positions." After sufficient training, the network was able to determine the object position very precisely, even with new, unknown patterns.

 Almost at the physical limit 

Particularly noteworthy: the precision of the prediction was only minimally worse than the theoretically achievable maximum, calculated using Fisher information. "This means that our AI-supported algorithm is not only effective, but almost optimal," says Stefan Rotter. "It achieves almost exactly the precision that is permitted by the laws of physics."

This realisation has far-reaching consequences: With the help of intelligent algorithms, optical measurement methods could be significantly improved in a wide range of areas -- from medical diagnostics to materials research and quantum technology. In future projects, the research team wants to work with partners from applied physics and medicine to investigate how these AI-supported methods can be used in specific systems.
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Sharper than lightning: Oxford's one-in-6. 7-million quantum breakthrough | ScienceDaily
Physicists at the University of Oxford have set a new global benchmark for the accuracy of controlling a single quantum bit, achieving the lowest-ever error rate for a quantum logic operation -- just 0.000015%, or one error in 6.7 million operations. This record-breaking result represents nearly an order of magnitude improvement over the previous benchmark, set by the same research group a decade ago.


						
To put the result in perspective: a person is more likely to be struck by lightning in a given year (1 in 1.2 million) than for one of Oxford's quantum logic gates to make a mistake.

The findings, published in Physical Review Letters, are a major advance towards having robust and useful quantum computers.

"As far as we are aware, this is the most accurate qubit operation ever recorded anywhere in the world," said Professor David Lucas, co-author on the paper, from the University of Oxford's Department of Physics. "It is an important step toward building practical quantum computers that can tackle real-world problems."

To perform useful calculations on a quantum computer, millions of operations will need to be run across many qubits. This means that if the error rate is too high, the final result of the calculation will be meaningless. Although error correction can be used to fix mistakes, this comes at the cost of requiring many more qubits. By reducing the error, the new method reduces the number of qubits required and consequently the cost and size of the quantum computer itself.

Co-lead author Molly Smith (Graduate Student, Department of Physics, University of Oxford), said: "By drastically reducing the chance of error, this work significantly reduces the infrastructure required for error correction, opening the way for future quantum computers to be smaller, faster, and more efficient. Precise control of qubits will also be useful for other quantum technologies such as clocks and quantum sensors."

This unprecedented level of precision was achieved using a trapped calcium ion as the qubit (quantum bit). These are a natural choice to store quantum information due to their long lifetime and their robustness. Unlike the conventional approach, which uses lasers, the Oxford team controlled the quantum state of the calcium ions using electronic (microwave) signals.




This method offers greater stability than laser control and also has other benefits for building a practical quantum computer. For instance, electronic control is much cheaper and more robust than lasers, and easier to integrate in ion trapping chips. Furthermore, the experiment was conducted at room temperature and without magnetic shielding, thus simplifying the technical requirements for a working quantum computer.

The previous best single-qubit error rate, also achieved by the Oxford team, in 2014, was 1 in 1 million. The group's expertise led to the launch of the spinout company Oxford Ionics in 2019, which has become an established leader in high-performance trapped-ion qubit platforms.

Whilst this record-breaking result marks a major milestone, the research team caution that it is part of a larger challenge. Quantum computing requires both single- and two-qubit gates to function together. Currently, two-qubit gates still have significantly higher error rates -- around 1 in 2000 in the best demonstrations to date -- so reducing these will be crucial to building fully fault-tolerant quantum machines.

The experiments were carried out at the University of Oxford's Department of Physics by Molly Smith, Aaron Leu, Dr Mario Gely and Professor David Lucas, together with a visiting researcher, Dr Koichiro Miyanishi, from the University of Osaka's Centre for Quantum Information and Quantum Biology.

The Oxford scientists are part of the UK Quantum Computing and Simulation (QCS) Hub, which was a part of the ongoing UK National Quantum Technologies Programme.
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Sun unleashes monster solar storm: Rare G4 alert issued for earth | ScienceDaily
Local weather alerts are familiar warnings for potentially dangerous conditions, but an alert that puts all of Earth on warning is rare.


						
On May 31, U.S. Naval Research Laboratory's (NRL) space-based instrumentation captured real-time observations of a powerful Coronal Mass Ejection (CME) that erupted from the Sun initiating a "severe geomagnetic storm" alert for Earth.

"Our observations demonstrated that the eruption was a so-called 'halo CME,' meaning it was Earth-directed, with our preliminary analysis of the data showing an apparent velocity of over 1,700 kilometers per second for the event," stated Karl Battams, Ph.D., computational scientist for NRL's Heliospheric Science Division.

A geomagnetic storm is a major disturbance of Earth's magnetosphere that's caused by the highly efficient transfer of energy from the solar wind into our planet's surrounding space environment. These disruptions are primarily driven by sustained periods of high-speed solar wind and, crucially, a southward-directed solar wind magnetic field that can peel away Earth's field on the dayside of the magnetosphere. Energy from the solar wind can open Earth's magnetic shield.

The National Oceanic and Atmospheric Administration's (NOAA) Space Weather Prediction Center classified the recent solar storm as G4, the second-highest classification on its five-level geomagnetic scale.

Powerful storms such as this are typically associated with CMEs. The repercussions can range from temporary outages and data corruption to permanent damage to satellites, increased atmospheric drag on low-Earth orbit spacecraft altering their trajectories, and disruptions to high-frequency radio communications.

"Such disturbances can compromise situational awareness, hinder command and control, affect precision-guided systems, and even impact the electrical power grid, directly affecting military readiness and operational effectiveness," Battams said.




CMEs are colossal expulsions of plasma and magnetic field from the Sun's corona, often carrying billions of tons of material. While CMEs generally take several days to reach Earth, the most intense events have been observed to arrive in as little as 18 hours.

"CMEs are the explosive release of mass from the Sun's low corona and are a primary driver of space weather, playing a central role in understanding the conditions of the Earth's magnetosphere, ionosphere, and thermosphere," explained Arnaud Thernisien, Ph.D., a research physicist from the Advanced Sensor Technology Section within NRL's Space Science Division.

The May 30 event saw a relatively slow but powerful solar flare erupt from the Earth-facing side of the Sun. The energy released blasted a CME directly toward Earth, leading to the geomagnetic storm that has produced auroras as far south as New Mexico.

NRL's space-based instrumentation, operating on NASA and NOAA spacecraft, provided vital real-time observations of this event. Notably, NRL's venerable Large Angle Spectrometric Coronagraph (LASCO), which has been in operation since 1996, and the Compact Coronagraph 1 (CCOR-1), launched in 2024, both relayed critical data.

Such observations are paramount for operational space weather monitoring, allowing forecasters to predict the timing of the event's arrival at Earth and the potential geomagnetic storm it could induce. While precisely predicting the severity, exact timing, or duration of a geomagnetic storm remains challenging, these advance warnings are vital for enabling the Department of Defense (DoD) and other agencies to prepare.

The potential impacts of severe geomagnetic storms on DoD and Department of the Navy missions are significant and far-reaching. These events can disrupt or degrade critical systems and capabilities, including satellite communications, Global Positioning System (GPS) navigation and timing, and various remote sensing systems.




"NRL has been a pioneer in heliophysics and space weather research since the very inception of the field, dating back to the first discovery of CMEs through NRL space-based observations in 1971," Battams said. "Since then, NRL has consistently maintained its position at the forefront of coronal imaging with a portfolio of groundbreaking instrumentation that has driven heliospheric and space weather studies."

This includes:
    	LASCO coronagraphs operating on the joint ESA-NASA Solar and Heliospheric Observatory (SOHO) mission since 1996
    	Sun-Earth Connection Coronal and Heliospheric Investigation (SECCHI) instrument packages on the twin NASA Solar Terrestrial Relations Observatory (STEREO) spacecraft since 2006
    	Wide-Field Imager for Parker Solar Probe (WISPR) instrument on NASA Parker Solar Probe (PSP) since 2018
    	Solar Orbiter Heliospheric Imager (SoloHI) on ESA's Solar Orbiter mission since 2019
    	NOAA's CCOR-1, designed and built by NRL, operating on NOAA's GOES-19 since 2024

These assets, particularly instruments like LASCO and CCOR-1, are indispensable for providing the crucial real-time imagery necessary for forecasters to analyze and assess CMEs, determine Earth-impact likelihood, and issue timely warnings.

"They form the backbone of our ability to anticipate and mitigate the effects of space weather. As the G4 severe geomagnetic storm watch continues, the public and critical infrastructure operators are encouraged to visit NOAA's Space Weather Prediction Center for the latest information and updates," Thernisien said.

The journey of the CME, from its fierce eruption on the Sun to its arrival at Earth, approximately one million miles away, highlights the dynamic nature of our solar system and the ongoing importance of NRL's vital contributions to heliophysics research and space weather preparedness. The data collected from events such as this will be instrumental in future research, further enhancing our understanding and predictive capabilities and ultimately bolstering the resilience of national security and critical infrastructure.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250610074256.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists may have spotted a giant new planet forming | ScienceDaily
An international team of astronomers led by University of Galway, has discovered the likely site of a new planet in formation, most likely a gas giant planet up to a few times the mass of Jupiter.


						
Using the European Southern Observatory's Very Large Telescope (ESO's VLT) in Chile, the researchers captured spectacular images around a distant young star for the first time in the form of scattered near-infrared light that revealed an exceptionally structured disk.

The European Southern Observatory (ESO), the world's foremost international astronomy organization, has published a stunning view of the new planet-forming disk as their picture of the week.

The disk extends out to 130 astronomical units from its parent star -- the equivalent to 130 times the distance between Earth and the Sun. It shows a bright ring followed by a gap centered at roughly 50 astronomical units.

For comparison, the outermost planet in our solar system, Neptune, has an orbital distance from the Sun of 30 astronomical units.

Inside the disk gap, reminiscent of the outskirts of a hurricane on Earth, a system of spiral arms are visible. While appearing tiny in the image, the inner part of this planet-forming system measures 40 astronomical units in radius and would swallow all of the planets in our own solar system.

The study was led by Dr Christian Ginski from the Center for Astronomy in the School of Natural Sciences at University of Galway and was co-authored by four postgraduate students at the University.




Dr Christian Ginski, lecturer at the School of Natural Sciences, University of Galway and lead author of the paper, said: "While our team has now observed close to 100 possible planet-forming disks around nearby stars, this image is something special. One rarely finds a system with both rings and spiral arms in a configuration that almost perfectly fits the predictions of how a forming planet is supposed to shape its parent disk according to theoretical models. Detections like this bring us one step closer to understand how planets form in general and how our solar system might have formed in the distant past."

The study has been published in the international journal Astronomy and Astrophysics.

Dr Ginski said: "Besides this exceptionally beautiful planet-forming cradle there is something else that I find quite special about this study. Along with the large international team that we assembled for these observations, four of our own University of Galway graduate students were involved in this study. Without the critical help of Chloe Lawlor, Jake Byrne, Dan McLachlan and Matthew Murphy we would not have been able to finalize the analysis of these new results. It is my great privilege to work with such talented young researchers."

Chloe Lawlor, PhD student in Physics with a specialization in Astrophysics, University of Galway, said: "Working with Dr Christian Ginski on the 2MASS1612 paper has been an incredible experience. As an early-career researcher, having the opportunity to contribute to such exciting work has been especially rewarding. This work has been the perfect introduction to scientific writing and collaboration, and I'm very grateful for this kick-start to my research career."

Jake Byrne, MSc student in Physics with a specialization in Astrophysics, University of Galway, said: "It's an exciting time to be involved in planet formation theory at the University of Galway. There was a strong sense of collaboration among everyone involved in this paper, and I'm grateful to have been part of it. It's been a great introduction into what I hope to be a long career in research."

Dan McLachlan, MSc student in Physics with a specialization in Astrophysics, University of Galway, said: "I found it quite a thrilling experience to be making my first contribution to an astrophysics publication and was very grateful for the opportunity provided by being a part of Dr Ginski's research group. I also honed my academic writing skills in stepping up to the challenge and learned a few analytical techniques that will be of vital use in my own future research work."

The wider research team included colleagues in the UK, Germany, Australia, USA, Netherlands, Italy, Chile, France, Japan.




The scientific paper speculates on the presence of a planet based on its structure and the rings and spirals observed in the disk. It also notes some tentative atmospheric emission of just such a planet which the research team say requires further study to confirm.

Based on their research findings, Dr Ginski and his team have secured time at the world leading James Webb Space Telescope (JWST) observatory in the upcoming observation cycle.

Using the unprecedented sensitivity of the James Webb Telescope, the team hopes to be able to take an actual image of the young planet. If planets in the disk are confirmed, it will become a prime laboratory for the study of planet-disk interaction.
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Planets may start forming before their stars are even done | ScienceDaily
Star and planet formation has largely been considered separate, sequential processes. But in a new study, scientists at Southwest Research Institute (SwRI) have modeled a different scenario where planets start developing early -- during the final stages of stellar formation -- rather than after this phase ends, as previously assumed.


						
Among the many thousands of known exoplanets there is a large population of compact systems that each have multiple planets orbiting very close to their central star. This contrasts with our solar system, which lacks planets orbiting closer than Mercury. Interestingly, in compact systems, the total mass of the planets in each system relative to the host star's mass is remarkably consistent across hundreds of systems. The cause of this common mass ratio remains a mystery.

Dr. Raluca Rufu and Dr. Robin Canup of SwRI's Solar System Science and Exploration Division in Boulder, Colorado, used advanced simulations that show surviving early-formed planets match multiple observed features of compact systems, including both tight planetary orbits and a common mass ratio. Early planet growth also is consistent with prior observations of disks around young stars made by the Atacama Large Millimeter Array (ALMA) telescope.

"Compact systems are one of the great mysteries of exoplanet science," said Rufu, a Sagan Fellow and lead author of a Nature Communications describing this research. "They contain multiple rocky planets of similar size, like peas-in-a-pod, and a common mass ratio that is very different than that of our solar system's planets."

"Intriguingly, the common mass ratio seen in compact exoplanetary systems is similar to that of the satellite systems of our gas planets. These moons are thought to have developed as gas planets finalized their formation. This seems a powerful clue that compact systems may reflect a similar underlying process," said Canup.

A star forms as a molecular cloud of gas and dust collapses due to its own gravity. As material from the cloud infalls towards the central star, it is first deposited into a circumstellar disk orbiting the star. After infall ends, the disk persists for a few million years before its gas disperses. Planets form within the disk, starting with collisions and accumulation among dust grains and ending with the gravitational assembly of planets.

"Conventionally, it has been assumed that planetary assembly started after stellar infall ended. However, recent ALMA observations provide strong evidence that planetary accretion, or formation, may begin earlier," said Rufu. "We propose that compact systems are surviving remnants of planet accretion that occurred during the final phases of infall."

The new numerical simulations show that during infall, growing planets collect rocky material while their orbits gradually spiral inward through interactions with surrounding disk gas. As a planet gains mass, its inward orbit migration accelerates, so that planets above a critical mass fall into the star and are consumed. This balance between planetary growth and loss tends to produce similarly sized planets with characteristic masses determined by infall and disk conditions.




"We find that planets that accrete during infall can survive until the gas disk disperses and orbital migration ends," said Canup. "Importantly, across a broad range of conditions, the mass of surviving systems is proportional to the mass of the host star, providing the first explanation for the similar mass ratios of observed multi-planet compact systems."

The envisioned process is similar to the way moons may form around giant planets like Jupiter. Moons grow within a disk surrounding the planet that is fed by infalling gas and dust material from the circumstellar disk. A key difference lies in the timing: moon-forming disks disperse quickly once infall stops, while planet-forming disks around stars can last up to several million years. This subtle difference yields somewhat lower mass ratios for compact planetary systems than for gas planet satellite systems.

"It's exciting to see that the process of early assembly in young disks may work in a similar way across very different scales," the team notes.
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Photonic quantum chips are making AI smarter and greener | ScienceDaily
One of the current hot research topics is the combination of two of the most recent technological breakthroughs: machine learning and quantum computing. An experimental study shows that already small-scale quantum computers can boost the performance of machine learning algorithms. This was demonstrated on a photonic quantum processor by an international team of researchers of the University of Vienna. The work, recently published in Nature Photonics, shows promising new applications for optical quantum computers.


						
Recent scientific breakthroughs have reshaped the development of future technologies. On the one hand, machine learning and artificial intelligence have already revolutionized our lives from everyday tasks to scientific research. On the other hand, quantum computing has emerged as a new paradigm of computation.

From the combination of these promising two fields, a new research line has opened up: Quantum Machine Learning. This field aims at finding potential enhancements in the speed, efficiency or accuracy of algorithms when they run on quantum platforms. It is however still an open challenge, to achieve such an advantage on current technology quantum computers.

This is where an international team of researchers took the next step and designed a novel experiment carried out by scientists from the University of Vienna. The set-up features a quantum photonic circuit built at the Politecnico di Milano (Italy), which runs a machine learning algorithm first proposed by researchers working at Quantinuum (United Kingdom). The goal was to classify data points using a photonic quantum computer and single out the contribution of quantum effects, to understand the advantage with respect to classical computers. The experiment showed that already small-sized quantum processors can peform better than conventional algorithms. "We found that for specific tasks our algorithm commits fewer errors than its classical Counterpart," explains Philip Walther from the University of Vienna, lead of the project. "This implies that existing quantum computers can show good performances without necessarily going beyond the state-of-the-art Technology" adds Zhenghao Yin, first author of the publication in Nature Photonics.

Another interesting aspect of the new research is that photonic platforms can consume less energy with respect to standard computers. "This could prove crucial in the future, given that machine learning algorithms are becoming infeasible, due to the too high energy demands," emphasizes co-author Iris Agresti.

The result of the researchers has an impact both on quantum computation, since it identifies tasks that benefit from quantum effects, as well as on standard computing. Indeed, new algorithms, inspired by quantum architectures could be designed, reaching better performances and reducing energy consumption.
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Photons collide in the void: Quantum simulation creates light out of nothing | ScienceDaily
Using advanced computational modelling, a research team led by the University of Oxford, working in partnership with the Instituto Superior Tecnico in the University of Lisbon, has achieved the first-ever real-time, three-dimensional simulations of how intense laser beams alter the 'quantum vacuum' -- a state once assumed to be empty, but which quantum physics predicts is full of virtual electron-positron pairs.


						m bizarre quantum phenomena.    
	The results have been published in Communications Physics.
Using advanced computational modelling, a research team led by the University of Oxford, working in partnership with the Instituto Superior Tecnico in the University of Lisbon, has achieved the first-ever real-time, three-dimensional simulations of how intense laser beams alter the 'quantum vacuum' -- a state once assumed to be empty, but which quantum physics predicts is full of virtual electron-positron pairs.

Excitingly, these simulations recreate a bizarre phenomenon predicted by quantum physics, known as vacuum four-wave mixing. This states that the combined electromagnetic field of three focused laser pulses can polarise the virtual electron-positron pairs of a vacuum, causing photons to bounce off each other like billiard balls - generating a fourth laser beam in a 'light from darkness' process. These events could act as a probe of new physics at extremely high intensities.

"This is not just an academic curiosity -- it is a major step toward experimental confirmation of quantum effects that until now have been mostly theoretical," said study co-author Professor Peter Norreys, Department of Physics, University of Oxford.

The work arrives just in time as a new generation of ultra-powerful lasers starts to come online. Facilities such as the UK's Vulcan 20-20, the European 'Extreme Light Infrastructure (ELI)' project, and China's Station for Extreme Light (SEL) and SHINE facilities are set to deliver power levels high enough to potentially confirm photon-photon scattering in the lab for the first time. Photon-photon scattering has already been selected as one of three flag-ship experiments at the University of Rochester's OPAL dual-beam 25 PW laser facility in the United States.

The simulations were carried out using an advanced version of OSIRIS, a simulation software package which models interactions between laser beams and matter or plasma.

Lead author Zixin (Lily) Zhang, a doctoral student at Oxford's Department of Physics, said: "Our computer program gives us a time-resolved, 3D window into quantum vacuum interactions that were previously out of reach. By applying our model to a three-beam scattering experiment, we were able to capture the full range of quantum signatures, along with detailed insights into the interaction region and key time scales. Having thoroughly benchmarked the simulation, we can now turn our attention to more complex and exploratory scenarios -- including exotic laser beam structures and flying-focus pulses."

Crucially, these models provide details that experimentalists depend on to design precise, real-world tests including realistic laser shapes and pulse timings. The simulations also reveal new insights, including how these interactions evolve in real time and how subtle asymmetries in beam geometry can shift the outcome.

According to the team, the tool will not only assist in planning future high-energy laser experiments but could also help search for signs of hypothetical particles such as axions and millicharged particles -- potential candidates for dark matter.

Study co-author Professor Luis Silva (at the Instituto Superior Tecnico, University of Lisbon and Visiting Professor in Physics at the University of Oxford) added: "A wide range of planned experiments at the most advanced laser facilities will be greatly assisted by our new computational method implemented in OSIRIS. The combination of ultra-intense lasers, state-of-the-art detection, cutting-edge analytical and numerical modelling are the foundations for a new era in laser-matter interactions, which will open new horizons for fundamental physics."
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How outdated phones can power smart cities and save the seas | ScienceDaily
Each year, more than 1.2 billion smartphones are produced globally. The production of electronic devices is not only energy-intensive but also consumes valuable natural resources. Additionally, the manufacturing and delivery processes release a significant amount of CO2 into the atmosphere. Meanwhile, devices are aging faster than ever -- users replace their still-functional phones on average every 2 to 3 years. At best, old devices are recycled; at worst, they end up in landfills.


						
Although the most sustainable solution would be to change consumer behavior and consider more carefully whether every new model truly requires replacing the old one, this is easier said than done. Rapid technological development quickly renders older devices obsolete. Therefore, alternative solutions are needed -- such as extending the lifespan of devices by giving them an entirely new purpose.

This is precisely the approach tested by researchers Huber Flores, Ulrich Norbisrath, and Zhigang Yin from the University of Tartu's Institute of Computer Science, along with Perseverance Ngoy from the Institute of Technology and their international colleagues. "Innovation often begins not with something new, but with a new way of thinking about the old, re-imagining its role in shaping the future," explained Huber Flores, Associate Professor of Pervasive Computing. They demonstrated that old smartphones can be successfully repurposed into tiny data centers capable of efficiently processing and storing data. They also found that building such a data center is remarkably inexpensive -- around 8 euros per device.

These tiny data centers have a wide range of applications. For example, they could be used in urban environments like bus stops to collect real-time data on the number of passengers, which could then be used to optimize public transportation networks.

In the project's first stage, the researchers removed the phones' batteries and replaced them with external power sources to reduce the risk of chemical leakage into the environment. Then, four phones were connected together, fitted with 3D-printed casings and holders, and turned into a working prototype ready to be re-used, fostering sustainable practices for old electronics.

The prototype was then successfully tested underwater, where it participated in marine life monitoring by helping to count different sea species. Normally, these kinds of tasks require a scuba diver to record video and bring it to the surface for analysis. But with the prototype, the whole process was done automatically underwater.

The team's results show that outdated technology doesn't have to end up as waste. With minimal resources, these devices can be given a new purpose, contributing to the development of more environmentally friendly and sustainable digital solutions.

"Sustainability is not just about preserving the future -- it's about reimagining the present, where yesterday's devices become tomorrow's opportunities," commented Ulrich Norbisrath, Associate Professor of Software Engineering.
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This battery self-destructs: Biodegradable power inspired by 'Mission: Impossible' | ScienceDaily

Could electronics disintegrate into nothing in real life? Binghamton University Professor Seokheun "Sean" Choi has researched disposable "papertronics" over the past 20 years, but the hardest part about making so-called transient electronics is the battery.

"Transient electronics can be used for biomedical and environmental applications, but they must disintegrate in a biosafe manner," said Choi, a faculty member at the Thomas J. Watson College of Engineering and Applied Science's Department of Electrical and Computer Engineering.

"You don't want to have toxic residues inside your body. That type of device is called bioresorbable electronics. For transient or bioresorbable electronics, the key challenge is the power source -- but most power sources, like lithium-ion batteries, include toxic material."

Choi and his student research team took lessons from their previous research into biobatteries and applied that knowledge to a new idea: In a paper recently published in the journal Small, they show the potential of using probiotics -- live microorganisms that offer health benefits when ingested but are otherwise harmless to the environment or humans.

Maedeh Mohammadifar, PhD '20, a graduate of Choi's Bioelectronics and Microsystems Lab, developed the original dissolvable microbial fuel cell during her time as a Binghamton student.

"We used well-known electricity-producing bacteria, which is within biosafety level 1, so it is safe -- but we were not sure what would happen if these bacteria were released into nature," Choi said. "But whenever I made presentations at conferences, people would ask: 'So, you are using bacteria? Can we safely use that?'"

Current PhD student Maryam Rezaie led the latest research using a premade blend of 15 probiotics.




"It's well documented that probiotics are safe and biocompatible, but we were not sure if those probiotics have electricity-producing capability," Choi said. "There was a question, so she did a lot of experiments on that."

Early results proved unpromising, he added, but "we didn't give up. We engineered in an electrode surface that might be preferable to the bacteria, using polymer and some nanoparticles to hypothetically improve the electrocatalytic behavior of probiotics and give them a boost."

The modified electrode was porous and rough, which offered excellent conditions for bacteria to attach and grow, and that improved the microorganisms' electrogenic capability. Coating the dissolvable paper with a low pH-sensitive polymer -- meaning that it will work only in an acidic environment like a polluted area or the human digestive system -- increased the voltage output and the duration that the battery operated.

Although they produced only a small amount of power, Choi looks at the experiments as a proof of concept for him and future students to build on.

"Other research must be done," he said. "We used probiotic blends, but I want to study individually which ones have the extra electric genes, and how synergistic interactions can improve the power generation. Also, in this research we developed in a single unit of a biobattery. I want to contact them in series or parallel to improve the power."
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This "robot bird" flies at 45 mph through forests-With no GPS or light | ScienceDaily
Unlike birds, which navigate unknown environments with remarkable speed and agility, drones typically rely on external guidance or pre-mapped routes. However, a groundbreaking development by Professor Fu Zhang and researchers from the Department of Mechanical Engineering of Faculty of Engineering at the University of Hong Kong (HKU), has enabled drones and micro air vehicles (MAVs) to emulate the flight capabilities of birds more closely than ever before.


						
The team has developed the Safety-Assured High-Speed Aerial Robot (SUPER), capable of flying at speeds exceeding 20 meters per second and avoiding obstacles as thin as 2.5 millimeters - such as power lines or twigs - using solely on onboard sensors and computing power. With a compact design featuring a wheelbase of just 280 mm and a takeoff weight of 1.5 kg, SUPER demonstrates exceptional agility, navigating dense forests at night and skillfully avoiding thin wires.

Professor Zhang describes this invention as a game-changer in the field of drone technology, "Picture a 'Robot Bird' swiftly maneuvering through the forest, effortlessly dodging branches and obstacles at high speeds. This is a significant step forward in autonomous flight technology. Our system allows MAVs to navigate complex environments at high speeds with a level of safety previously unattainable. It's like giving the drone the reflexes of a bird, enabling it to dodge obstacles in real-time while racing toward its goal."

The breakthrough lies in the sophisticated integration of hardware and software. SUPER utilizes a lightweight 3D light detection and ranging (LIDAR) sensor capable of detecting obstacles up to 70 meters away with pinpoint accuracy. This is paired with an advanced planning framework that generates two trajectories during flight: one that optimizing speed by venturing into unknown spaces and another prioritizing safety by remaining within known, obstacle-free zones.

By processing LIDAR data directly as point clouds, the system significantly reduces computation time, enabling rapid decision-making even at high velocities. The technology has been tested in various real-life applications, such as the autonomous exploration of ancient sites, and has demonstrated seamless navigation in both indoor and outdoor environments.

"The ability to avoid thin obstacles and navigate tight spaces opens up new possibilities for applications like search and rescue, where every second counts. SUPER's robustness in various lighting conditions, including nighttime, makes it a reliable tool for round-the-clock operations." said Mr Yunfan Ren, the lead author of the research paper.

The research team envisions a wide range of applications for this innovative technology, including autonomous delivery, power line inspection, forest monitoring, autonomous exploration, and mapping. In search and rescue missions, MAVs equipped with SUPER technology could swiftly navigate disaster zones - such as collapsed buildings or dense forests - day and night, locating survivors or assessing hazards more efficiently than current drones. Moreover, in disaster relief scenarios, they could deliver crucial supplies to remote and inaccessible areas.
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Largest-ever map of the universe reveals 10x more early galaxies than expected | ScienceDaily
In the name of open science, the multinational scientific collaboration COSMOS on Thursday released the data behind the largest map of the universe. Called the COSMOS-Web field, the project, built with data collected by the James Webb Space Telescope (JWST), consists of all the imaging and a catalog of nearly 800,000 galaxies spanning nearly all of cosmic time. And it's been challenging existing notions of the infant universe.


						
"Our goal was to construct this deep field of space on a physical scale that far exceeded anything that had been done before," said UC Santa Barbara physics professor Caitlin Casey, who co-leads the COSMOS-Web collaboration alongside Jeyhan Kartaltepe of the Rochester Institute of Technology. "If you had a printout of the Hubble Ultra Deep Field on a standard piece of paper," she said, referring to the iconic view of nearly 10,000 galaxies released by NASA in 2004, "our image would be slightly larger than a 13-foot by 13-foot-wide mural, at the same depth. So it's really strikingly large."

The COSMOS-Web composite image reaches back about 13.5 billion years; according to NASA, the universe is about 13.8 billion years old, give or take one hundred million years. That covers about 98% of all cosmic time. The objective for the researchers was not just to see some of the most interesting galaxies at the beginning of time but also to see the wider view of cosmic environments that existed during the early universe, during the formation of the first stars, galaxies and black holes.

"The cosmos is organized in dense regions and voids," Casey explained. "And we wanted to go beyond finding the most distant galaxies; we wanted to get that broader context of where they lived."

A 'big surprise'

And what a cosmic neighborhood it turned out to be. Before JWST turned on, Casey said, she and fellow astronomers made their best predictions about how many more galaxies the space telescope would be able to see, given its 6.5 meter (21 foot) diameter light-collecting primary mirror, about six times larger than Hubble's 2.4 meter (7 foot, 10 in) diameter mirror. The best measurements from Hubble suggested that galaxies within the first 500 million years would be incredibly rare, she said.

"It makes sense -- the Big Bang happens and things take time to gravitationally collapse and form, and for stars to turn on. There's a timescale associated with that," Casey explained. "And the big surprise is that with JWST, we see roughly 10 times more galaxies than expected at these incredible distances. We're also seeing supermassive black holes that are not even visible with Hubble." And they're not just seeing more, they're seeing different types of galaxies and black holes, she added.




'Lots of unanswered questions'

While the COSMOS-Web images and catalog answer many questions astronomers have had about the early universe, they also spark more questions.

"Since the telescope turned on we've been wondering 'Are these JWST datasets breaking the cosmological model? Because the universe was producing too much light too early; it had only about 400 million years to form something like a billion solar masses of stars. We just do not know how to make that happen," Casey said. "So, lots of details to unpack, and lots of unanswered questions."

In releasing the data to the public, the hope is that other astronomers from all over the world will use it to, among other things, further refine our understanding of how the early universe was populated and how everything evolved to the present day. The dataset may also provide clues to other outstanding mysteries of the cosmos, such as dark matter and physics of the early universe that may be different from what we know today.

"A big part of this project is the democratization of science and making tools and data from the best telescopes accessible to the broader community," Casey said. The data was made public almost immediately after it was gathered, but only in its raw form, useful only to those with the specialized technical knowledge and the supercomputer access to process and interpret it. The COSMOS collaboration has worked tirelessly for the past two years to convert raw data into broadly usable images and catalogs. In creating these products and releasing them, the researchers hope that even undergraduate astronomers could dig into the material and learn something new.

"Because the best science is really done when everyone thinks about the same data set differently," Casey said. "It's not just for one group of people to figure out the mysteries."

For the COSMOS collaboration, the exploration continues. They've headed back to the deep field to further map and study it.

"We have more data collection coming up," she said. "We think we have identified the earliest galaxies in the image, but we need to verify that." To do so, they'll be using spectroscopy, which breaks up light from galaxies into a prism, to confirm the distance of these sources (more distant = older). "As a byproduct," Casey added, "we'll get to understand the interstellar chemistry in these systems through tracing nitrogen, carbon and oxygen. There's a lot left to learn and we're just beginning to scratch the surface."

The COSMOS-Web image is available to browse interactively; the accompanying scientific papers have been submitted to the Astrophysical Journal and Astronomy & Astrophysics.
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Scientists built a transistor that could leave silicon in the dust | ScienceDaily

Now, a research team led by the Institute of Industrial Science, The University of Tokyo, has sought a solution. As detailed in their new paper, to be issued in 2025 Symposium on VLSI Technology and Circuits , the team ditched the silicon and instead opted to create a transistor made from gallium-doped indium oxide (InGaOx). This material can be structured as a crystalline oxide, whose orderly, crystal lattice is well suited for electron mobility.

"We also wanted our crystalline oxide transistor to feature a 'gate-all-around' structure, whereby the gate, which turns the current on or off, surrounds the channel where the current flows," explains Anlan Chen, lead author of the study. "By wrapping the gate entirely around the channel, we can enhance efficiency and scalability compared with traditional gates."

With these goals in mind, the team got to work. The researchers knew that they would need to introduce impurities to the indium oxide by 'doping' it with gallium. This would make the material react with electricity in a more favorable way.

"Indium oxide contains oxygen-vacancy defects, which facilitate carrier scattering and thus lower device stability," says Masaharu Kobayashi, senior author. "We doped indium oxide with gallium to suppress oxygen vacancies and in turn improve transistor reliability."

The team used atomic-layer deposition to coat the channel region of a gate-all-around transistor with a thin film of InGaOx, one atomic layer at a time. After deposition, the film was heated to transform it into the crystalline structure needed for electron mobility. This process ultimately enabled the fabrication of a gate-all-around 'metal oxide-based field-effect transistor' (MOSFET).

"Our gate-all-around MOSFET, containing a gallium-doped indium oxide layer, achieves high mobility of 44.5 cm2/Vs," explains Dr Chen. "Crucially, the device demonstrates promising reliability by operating stably under applied stress for nearly three hours. In fact, our MOSFET outperformed similar devices that have previously been reported."

The efforts shown by the team have provided the field with a new transistor design that considers the importance of both materials and structure. The research is a step towards the development of reliable, high-density electronic components suited for applications with high computational demand, such as big data and artificial intelligence. These tiny transistors promise to help next-gen technology run smoothly, making a big difference to our everyday lives.

The article "A Gate-All-Around Nanosheet Oxide Semiconductor Transistor by Selective Crystallization of InGaOx for Performance and Reliability Enhancement" was issued in 2025 Symposium on VLSI Technology and Circuits.
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Scientists freeze quantum motion using ultrafast laser trick | ScienceDaily
Quantum materials exhibit remarkable emergent properties when they are excited by external sources. However, these excited states decay rapidly once the excitation is removed, limiting their practical applications. A team of researchers from Harvard University and the Paul Scherrer Institute PSI have now demonstrated an approach to stabilize these fleeting states and probe their quantum behaviour using bright X-ray flashes from the X-ray free electron laser SwissFEL at PSI. The findings are published in the journal Nature Materials.


						
Some materials exhibit fascinating quantum properties that can lead to transformative technologies, from lossless electronics to high-capacity batteries. However, when these materials are in their natural state, these properties remain hidden, and scientists need to gently ask for them to pop up. One way they can do this is by using ultrashort pulses of light to alter the microscopic structure and electronic interactions in these materials so that these functional properties emerge. But good things do not last forever - these light-induced states are transient, typically persisting only a few picoseconds, making them difficult to harness in practical applications. In rare cases, light-induced states become long-lived. Yet our understanding of these phenomena remains limited, and no general framework exists for designing excited states that last.

A team of scientists from Harvard University together with PSI colleagues overcame this challenge by manipulating the symmetry of electronic states in a copper oxide compound. Using the X-ray free electron laser SwissFEL at PSI, they demonstrated that tailored optical excitation can induce a 'metastable' non-equilibrium electronic state persisting for several nanoseconds - about a thousand times longer than they usually last for.

Steering electrons with light

The compound under study, Sr14Cu24O41 -- a so-called cuprate ladder -- is nearly one-dimensional. It is composed of two distinct structural units, the so-called ladders and chains, representing the shape in which copper and oxygen atoms organize. This one-dimensional structure offers a simplified platform to understand complex physical phenomena that also show up in higher-dimensional systems. "This material is like our fruit fly. It is the idealized platform that we can use to study general quantum phenomena," comments experimental condensed matter physicist Matteo Mitrano from Harvard University, who lead the study.

One way to achieve a long-lived ('metastable') non-equilibrium state is to trap it in an energy well from which it does not have enough energy to escape. However, this technique risks inducing structural phase transitions that change the material's molecular arrangement, and that is something Mitrano and his team wanted to avoid. "We wanted to figure out whether there was another way to lock the material in a non-equilibrium state through purely electronic methods," explains Mitrano. For that reason, an alternative approach was proposed.

In this compound, the chain units hold a high density of electronic charge, while the ladders are relatively empty. At equilibrium, the symmetry of the electronic states prevents any movement of charges between the two units. A precisely engineered laser pulse breaks this symmetry, allowing charges to quantum tunnel from the chains to the ladders. "It's like switching on and off a valve," explains Mitrano. Once the laser excitation is turned off, the tunnel connecting ladders and chains shuts down, cutting off the communication between these two units and trapping the system in a new long-lived state for some time that allows scientists to measure its properties.




Cutting-edge fast X-ray probes

The ultra-bright femtosecond X-ray pulses generated at the SwissFEL allowed the ultrafast electronic processes governing the formation and subsequent stabilization of the metastable state to be caught in action. Using a technique known as time-resolved Resonant Inelastic X-ray scattering (tr-RIXS) at the SwissFEL Furka endstation, researchers can gain unique insight into magnetic, electric, and orbital excitations - and their evolution over time - revealing properties that often remain hidden to other probes.

"We can specifically target those atoms that determine the physical properties of the system," comments Elia Razzoli, group leader of the Furka endstation and responsible for the experimental setup.

This capability was key to dissecting the light-induced electronic motion that gave rise to the metastable state. "With this technique, we could observe how the electrons moved at their intrinsic ultrafast timescale and hence reveal electronic metastability," adds Hari Padma, postdoctoral scholar at Harvard and lead author of the paper.

The first of many more to come

tr-RIXS gives unique insight into energy and momentum dynamics of excited materials, opening new scientific opportunities for users of SwissFEL in studying quantum materials; indeed, these results come from the first experiment conducted by a user group at the new Furka endstation. It was the interest in the development of tr-RIXS at Furka that motivated the Harvard team to collaborate with scientists at PSI. "It's a rare opportunity to get time on a machine where you can do these sorts of experiments," comments Mitrano.

Since this initial pilot experiment, the Furka endstation has undergone upgrades to improve the RIXS energy resolution, and it is ready to study new types of individual and collective excitations, such as lattice excitations. "This experiment was very important to showcase the kind of experiments that we can carry out. The endstation and its instrumentation are already much better now, and we will keep improving it," concludes Razzoli.

This work represents a major step forward in controlling quantum materials far from equilibrium, with broad implications for future technologies. By stabilising light-induced non-equilibrium states, the study opens new possibilities for designing materials with tuneable functionalities. This could enable ultrafast optoelectronic devices, including transducers that convert electrical signals to light and vice versa -- key components for quantum communication and photonic computing. It also offers a pathway toward non-volatile information storage, where data is encoded in quantum states created and controlled by light.
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        Rivers are exhaling ancient carbon -- and climate math just changed
        Ancient carbon thought to be safely stored underground for millennia is unexpectedly resurfacing literally. A sweeping international study has found that over half of the carbon gases released by rivers come from long-term, old carbon sources like deep soils and weathered rocks, not just recent organic matter. This surprising discovery suggests Earth s vegetation is playing an even bigger role in absorbing excess carbon to keep the climate in check.

      

      
        Cleaner fish: Tiny healers or hidden spreaders in coral reef ecosystems?
        Reef "beauty salons" staffed by tiny cleaner fish aren t just for parasite removal they may also shape the microbial life of the entire ecosystem. A fascinating new study shows these bustling fish stations influence which microbes move around the reef, possibly helping or harming coral health. Cleaner gobies, it turns out, don t just offer spa treatments to their fish clients they may also serve as tiny microbiome engineers of the sea.

      

      
        Something more toxic than gators is hiding in the swamps
        Mercury contamination is surfacing as a serious concern in parts of Georgia and South Carolina, particularly in regions like the Okefenokee Swamp. University of Georgia researchers found alarmingly high levels of the neurotoxic metal in alligators, especially in older individuals and even hatchlings suggesting the toxin is passed both up the food chain and through generations. These ancient reptiles act as environmental indicators, raising red flags for the broader ecosystem and potentially for h...

      

      
        Pincer plot twist: How female earwigs evolved deadly claws for love and war
        Female earwigs may be evolving exaggerated weaponry just like males. A study from Toho University found that female forceps, once assumed to be passive tools, show the same kind of outsized growth linked to sexual selection as the male's iconic pincers. This means that female earwigs might be fighting for mates too specifically for access to non-aggressive males challenging long-standing assumptions in evolutionary biology.

      

      
        Scientists discover natural cancer-fighting sugar in sea cucumbers
        Sea cucumbers, long known for cleaning the ocean floor, may also harbor a powerful cancer-fighting secret. Scientists discovered a unique sugar in these marine creatures that can block Sulf-2, an enzyme that cancer cells use to spread. Unlike traditional medications, this compound doesn t cause dangerous blood clotting issues and offers a cleaner, potentially more sustainable way to develop carbohydrate-based drugs if scientists can find a way to synthesize it in the lab.

      

      
        The global rule that predicts where life thrives--and where it fails
        What if all life on Earth followed a surprisingly simple pattern? New research shows that in every region, species tend to cluster in small hotspots and then gradually thin out. This universal rule applies across drastically different organisms and habitats from trees to dragonflies, oceans to forests. Scientists now believe environmental filtering shapes this global distribution, providing new tools to predict how life responds to climate change and biodiversity threats.

      

      
        What a dinosaur ate 100 million years ago--Preserved in a fossilized time capsule
        A prehistoric digestive time capsule has been unearthed in Australia: plant fossils found inside a sauropod dinosaur offer the first definitive glimpse into what these giant creatures actually ate. The remarkably preserved gut contents reveal that sauropods were massive, indiscriminate plant-eaters who swallowed leaves, conifer shoots, and even flowering plants without chewing relying on their gut microbes to break it all down.

      

      
        Scientists uncover why "stealth" volcanoes stay silent until eruption
        Some volcanoes erupt with little to no warning, posing serious risks to nearby communities and air traffic. A study of Alaska's Veniaminof volcano reveals how specific internal conditions like slow magma flow and warm chamber walls can create these so-called "stealthy eruptions."

      

      
        2,000 miles through rivers and ice: Mapping neanderthals' hidden superhighways across eurasia
        Neanderthals may have trekked thousands of miles across Eurasia much faster than we ever imagined. New computer simulations suggest they used river valleys like natural highways to cross daunting landscapes during warmer climate windows. These findings not only help solve a long-standing archaeological mystery but also point to the likelihood of encounters and interbreeding with other ancient human species like the Denisovans.

      

      
        How madagascar's lizards became the island's last hope for reforestation
        After millions of years of evolutionary isolation, Madagascar developed an unparalleled array of wildlife, and recent research has uncovered an unsung ecological hero: the lizard. Though often dismissed in studies of seed dispersal, lizards in Madagascar have proven to be vital agents of endozoochory, consuming fruits and spreading the seeds of over 20 plant species. Surprisingly, their seed choices differ from those of the dominant lemurs, suggesting an unrecognized ecological role. Even more st...

      

      
        Scientists reveal the hidden pause that keeps bee colonies alive
        Bumblebee queens don t work nonstop. UC Riverside scientists discovered that queens take strategic reproductive breaks early in colony formation likely to conserve energy and increase the chance of survival. These pauses aren t due to stress but are a built-in response to brood development stages. The study shows queen behavior is far more flexible and dynamic than previously thought, potentially offering new insights into how to protect declining bee populations.

      

      
        Why past mass extinctions didn't break ecosystems--But this one might
        For millions of years, large herbivores like mastodons and giant deer shaped the Earth's ecosystems, which astonishingly stayed stable despite extinctions and upheavals. A new study reveals that only twice in 60 million years did environmental shifts dramatically reorganize these systems once with a continental land bridge, and again with climate-driven habitat change. Yet the ecosystems adapted, with new species taking on old roles. Now, a third, human-driven tipping point threatens that ancient...

      

      
        New evidence reveals advanced maritime technology in the philippines 35,000 years ago
        In a bold reimagining of Southeast Asia s prehistory, scientists reveal that the Philippine island of Mindoro was a hub of human innovation and migration as far back as 35,000 years ago. Advanced tools, deep-sea fishing capabilities, and early burial customs show that early humans here weren t isolated they were maritime pioneers shaping a wide-reaching network across the region.

      

      
        Earth's core mystery solved: How solid rock flows 3,000 kilometers beneath us
        Beneath Earth s surface, nearly 3,000 kilometers down, lies a mysterious layer where seismic waves speed up inexplicably. For decades, scientists puzzled over this D' layer. Now, groundbreaking experiments by ETH Zurich have finally revealed that solid rock flows at extreme depths, acting like liquid in motion. This horizontal mantle flow aligns mineral crystals called post-perovskite in a single direction, explaining the seismic behavior. It s a stunning leap in understanding Earth s deep inner ...

      

      
        How outdated phones can power smart cities and save the seas
        In a world where over a billion smartphones are produced yearly, a team of researchers is flipping the script on electronic waste. Instead of tossing out older phones, they ve demonstrated a groundbreaking approach: turning outdated smartphones into micro data centers. This low-cost innovation (just 8 euros per phone) offers practical applications from tracking bus passengers to monitoring marine life without needing new tech.

      

      
        160 million years ago, this fungus pierced trees like a microscopic spear
        In a paper published in National Science Review, a Chinese team of scientists highlights the discovery of well-preserved blue-stain fungal hyphae within a Jurassic fossil wood from northeastern China, which pushes back the earliest known fossil record of this fungal group by approximately 80 million years. The new finding provides crucial fossil evidence for studying the origin and early evolution of blue-stain fungi and offers fresh insights into understanding the ecological relationships betwee...

      

      
        Whales blow bubble rings--And they might be talking to us
        Humpback whales have been observed blowing bubble rings during friendly interactions with humans a behavior never before documented. This surprising display may be more than play; it could represent a sophisticated form of non-verbal communication. Scientists from the SETI Institute and UC Davis believe these interactions offer valuable insights into non-human intelligence, potentially helping refine our methods for detecting extraterrestrial life. Their findings underscore the intelligence, curi...

      

      
        Drone tech uncovers 1,000-year-old native american farms in michigan
        In the dense forests of Michigan s Upper Peninsula, archaeologists have uncovered a massive ancient agricultural system that rewrites what we thought we knew about Native American farming. Dating back as far as the 10th century, the raised ridged fields built by the ancestors of the Menominee Indian Tribe covered a vast area and were used for cultivating staple crops like corn and squash. Using drone-mounted lidar and excavations, researchers found evidence of a complex and labor-intensive system...

      

      
        Satellite tracking of 12,000 marine animals reveals ocean giants are in trouble
        A massive global collaboration has tracked over 12,000 marine animals from whales to turtles to create one of the most detailed movement maps of ocean giants ever assembled. The project, MegaMove, highlights how animal migrations intersect with fishing, shipping, and pollution, revealing alarming gaps in current ocean protections. Even if 30% of the oceans were protected, most critical habitats would still be exposed to threats.

      

      
        Lighting up earthquakes: How scientists watched ruptures evolve in milliseconds
        Scientists have built a lab model that visually tracks how microscopic contact points between fault surfaces evolve during earthquake cycles, revealing the hidden mechanics behind both the slow buildup of tectonic stress and the rapid ruptures that cause earthquakes. This breakthrough uncovers a key physical variable long used in models but never fully understood: the real contact area. With LED lighting and transparent materials, researchers watched ruptures unfold in milliseconds and verified t...

      

      
        Extreme weather is wiping out amphibians--Here's where it's worst
        Frogs, salamanders, and other amphibians are not just battling habitat loss and pollution they're now also contending with increasingly brutal heat waves and droughts. A sweeping 40-year study shows a direct link between the rise in extreme weather events and the growing number of species landing on the endangered list. Europe, the Amazon, and Madagascar have become danger zones, with amphibians unable to adapt quickly enough. But there s hope scientists are calling for focused conservation effor...

      

      
        Scientists find immune molecule that supercharges plant growth
        Scientists have discovered that a molecule known for defending animal immune systems called itaconate also plays a powerful role in plants. Researchers showed that itaconate not only exists in plant cells but actively stimulates growth, such as making corn seedlings grow taller. This surprising crossover between plant and animal biology may unlock new, natural ways to boost agriculture and even improve human health.

      

      
        Scientists uncover 230 giant ocean viruses that hijack photosynthesis
        Scientists have uncovered over 200 new giant viruses lurking in ocean waters that not only help shape marine ecosystems but also manipulate photosynthesis in algae. These massive viruses once nearly invisible to science are now being exposed using powerful supercomputing and a new tool called BEREN. By studying these viruses, researchers hope to predict harmful algal blooms and even explore biotech applications from the novel enzymes found in these viral genomes.

      

      
        3,500-year-old graves reveal secrets that rewrite bronze age history
        Bronze Age life changed radically around 1500 BC in Central Europe. New research reveals diets narrowed, millet was introduced, migration slowed, and social systems became looser challenging old ideas about nomadic Tumulus culture herders.
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Rivers are exhaling ancient carbon - and climate math just changed | ScienceDaily
A new study has revealed for the first time that ancient carbon, stored in landscapes for thousands of years or more, can find its way back to the atmosphere as CO2 released from the surfaces of rivers.


						
The findings, led by scientists at the University of Bristol and the cover story of the journal Nature, mean plants and shallow soil layers are likely removing around one gigatonne more CO2 each year from the atmosphere to counteract this, emphasising their pivotal and greater part in combating climate change.

Lead author Dr Josh Dean, Associate Professor in Biogeochemistry and UKRI Future Leaders Fellow at the University of Bristol, said: "The results took us by surprise because it turns out that old carbon stores are leaking out much more into the atmosphere then previous estimates suggested.

"The implications are potentially huge for our understanding of global carbon emissions. Plants and trees take up CO2 from the atmosphere and can then lock this carbon away in soils for thousands of years.

"Our findings show some of this old carbon, as well as ancient carbon from rocks, is leaking sideways into rivers and making its way back to the atmosphere. We don't yet know how humans are affecting this flow of ancient carbon, but we do know plants and trees must be taking up more carbon from the atmosphere today to account for this unrecognised release of old carbon."

Rivers transport and release methane and carbon dioxide as part of the global carbon cycle. Until now, scientists believed the majority of this was a quick turnover derived from the recycling of recent plant growth - organic material broken down and carried into the river system in the past 70 years or so. This new study indicates the opposite, with more than half - some 60% - of emissions being attributed to long-term carbon stores accumulated over hundreds to thousands of years ago, or even longer.

The international research team, led by scientists at the University of Bristol, University of Oxford and the UK Centre for Ecology and Hydrology, studied more than 700 river reaches from 26 different countries across the world.




They took detailed radiocarbon measurements of carbon dioxide and methane from the rivers. By comparing the levels of carbon-14 in the river samples with a standard reference for modern atmospheric CO2, the team was able to date the river carbon.

Co-author Prof Bob Hilton, Professor of Sedimentary Geography at the University of Oxford, explained: "We discovered that around half of the emissions are young, while the other half are much older, released from deep soil layers and rock weathering that were formed thousands and even millions of years ago."

The research was supported by funding from UK Research and Innovation (UKRI) Natural Environment Research Council (NERC).

Co-author Dr Gemma Coxon, Associate Professor in Hydrology and UKRI Future Leaders Fellow at the University of Bristol, said: "Rivers globally release about two gigatonnes of carbon each year, compared to human activity that results in between 10-15 gigatonnes of carbon emissions. These river emissions are significant at a global scale, and we're showing that over half of these emissions may be coming from carbon stores we considered relatively stable. This means we need to re-evaluate these crucial parts of the global carbon cycle."

Further building on these findings, the researchers plan to explore how the age of river carbon emissions varies across rivers the study was not able to capture, as well as investigating how the age of these emissions may have changed through time.
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Cleaner fish: Tiny healers or hidden spreaders in coral reef ecosystems? | ScienceDaily
Where do you go when you're a fish and you need a skincare treatment? Coral reefs contain natural "beauty salons," lively social hubs of activity where fish "clients" swim up and wait to be serviced by smaller fish cleaners. The little cleaners dart under and around their much bigger clients -- even entering their mouths -- cleaning their scales of bacteria and parasites like a team of car washers servicing a Buick. Sometimes cleaners even rub against their clients, providing a soothing massage.


						
But aside from skincare benefits, what role might busy cleaner fish stations play in spreading microbes and bacteria -- for good or ill -- throughout the reef?

A study published in the journal Marine Ecology Progress Series is the first to investigate the influence of cleaner fish stations on reef microbial diversity. It is led by scientists from the University of California, Davis, and Woods Hole Oceanographic Institute (WHOI) in collaboration with the University of Miami Rosenstiel School of Marine, Atmospheric, and Earth Science.

Could busy cleaning stations, like some medical clinics, be hotspots for spreading bacteria and pathogens? Conversely, could they help spread beneficial microbes among reef communities? Such questions carry important implications for protecting and restoring coral reefs.

"How pathogens or microbes are moving around a reef could be critically important to understanding how individuals will be affected," said lead author Anya Brown, an assistant professor with the UC Davis Bodega Marine Laboratory and a National Geographic Explorer who conducted the study while at WHOI. "We know microbes play a role in coral bleaching, for example. This study really lays a foundation for using cleaner fish stations as a way to study movement of microbes around the reef environment."

Cleaner fish and reef health

One hardworking fish is the cleaning goby, a pinky-sized fish with a boldly colored stripe running along its length. To understand how the presence of cleaner fish stations influence microbial diversity, the researchers experimentally removed cleaning gobies from cleaner stations on two Caribbean reefs in Puerto Rico and St. Croix in June 2021. They compared water nutrients and microbial communities of the surrounding reef area with and without gobies. This also included resident damselfish, frequent clients of cleaner gobies.




They found that more fish visited sites where cleaner fish were present compared to where they were removed in both Puerto Rico and St. Croix. They also found that cleaner fish do influence damselfish and reef microbial diversity, but the extent of their role depends on substrate type and the specific reef environment, as each reef carries a unique microbial signature. In the study, client fish, nutrient concentrations and water bacterial cell densities varied throughout the sites.

The authors say the results highlight yet another potential impact of cleaner fish and the need to further demystify their role in shaping reef microbial diversity and transmission.

Tiny fish can have big impact

"While larger organisms on coral reefs attract the most attention, the study underscores the huge impact tiny organisms such as these fish can have and how important they are to helping healthy reef ecosystems function," said coauthor Paul Sikkel, a research professor at the Rosenstiel School's Department of Marine Biology and Ecology. "While cleaner fish are well-known for their role in consuming parasites and reducing stress in other fish, this is the first field study to quantify their effects on microbes of other fish and the surrounding coral reef environment."

Additional coauthors include Amy Apprill and Jeanne Bloomberg of Woods Hole Oceanographic Institution (WHOI), Gina Hendrick and Matthew Nicholson of the University of Miami Rosenstiel School, and Marta Soares and Raquel Xavier of the University of Porto in Portugal.

The study was funded by the National Science Foundation, WHOI, and The Foundation for Science and Technology in Portugal.
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Something more toxic than gators is hiding in the swamps | ScienceDaily
New research from the University of Georgia's Odum School of Ecology and Marine Extension and Georgia Sea Grant suggests there may be elevated levels of mercury in Georgia and South Carolina waters.


						
In studying alligators from the Okefenokee Swamp, Jekyll Island and Yawkey Wildlife Center, UGA researchers found high levels of mercury, prompting concerns about the levels of the heavy metal in the environment.

"Alligators are very ancient creatures, and we can look at them in these areas as an indicator of what else might be happening in the ecosystem. Studying them can relate to many different things in the food web," said Kristen Zemaitis, lead author of the study and a graduate of the Odum School.

The presence of mercury in these waters not only impacts the health of the alligator but could have dangerous health effects on the other creatures relying on these waterways for food, including humans.

 Mercury concentrations matter for the bigger picture 

Trace amounts of mercury, a potentially harmful element, are often found in runoff and precipitation downstream from major industrial areas. Previous research has shown accumulating levels of the heavy metal in smaller animals in Georgia swamps but not as much is known about animals as high up in the food chain as the alligator.

Through studying the diet and analyzing blood samples of more than 100 alligators, across several months, the researchers found that where the alligators resided made a difference.




Alligators in the Okefenokee Swamp had mercury levels that were eight times higher than the other two research sites.

"If (mercury) builds up, it moves through the food web and creates the perfect storm. That's what we have in the Okefenokee." -- Jeb Byers, Odum School of Ecology

"That's one of the results from the study that was most striking to me," said Jeb Byers, co-author of the study and UGA Athletic Association Professor in the Odum School. "Mercury is a neurotoxin that is very lethal to organisms. If it builds up, it moves through the food web and creates the perfect storm. That's what we have in the Okefenokee."

Mercury concentrations in alligators show that the toxin can easily move up the food chain.

Whether it's gators themselves or the fish they cohabitate with, this study signals caution to any humans who may fish or hunt in the area. Although the Okefenokee Swamp is a wildlife refuge, it shares waters with the Suwannee and St. Marys rivers, which means there may be a heightened risk of mercury contamination in fish and other animals residing in the waters.

"Mercury contamination can be a high concern for the people who can be consuming a lot of fish or game species from the rivers, swamps or oceans that have high mercury. In any given ecosystem, there are some organisms that can tolerate only very little amounts of mercury, which can result in neurological issues, reproductive issues and eventually death," Zemaitis said.




 Alligators' age matters in mercury measurements 

It wasn't just where the alligators lived -- how long they'd been there mattered too.

The researchers discovered that mercury concentrations were more prominent in larger, older gators. That wasn't just from absorption over time but presumably from the alligators consuming greater amounts of creatures already contaminated with mercury.

UGA researchers examine one of the alligators in the study. (Photo by Jeb Byers)

"Organisms can accumulate dangerous levels over the course of a lifespan. However, we often account for age but not diet," said Benjamin Parrott, an associate professor at UGA's Savannah River Ecology Laboratory and Odum School and co-author of the study. "What our study shows is that as alligators grow and start to eat larger animals, this increases the amount of mercury they accumulate."

As for smaller, young alligators and hatchlings, the story was surprisingly the same. Mercury levels seemed to be inherited by offspring.

"Some of the hatchlings had really high levels of mercury which we were not expecting. Mothers are passing toxins and heavy metals into the egg yolks during reproduction," Zemaitis said.

 Research signals need for future studies on mercury impact 

It's likely not just alligators being influenced by high levels of mercury in the environment, Zemaitis said.

"Now that we know this about one of the apex predators in these systems, we wonder what else is being affected?" she said. "I would like to investigate more about where exactly the mercury is coming from and how it's getting into the ecosystem. It would be really great to pinpoint a prominent source and also see how it's affecting other animals in the ecosystem."

The study was funded by the Jekyll Island Authority and the Okefenokee Swamp Park, and includes co-authors Thomas Rainwater, of the Tom Yawkey Wildlife Center and Clemson University; Yank Moore, of the Conservation for Jekyll Island Authority; and Kimberly Andrews, a coastal ecology specialist with UGA Marine Extension and Georgia Sea Grant.
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Pincer plot twist: How female earwigs evolved deadly claws for love and war | ScienceDaily
A new study from Toho University reveals that female earwigs exhibit a similar pattern of exaggerated forceps growth as males, suggesting that both sexes may have evolved these traits through sexual selection.


						
Do larger male elk have proportionally larger antlers? The answer is no. In fact, larger individuals tend to have disproportionately larger antlers -- a phenomenon known as positive allometry. This pattern, where certain body parts grow disproportionately large relative to body size, is observed not only in mammals but also in animals such as beetles and fiddler crabs. Evolutionary biologists interpret such traits as evidence of sexual selection -- a process in which physical features evolve because they offer an advantage in competing for mates.

Male earwigs are known to show positive allometry in their forceps -- pincer-like appendages at the tip of the abdomen -- which are believed to have evolved as weapons in battles with rivals. But what about females? Female earwigs also have forceps -- so what purpose do they serve?

Tomoki Matsuzawa (then an undergraduate) and Associate Professor Junji Konuma from Toho University's Department of Biology conducted the first quantitative study of female earwig forceps. Using morphometric analysis on the maritime earwigs Anisolabis maritima, they found that female forceps also display positive allometry -- suggesting that they, too, may have evolved through sexual selection.

The team measured the head, thorax, abdomen, and bilateral forceps dimensions and analyzed shape differences in both sexes. They found that males have thick, short, and curved forceps, while females have thin, long, and straight ones -- indicating clear sexual dimorphism. When they plotted body size against forceps width and length on a log-log scale, the results revealed a pattern of positive allometry in males: forceps width increased disproportionately with body size. Surprisingly, positive allometry was also found in females -- in the length of the forceps. These results suggest that while the sexes differ in forceps shape, both may have evolved them as weapons -- albeit in different ways.

Associate Professor Konuma explains:"A previous behavioral study has shown that female earwigs compete for small, non-aggressive males. Our findings suggest that female forceps may have evolved as effective weapons in such competition. While most earlier research focused only on males, our study highlights the importance of considering female traits as well when studying the evolution of insect morphologies."

These findings were published on June 12, 2025, in the Biological Journal of the Linnean Society.
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Scientists discover natural cancer-fighting sugar in sea cucumbers | ScienceDaily
Sea cucumbers are the ocean's janitors, cleaning the seabed and recycling nutrients back into the water. But this humble marine invertebrate could also hold the key to stopping the spread of cancer.


						
A sugar compound found in sea cucumbers can effectively block Sulf-2, an enzyme that plays a major role in cancer growth, according to a University of Mississippi-led study published in Glycobiology. 

"Marine life produces compounds with unique structures that are often rare or not found in terrestrial vertebrates," said Marwa Farrag, a fourth-year doctoral candidate in the UM Department of BioMolecular Sciences.

"And so, the sugar compounds in sea cucumbers are unique. They aren't commonly seen in other organisms. That's why they're worth studying."

Farrag, a native of Assiut, Egypt, and the study's lead author, worked with a team of researchers from Ole Miss and Georgetown University on the project.

Human cells, and those of most mammals, are covered in tiny, hairlike structures called glycans that help with cell communication, immune responses and the recognition of threats such as pathogens. Cancer cells alter the expression of certain enzymes, including Sulf-2, which in turn modifies the structure of glycans. This modification helps cancer spread.

"The cells in our body are essentially covered in 'forests' of glycans," said Vitor Pomin, associate professor of pharmacognosy. "And enzymes change the function of this forest - essentially prunes the leaves of that forest.




"If we can inhibit that enzyme, theoretically, we are fighting against the spread of cancer."

Using both computer modeling and laboratory testing, the research team found that the sugar - fucosylated chondroitin sulfate - from the sea cucumber Holothuria floridana can effectively inhibit Sulf-2.

"We were able to compare what we generated experimentally with what the simulation predicted, and they were consistent," said Robert Doerksen, professor of medicinal chemistry. "That gives us more confidence in the results."

Unlike other Sulf-2 regulating medications, the sea cucumber compound does not interfere with blood clotting, said Joshua Sharp, UM associate professor of pharmacology.

"As you can imagine, if you are treating a patient with a molecule that inhibits blood coagulation, then one of the adverse effects that can be pretty devastating is uncontrolled bleeding," he said. "So, it's very promising that this particular molecule that we're working with doesn't have that effect."

As a marine-based cancer therapy, the sea cucumber compound may be easier to create and safer to use.




"Some of these drugs we have been using for 100 years, but we're still isolating them from pigs because chemically synthesizing it would be very, very difficult and very expensive," Sharp said. "That's why a natural source is really a preferred way to get at these carbohydrate-based drugs."

Unlike extracting carbohydrate-based drugs from pigs or other land mammals, extracting the compound from sea cucumbers does not carry a risk of transferring viruses and other harmful agents, Pomin said.

"It's a more beneficial and cleaner resource," he said. "The marine environment has many advantages compared to more traditional sources."

But sea cucumbers - some variants of which are a culinary delicacy in the Pacific Rim - aren't so readily abundant that scientists could go out and harvest enough to create a line of medication. The next step in the research is to find a way to synthesize the sugar compound for future testing.

"One of the problems in developing this as a drug would be the low yield, because you can't get tons and tons of sea cucumbers," Pomin said. "So, we have to have a chemical route, and when we've developed that, we can begin applying this to animal models."

The interdisciplinary nature of the scientific study, which featured researchers from chemistry, pharmacognosy and computational biology, underscored the importance of cross-disciplinary collaboration in tackling complex diseases like cancer, Pomin said.

"This research took multiple expertise - mass spectrometry, biochemistry, enzyme inhibition, computation," Pomin said. "It's the effort of the whole team."

This work is based on material supported by the National Institutes of Health grant nos. 1P20GM130460-01A1-7936, R01CA238455, P30CA51008 and S10OD028623.
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The global rule that predicts where life thrives-and where it fails | ScienceDaily
A simple rule that seems to govern how life is organized on Earth is described in a new study published on June 4 in Nature Ecology & Evolution.


						
The research team led, by Umea University and involving the University of Reading, believe this rule helps explain why species are spread the way they are across the planet. The discovery will help to understand life on Earth - including how ecosystems respond to global environmental changes.

The rule is simple: in every region on Earth, most species cluster together in small 'hotspot' areas, then gradually spread outward with fewer and fewer species able to survive farther away from these hotspots.

Ruben Bernardo-Madrid, lead author and researcher at Umea University (Sweden), said: "In every bioregion, there is always a core area where most species live. From that core, species expand into surrounding areas, but only a subset manages to persist. It seems these cores provide optimal conditions for species survival and diversification, acting as a source from which biodiversity radiates outward."

This pattern highlights the disproportionate ecological role these small areas play in sustaining the biodiversity of entire bioregions. Jose Luis Tella, from the Estacion Biologica de Donana-CSIC (Spain), said: "Safeguarding these core zones is therefore essential, as they represent critical priorities for conservation strategies."

Environmental filtering

Researchers studied bioregions across the world, examining species from very different life forms: amphibians, birds, dragonflies, mammals, marine rays, reptiles, and trees. Given the vast differences in life strategies -- some species fly, others crawl, swim, or remain rooted -- and the contrasting environmental and historical backgrounds of each bioregion, the researchers expected that species distribution would vary widely across bioregions. Surprisingly, they found the same pattern everywhere.

The pattern points to a general process known as environmental filtering. Environmental filtering has long been considered a key theoretical principle in ecology for explaining species distribution on Earth. Until now, however, global empirical evidence has been scarce. This study provides broad confirmation across multiple branches of life and at a planetary scale.

Professor Manuela Gonzalez-Suarez, co-author of the study at the University of Reading, said: "It doesn't matter whether the limiting factor is heat, cold, drought, or salinity. The result is always the same: only species able to tolerate local conditions establish and persist, creating a predictable distribution of life on Earth."

The existence of a universal organising mechanism has profound implications for our understanding of life on Earth. Joaquin Calatayud, co-author from the Rey Juan Carlos University (Spain), said: "This pattern suggests that life on Earth may be, to some extent, predictable." Such predictable patterns can help scientists trace how life has diversified through time and offer valuable insights into how ecosystems might react to global environmental changes.
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What a dinosaur ate 100 million years ago-Preserved in a fossilized time capsule | ScienceDaily
Plant fossils found in the abdomen of a sauropod support the long-standing hypothesis that these dinosaurs were herbivores, finds a study published on June 9 in the Cell Press journal Current Biology. The dinosaur, which was alive an estimated 94 to 101 million years ago, ate a variety of plants and relied almost entirely on its gut microbes for digestion.


						
"No genuine sauropod gut contents had ever been found anywhere before, despite sauropods being known from fossils found on every continent and despite the group being known to span at least 130 million years of time," says lead author Stephen Poropat of Curtin University. "This finding confirms several hypotheses about the sauropod diet that had been made based on studies of their anatomy and comparisons with modern-day animals."

Knowledge of the diet of dinosaurs is critical for understanding their biology and the role they played in ancient ecosystems, say the researchers. However, very few dinosaur fossils have been found with cololites, or preserved gut contents. Sauropod cololites have remained particularly elusive, even though these dinosaurs may have been the most ecologically impactful terrestrial herbivores worldwide throughout much of the Jurassic and Cretaceous periods, given their gigantic sizes. Due to this lack of direct evidence when it comes to diet, the specifics of sauropod herbivory -- including the plant taxa they ate -- have been largely inferred based on anatomical features such as tooth wear, jaw morphology, and neck length.

In the summer of 2017, the staff and volunteers at the Australian Age of Dinosaurs Museum of Natural History were excavating a relatively complete subadult skeleton of the sauropod Diamantinasaurus matildae from the mid-Cretaceous period, which was found in the Winton Formation of Queensland, Australia. During this process, they noticed an unusual, fractured rock layer that appeared to contain the sauropod's cololite, which consisted of many well-preserved plant fossils.

Analysis of the plant specimens within the cololite showed that sauropods likely only engaged in minimal oral processing of their food, relying instead on fermentation and their gut microbiota for digestion. The cololite consisted of a variety of plants, including foliage from conifers (cone-bearing seed plants), seed-fern fruiting bodies (plant structures that hold seeds), and leaves from angiosperms (flowering plants), indicating that Diamantinasaurus was an indiscriminate, bulk feeder.

"The plants within show evidence of having been severed, possibly bitten, but have not been chewed, supporting the hypothesis of bulk feeding in sauropods," says Poropat.

The researchers also found chemical biomarkers of both angiosperms and gymnosperms -- a group of woody, seed-producing plants that include conifers. "This implies that at least some sauropods were not selective feeders, instead eating whatever plants they could reach and safely process," Poropat says. "These findings largely corroborate past ideas regarding the enormous influence that sauropods must have had on ecosystems worldwide during the Mesozoic Era."

Although it was not unexpected that the gut contents provided support for sauropod herbivory and bulk feeding, Poropat was surprised to find angiosperms in the dinosaur's gut. "Angiosperms became approximately as diverse as conifers in Australia around 100 to 95 million years ago, when this sauropod was alive," he says. "This suggests that sauropods had successfully adapted to eat flowering plants within 40 million years of the first evidence of the presence of these plants in the fossil record."




Based on these findings, the team suggests that Diamantinasaurus likely fed on both low- and high-growing plants, at least before adulthood. As hatchlings, sauropods could only access plants found close to the ground, but as they grew, so did their viable dietary options. In addition, the prevalence of small shoots, bracts, and seed pods in the cololite implies that subadult Diamantinasaurus targeted new growth portions of conifers and seed ferns, which are easier to digest.

According to the authors, the strategy of indiscriminate bulk feeding seems to have served sauropods well for 130 million years and might have enabled their success and longevity as a clade. Despite the importance of this discovery, Poropat pointed out a few caveats.

"The primary limitation of this study is that the sauropod gut contents we describe constitute a single data point," he explains. "These gut contents only tell us about the last meal or several meals of a single subadult sauropod individual," says Poropat. "We don't know if the plants preserved in our sauropod represent its typical diet or the diet of a stressed animal. We also don't know how indicative the plants in the gut contents are of juvenile or adult sauropods, since ours is a subadult, and we don't know how seasonality might have affected this sauropod's diet."

This research was supported by funding from the Australian Research Council.
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Scientists uncover why "stealth" volcanoes stay silent until eruption | ScienceDaily
When volcanoes are preparing to erupt, scientists rely on typical signs to warn people living nearby: deformation of the ground and earthquakes, caused by underground chambers filling up with magma and volcanic gas. But some volcanoes, called 'stealthy' volcanoes, don't give obvious warning signs. Now scientists studying Veniaminof, Alaska, have developed a model which could explain and predict stealthy eruptions.


						
"Despite major advances in monitoring, some volcanoes erupt with little or no detectable precursors, significantly increasing the risk to nearby populations," said Dr Yuyu Li of the University of Illinois, lead author of the study in Frontiers in Earth Science. "Some of these volcanoes are located near major air routes or close to communities: examples include Popocatepetl and Colima in Mexico, Merapi in Indonesia, Galeras in Colombia, and Stromboli in Italy.

"Our work helps explain how this happens, by identifying the key internal conditions -- such as low magma supply and warm host rock -- that make eruptions stealthy."

Warning signs 

Veniaminof is an ice-clad volcano in the Aleutian Arc of Alaska. It's carefully monitored, but only two of its 13 eruptions since 1993 have been preceded by enough signs to alert observing scientists. In fact, a 2021 eruption wasn't caught until three days after it had started.

"Veniaminof is a case study in how a volcano can appear quiet while still being primed to erupt," said Li. "It is one of the most active volcanoes in Alaska. In recent decades, it has produced several VEI 3 eruptions -- moderate-sized explosive events that can send ash up to 15 km high, disrupt air traffic, and pose regional hazards to nearby communities and infrastructure -- often without clear warning signs."

To understand Veniaminof better, the scientists used monitoring data over three summer seasons immediately before the 2018 stealthy eruption, which produced only ambiguous warning signs immediately before it happened. They created a model of the volcano's behavior in different conditions which would change the impact of a filling magma reservoir on the ground above: six potential volumes of magma reservoir, a range of magma flow rates and reservoir depths, and three shapes of reservoir. They then compared the models to the data to see which matched best, and which conditions produced eruptions, stealthy or otherwise.




Volcano by the numbers 

They found that a high flow of magma into a chamber increases the deformation of the ground and the likelihood of an eruption. If magma is flowing quickly into a large chamber, an eruption may not occur, but if one does the ground will deform enough to warn scientists first. Similarly, a high flow of magma into a small chamber is likely to produce an eruption, but not a stealthy one. Stealthy eruptions become likely when a low flow of magma enters a relatively small chamber. Compared to observational data, the results suggest that Veniaminof has a small magma chamber and a low flow of magma.

The model also suggests that different conditions could produce different warning signs. Magma flowing into larger, flatter chambers may cause minimal earthquakes, while smaller, more elongated chambers may produce little deformation of the ground. But stealthy eruptions only happen when all the conditions are in place -- the right magma flow and the right chamber size, shape, and depth.

However, when the scientists added temperature to their model, they found that if magma is consistently present over time so that the rock of the chamber is warm, size and shape matters less. If the rock is warm, it's less likely to fail in ways that cause detectable earthquakes or deformation of the ground when magma flows into the chamber, increasing the likelihood of a stealthy eruption.

What next? 

"To mitigate the impact of these potential surprise eruptions, we need to integrate high-precision instruments like borehole tiltmeters and strainmeters and fiber optic sensing, as well as newer approaches such as infrasound and gas emission monitoring," said Li. "Machine learning has also shown promise in detecting subtle changes in volcanic behavior, especially in earthquake signal picking."

At Veniaminof, taking measures to improve the coverage of satellite monitoring and adding tiltmeters and strainmeters could improve the rate of detection. In the meantime, scientists now know which volcanoes they need to watch most closely: volcanoes with small, warm reservoirs and slow magma flows.

"Combining these models with real-time observations represents a promising direction for improving volcano forecasting," said Li. "In the future, this approach can enable improved monitoring for these stealthy systems, ultimately leading to more effective responses to protect nearby communities."
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2,000 miles through rivers and ice: Mapping neanderthals' hidden superhighways across eurasia | ScienceDaily
Recent scholarship has concluded that Neanderthals made a second major migration from Eastern Europe to Central and Eastern Eurasia between 120,000 and 60,000 years ago. But the routes they took have long been a mystery -- primarily because there are few archaeological sites connecting the two regions.


						
In a new analysis, a team of anthropologists -- using computer simulations -- has offered a map of possible pathways, which concludes Neanderthals likely used river valleys as natural highways and traveled during warmer periods to move approximately 2,000 miles (3,250 km) in less than 2,000 years.

"Our findings show that, despite obstacles like mountains and large rivers, Neanderthals could have crossed northern Eurasia surprisingly quickly," explains Emily Coco, who began the study as a New York University doctoral student and is now a postdoctoral researcher at Portugal's University of Algarve.

The research, which appears in the journal PLOS One, was conducted with Radu Iovita, an associate professor at NYU's Center for the Study of Human Origins.

"These findings provide important insights into the paths of ancient migrations that cannot currently be studied from the archaeological record and reveal how computer simulations can help uncover new clues about ancient migrations that shaped human history," observes Coco.

In building their simulation of Neanderthals' two-millennia journey, Coco and Iovita considered the elevation of the terrain, reconstructed ancient rivers, glacial barriers, and temperature to model movement decisions of individuals -- an approach similar to that used to model both modern human and animal movement, but not previously applied to Neanderthals.

The authors find possible migration routes in two ancient periods -- Marine Isotope Stage 5e [MIS 5e] (beginning approximately 125,000 years ago) and Marine Isotope Stage3 [MIS 3] (beginning approximately 60,000 years ago) -- marked by warmer temperatures and therefore more suitable for movement.

Computer simulations, conducted on the NYU Greene Supercomputer Cluster, indicated that Neanderthals could have reached Eurasia's Siberian Altai Mountains within 2,000 years during either MIS 5e or MIS 3 using multiple possible routes that all follow the same basic northern path through the Ural Mountains and southern Siberia, often intersecting with known archaeological sites from the same time periods.

The authors add that the study sheds light on Neanderthal interactions with other ancient human groups. Specifically, their routes would have taken them into areas already occupied by Denisovans -- consistent with existing evidence of interbreeding between the two species.

"Neanderthals could have migrated thousands of kilometers from the Caucasus Mountains to Siberia in just 2,000 years by following river corridors," says Iovita. "Others have speculated on the possibility of this kind of fast, long-distance migration based on genetic data, but this has been difficult to substantiate due to limited archaeological evidence in the region. Based on detailed computer simulations, it appears this migration was a near-inevitable outcome of landscape conditions during past warm climatic periods."
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How madagascar's lizards became the island's last hope for reforestation | ScienceDaily
After the island of Madagascar drifted away from India 88 million years ago, isolating it from all other landmasses, its flora and fauna evolved in seclusion. As these transformed into plants and animals completely unique to their island, Madagascar became a biodiversity hotspot unlike anywhere else on Earth.


						
An important facet of this biodiversity is an ecological process called endozoochory, which is when animals eat plant seeds and then poop them out somewhere else, aiding in the spread of the plants. Most research on endozoochory has focused on the roles of birds and mammals as seed dispersers, but lizards, which are also known play a significant role, have remained largely overlooked.

This negligence inspired a team of researchers at Kyoto University to shine a spotlight on the humble lizard. Unlike many seed dispersers, lizards are not typically frugivores, animals that thrive on fruit and other fruit-like plant substances such as nuts and seeds. Fewer than 10% of lizard species have been reported to consume fruits, but those that do can play an important role, and some lizards are even known to act as primary seed dispersers for certain plant species.

"Lizards are under-appreciated as seed dispersers in many forest ecosystems, but we hypothesized that they may play a more important role across a broader range of regions than previously recognized," says corresponding author Ryobu Fukuyama.

The research team focused on three lizard species in a tropical dry forest in Madagascar, conducting behavioral observations, fecal analyses, and seed germination tests. The species, the Malagasy Giant Chameleon, Cuvier's Madagascar Swift, and the Western Girdled Lizard, are omnivores known to subsist on fruits, but they had not yet been carefully studied.

The team's results revealed that the lizards consumed fruits from over 20 plant species and expelled viable seeds. These plant species were largely different from those typically consumed by the Common Brown Lemur, a principal seed disperser in Madagascar's forests, indicating the lizards may play a more crucial role than previously thought.

Their project isn't only about acknowledging the importance of lizards, however. In recent years, environmental degradation caused by human activities has taken a toll on Malagasy forests, making some uninhabitable for large frugivores like lemurs. In contrast, the lizard species observed in this study can continue to inhabit these degraded environments. As seed dispersers, these lizards could potentially contribute to forest regeneration, but there are still many unknowns.

"Although lizards in Madagascar consume fruits from many plant species, other aspects of their role as seed dispersers, such as dispersal distances, remain poorly understood," says Fukuyama. In the future, the team intends to focus further on these additional unknowns.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250610004054.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists reveal the hidden pause that keeps bee colonies alive | ScienceDaily
Some queens don't rule nonstop. A new study from the University of California, Riverside shows that even bumble bee queens, the sole founders of their colonies, take regular breaks from reproduction -- likely to avoid burning out before their first workers arrive.


						
In the early stages of colony building, bumblebee queens shoulder the entire workload. They forage for food, incubate their developing brood by heating them with their wing muscles, maintain the nest, and lay eggs. It's a high-stakes balancing act: without the queen, the colony fails. Yet, researchers noticed an intriguing rhythm: a burst of egg-laying followed by several days of apparent inactivity.

"I saw these pauses early on, just by taking daily photos of the nests," said Blanca Peto, a doctoral student in entomology at UC Riverside and lead author of the new study. "It wasn't something I expected. I wanted to know what was happening during those breaks."

The findings are detailed in a paper published in BMC Ecology and Evolution.

To find out what triggered the pauses, Peto monitored more than 100 queens over a period of 45 days in a controlled insectary. She documented each queen's nesting activity, looking closely at their distinctive clutches -- clusters of eggs laid in wax-lined "cups" embedded in pollen mounds. Across the population, a pattern emerged: Many queens paused reproduction for several days, typically after a stretch of intense egg-laying.

The timing of these pauses appeared to align with the developmental stages of the existing brood. To test this, Peto experimentally added broods at different stages -- young larvae, older larvae, and pupae -- into nests during a queen's natural pause. The presence of pupae, which are nearly mature bees, prompted queens to resume egg-laying within about 1.5 days. In contrast, without added broods, the pauses stretched to an average of 12.5 days.

This suggests that queens respond to cues from their developing offspring and time their reproductive efforts accordingly.




"There's something about the presence of pupae that signals it's safe or necessary to start producing again," Peto said. "It's a dynamic process, not constant output like we once assumed."

Eusocial insects, including bumble bees, feature overlapping generations, cooperative brood care, and a division of labor. Conventional thinking about these types of insects is that they're producing young across all stages of development. However, Peto said this study challenges that conventional thinking about bumble bees, whose reproductive behavior is more nuanced and intermittent.

"What this study showed is that the queen's reproductive behavior is much more flexible than we thought," Peto said. "This matters because those early days are incredibly vulnerable. If a queen pushes too hard too fast, the whole colony might not survive."

The study focused on a single species native to the eastern U.S., but the implications could extend to other bumble bee species or even other eusocial insects. Queens in other species may also pace themselves during solo nest-founding stages. If so, this built-in rhythm could be an evolutionary trait that helps queens survive long enough to raise a workforce.

Multiple bumblebee populations in North America are declining, largely due to habitat loss, pesticide exposure, and climate stress. Understanding the biological needs of queens, the literal foundation of each colony, can help conservationists better protect them.

"Even in a lab where everything is stable and they don't have to forage, queens still pause," Peto said. "It tells us this isn't just a response to stress but something fundamental. They're managing their energy in a smart way."

This kind of insight is possible thanks to patient, hands-on observation, something Peto prioritized in her first research project as a graduate student.

"Without queens, there's no colony. And without colonies, we lose essential pollinators," Peto said. "These breaks may be the very reason colonies succeed."
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Why past mass extinctions didn't break ecosystems-But this one might | ScienceDaily
Two major environmental shifts have triggered global transformations in large herbivore communities. A new study with researchers from the University of Gothenburg show how these ecosystems remained remarkably resilient despite extinction and upheaval.


						
From mastodons to ancient rhinos and giant deer, large herbivores have been shaping Earth's landscapes for millions of years. A new study, published in Nature communications, shows how these giants responded to dramatic environmental shifts - and how their ecosystems found ways to stay together, even as species disappeared.

An international team of scientists analyzed fossil records from over 3,000 large herbivores across 60 million years.

"We found that the large herbivores ecosystems stayed remarkably stable over long periods of time, even as species came and went," said Fernando Blanco, leading author and a researcher at the University of Gothenburg at the time. "But twice in the last 60 million years, the environmental pressure was so great that the entire system underwent global reorganization."

Two major global shifts

The first major change occurred around 21 million years ago, when shifting continents closed the ancient Tethys Sea and formed a land bridge between Africa and Eurasia. This new land corridor unleashed a wave of migrations that reshaped ecosystems across the globe. Among the travelers were the ancestors of modern elephants, which had evolved in Africa and now began to spread across Europe and Asia. But deer, pigs, rhinos, and many other large plant-eaters also moved into new territories, altering the ecological balance.

The second global shift came around 10 million years ago, as Earth's climate became cooler and drier. Expanding grasslands and declining forests led to the rise of grazing species with tougher teeth and the gradual disappearance of many forest-dwelling herbivores. This marked the beginning of a long, steady decline in the functional diversity of these animals - the variety of ecological roles they played.




Fewer species, same structure

Despite these losses, the researchers found that the overall ecological structure of large herbivore communities remained surprisingly stable. Even as many of the largest species, like mammoths and giant rhinos, went extinct in the last 129,000 years, the basic framework of roles within ecosystems endured.

"It's like a football team changing players during a match but still keeping the same formation," said Ignacio A. Lazagabaster, researcher at CENIEH in Spain and co-author of the study. "Different species came into play and the communities changed, but they fulfilled similar ecological roles, so the overall structure remained the same."

Third tipping point

This resilience has lasted for the past 4.5 million years, enduring ice ages and other environmental crises up to the present day. However, the researchers caution that the ongoing loss of biodiversity - accelerated by human activity- could eventually overwhelm the system.

"Our results show that ecosystems have an amazing capacity to adapt. But the rate of change is so much faster this time. There's a limit. If we keep losing species and ecological roles, we may soon reach a third global tipping point, one that we're helping to accelerate, " says Juan L. Cantalapiedra, researcher at MNCN in Spain and senior author of the study.
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New evidence reveals advanced maritime technology in the philippines 35,000 years ago | ScienceDaily
In 15 years of groundbreaking archaeological research, scientists from the Ateneo de Manila University, working with international experts and institutions, have established compelling evidence of the pivotal role of the Philippine archipelago in ancient maritime Southeast Asia. They uncovered a story of effective human migration, advanced technological innovation, and long-distance intercultural relations dating back over 35,000 years.


						
The Ateneo researchers' latest publication presents a wealth of data and materials from the Mindoro Archaeology Project, including some of the oldest evidence of the presence of anatomically modern humans (Homo sapiens) in the Philippine archipelago, in Occidental Mindoro -- particularly on Ilin Island; San Jose; and Sta. Teresa, Magsaysay.

Mindoro, like most of the main Philippine islands except for Palawan, was never connected to mainland Southeast Asia, neither by land bridges nor by ice sheets, and sea-crossings were always necessary to reach it. This likely spurred the development of sophisticated technologies for traversing and surviving this environment.

Evidence of sophisticated ancient technology on Philippine islands

A variety of finds such as human remains, animal bones, shells, and tools made from stone, bone and shell show that Mindoro's early inhabitants successfully harnessed both terrestrial and marine resources such that, over 30,000 years ago, they already possessed seafaring capabilities and specific fishing skills that enabled them to catch predatory open-sea fish species, such as bonito and shark, and to establish connections with distant islands and populations in the vast maritime region of Wallacea.

Particularly noteworthy is the innovative use of shells as raw material for tools since more than 30,000 years ago. This culminated in the manufacture of adzes from giant clam shells (Tridacna species), dating back 7,000-9,000 years ago. These bear a striking similarity to shell adzes found across the region of Island Southeast Asia and as far as Manus Island in Papua New Guinea, over 3,000 kilometers away.

The researchers also found on Ilin Island a human grave dating to around 5,000 years ago, with the body laid to rest in a fetal position and bedded and covered with limestone slabs. The manner of burial was similar to other flexed burials found across Southeast Asia, suggesting shared ideological and social influences and an emerging social complexity across a vast area from the mainland to distant islands.




Mindoro hints at vast, advanced maritime network

Mindoro's archaeological sites have yielded evidence of culturally sophisticated inhabitants who were behaviorally and technologically adapted to coastal and marine environments. Collectively, these discoveries suggest that Mindoro and nearby Philippine islands were part of an extensive maritime network that existed already during the Stone Age and facilitated cultural and technological exchange between early human populations across Island Southeast Asia for many millennia.

By documenting human habitation over a long period of time, with the emergence of advanced subsistence strategies and maritime technologies, the Mindoro Archaeology Project not only fills critical gaps in the prehistoric record of the Philippines but also redefines the region's significance in the broader narrative of human migration and adaptation in Island Southeast Asia.

The latest publication of the Mindoro Archeology Project is authored by the Ateneo de Manila University Department of Sociology and Anthropology's Dr. Alfred F. Pawlik, Dr. Riczar B. Fuentes, and Dr. Tanya Uldin; together with Dr. Marie Grace Pamela G. Faylona of the University of the Philippines -- Diliman Department of Anthropology, De La Salle University Department of Sociology and Behavioral Sciences, and Philippine Normal University College of Advanced Studies; and Trishia Gayle R. Palconit, PhD student at the University of Ferrara, Italy.
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Earth's core mystery solved: How solid rock flows 3,000 kilometers beneath us | ScienceDaily
Earthquakes, volcanic eruptions, shifting tectonic plates -- these are all signs that our planet is alive. But what is revealed deep inside the Earth surprises laymen and scientists alike: Almost 3000 kilometers below the Earth's surface, solid rock is flowing that is neither liquid, like lava, nor brittle like solid rock. This is shown by a new study by geoscientists led by Motohiko Murakami, Professor of Experimental Mineral Physics at ETH Zurich. The study has just been published in the journal Communications Earth & Environment.
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Half a century of guesswork

For over 50 years, researchers have been puzzling over a strange zone deep inside the Earth -- the so-called D" layer, around 2700 kilometers beneath our feet. Earthquake waves suddenly behave differently there: their speed jumps as if they were traveling through a different material. What exactly happens at that layer of the mantle has been unclear for a long time, until now.

In 2004, Murakami, who has been a professor at ETH Zurich since 2017, discovered that perovskite, the main mineral of the Earth's lower mantle, transforms into a new mineral near the D" layer under extreme pressure and very high temperatures -- so-called "post-perovskite."

The researchers assumed that this change explained the strange acceleration of the seismic waves. But that was not the full story. In 2007, Murakami and colleagues found new evidence that the phase change of perovskite alone is not enough to accelerate earthquake waves.

Using a sophisticated computer model, they finally discovered something important: depending on the direction in which the post-perovskite crystals point, the hardness of the mineral changes. Only when all the crystals of the mineral point in the same direction in the model are the seismic waves accelerated -- as can be observed in the D" layer at a depth of 2700 kilometers.

In an unusual laboratory experiment at ETH Zurich, Murakami has now proven that post-perovskite crystals align themselves in the identical direction under enormous pressure and extreme temperatures. To do this, the researchers measured the speed of seismic waves in their experiment and were also able to reproduce the jump that occurs at the D" layer in the laboratory. "We have finally found the last piece of the puzzle," says Murakami.




Mantle flow aligns crystals

The big question is: what makes these crystals line up? The answer is that solid mantle rock that flows horizontally along the lower edge of the Earth's mantle. Researchers have long suspected that this movement -- a kind of convection like boiling water -- must exist but have never been able to prove it directly.

A new chapter in Earth research begins

Murakami and his colleagues have now also demonstrated experimentally that mantle convection of solid rock is present at the boundary between the core and the Earth's mantle, i.e. that solid -- not liquid -- rock flows slowly but steadily at this depth. "This discovery not only solves the mystery of the D" layer but also opens a window into the dynamics in the depths of the Earth," Murakami explains.

It is not only a milestone, but also a turning point. The assumption that solid rock flows has been transformed from a theory into a certainty. "Our discovery shows that the Earth is not only active on the surface, but is also in motion deep inside," says the ETH professor.

With this knowledge, researchers can now begin to map the currents in the Earth's deepest interior and thus visualize the invisible motor that drives volcanoes, tectonic plates, and perhaps even the Earth's magnetic field.
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How outdated phones can power smart cities and save the seas | ScienceDaily
Each year, more than 1.2 billion smartphones are produced globally. The production of electronic devices is not only energy-intensive but also consumes valuable natural resources. Additionally, the manufacturing and delivery processes release a significant amount of CO2 into the atmosphere. Meanwhile, devices are aging faster than ever -- users replace their still-functional phones on average every 2 to 3 years. At best, old devices are recycled; at worst, they end up in landfills.


						
Although the most sustainable solution would be to change consumer behavior and consider more carefully whether every new model truly requires replacing the old one, this is easier said than done. Rapid technological development quickly renders older devices obsolete. Therefore, alternative solutions are needed -- such as extending the lifespan of devices by giving them an entirely new purpose.

This is precisely the approach tested by researchers Huber Flores, Ulrich Norbisrath, and Zhigang Yin from the University of Tartu's Institute of Computer Science, along with Perseverance Ngoy from the Institute of Technology and their international colleagues. "Innovation often begins not with something new, but with a new way of thinking about the old, re-imagining its role in shaping the future," explained Huber Flores, Associate Professor of Pervasive Computing. They demonstrated that old smartphones can be successfully repurposed into tiny data centers capable of efficiently processing and storing data. They also found that building such a data center is remarkably inexpensive -- around 8 euros per device.

These tiny data centers have a wide range of applications. For example, they could be used in urban environments like bus stops to collect real-time data on the number of passengers, which could then be used to optimize public transportation networks.

In the project's first stage, the researchers removed the phones' batteries and replaced them with external power sources to reduce the risk of chemical leakage into the environment. Then, four phones were connected together, fitted with 3D-printed casings and holders, and turned into a working prototype ready to be re-used, fostering sustainable practices for old electronics.

The prototype was then successfully tested underwater, where it participated in marine life monitoring by helping to count different sea species. Normally, these kinds of tasks require a scuba diver to record video and bring it to the surface for analysis. But with the prototype, the whole process was done automatically underwater.

The team's results show that outdated technology doesn't have to end up as waste. With minimal resources, these devices can be given a new purpose, contributing to the development of more environmentally friendly and sustainable digital solutions.

"Sustainability is not just about preserving the future -- it's about reimagining the present, where yesterday's devices become tomorrow's opportunities," commented Ulrich Norbisrath, Associate Professor of Software Engineering.
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160 million years ago, this fungus pierced trees like a microscopic spear | ScienceDaily
Blue-stain fungi constitute a distinctive group of wood-colonizing fungi which lack the ability to decompose wood lignocellulose, yet are capable of causing significant wood discoloration. Though these fungi are generally nonfatal to their hosts, they often accelerate tree mortality when associated with wood-boring insects.


						
Molecular phylogenetic analyses suggest that blue-stain fungi should be an old fungal group, which might originate during the Late Paleozoic or early Mesozoic. However, hardly anything is known about the geological occurrences of blue-stain fungi. "Not until 2022, the first credible fossil record of blue-stain fungi was reported from the Cretaceous in South Africa with an age of approximately 80 million years," says Dr. Ning Tian from Shenyang Normal University in Shenyang, China.

A Chinese research team led by Dr. Ning Tian and Dr. Yongdong Wang (Nanjing Institute of Geology and Palaenology, CAS) found well-preserved fossil fungal hyphae preserved within a Jurassic petrified wood from northeastern China, dated 160 million years ago. Microscopic examination reveals the fossil hyphae are dark in color, which is indicative of pigmentation, a hallmark of contemporary blue-stain fungi which results in the discoloration of woods. Of interest, when penetrating the wood cell wall, the hyphae commonly form a very specialized structure called "penetration peg" (Fig. 1). That is to say when pushing through the wood's cell walls, the hyphae commonly slim down in size, making it easier to pierce through the tough barrier. The discovery of the penetration peg enables the team to ensure that the fossil fungus that they found belongs to the blue-stain fungi. "Unlike wood-decay fungi, which degrade wood cell walls through enzymatic secretion, the blue-stain fungi lack the enzymatic capacity to decompose wood structures. Instead, their hyphae mechanically breach wood cell walls via the penetration pegs. " Dr. Tian says.

"The finding of Jurassic blue-stain fungi from China, represents the second report of the blue-stain fangi and the earliest fossil record of this fungal group in the world, pushes back the earliest known fossil record of this fungal group by approximately 80 million years, providing crucial fossil evidence for further understanding the origin and early evolution of blue-stain fungi. Additionally, it offers fresh insights into understanding the ecological relationships between the blue-stain fungi, plants, and insects during the Jurassic period," says Dr. Wang. The bark beetle subfamily Scolytinae is considered as one of the major spore dispersal agents for extant blue-stain. However, both molecular biological and fossil evidence proposed that the origin time of Scolytinae dates back no earlier than the Early Cretaceous. Given the Jurassic age of present fossil fungus, it is hypothesized that its spore dispersal vector was not Scolytinae but rather other wood-colonizing insects prevalent during that period.
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Whales blow bubble rings--And they might be talking to us | ScienceDaily
A team of scientists from the SETI Institute and the University of California at Davis documented, for the first time, humpback whales producing large bubble rings, like a human smoker blowing smoke rings, during friendly interactions with humans. This previously little studied behavior may represent play or communication. Humpback whales are already known for using bubbles to corral prey and creating bubble trails and bursts when competing to escort a female whale. These new observations show humpback whales producing bubble rings during friendly encounters with humans. This finding contributes to the WhaleSETI team's broader goal of studying non-human intelligence to aid in the search for extraterrestrial intelligence.


						
"Because of current limitations on technology, an important assumption of the search for extraterrestrial intelligence is that extraterrestrial intelligence and life will be interested in making contact and so target human receivers," said Dr. Laurance Doyle, SETI Institute scientist and co-author on the paper. "This important assumption is certainly supported by the independent evolution of curious behavior in humpback whales."

"Humpback whales live in complex societies, are acoustically diverse, use bubble tools and assist other species being harassed by predators," said co-lead author Dr. Fred Sharpe, UC Davis Affiliate. "Now, akin to a candidate signal, we show they are blowing bubble rings in our direction in an apparent attempt to playfully interact, observe our response, and/or engage in some form of communication."

"Humpback whales often exhibit inquisitive, friendly behavior towards boats and human swimmers," said co-lead author Jodi Frediani, marine wildlife photographer and U.C. Davis Affiliate. "We've now located a dozen whales from populations around the world, the majority of which have voluntarily approached boats and swimmers blowing bubble rings during these episodes of curious behavior."

The team's findings were recently published in Marine Mammal Science in a paper titled "Humpback Whales Blow Poloidal Vortex Bubble Rings." The study analyzes 12 bubble ring-production episodes involving 39 rings made by 11 individual whales.

Similar to studying Antarctica or other terrestrial analogs as a proxy for Mars, the Whale-SETI team is studying intelligent, non-terrestrial (aquatic), nonhuman communication systems to develop filters that aid in parsing cosmic signals for signs of extraterrestrial life. As noted by Karen Pryor, "patterns of bubble production in cetaceans constitute a mode of communication not available to terrestrial mammals" (Pryor 1990).

Other team members and coauthors of the paper are Dr. Josephine Hubbard (Postdoc, U.C. Davis), Doug Perrine (Doug Perrine Photography), Simon Hilbourne (Marine Research Facility, Jeddah, Saudi Arabia), Dr. Joy Reidenberg (Icahn School of Medicine at Mount Sinai, NY) and Dr. Brenda McCowan, ( U.C. Davis, Veterinary Medicine), with specialties in animal intelligences, photography and behavior of humpback whales, whale anatomy, and the use of AI in parsing animal communication, respectively. An earlier paper by the team was published in the journal, PeerJ, entitled, "Interactive Bioacoustic Playback as a Tool for Detecting and Exploring Nonhuman Intelligence: "Conversing" with an Alaskan Humpback Whale." The authors would like to acknowledge the Templeton Foundation Diverse Intelligences Program for financial support of this work.
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Drone tech uncovers 1,000-year-old native american farms in michigan | ScienceDaily
With its cold climate, short growing season, and dense forests, Michigan's Upper Peninsula is known as a challenging place for farming. But a new Dartmouth-led study provides evidence of intensive farming by ancestral Native Americans at the Sixty Islands archaeological site along the Menominee River, making it the most complete ancient agricultural site in the eastern half of the United States.


						
The site features a raised ridge field system that dates to around the 10th century to 1600, and much of it is still intact today.

The raised fields are comprised of clustered ridged garden beds that range from 4 to 12 inches in height and were used to grow corn, beans, squash, and other plants by ancestors of the Menominee Indian Tribe of Wisconsin.

The findings are published in Science.

"The scale of this agricultural system by ancestral Menominee communities is 10 times larger than what was previously estimated," says lead author Madeleine McLeester, an assistant professor of anthropology at Dartmouth. "That forces us to reconsider a number of preconceived ideas we have about agriculture not only in the region, but globally."

The researchers surveyed approximately 330 acres. However, they have yet to map the entire site because it extends beyond the edge of where they surveyed. They estimate that they surveyed approximately 40% percent of the site.

"When you look at the scale of farming, this would require the kind of labor organization that is typically associated with a much larger, state-level hierarchical society," says McLeester. "Yet, everything we know about this area suggests smaller egalitarian societies lived in this region but in fact, this may have been a rather large settlement."

The site is part of Anaem Omot, which stands for the "Dog's Belly" in Menominee. Anaem Omot is a cluster of significant ancestral Menominee archaeological sites that includes several burial mounds and a village that were excavated from the 1950s through the 1970s. It was initially mapped in the 1990s by Marla Buckmaster, an archaeologist at Northern Michigan University, and excavated by Jan Brashler, an archaeologist at Grand Valley State University, who found and radiocarbon dated a corn cupule (the cup-shaped structure on the cob that holds a kernel in place) during excavations. Given the site's cultural significance with its burial mounds, dance rings, and agricultural ridges, it is listed on the U.S. National Register of Historic Places.




Building on earlier work and upon the request of the Menominee tribal authorities, archaeologists from Dartmouth were invited to survey and document the area using new technologies that were previously unavailable. Through this partnership, the team collaborated with David Grignon, tribal historic preservation officer for the Menominee Indian Tribe of Wisconsin and the late David Overstreet, a consulting archaeologist for the College of the Menominee Nation.

In May 2023, after the snow had melted but before the leaves were out, the team conducted an innovative, drone-based survey of a 330-acre area using lidar, a remote sensing technology that uses pulses of light from a laser to map objects on the Earth's surface. Lidar provides a dataset that's like a giant cloud of points with the locations of the trees and rocks, which can be filtered out to see the ground.

"Lidar is a really powerful tool in any kind of forested or heavily vegetated region where the archaeology is hidden below trees -- where no kind of optical imagery can see what's underneath the tree canopy," says senior author Jesse Casana, a professor of anthropology who uses remote sensing technologies regularly in his work.

"Forests are really confounding to archaeology in a lot of ways, so a lot of archaeologists rely on publicly available lidar that has often been obtained from a plane that flies really high. But the resolution of the data is usually too low to see many archaeological features. Drone lidar enables us to collect the same kind of data but at a much higher resolution," says Casana.

The lidar uncovered sets of parallel ridges at the site that create quilt-like patterns stretched across the landscape. The ridges were constructed in various directions, illustrating that their locations may have been determined by individual farmers rather than the direction of the sun or other environmental factors.

The results also revealed: a circular dance ring, a rectangular building foundation that may have been a colonial trading post, two 19th-century logging camps, looted burial mounds, previously unknown burial mounds that were thought to be destroyed in the 1970s, and a burial mound on privately owned land that is currently owned by a mining company.




In August 2023, the team excavated three raised agricultural ridges at various distances from the Menominee River. Through radiocarbon dating of charcoal samples obtained during excavation, they found that the ridges had been rebuilt over a 600-year period, with construction initially around the year 1000, which was during the Late Woodland period.

"All three ridges showed a similar picture in terms of their construction, history and reconstruction," says Casana. "Most field systems have been either lost or destroyed due to intensive land use across most of North America, through farming, including pastures, and the cutting down of trees for urban development."

"Through this research, we get this little window of preservation into pre-Colonial farming in the Upper Peninsula of Michigan," says Casana.

Through the excavations, charcoal, broken pieces of ceramics known as sherds, and artifacts were recovered, suggesting that remains from fires and household refuse were likely used as compost in the fields. The results also showed that wetland soils had been used to enrich the soil.

"Our work shows that the ancestral Menominee communities were modifying the soil to completely rework the topography in order to plant and harvest corn at the near northern extent of where this crop can grow," says McLeester. "This farming system was a massive undertaking requiring a lot of organization, labor, and know-how to maximize agricultural productivity."

"We're seeing this kind of landscape alteration in a place where we wouldn't expect it," says McLeester.

"This may be just a little remnant of what must have been a much larger system," says Casana.

The findings have made the researchers consider if perhaps the majority of eastern North America was once covered with agricultural ridges. Findings also challenge existing forest history of the Upper Peninsula, since Sixty Islands would have been deforested during this 600 year period.

The team is continuing their work with the Menominee Indian Tribe of Wisconsin at the Menominee Sixty Islands site with upcoming plans to survey the site and locate ancestral Menominee villages.
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Satellite tracking of 12,000 marine animals reveals ocean giants are in trouble | ScienceDaily
A sweeping new study is helping pinpoint where whales, sharks, turtles, and other ocean giants need the most protection and where current efforts fall short.


						
Led by Ana Sequeira of Australian National University and supported by the United Nations, the research synthesized data from 12,000 satellite-tracked animals across more than 100 species. It reveals how marine megafauna move globally and where their migratory, feeding, and breeding behaviors intersect with human threats such as fishing, shipping, and pollution.

Virginia Tech contributed to the effort, called MegaMove, a massive collaboration of nearly 400 scientists across more than 50 countries. The project used biologging data collected using satellite tags to inform a new blueprint for ocean conservation.

"This is one of the largest marine tracking data sets ever assembled," said Francesco Ferretti, a marine ecologist at Virginia Tech who contributed to the study. "It's not just about drawing lines on a map. We need to understand animal behavior and overlap that with human activity to find the best solutions."

The research was published on June 5 in the journal Science.

 From the open ocean to Virginia waters 

Though global in scope, the findings hold direct relevance for Virginia and the East Coast.




"Virginia's coastline is part of a major migratory corridor for marine species," Ferretti said. "Sharks, for example, play a critical role in maintaining healthy marine ecosystems, which in turn support fisheries and recreation. What happens to apex predators can ripple across the food web and impact local economies."

Past collapses of shellfish fisheries in North Carolina and impacts on seagrasses meadows, important for fisheries, carbon sequestration, and to prevent coastal erosion, have shown how predator loss can shift entire ecosystems.

Ferretti said understanding these dynamics is critical to protecting both wildlife and the communities that rely on them.

 A global conservation puzzle 

MegaMove aimed to inform the United Nations' 30x30 target: a global goal to protect 30 percent of the world's oceans by 2030. The team used optimization algorithms to propose which areas should be prioritized for protection based on how marine species use the space.

But the findings show that even if all 30 percent of protected areas were perfectly placed, it wouldn't be enough.




"Sixty percent of the tracked animals' critical habitats would be still outside these zones," Ferretti said. "In addition to protected areas, we need targeted mitigation, changing fishing practices, rerouting shipping lanes, and reducing pollution."

Building global science at Virginia Tech 

Virginia Tech's participation to initiatives such as the MegaMove project reflects a broader push to contribute to international, data-driven science.

"This project shows where the field is heading," Ferretti said. "We're seeing a revolution in big data approaches in marine science. Students need to be trained not only in fieldwork but in data science to meet future challenges."

He said global efforts like MegaMove can also help inspire the next generation of researchers and showcase how Virginia Tech connects local talent to worldwide impact.
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Lighting up earthquakes: How scientists watched ruptures evolve in milliseconds | ScienceDaily
Researchers have developed a laboratory earthquake model that connects the microscopic real contact area between fault surfaces to the possibility of earthquake occurrences. Published in the Proceedings of the National Academy of Sciences, this breakthrough demonstrates the connection between microscopic friction and earthquakes, offering new insights into earthquake mechanics and potential prediction.


						
"We've essentially opened a window into the heart of earthquake mechanics," said Sylvain Barbot, associate professor of earth sciences at the USC Dornsife College of Letters, Arts and Sciences and principal investigator of the study. "By watching how the real contact area between fault surfaces evolves during the earthquake cycle, we can now explain both the slow buildup of stress in faults and the rapid rupture that follows. Down the road, this could lead to new approaches for monitoring and predicting earthquake nucleation at early stages."

For decades, scientists have relied on empirical "rate-and-state" friction laws to model earthquakes -- mathematical descriptions that work well but don't explain the underlying physical mechanisms. "Our model reveals what's actually happening at the fault interface during an earthquake cycle."

Barbot says the discovery is a deceptively simple concept: "When two rough surfaces slide against each other, they only make contact at minuscule, isolated junctions covering a fraction of the total surface area." This "real area of contact" -- invisible to the eye but measurable through optical techniques -- turns out to be the key state variable that controls earthquake behavior.

Laboratory earthquakes: Lighting earthquakes in real time

The study utilizes transparent acrylic materials that allowed the researchers to literally watch earthquake ruptures unfold in real time. Using high-speed cameras and optical measurements, the team tracked how LED light transmission changed as contact junctions formed, grew and were destroyed during laboratory earthquakes.

"We can literally watch the contact area evolve as ruptures propagate," Barbot said. "During fast ruptures, we see approximately 30% of the contact area disappear in milliseconds -- a dramatic weakening that drives the earthquake."

The laboratory results revealed a previously hidden relationship: The empirical "state variable" used in standard earthquake models for decades represents the real area of contact between fault surfaces. This discovery provides the first physical interpretation of a mathematical concept that has been central to earthquake science since the 1970s.




From simulation to prediction

The researchers analyzed 26 different simulated earthquake scenarios and found that the relationship between rupture speed and fracture energy follows the predictions of linear elastic fracture mechanics. The team's computer simulations successfully reproduced both slow and fast laboratory earthquakes, matching not only the rupture speeds and stress drops but also the amount of light transmitted across the fault interface during ruptures.

As contact areas change during the earthquake cycle, they affect multiple measurable properties including electrical conductivity, hydraulic permeability and seismic wave transmission. Since the real area of contact affects multiple physical properties of fault zones, continuous monitoring of these proxies during earthquake cycles could provide new insights into fault behavior.

The implications extend far beyond academic understanding and laboratory experiments. The research suggests that monitoring the physical state of fault contacts could provide new tools for earthquake short-term systems and potentially for reliable earthquake prediction using the electric conductivity of the fault.

"If we can monitor these properties continuously on natural faults, we might detect the early stages of earthquake nucleation," Barbot explained. "This could lead to new approaches for monitoring earthquake nucleation at early stages, well before seismic waves are radiated."

Looking ahead

The researchers plan to scale up their findings outside controlled laboratory conditions. Barbot explained: The study's model provides the physical foundation for understanding how fault properties evolve during seismic cycles.




"Imagine a future where we can detect subtle changes in fault conditions before an earthquake strikes," Barbot said. "That's the long-term potential of this work."

About the study

In addition to Barbot, Baoning Wu, formerly at USC and now at the University of California, San Diego, authored the study.

The study was supported by National Science Foundation award number EAR-1848192 and the Statewide California Earthquake Center proposal number 22105.
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Extreme weather is wiping out amphibians-Here's where it's worst | ScienceDaily


						
[image: Featured Image]
 The fire salamander native to Europe is one of many species that depend on sufficient moisture. Credit: Daniel Rosengren/Frankfurt Zoological Society

 





						Habitat loss, diseases, pollution, and climate change are already massively affecting amphibians - frogs, salamanders, and the caecilians native to tropical regions. The new study from the Institute for Ecology, Evolution and Diversity shows that extreme weather events serve as an additional stress factor, further intensifying this crisis. For this purpose, the scientists analyzed global weather data from the past 40 years. They compared regions with significantly increased heat waves, droughts, and cold spells with the geographical distribution of more than 7,000 amphibian species and their threat status on the "Red List." The Red Lists are being published since 1964 by the International Union for the Conservation of Nature and Natural Resources (IUCN) and are considered an important tool for assessing the threat status of animal, plant, and fungal species worldwide.


						
Critical Interaction of Various Factors

The results are clear: where heat waves and droughts have increased, the threat status of amphibians on the Red List has also significantly deteriorated since 2004. "Amphibians' dependence on temporary wetlands for breeding makes them particularly vulnerable to droughts and temperature shifts that causes their breeding grounds to dry prematurely," explains Dr. Evan Twomey, lead author of the study. "Our analyses show the direct connection between the increase in extreme weather events and the decline of amphibian populations."

Regional Focus Areas

Three regions are particularly affected: Europe, the Amazon region, and Madagascar. While in South America the majority of amphibians found there - mostly frogs - are exposed to increasing heat waves, in Europe it is primarily droughts that are causing problems for the animals. Here, it is mainly salamanders that suffer under the changed conditions. The situation in Central Europe gives cause for concern. Future climate projections show that drought periods in Central Europe will likely increase in both duration and intensity. Prof. Lisa Schulte, head of the Department of Wildlife-/Zoo-Animal-Biology and Systematics warns: "Already half of the true salamanders native to Central Europe are exposed to increasing droughts today -- and this will likely get worse in the future."

Urgent Need for Action

The study results highlight the urgency of targeted conservation measures. Various approaches from amphibian research could help threatened species. These include, for example, the creation of small protected areas where amphibians can find refuge, as well as the improvement of wetlands to ensure optimal living conditions. Creating moist retreat sites, such as using pipes or boards, also provides these animals with opportunities to withdraw during dry periods.

The study provides important foundations for adapted conservation strategies in the particularly affected regions. Amphibians are considered indicators of ecosystem health - their protection is therefore of paramount importance for preserving biodiversity.
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Scientists find immune molecule that supercharges plant growth | ScienceDaily
Within the animal kingdom, a naturally produced molecule known as itaconate serves a prominent role in the immune system as a defensive agent against viruses and inflammation. Itaconate is classified as a metabolite, a natural compound that arises when organisms convert food into energy.


						
While itaconate is well known in animals, its presence and functions in plants has been largely unexplored. Biologists at the University of California San Diego have now undertaken the first comprehensive exploration of itaconate's functions in plants. Researchers at the School of Biological Sciences, working with colleagues at Stanford University, Peking University, Carnegie Institute of Science and Universidad Nacional Autonoma de Mexico, used chemical imaging and measurement techniques to not only prove that itaconate exists in plants, but to reveal its significant role in stimulating plant growth.

"We found that itaconate is made in plants, particularly in growing cells," said study senior author Jazz Dickinson, an assistant professor in the Department of Cell and Developmental Biology. "Watering maize (corn) plants with itaconate made seedlings grow taller, which was exciting and encouraged us to investigate this metabolite further and understand how it interacts with plant proteins."

The results of the study, which was supported in part by funding from the National Science Foundation and the National Institutes of Health, were published June 6, 2025, in the journal Science Advances.

Dickinson's lab focuses on plant development, including research on processes related to root systems.

Using mass spectrometry, an imaging technique that reveals the chemical makeup of subjects by identifying individual molecules and compounds, the researchers confirmed that plants produce itaconate. Working with animal biochemists who specialize in itaconate, they described how itaconate interacts with plant-specific proteins in Arabidopsis, a member of the mustard family.

Further investigating these dynamics, the researchers found that itaconate plays multiple key roles in plant physiology. These include involvement in several critical plant processes, such as primary metabolism and oxygen-related stress response.

Optimizing the natural benefits of itaconate -- instead of synthetically derived chemicals -- could be crucial for safely maximizing crop growth to support growing global populations.

"This discovery could lead to nature-inspired solutions to improve the growth of crops, like corn," said Dickinson. "We also hope that developing a better understanding of the connections between plant and animal biology will reveal new insights that can help both plant and human health."

Since humans also make and use itaconate, the new study could offer fresh information for understanding the molecule's role in human development and growth.
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Scientists uncover 230 giant ocean viruses that hijack photosynthesis | ScienceDaily
Giant viruses play a role in the survival of single-celled marine organisms called protists. These include algae, amoeba, and flagellates, that form the base of ocean food webs. And since these protists form an important part of the food chain, these large DNA viruses are often responsible for various public health hazards, including harmful algal blooms.


						
A new study from scientists at the Rosenstiel School of Marine, Atmospheric and Earth Science may help unravel the many types of viruses present in our waterways and oceans. This knowledge could help local leaders better prepare for when a harmful algal bloom may be impacting their coastline or if any other viruses are present in local bays, rivers or lakes.

Using high-performance computing methods, researchers identified 230 novel giant viruses in publicly available marine metagenomic datasets and characterized their functions.

Published in the journal Nature npj Viruses, their findings include the discovery of new giant virus genomes previously unknown in literature. Within these genomes, 530 new functional proteins were characterized, including nine proteins involved in photosynthesis. This indicates that these viruses may be able to manipulate their host and the photosynthesis process during infection.

"By better understanding the diversity and role of giant viruses in the ocean and how they interact with algae and other ocean microbes, we can predict and possibly manage harmful algal blooms, which are human health hazards in Florida as well as all over the world," said Mohammad Moniruzzaman, a co-author of the study and an assistant professor in the Department of Marine Biology and Ecology. "Giant viruses are often the main cause of death for many phytoplankton, which serve as the base of the food web supporting ocean ecosystems and food sources. The novel functions found in giant viruses could have biotechnological potential, as some of these functions might represent novel enzymes."

Until recently, giant viruses were largely undetected by scientific methods due to limitations in bioinformatic pipelines. The researchers created an innovative tool called BEREN (Bioinformatic tool for Eukaryotic virus Recovery from Environmental metageNomes), designed to identify giant virus genomes within extensive public DNA sequencing datasets.

"We discovered that giant viruses possess genes involved in cellular functions such as carbon metabolism and photosynthesis -- traditionally found only in cellular organisms, said Benjamin Minch, the lead author of the study and a doctoral student in the Department of Marine Biology and Ecology at the Rosenstiel School. "This suggests that giant viruses play an outsized role in manipulating their host's metabolism during infection and influencing marine biogeochemistry."

The authors used the University of Miami's Pegasus supercomputer at the Frost Institute for Data Science and Computing (IDSC) to process and assemble large metagenomes -- often exceeding a gigabase per library -- enabling the reconstruction of hundreds of microbial community libraries.




"This study allowed us to create a framework to improve existing tools for detecting novel viruses that could aid in our ability to monitor pollution and pathogens in our waterways." Minch added.

The research team downloaded DNA sequencing data from nine large global ocean sampling projects spanning from pole to pole. Using BEREN, they recovered giant virus genomes from the data. The genomes were then annotated using publicly available gene function databases to characterize the functions encoded by these viruses. These genomes were compared to all currently available giant virus representatives to identify novel functions.

The BEREN program used to facilitate this research fills a gap in the research field by providing an easy-to-use, one-stop tool for identifying and classifying giant viruses in sequencing datasets. BEREN is available for anyone to use and can be download at: https://gitlab.com/benminch1/BEREN

The study titled, "Expansion of the genomic and functional diversity of global ocean giant viruses," was published on April 21, 2025 in the journal Nature npj Viruses. The authors are Benjamin Minch and Mohammad Moniruzzaman from the University of Miami Rosenstiel School of Marine, Atmospheric, and Earth Science.
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3,500-year-old graves reveal secrets that rewrite bronze age history | ScienceDaily
The bioarchaeological investigation of the Bronze Age cemetery of Tiszafured-Majoroshalom has shed new light on an important period in Central European history. An international research team - led by Tamas Hajdu, associate professor at the Department of Anthropology at ELTE and Claudio Cavazzuti, senior assistant professor at the University of Bologna, has shown that around 1500 BC, radical changes occurred in people's lives: they ate and lived differently, and the social system was also reorganized.


						
The multidisciplinary research was based on the Bronze Age cemetery excavated at Tiszafured-Majoroshalom, which was used both in the Middle Bronze Age (Fuzesabony culture) and in the Late Bronze Age (Tumulus culture). These finds allowed the researchers to compare the subsistence strategies before and after the change of era.

The research team, led by Tamas Hajdu and supported by the Hungarian National Research, Development and Innovation Office, sought to answer whether the spread of the Tumulus culture meant the arrival of new groups, or whether the autochtonous people continued their lives, and only the material culture changed. In addition, they also examined whether the archaeologically observed settlement changes around 1500 BC indicate a change in lifestyle: whether people began to follow a lifestyle involving mainly animal husbandry and frequent migration instead of settled farming.

The most important results of the research:

Diet changed: According to nitrogen stable isotope studies, people's food consumption was much more diverse during the Middle Bronze Age, and differences within society were also more evident in their diet -- especially in access to animal proteins. This difference decreased in the Late Bronze Age, and the diet became more uniform but poorer.

Broomcorn millet was introduced: According to carbon isotope analyses, the consumption of millet, a plant that can be grown quickly and has a high energy content, began at the beginning of the Late Bronze Age. The data from the Tiszafured Bronze Age cemetery indicate the earliest known consumption of millet in Europe.

Mobility decreased: According to the results of strontium isotope investigations, the populations of the Middle and Late Bronze Age Tiszafured had different mobility patterns. In the Late Bronze Age, fewer immigrants were identified and they arrived from different migration source than before. While in the Middle Bronze Age, beside the locals, several immigrants were observed among the people living in Tiszafured, and they most likely did not come from too far away (e.g. the Upper Tisza region, the northern part of the Carpathians), while in the Late Bronze Age, the settlers may have come from other geographical regions (e.g. Transdanubia or the Southern Carpathians). Based on radiocarbon dating, immigration began as early as the 1500s BC, which supports that the communities living further west had indeed reached the Great Hungarian Plain at the time of the appearance of the Tumulus culture.

Social relations changed: At the beginning of the Late Bronze Age, the long time-used tell-settlements were abandoned and people lived in less centralized settlement networks. This change created a looser, less structured social system - which is also reflected in dietary habits. According to microremains found in dental calculi and the aforementioned isotopic analyses, significantly less animal protein was consumed during this period than before, which contradicts the previous idea that people belonging to the Tumulus culture were mainly engaged in animal husbandry.

The study, published in the journal Scientific Reports, clearly refutes the previous idea that Tumulus culture people were mostly pastoralists. The research results show that the changes associated with the emergence of the Tumulus culture (around 1500 BC) - such as the observed differences in people's lifestyles, burial customs and settlements - can only be truly understood if traditional archaeological and anthropological studies are combined with modern bioarchaeological analyses.
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Clean energy, dirty secrets: Inside the corruption plaguing california's solar market | ScienceDaily
Solar power is growing by leaps and bounds in the United States, propelled by climate mitigation policies and carbon-free energy goals -- and California is leading the way as the nation's top producer of solar electricity. A new study in Energy Strategy Reviews has revealed a dark side to the state's breakneck pace for solar investment, deployment, and adoption, taking a first-time look at patterns of public and private sector corruption in the California solar market.


						
Researchers at the Boston University Institute for Global Sustainability (IGS) have identified seven distinct types of corruption abuses and risks in California solar energy. Among them, favoritism in project approvals, including a high-profile incident at the senior ranks of the U.S. Department of the Interior involving an intimate relationship with a solar company lobbyist. To fully realize a just energy transition, the authors call for major solar reforms in California as the U.S. increasingly relies on solar energy to decarbonize its electricity sector.

"It's a wake-up call that the solar industry cannot continue on its current trajectory of bad governance and bad behavior."

"In this groundbreaking study, we find that efforts to accelerate solar infrastructure deployment in California end up contributing to a sobering array of corruption practices and risks. These include shocking abuses of power in the approval and licensing phases as well as the displacement of Indigenous groups, and also nefarious patterns of tax evasion or the falsification of information about solar projects," says lead author Benjamin Sovacool, who is the director of IGS and a Boston University professor of earth and environment. "It's a wake-up call that the solar industry cannot continue on its current trajectory of bad governance and bad behavior."

Drawing on a literature review and original interviews and fieldwork, the study's authors arrive at a framework that helps explore the wider socio-political realities driving corruption at a time of explosive growth in the California solar market, from 2010 to 2024. During this period, the state's solar energy production increased exponentially, reaching 79,544 gigawatt hours in 2024, or enough to power approximately 7.4 million U.S. households for a year, according to the State of Renewable Energy dashboard.

The research implicates solar energy in numerous corruption practices and risks that have adversely affected communities, policymaking and regulation, and siting decisions and planning.

"The most eye-opening finding for me is how common corruption is at every level of solar development, from small-scale vendors to high-level government officials, even in a well-regulated, progressive state like California," says co-author Alexander Dunlap, an IGS research fellow.




Favoritism and other forms of corruption 

To understand how corruption undermines the solar market, the researchers focused on numerous utility-scale deployments in Riverside County, the fourth most populous county in California. They set out to document patterns of perceived corruption from a broad range of voices, gaining insights through organized focus groups and observation at different solar sites, as well as conducting interviews door-to-door and in a local supermarket parking lot. Respondents included residents in Blythe and Desert Center, California, impacted by solar energy development, solar construction workers, non-governmental organizations, solar company employees, federal agencies, and state and local governments.

While the study's authors acknowledge the difficulty of confirming individual claims of corruption, their mixed-methods research approach combines these personal assertions with analysis of news stories, court testimony, and other official sources to support their findings.

They point to a blend of public, private, social, and political patterns of corruption in the California solar energy market.
    	Clientelism and favoritism: Hiring friends or family over others for solar projects and unfairly allocating government contracts or permits to project developers, which in one instance led to an investigative report questioning the influence of a sexual relationship.
    	Rent-seeking and land grabbing: Redirecting public funds or lands to benefit private developers and taking communal or public land from Indigenous peoples or other groups for energy infrastructure siting.
    	Service diversion: Withholding local benefits, such as lower electricity bills, or distributing locally generated power only to higher-paying parts of the state.
    	Theft: Forceful removal of flora or cultural artifacts, or disturbing animal habitat, to build solar project sites.
    	Greenwashing: Misleading the public about a solar project's environmental benefits; using flawed environmental or cultural impact assessments to evaluate project impacts, such as pollution of nearby waterways; and overriding environmental protections to fast-track solar infrastructure expansion.
    	Tax evasion and avoidance: Not paying or underpaying taxes, or governmental authorities strategically failing to adequately allocate project funds to communities impacted by solar project development.
    	Non-transparency: Hiding, manipulating, or failing to disclose relevant or important information surrounding solar projects, such as the local economic benefits and environmental impacts.

A sunnier future? 

Outside of a few headline-making scandals, corruption in California's renewable energy sector has gone largely unexamined, allowing the underlying dynamics at play to erode the potential of a just energy transition. To remedy this, the study's authors recommend corruption risk mapping to document problematic practices and entities, subsidy registers and sunset clauses to deter rent-seeking and tax evasion, transparency initiatives aimed at environmental changes and data production (for Environmental Impact Assessment), strong enforcement of anti-corruption laws, and shared ownership models for solar to improve accountability.

This newly published study, "Sex for Solar? Examining Patterns of Public and Private Sector Corruption within the Booming California Solar Energy Market," is part of a larger IGS research project looking at injustices in U.S. solar and wind energy supply chains.
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2,000 miles through rivers and ice: Mapping neanderthals' hidden superhighways across eurasia | ScienceDaily
Recent scholarship has concluded that Neanderthals made a second major migration from Eastern Europe to Central and Eastern Eurasia between 120,000 and 60,000 years ago. But the routes they took have long been a mystery -- primarily because there are few archaeological sites connecting the two regions.


						
In a new analysis, a team of anthropologists -- using computer simulations -- has offered a map of possible pathways, which concludes Neanderthals likely used river valleys as natural highways and traveled during warmer periods to move approximately 2,000 miles (3,250 km) in less than 2,000 years.

"Our findings show that, despite obstacles like mountains and large rivers, Neanderthals could have crossed northern Eurasia surprisingly quickly," explains Emily Coco, who began the study as a New York University doctoral student and is now a postdoctoral researcher at Portugal's University of Algarve.

The research, which appears in the journal PLOS One, was conducted with Radu Iovita, an associate professor at NYU's Center for the Study of Human Origins.

"These findings provide important insights into the paths of ancient migrations that cannot currently be studied from the archaeological record and reveal how computer simulations can help uncover new clues about ancient migrations that shaped human history," observes Coco.

In building their simulation of Neanderthals' two-millennia journey, Coco and Iovita considered the elevation of the terrain, reconstructed ancient rivers, glacial barriers, and temperature to model movement decisions of individuals -- an approach similar to that used to model both modern human and animal movement, but not previously applied to Neanderthals.

The authors find possible migration routes in two ancient periods -- Marine Isotope Stage 5e [MIS 5e] (beginning approximately 125,000 years ago) and Marine Isotope Stage3 [MIS 3] (beginning approximately 60,000 years ago) -- marked by warmer temperatures and therefore more suitable for movement.

Computer simulations, conducted on the NYU Greene Supercomputer Cluster, indicated that Neanderthals could have reached Eurasia's Siberian Altai Mountains within 2,000 years during either MIS 5e or MIS 3 using multiple possible routes that all follow the same basic northern path through the Ural Mountains and southern Siberia, often intersecting with known archaeological sites from the same time periods.

The authors add that the study sheds light on Neanderthal interactions with other ancient human groups. Specifically, their routes would have taken them into areas already occupied by Denisovans -- consistent with existing evidence of interbreeding between the two species.

"Neanderthals could have migrated thousands of kilometers from the Caucasus Mountains to Siberia in just 2,000 years by following river corridors," says Iovita. "Others have speculated on the possibility of this kind of fast, long-distance migration based on genetic data, but this has been difficult to substantiate due to limited archaeological evidence in the region. Based on detailed computer simulations, it appears this migration was a near-inevitable outcome of landscape conditions during past warm climatic periods."
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New evidence reveals advanced maritime technology in the philippines 35,000 years ago | ScienceDaily
In 15 years of groundbreaking archaeological research, scientists from the Ateneo de Manila University, working with international experts and institutions, have established compelling evidence of the pivotal role of the Philippine archipelago in ancient maritime Southeast Asia. They uncovered a story of effective human migration, advanced technological innovation, and long-distance intercultural relations dating back over 35,000 years.


						
The Ateneo researchers' latest publication presents a wealth of data and materials from the Mindoro Archaeology Project, including some of the oldest evidence of the presence of anatomically modern humans (Homo sapiens) in the Philippine archipelago, in Occidental Mindoro -- particularly on Ilin Island; San Jose; and Sta. Teresa, Magsaysay.

Mindoro, like most of the main Philippine islands except for Palawan, was never connected to mainland Southeast Asia, neither by land bridges nor by ice sheets, and sea-crossings were always necessary to reach it. This likely spurred the development of sophisticated technologies for traversing and surviving this environment.

Evidence of sophisticated ancient technology on Philippine islands

A variety of finds such as human remains, animal bones, shells, and tools made from stone, bone and shell show that Mindoro's early inhabitants successfully harnessed both terrestrial and marine resources such that, over 30,000 years ago, they already possessed seafaring capabilities and specific fishing skills that enabled them to catch predatory open-sea fish species, such as bonito and shark, and to establish connections with distant islands and populations in the vast maritime region of Wallacea.

Particularly noteworthy is the innovative use of shells as raw material for tools since more than 30,000 years ago. This culminated in the manufacture of adzes from giant clam shells (Tridacna species), dating back 7,000-9,000 years ago. These bear a striking similarity to shell adzes found across the region of Island Southeast Asia and as far as Manus Island in Papua New Guinea, over 3,000 kilometers away.

The researchers also found on Ilin Island a human grave dating to around 5,000 years ago, with the body laid to rest in a fetal position and bedded and covered with limestone slabs. The manner of burial was similar to other flexed burials found across Southeast Asia, suggesting shared ideological and social influences and an emerging social complexity across a vast area from the mainland to distant islands.




Mindoro hints at vast, advanced maritime network

Mindoro's archaeological sites have yielded evidence of culturally sophisticated inhabitants who were behaviorally and technologically adapted to coastal and marine environments. Collectively, these discoveries suggest that Mindoro and nearby Philippine islands were part of an extensive maritime network that existed already during the Stone Age and facilitated cultural and technological exchange between early human populations across Island Southeast Asia for many millennia.

By documenting human habitation over a long period of time, with the emergence of advanced subsistence strategies and maritime technologies, the Mindoro Archaeology Project not only fills critical gaps in the prehistoric record of the Philippines but also redefines the region's significance in the broader narrative of human migration and adaptation in Island Southeast Asia.

The latest publication of the Mindoro Archeology Project is authored by the Ateneo de Manila University Department of Sociology and Anthropology's Dr. Alfred F. Pawlik, Dr. Riczar B. Fuentes, and Dr. Tanya Uldin; together with Dr. Marie Grace Pamela G. Faylona of the University of the Philippines -- Diliman Department of Anthropology, De La Salle University Department of Sociology and Behavioral Sciences, and Philippine Normal University College of Advanced Studies; and Trishia Gayle R. Palconit, PhD student at the University of Ferrara, Italy.
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Something more toxic than gators is hiding in the swamps
        Mercury contamination is surfacing as a serious concern in parts of Georgia and South Carolina, particularly in regions like the Okefenokee Swamp. University of Georgia researchers found alarmingly high levels of the neurotoxic metal in alligators, especially in older individuals and even hatchlings suggesting the toxin is passed both up the food chain and through generations. These ancient reptiles act as environmental indicators, raising red flags for the broader ecosystem and potentially for h...

      

      
        Pincer plot twist: How female earwigs evolved deadly claws for love and war
        Female earwigs may be evolving exaggerated weaponry just like males. A study from Toho University found that female forceps, once assumed to be passive tools, show the same kind of outsized growth linked to sexual selection as the male's iconic pincers. This means that female earwigs might be fighting for mates too specifically for access to non-aggressive males challenging long-standing assumptions in evolutionary biology.

      

      
        Astronomers just found a giant planet that shouldn't exist
        Scientists have discovered a giant planet orbiting a tiny red dwarf star, something they believed wasn t even possible. The planet, TOI-6894b, is about the size of Saturn but orbits a star just a fifth the mass of our Sun. This challenges long-standing ideas about how big planets form, especially around small stars. Current theories can't fully explain how such a planet could have taken shape. Even more fascinating, this cold planet may have a rare kind of atmosphere rich in methane or even ammon...

      

      
        Scientists discover natural cancer-fighting sugar in sea cucumbers
        Sea cucumbers, long known for cleaning the ocean floor, may also harbor a powerful cancer-fighting secret. Scientists discovered a unique sugar in these marine creatures that can block Sulf-2, an enzyme that cancer cells use to spread. Unlike traditional medications, this compound doesn t cause dangerous blood clotting issues and offers a cleaner, potentially more sustainable way to develop carbohydrate-based drugs if scientists can find a way to synthesize it in the lab.

      

      
        Clean energy, dirty secrets: Inside the corruption plaguing california's solar market
        California s solar energy boom is often hailed as a green success story but a new study reveals a murkier reality beneath the sunlit panels. Researchers uncover seven distinct forms of corruption threatening the integrity of the state s clean energy expansion, including favoritism, land grabs, and misleading environmental claims. Perhaps most eyebrow-raising are allegations of romantic entanglements between senior officials and solar lobbyists, blurring the lines between personal influence and pu...

      

      
        What a dinosaur ate 100 million years ago--Preserved in a fossilized time capsule
        A prehistoric digestive time capsule has been unearthed in Australia: plant fossils found inside a sauropod dinosaur offer the first definitive glimpse into what these giant creatures actually ate. The remarkably preserved gut contents reveal that sauropods were massive, indiscriminate plant-eaters who swallowed leaves, conifer shoots, and even flowering plants without chewing relying on their gut microbes to break it all down.

      

      
        New discovery: Tylenol stops pain at the nerves, before it hits the brain
        Acetaminophen may be doing more than just dulling pain in your brain it could be stopping it before it even starts. Scientists at Hebrew University have discovered that a metabolite of the drug, AM404, blocks pain signals right at their source by shutting down specific sodium channels in pain-sensing nerves. This radically shifts our understanding of how this common medication works and opens a door to new, more targeted painkillers that might eliminate side effects like numbness or weakness.

      

      
        2,000 miles through rivers and ice: Mapping neanderthals' hidden superhighways across eurasia
        Neanderthals may have trekked thousands of miles across Eurasia much faster than we ever imagined. New computer simulations suggest they used river valleys like natural highways to cross daunting landscapes during warmer climate windows. These findings not only help solve a long-standing archaeological mystery but also point to the likelihood of encounters and interbreeding with other ancient human species like the Denisovans.

      

      
        Burning for Beauty: How TikTok Skin Trends Are Harming Young Girls
        Teens are diving into intense skincare routines inspired by TikTok, often slathering on six or more products daily, sometimes over ten in just minutes, chasing beauty ideals that favor lighter, flawless skin. But new research warns this digital trend comes at a high cost: irritation, allergies, and deep-seated social pressures around race and beauty.

      

      
        Common supplement reverses premature aging in landmark human trial
        A rare genetic disorder called Werner syndrome causes premature aging and devastating health complications from an early age, yet treatment options have been lacking. New hope emerges from Chiba University, where researchers conducted the first clinical trial using nicotinamide riboside (NR), a precursor to NAD+ that s been linked to anti-aging effects. The double-blind trial revealed that NR not only safely boosted NAD+ levels but also improved cardiovascular health, reduced skin ulcers, and hel...

      

      
        5-minute STI test poised to transform sexual health diagnostics
        A revolutionary STI test developed by UK-based Linear Diagnostics is on track to dramatically reduce the time it takes to detect infections like gonorrhea and chlamydia. Built on ultra-fast EXPAR DNA amplification technology, the platform can deliver lab-accurate results in as little as five minutes, without sending samples to centralized labs.

      

      
        Earth's core mystery solved: How solid rock flows 3,000 kilometers beneath us
        Beneath Earth s surface, nearly 3,000 kilometers down, lies a mysterious layer where seismic waves speed up inexplicably. For decades, scientists puzzled over this D' layer. Now, groundbreaking experiments by ETH Zurich have finally revealed that solid rock flows at extreme depths, acting like liquid in motion. This horizontal mantle flow aligns mineral crystals called post-perovskite in a single direction, explaining the seismic behavior. It s a stunning leap in understanding Earth s deep inner ...

      

      
        How outdated phones can power smart cities and save the seas
        In a world where over a billion smartphones are produced yearly, a team of researchers is flipping the script on electronic waste. Instead of tossing out older phones, they ve demonstrated a groundbreaking approach: turning outdated smartphones into micro data centers. This low-cost innovation (just 8 euros per phone) offers practical applications from tracking bus passengers to monitoring marine life without needing new tech.

      

      
        160 million years ago, this fungus pierced trees like a microscopic spear
        In a paper published in National Science Review, a Chinese team of scientists highlights the discovery of well-preserved blue-stain fungal hyphae within a Jurassic fossil wood from northeastern China, which pushes back the earliest known fossil record of this fungal group by approximately 80 million years. The new finding provides crucial fossil evidence for studying the origin and early evolution of blue-stain fungi and offers fresh insights into understanding the ecological relationships betwee...

      

      
        Whales blow bubble rings--And they might be talking to us
        Humpback whales have been observed blowing bubble rings during friendly interactions with humans a behavior never before documented. This surprising display may be more than play; it could represent a sophisticated form of non-verbal communication. Scientists from the SETI Institute and UC Davis believe these interactions offer valuable insights into non-human intelligence, potentially helping refine our methods for detecting extraterrestrial life. Their findings underscore the intelligence, curi...

      

      
        This battery self-destructs: Biodegradable power inspired by 'Mission: Impossible'
        Scientists at Binghamton University are bringing a sci-fi fantasy to life by developing tiny batteries that vanish after use inspired by Mission: Impossible. Led by Professor Seokheun Choi, the team is tackling one of the trickiest parts of biodegradable electronics: the power source. Instead of using toxic materials, they re exploring probiotics friendly bacteria often found in yogurt to generate electricity. With engineered paper-based batteries that dissolve in acidic environments, this breakt...

      

      
        Cannabis use among seniors surges 46% in two years--Study reveals
        Cannabis use among older Americans has climbed dramatically, with 7% of adults 65 and older now reporting recent use. This rise isn't just in numbers but also in diversity older users today are more likely to be women, college-educated, and higher-income. Researchers suggest legalization and growing social acceptance are contributing factors, especially in states with medical marijuana laws. The trend is especially notable among those with chronic illnesses, raising both opportunities and concern...

      

      
        Why your diet might be making you sad--Especially if you're a man
        New research reveals a surprising downside to calorie-cutting diets: a link to higher levels of depressive symptoms, especially in men and those who are overweight. Despite popular beliefs that healthy eating boosts mental wellness, real-life restrictive diets may be nutritionally unbalanced, potentially harming emotional and cognitive health.

      

      
        Largest-ever map of the universe reveals 10x more early galaxies than expected
        An international team of scientists has unveiled the largest and most detailed map of the universe ever created using the James Webb Space Telescope, revealing nearly 800,000 galaxies stretching back to almost the beginning of time. The COSMOS-Web project not only challenges long-held beliefs about galaxy formation in the early universe but also unexpectedly revealed 10 times more galaxies than anticipated along with supermassive black holes Hubble couldn t see.

      

      
        Scientists uncover 230 giant ocean viruses that hijack photosynthesis
        Scientists have uncovered over 200 new giant viruses lurking in ocean waters that not only help shape marine ecosystems but also manipulate photosynthesis in algae. These massive viruses once nearly invisible to science are now being exposed using powerful supercomputing and a new tool called BEREN. By studying these viruses, researchers hope to predict harmful algal blooms and even explore biotech applications from the novel enzymes found in these viral genomes.

      

      
        Scientists freeze quantum motion using ultrafast laser trick
        Harvard and PSI scientists have managed to freeze normally fleeting quantum states in time, creating a pathway to control them using pure electronic tricks and laser precision.
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Something more toxic than gators is hiding in the swamps | ScienceDaily
New research from the University of Georgia's Odum School of Ecology and Marine Extension and Georgia Sea Grant suggests there may be elevated levels of mercury in Georgia and South Carolina waters.


						
In studying alligators from the Okefenokee Swamp, Jekyll Island and Yawkey Wildlife Center, UGA researchers found high levels of mercury, prompting concerns about the levels of the heavy metal in the environment.

"Alligators are very ancient creatures, and we can look at them in these areas as an indicator of what else might be happening in the ecosystem. Studying them can relate to many different things in the food web," said Kristen Zemaitis, lead author of the study and a graduate of the Odum School.

The presence of mercury in these waters not only impacts the health of the alligator but could have dangerous health effects on the other creatures relying on these waterways for food, including humans.

 Mercury concentrations matter for the bigger picture 

Trace amounts of mercury, a potentially harmful element, are often found in runoff and precipitation downstream from major industrial areas. Previous research has shown accumulating levels of the heavy metal in smaller animals in Georgia swamps but not as much is known about animals as high up in the food chain as the alligator.

Through studying the diet and analyzing blood samples of more than 100 alligators, across several months, the researchers found that where the alligators resided made a difference.




Alligators in the Okefenokee Swamp had mercury levels that were eight times higher than the other two research sites.

"If (mercury) builds up, it moves through the food web and creates the perfect storm. That's what we have in the Okefenokee." -- Jeb Byers, Odum School of Ecology

"That's one of the results from the study that was most striking to me," said Jeb Byers, co-author of the study and UGA Athletic Association Professor in the Odum School. "Mercury is a neurotoxin that is very lethal to organisms. If it builds up, it moves through the food web and creates the perfect storm. That's what we have in the Okefenokee."

Mercury concentrations in alligators show that the toxin can easily move up the food chain.

Whether it's gators themselves or the fish they cohabitate with, this study signals caution to any humans who may fish or hunt in the area. Although the Okefenokee Swamp is a wildlife refuge, it shares waters with the Suwannee and St. Marys rivers, which means there may be a heightened risk of mercury contamination in fish and other animals residing in the waters.

"Mercury contamination can be a high concern for the people who can be consuming a lot of fish or game species from the rivers, swamps or oceans that have high mercury. In any given ecosystem, there are some organisms that can tolerate only very little amounts of mercury, which can result in neurological issues, reproductive issues and eventually death," Zemaitis said.




 Alligators' age matters in mercury measurements 

It wasn't just where the alligators lived -- how long they'd been there mattered too.

The researchers discovered that mercury concentrations were more prominent in larger, older gators. That wasn't just from absorption over time but presumably from the alligators consuming greater amounts of creatures already contaminated with mercury.

UGA researchers examine one of the alligators in the study. (Photo by Jeb Byers)

"Organisms can accumulate dangerous levels over the course of a lifespan. However, we often account for age but not diet," said Benjamin Parrott, an associate professor at UGA's Savannah River Ecology Laboratory and Odum School and co-author of the study. "What our study shows is that as alligators grow and start to eat larger animals, this increases the amount of mercury they accumulate."

As for smaller, young alligators and hatchlings, the story was surprisingly the same. Mercury levels seemed to be inherited by offspring.

"Some of the hatchlings had really high levels of mercury which we were not expecting. Mothers are passing toxins and heavy metals into the egg yolks during reproduction," Zemaitis said.

 Research signals need for future studies on mercury impact 

It's likely not just alligators being influenced by high levels of mercury in the environment, Zemaitis said.

"Now that we know this about one of the apex predators in these systems, we wonder what else is being affected?" she said. "I would like to investigate more about where exactly the mercury is coming from and how it's getting into the ecosystem. It would be really great to pinpoint a prominent source and also see how it's affecting other animals in the ecosystem."

The study was funded by the Jekyll Island Authority and the Okefenokee Swamp Park, and includes co-authors Thomas Rainwater, of the Tom Yawkey Wildlife Center and Clemson University; Yank Moore, of the Conservation for Jekyll Island Authority; and Kimberly Andrews, a coastal ecology specialist with UGA Marine Extension and Georgia Sea Grant.
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Pincer plot twist: How female earwigs evolved deadly claws for love and war | ScienceDaily
A new study from Toho University reveals that female earwigs exhibit a similar pattern of exaggerated forceps growth as males, suggesting that both sexes may have evolved these traits through sexual selection.


						
Do larger male elk have proportionally larger antlers? The answer is no. In fact, larger individuals tend to have disproportionately larger antlers -- a phenomenon known as positive allometry. This pattern, where certain body parts grow disproportionately large relative to body size, is observed not only in mammals but also in animals such as beetles and fiddler crabs. Evolutionary biologists interpret such traits as evidence of sexual selection -- a process in which physical features evolve because they offer an advantage in competing for mates.

Male earwigs are known to show positive allometry in their forceps -- pincer-like appendages at the tip of the abdomen -- which are believed to have evolved as weapons in battles with rivals. But what about females? Female earwigs also have forceps -- so what purpose do they serve?

Tomoki Matsuzawa (then an undergraduate) and Associate Professor Junji Konuma from Toho University's Department of Biology conducted the first quantitative study of female earwig forceps. Using morphometric analysis on the maritime earwigs Anisolabis maritima, they found that female forceps also display positive allometry -- suggesting that they, too, may have evolved through sexual selection.

The team measured the head, thorax, abdomen, and bilateral forceps dimensions and analyzed shape differences in both sexes. They found that males have thick, short, and curved forceps, while females have thin, long, and straight ones -- indicating clear sexual dimorphism. When they plotted body size against forceps width and length on a log-log scale, the results revealed a pattern of positive allometry in males: forceps width increased disproportionately with body size. Surprisingly, positive allometry was also found in females -- in the length of the forceps. These results suggest that while the sexes differ in forceps shape, both may have evolved them as weapons -- albeit in different ways.

Associate Professor Konuma explains:"A previous behavioral study has shown that female earwigs compete for small, non-aggressive males. Our findings suggest that female forceps may have evolved as effective weapons in such competition. While most earlier research focused only on males, our study highlights the importance of considering female traits as well when studying the evolution of insect morphologies."

These findings were published on June 12, 2025, in the Biological Journal of the Linnean Society.
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Astronomers just found a giant planet that shouldn't exist | ScienceDaily
Star TOI-6894 is just like many in our galaxy, a small red dwarf, and only ~20% of the mass of our Sun. Like many small stars, it is not expected to provide suitable conditions for the formation and hosting of a large planet.


						
However, as published today in Nature Astronomy, an international team of astronomers have found the unmistakable signature of a giant planet, called TOI-6894b, orbiting this tiny star.

This system has been discovered as part of a large-scale investigation of TESS (Transiting Exoplanet Survey Satellite) data, looking for giant planets around low-mass stars, led by Dr. Edward Bryant, who completed this work at The University of Warwick and at UCL's Mullard Space Science Laboratory.

Dr. Edward Bryant, Warwick Astrophysics Prize Fellow and first author said: "I was very excited by this discovery. I originally searched through TESS observations of more than 91,000 low-mass red-dwarf stars looking for giant planets.

"Then, using observations taken with one of the world's largest telescopes, ESO's VLT, I discovered TOI-6894b, a giant planet transiting the lowest mass star known to date to host such a planet. We did not expect planets like TOI-6894b to be able to form around stars this low-mass. This discovery will be a cornerstone for understanding the extremes of giant planet formation."

The planet (TOI-6894b) is a low-density gas giant with a radius a little larger than Saturn's but with only ~50% of Saturn's mass. The star (TOI-6894) is the lowest mass star to have a transiting giant planet discovered to date and is just 60% the size of the next smallest star to host such a planet.

Dr. Daniel Bayliss, Associate Professor at The University of Warwick said: "Most stars in our Galaxy are actually small stars exactly like this, with low masses and previously thought to not be able to host gas giant planets. So, the fact that this star hosts a giant planet has big implications for the total number of giant planets we estimate exist in our Galaxy."

A Challenge to the Leading Theory 




Dr Vincent Van Eylen, from UCL's Mullard Space Science Laboratory, said: "It's an intriguing discovery. We don't really understand how a star with so little mass can form such a massive planet! This is one of the goals of the search for more exoplanets. By finding planetary systems different from our solar system, we can test our models and better understand how our own solar system formed."

The most widely held theory of planet formation is called the core accretion theory. A planetary core forms first through accretion (gradual accumulation of material) and as the core becomes more massive, it eventually attracts gases that form an atmosphere. It then gets massive enough to enter a runaway gas accretion process to become a gas giant.

In this theory, the formation of gas giants is harder around low-mass stars because the amount of gas and dust in a protoplanetary disc around the star (the raw material of planet formation) is too limited to allow a massive enough core to form, and the runaway process to occur.

Yet the existence of TOI-6894b (a giant planet orbiting an extremely low-mass star) suggests this model cannot be completely accurate and alternative theories are needed.

Edward added: "Given the mass of the planet, TOI-6894b could have formed through an intermediate core-accretion process, in which a protoplanet forms and steadily accretes gas without the core becoming massive enough for runaway gas accretion.

"Alternatively, it could have formed because of a gravitationally unstable disc. In some cases, the disc surrounding the star will become unstable due to the gravitational force it exerts on itself. These discs can then fragment, with the gas and dust collapsing to form a planet."

But the team found that neither theory could completely explain the formation of TOI-6894b from the available data, which leaves the origin of this giant planet as an open question for now.




Atmospheric Answers 

One avenue to shed light on the mystery of TOI-6894b's formation is a detailed atmospheric analysis. By measuring the distribution of material within the planet, astronomers can determine the size and structure of the planet's core, which can tell us whether TOI-6894b formed via accretion or via an unstable disc.

This is not the only interesting feature of TOI-6894b's atmosphere; it is unusually cold for a gas giant. Most of the gas giants found by exoplanet hunters are hot Jupiters, massive gas giants with temperatures of ~1000-2000 Kelvin. TOI-6894b, by comparison, is just 420 Kelvin. The cool temperature alongside other features of this planet, such as the very deep transits, makes it one of the most promising giant planets for astronomers to characterise with a cool atmosphere.

Professor Amaury Triaud, University of Birmingham, co-author, and member of the SPECULOOS collaboration said: "Based on the stellar irradiation of TOI-6894b, we expect the atmosphere is dominated by methane chemistry, which is exceedingly rare to identify. Temperatures are low enough that atmospheric observations could even show us ammonia, which would be the first time it is found in an exoplanet atmosphere.

"TOI-6894b likely presents a benchmark exoplanet for the study of methane-dominated atmospheres and the best 'laboratory' to study a planetary atmosphere containing carbon, nitrogen, and oxygen outside the Solar System."

The atmosphere of TOI-6894b is already scheduled to be observed by the James Webb Space Telescope (JWST) within the next 12 months. This should allow astronomers to determine which, if either, of the possible theories can explain the formation of this unexpected planet.

Co-author Dr. Andres Jordan, researcher at the Millennium Institute of Astrophysics and professor at Adolfo Ibanez University, said: "This system provides a new challenge for models of planet formation, and it offers a very interesting target for follow-up observations to characterize its atmosphere.

"This discovery is the result of a systematic program we have been carrying out for several years from Chile and the UK. Our efforts have allowed us to contribute significantly to a better understanding of how often small stars can form giant planets, and we are providing prime targets for follow-up with space-based platforms."
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Scientists discover natural cancer-fighting sugar in sea cucumbers | ScienceDaily
Sea cucumbers are the ocean's janitors, cleaning the seabed and recycling nutrients back into the water. But this humble marine invertebrate could also hold the key to stopping the spread of cancer.


						
A sugar compound found in sea cucumbers can effectively block Sulf-2, an enzyme that plays a major role in cancer growth, according to a University of Mississippi-led study published in Glycobiology. 

"Marine life produces compounds with unique structures that are often rare or not found in terrestrial vertebrates," said Marwa Farrag, a fourth-year doctoral candidate in the UM Department of BioMolecular Sciences.

"And so, the sugar compounds in sea cucumbers are unique. They aren't commonly seen in other organisms. That's why they're worth studying."

Farrag, a native of Assiut, Egypt, and the study's lead author, worked with a team of researchers from Ole Miss and Georgetown University on the project.

Human cells, and those of most mammals, are covered in tiny, hairlike structures called glycans that help with cell communication, immune responses and the recognition of threats such as pathogens. Cancer cells alter the expression of certain enzymes, including Sulf-2, which in turn modifies the structure of glycans. This modification helps cancer spread.

"The cells in our body are essentially covered in 'forests' of glycans," said Vitor Pomin, associate professor of pharmacognosy. "And enzymes change the function of this forest - essentially prunes the leaves of that forest.




"If we can inhibit that enzyme, theoretically, we are fighting against the spread of cancer."

Using both computer modeling and laboratory testing, the research team found that the sugar - fucosylated chondroitin sulfate - from the sea cucumber Holothuria floridana can effectively inhibit Sulf-2.

"We were able to compare what we generated experimentally with what the simulation predicted, and they were consistent," said Robert Doerksen, professor of medicinal chemistry. "That gives us more confidence in the results."

Unlike other Sulf-2 regulating medications, the sea cucumber compound does not interfere with blood clotting, said Joshua Sharp, UM associate professor of pharmacology.

"As you can imagine, if you are treating a patient with a molecule that inhibits blood coagulation, then one of the adverse effects that can be pretty devastating is uncontrolled bleeding," he said. "So, it's very promising that this particular molecule that we're working with doesn't have that effect."

As a marine-based cancer therapy, the sea cucumber compound may be easier to create and safer to use.




"Some of these drugs we have been using for 100 years, but we're still isolating them from pigs because chemically synthesizing it would be very, very difficult and very expensive," Sharp said. "That's why a natural source is really a preferred way to get at these carbohydrate-based drugs."

Unlike extracting carbohydrate-based drugs from pigs or other land mammals, extracting the compound from sea cucumbers does not carry a risk of transferring viruses and other harmful agents, Pomin said.

"It's a more beneficial and cleaner resource," he said. "The marine environment has many advantages compared to more traditional sources."

But sea cucumbers - some variants of which are a culinary delicacy in the Pacific Rim - aren't so readily abundant that scientists could go out and harvest enough to create a line of medication. The next step in the research is to find a way to synthesize the sugar compound for future testing.

"One of the problems in developing this as a drug would be the low yield, because you can't get tons and tons of sea cucumbers," Pomin said. "So, we have to have a chemical route, and when we've developed that, we can begin applying this to animal models."

The interdisciplinary nature of the scientific study, which featured researchers from chemistry, pharmacognosy and computational biology, underscored the importance of cross-disciplinary collaboration in tackling complex diseases like cancer, Pomin said.

"This research took multiple expertise - mass spectrometry, biochemistry, enzyme inhibition, computation," Pomin said. "It's the effort of the whole team."

This work is based on material supported by the National Institutes of Health grant nos. 1P20GM130460-01A1-7936, R01CA238455, P30CA51008 and S10OD028623.
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Clean energy, dirty secrets: Inside the corruption plaguing california's solar market | ScienceDaily
Solar power is growing by leaps and bounds in the United States, propelled by climate mitigation policies and carbon-free energy goals -- and California is leading the way as the nation's top producer of solar electricity. A new study in Energy Strategy Reviews has revealed a dark side to the state's breakneck pace for solar investment, deployment, and adoption, taking a first-time look at patterns of public and private sector corruption in the California solar market.


						
Researchers at the Boston University Institute for Global Sustainability (IGS) have identified seven distinct types of corruption abuses and risks in California solar energy. Among them, favoritism in project approvals, including a high-profile incident at the senior ranks of the U.S. Department of the Interior involving an intimate relationship with a solar company lobbyist. To fully realize a just energy transition, the authors call for major solar reforms in California as the U.S. increasingly relies on solar energy to decarbonize its electricity sector.

"It's a wake-up call that the solar industry cannot continue on its current trajectory of bad governance and bad behavior."

"In this groundbreaking study, we find that efforts to accelerate solar infrastructure deployment in California end up contributing to a sobering array of corruption practices and risks. These include shocking abuses of power in the approval and licensing phases as well as the displacement of Indigenous groups, and also nefarious patterns of tax evasion or the falsification of information about solar projects," says lead author Benjamin Sovacool, who is the director of IGS and a Boston University professor of earth and environment. "It's a wake-up call that the solar industry cannot continue on its current trajectory of bad governance and bad behavior."

Drawing on a literature review and original interviews and fieldwork, the study's authors arrive at a framework that helps explore the wider socio-political realities driving corruption at a time of explosive growth in the California solar market, from 2010 to 2024. During this period, the state's solar energy production increased exponentially, reaching 79,544 gigawatt hours in 2024, or enough to power approximately 7.4 million U.S. households for a year, according to the State of Renewable Energy dashboard.

The research implicates solar energy in numerous corruption practices and risks that have adversely affected communities, policymaking and regulation, and siting decisions and planning.

"The most eye-opening finding for me is how common corruption is at every level of solar development, from small-scale vendors to high-level government officials, even in a well-regulated, progressive state like California," says co-author Alexander Dunlap, an IGS research fellow.




Favoritism and other forms of corruption 

To understand how corruption undermines the solar market, the researchers focused on numerous utility-scale deployments in Riverside County, the fourth most populous county in California. They set out to document patterns of perceived corruption from a broad range of voices, gaining insights through organized focus groups and observation at different solar sites, as well as conducting interviews door-to-door and in a local supermarket parking lot. Respondents included residents in Blythe and Desert Center, California, impacted by solar energy development, solar construction workers, non-governmental organizations, solar company employees, federal agencies, and state and local governments.

While the study's authors acknowledge the difficulty of confirming individual claims of corruption, their mixed-methods research approach combines these personal assertions with analysis of news stories, court testimony, and other official sources to support their findings.

They point to a blend of public, private, social, and political patterns of corruption in the California solar energy market.
    	Clientelism and favoritism: Hiring friends or family over others for solar projects and unfairly allocating government contracts or permits to project developers, which in one instance led to an investigative report questioning the influence of a sexual relationship.
    	Rent-seeking and land grabbing: Redirecting public funds or lands to benefit private developers and taking communal or public land from Indigenous peoples or other groups for energy infrastructure siting.
    	Service diversion: Withholding local benefits, such as lower electricity bills, or distributing locally generated power only to higher-paying parts of the state.
    	Theft: Forceful removal of flora or cultural artifacts, or disturbing animal habitat, to build solar project sites.
    	Greenwashing: Misleading the public about a solar project's environmental benefits; using flawed environmental or cultural impact assessments to evaluate project impacts, such as pollution of nearby waterways; and overriding environmental protections to fast-track solar infrastructure expansion.
    	Tax evasion and avoidance: Not paying or underpaying taxes, or governmental authorities strategically failing to adequately allocate project funds to communities impacted by solar project development.
    	Non-transparency: Hiding, manipulating, or failing to disclose relevant or important information surrounding solar projects, such as the local economic benefits and environmental impacts.

A sunnier future? 

Outside of a few headline-making scandals, corruption in California's renewable energy sector has gone largely unexamined, allowing the underlying dynamics at play to erode the potential of a just energy transition. To remedy this, the study's authors recommend corruption risk mapping to document problematic practices and entities, subsidy registers and sunset clauses to deter rent-seeking and tax evasion, transparency initiatives aimed at environmental changes and data production (for Environmental Impact Assessment), strong enforcement of anti-corruption laws, and shared ownership models for solar to improve accountability.

This newly published study, "Sex for Solar? Examining Patterns of Public and Private Sector Corruption within the Booming California Solar Energy Market," is part of a larger IGS research project looking at injustices in U.S. solar and wind energy supply chains.
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What a dinosaur ate 100 million years ago-Preserved in a fossilized time capsule | ScienceDaily
Plant fossils found in the abdomen of a sauropod support the long-standing hypothesis that these dinosaurs were herbivores, finds a study published on June 9 in the Cell Press journal Current Biology. The dinosaur, which was alive an estimated 94 to 101 million years ago, ate a variety of plants and relied almost entirely on its gut microbes for digestion.


						
"No genuine sauropod gut contents had ever been found anywhere before, despite sauropods being known from fossils found on every continent and despite the group being known to span at least 130 million years of time," says lead author Stephen Poropat of Curtin University. "This finding confirms several hypotheses about the sauropod diet that had been made based on studies of their anatomy and comparisons with modern-day animals."

Knowledge of the diet of dinosaurs is critical for understanding their biology and the role they played in ancient ecosystems, say the researchers. However, very few dinosaur fossils have been found with cololites, or preserved gut contents. Sauropod cololites have remained particularly elusive, even though these dinosaurs may have been the most ecologically impactful terrestrial herbivores worldwide throughout much of the Jurassic and Cretaceous periods, given their gigantic sizes. Due to this lack of direct evidence when it comes to diet, the specifics of sauropod herbivory -- including the plant taxa they ate -- have been largely inferred based on anatomical features such as tooth wear, jaw morphology, and neck length.

In the summer of 2017, the staff and volunteers at the Australian Age of Dinosaurs Museum of Natural History were excavating a relatively complete subadult skeleton of the sauropod Diamantinasaurus matildae from the mid-Cretaceous period, which was found in the Winton Formation of Queensland, Australia. During this process, they noticed an unusual, fractured rock layer that appeared to contain the sauropod's cololite, which consisted of many well-preserved plant fossils.

Analysis of the plant specimens within the cololite showed that sauropods likely only engaged in minimal oral processing of their food, relying instead on fermentation and their gut microbiota for digestion. The cololite consisted of a variety of plants, including foliage from conifers (cone-bearing seed plants), seed-fern fruiting bodies (plant structures that hold seeds), and leaves from angiosperms (flowering plants), indicating that Diamantinasaurus was an indiscriminate, bulk feeder.

"The plants within show evidence of having been severed, possibly bitten, but have not been chewed, supporting the hypothesis of bulk feeding in sauropods," says Poropat.

The researchers also found chemical biomarkers of both angiosperms and gymnosperms -- a group of woody, seed-producing plants that include conifers. "This implies that at least some sauropods were not selective feeders, instead eating whatever plants they could reach and safely process," Poropat says. "These findings largely corroborate past ideas regarding the enormous influence that sauropods must have had on ecosystems worldwide during the Mesozoic Era."

Although it was not unexpected that the gut contents provided support for sauropod herbivory and bulk feeding, Poropat was surprised to find angiosperms in the dinosaur's gut. "Angiosperms became approximately as diverse as conifers in Australia around 100 to 95 million years ago, when this sauropod was alive," he says. "This suggests that sauropods had successfully adapted to eat flowering plants within 40 million years of the first evidence of the presence of these plants in the fossil record."




Based on these findings, the team suggests that Diamantinasaurus likely fed on both low- and high-growing plants, at least before adulthood. As hatchlings, sauropods could only access plants found close to the ground, but as they grew, so did their viable dietary options. In addition, the prevalence of small shoots, bracts, and seed pods in the cololite implies that subadult Diamantinasaurus targeted new growth portions of conifers and seed ferns, which are easier to digest.

According to the authors, the strategy of indiscriminate bulk feeding seems to have served sauropods well for 130 million years and might have enabled their success and longevity as a clade. Despite the importance of this discovery, Poropat pointed out a few caveats.

"The primary limitation of this study is that the sauropod gut contents we describe constitute a single data point," he explains. "These gut contents only tell us about the last meal or several meals of a single subadult sauropod individual," says Poropat. "We don't know if the plants preserved in our sauropod represent its typical diet or the diet of a stressed animal. We also don't know how indicative the plants in the gut contents are of juvenile or adult sauropods, since ours is a subadult, and we don't know how seasonality might have affected this sauropod's diet."

This research was supported by funding from the Australian Research Council.
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New discovery: Tylenol stops pain at the nerves, before it hits the brain | ScienceDaily
A new study from Hebrew University reveals that acetaminophen doesn't just work in the brain -- it also blocks pain at its source by acting on nerve endings in the body. The researchers found that its active metabolite, AM404, shuts down specific sodium channels in pain-sensing neurons, stopping pain signals before they reach the brain. This discovery not only reshapes our understanding of how one of the world's most common painkillers works, but also opens the door to developing safer, more targeted pain treatments.


						
A breakthrough study from the Hebrew University of Jerusalem, published this week in the prestigious journal PNAS (Proceedings of the National Academy of Sciences USA), reveals a previously unknown peripheral mechanism by which acetaminophen (also known as paracetamol, Tylenol(r), or Panadol(r)) relieves pain.

The study was led by Prof. Alexander Binshtok from the Hebrew University's Faculty of Medicine and Center for Brain Sciences (ELSC) and Prof. Avi Priel from its School of Pharmacy. Together, they uncovered a surprising new way that acetaminophen -- one of the world's most common painkillers -- actually works.

For decades, scientists believed that acetaminophen relieved pain by working only in the brain and spinal cord. But this new research, published in PNAS, shows that the drug also works outside the brain, in the nerves that first detect pain.

Their discovery centers on a substance called AM404, which the body makes after taking acetaminophen. The team found that AM404 is produced right in the pain-sensing nerve endings -- and that it works by shutting off specific channels (called sodium channels) that help transmit pain signals. By blocking these channels, AM404 stops the pain message before it even starts.

"This is the first time we've shown that AM404 works directly on the nerves outside the brain," said Prof. Binshtok. "It changes our entire understanding of how acetaminophen fights pain."

This breakthrough could also lead to new types of painkillers. Because AM404 targets only the nerves that carry pain, it may avoid the numbness, muscle weakness, and side effects that come with traditional local anesthetics.

"If we can develop new drugs based on AM404, we might finally have pain treatments that are highly effective but also safer and more precise," added Prof. Priel. 




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250610074247.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



2,000 miles through rivers and ice: Mapping neanderthals' hidden superhighways across eurasia | ScienceDaily
Recent scholarship has concluded that Neanderthals made a second major migration from Eastern Europe to Central and Eastern Eurasia between 120,000 and 60,000 years ago. But the routes they took have long been a mystery -- primarily because there are few archaeological sites connecting the two regions.


						
In a new analysis, a team of anthropologists -- using computer simulations -- has offered a map of possible pathways, which concludes Neanderthals likely used river valleys as natural highways and traveled during warmer periods to move approximately 2,000 miles (3,250 km) in less than 2,000 years.

"Our findings show that, despite obstacles like mountains and large rivers, Neanderthals could have crossed northern Eurasia surprisingly quickly," explains Emily Coco, who began the study as a New York University doctoral student and is now a postdoctoral researcher at Portugal's University of Algarve.

The research, which appears in the journal PLOS One, was conducted with Radu Iovita, an associate professor at NYU's Center for the Study of Human Origins.

"These findings provide important insights into the paths of ancient migrations that cannot currently be studied from the archaeological record and reveal how computer simulations can help uncover new clues about ancient migrations that shaped human history," observes Coco.

In building their simulation of Neanderthals' two-millennia journey, Coco and Iovita considered the elevation of the terrain, reconstructed ancient rivers, glacial barriers, and temperature to model movement decisions of individuals -- an approach similar to that used to model both modern human and animal movement, but not previously applied to Neanderthals.

The authors find possible migration routes in two ancient periods -- Marine Isotope Stage 5e [MIS 5e] (beginning approximately 125,000 years ago) and Marine Isotope Stage3 [MIS 3] (beginning approximately 60,000 years ago) -- marked by warmer temperatures and therefore more suitable for movement.

Computer simulations, conducted on the NYU Greene Supercomputer Cluster, indicated that Neanderthals could have reached Eurasia's Siberian Altai Mountains within 2,000 years during either MIS 5e or MIS 3 using multiple possible routes that all follow the same basic northern path through the Ural Mountains and southern Siberia, often intersecting with known archaeological sites from the same time periods.

The authors add that the study sheds light on Neanderthal interactions with other ancient human groups. Specifically, their routes would have taken them into areas already occupied by Denisovans -- consistent with existing evidence of interbreeding between the two species.

"Neanderthals could have migrated thousands of kilometers from the Caucasus Mountains to Siberia in just 2,000 years by following river corridors," says Iovita. "Others have speculated on the possibility of this kind of fast, long-distance migration based on genetic data, but this has been difficult to substantiate due to limited archaeological evidence in the region. Based on detailed computer simulations, it appears this migration was a near-inevitable outcome of landscape conditions during past warm climatic periods."
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Burning for Beauty: How TikTok Skin Trends Are Harming Young Girls | ScienceDaily
It turns out when teens on TikTok say, "Get ready with me," it can be more harmful than they might realize.


						rs, authors caution only 26% of daytime skin care regimens contain sunscreen    
	Videos 'emphasize lighter, brighter skin' and set a high standard of beauty
It turns out when teens on TikTok say, "Get ready with me," it can be more harmful than they might realize.

In the first peer-reviewed study to examine the potential risks and benefits of teen skin-care routines posted on social media, scientists at Northwestern Medicine found girls ages 7 to 18 are using an average of six different products on their faces, with some girls using more than a dozen products. These products tend to be marketed heavily to younger consumers and carry a high risk of skin irritation and allergy, the study found.

The findings will be published June 9 in the journal Pediatrics.

Each teen daily skin-care regimen costs an average of $168 (which the authors estimate typically lasts a month depending on the size of the products), with some costing more than $500, the study found. As the summer nears, the study authors cautioned only 26% ofdaytime skin care regimens included sunscreen -- arguably the most important skin care product for any age range, but particularly for kids.

The top-viewed videos contained an average of 11 potentially irritating active ingredients, the study found, putting the content creators at risk of developing skin irritation, sun sensitivity and a skin allergy known as allergic contact dermatitis. Prior evidence has shown that developing such an allergy can limit the kinds of soaps, shampoos and cosmetics users can apply for the rest of their lives.

"That high risk of irritation came from both using multiple active ingredients at the same time, such as hydroxy acids, as well as applying the same active ingredient unknowingly over and over again when that active ingredient was found in three, four, five different products," said corresponding author Dr. Molly Hales, a postdoctoral research fellow and board-certified dermatologist in the department of dermatology at Northwestern University Feinberg School of Medicine.




For example, in one video included in the study, the content creator applied 10 products on her face in six minutes.

"As she's applying the products, she begins to express discomfort and burning, and in the final few minutes, she develops a visible skin reaction," said senior author Dr. Tara Lagu, adjunct lecturer of medicine and medical social sciences at Feinberg and a former Northwestern Medicine hospitalist.

Videos 'emphasized lighter, brighter skin' 

"We saw that there was preferential, encoded racial language in some cases that really emphasized lighter, brighter skin," Lagu said. "I think there also were real associations between use of these regimens and consumerism."

These videos offer little to no benefit for the pediatric populations they're targeting, the study authors concluded. What's more, given how the algorithms work, it's nearly impossible for parents or pediatricians to track exactly what children or adolescents are viewing. Lastly, there are dangers beyond skin damage, Hales said.

"It's problematic to show girls devoting this much time and attention to their skin," Hales said. "We're setting a very high standard for these girls. The pursuit of health has become a kind of virtue in our society, but the ideal of 'health' is also very wrapped up in ideals of beauty, thinness and whiteness. The insidious thing about 'skin care' is that it claims to be about health."

Studying teens in the TikTok environment

In the study, Hales and another researcher each created a new TikTok account, reporting themselves to be 13 years old. The "For You" tab was used to view relevant content until 100 unique videos were compiled. They collected demographics of content creators, number and types of products used and total cost of regimens and then created a list of products used and their active and inactive ingredients. The Pediatric Baseline Series used in patch testing was used to identify ingredients with elevated risk of inducing allergic contact dermatitis.

Funding for the study was provided by the National Institute of Arthritis and Musculoskeletal and Skin Diseases of the National Institutes of Health (grant number 5T32AR060710-11). Other Northwestern authors include Drs. Amy Paller and Walter Liszewski, and medical student Sarah Rigali.
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Common supplement reverses premature aging in landmark human trial | ScienceDaily
Werner syndrome (WS), a rare genetic disorder that causes accelerated aging. From their twenties, patients develop gray hair, hair loss, cataracts, diabetes, and other age-related conditions normally seen in the elderly. Additionally, patients develop severe and untreatable skin ulcers, often requiring limb amputation, and face early death from cardiovascular diseases or cancer. This debilitating condition, which affects approximately nine per million people in Japan, lacks effective treatment options.


						
Interestingly, a recent study from the Bohr lab (Nat Commun, 2019 Nov 21;10(1):5284) showed that patients with WS model systems and patients had decreased levels of nicotinamide adenine dinucleotide (NAD+), a biomolecule crucial for cellular energy production, DNA repair, and various metabolic processes. This finding suggested that NAD+ depletion may contribute to the progression of the disease. While direct NAD+ supplementation isn't feasible in mammals, using its precursor -- nicotinamide riboside (NR) from Niagen Bioscience -- has shown promising results in animal studies, extending lifespan and protecting against age-related decline. In human clinical trials, NR has also demonstrated benefits against chronic inflammation, metabolic disorders, and muscle weakness across various populations. However, the effects of NR in WS remained largely unexplored -- until now.

In a recent study, a research team led by Associate Professor Masaya Koshizaka from the Center for Preventive Medical Sciences, Chiba University/Department of Diabetes, Metabolism and Endocrinology, Chiba University Hospital, Japan, conducted the world's first rigorous clinical trial of NR in patients with WS. Their paper, published in Aging Cell on June 03, 2025, was co-authored by University President Koutaro Yokote, Assistant Professor Hisaya Kato, Associate Professor Yoshiro Maezawa, and Assistant Professor Mayumi Shoji, all from Chiba University, along with Affiliate Professor Vilhelm Bohr from the University of Copenhagen, Denmark.

This groundbreaking work involved a randomized, double-blind, placebo-controlled trial to evaluate the safety and effectiveness of NR supplementation. The research team enrolled patients with WS in a crossover design, where participants received either a daily dose of NR or a placebo for 26 weeks, switched treatments for another 26 weeks. Researchers tracked NAD+ blood levels, skin ulcer size, arterial stiffness, and kidney function.

NR supplementation significantly increased NAD+ levels in patient blood compared to placebo. Importantly, NR improved arterial stiffness (a marker of cardiovascular disease risk), reduced the skin ulcer area, and appeared to slow the progression of kidney dysfunction -- all without any serious side effects. Moreover, a comprehensive examination of metabolites in blood revealed that NR treatment reduced levels of creatinine and other compounds associated with kidney dysfunction. This suggests that NR may help protect kidney function, addressing another serious complication of WS.

Dr. Yasmeen Nkrumah-Elie, Global Director of Niagen Bioscience's External Research Program called CERP, commented, "this study represents a significant step forward in understanding how NAD+ restoration with NR may help address the underlying biology of WS. By supporting cardiovascular, skin, and kidney health, NR shows potential to improve the quality of life for patients with this devastating condition. We are proud to support Chiba University's groundbreaking research as part of our ongoing commitment to advancing NAD+ science for rare and underserved diseases."

The treatment's multiple benefits across many different organ systems indicate that NAD+ depletion may be a fundamental mechanism in WS that can be targeted therapeutically. "Our findings suggest NR could serve as a valuable treatment option for two major symptoms, arteriosclerosis and skin ulcers, as well as for preventing kidney function decline," explains Dr. Koshizaka. The results are particularly significant given that untreatable skin ulcers affect well over 70% of patients with WS, often leading to amputation, while cardiovascular disease remains a leading cause of early mortality in this population.

Though larger studies are needed to extend these findings, this pioneering research offers new hope for patients with WS who have long lacked effective treatment options. Beyond its immediate implications for this rare condition, the study also provides valuable insights into the biology of aging and potential interventions to address age-related decline more broadly.

"We hope our work will accelerate studies on not only WS but also other premature aging disorders and common age-related diseases -- ultimately helping to extend health span and improve quality of life in both patients and the broader population," concludes Dr. Koshizaka.
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5-minute STI test poised to transform sexual health diagnostics | ScienceDaily
Birmingham spin-out Linear Diagnostics has been awarded PS1m funding to finalise the development of a rapid test for sexually transmitted infections (STIs), in partnership with the NIHR HealthTech Research Centre (HRC) in Diagnostic and Technology Evaluation and the North East Innovation Lab, part of Newcastle Hospitals.


						
Linear is developing a low-cost, accurate, near-patient diagnostic platform, that aims to diagnose infection from a single sample faster than any commercially available alternative.

The funding from the National Institute for Health and Care Research (NIHR) Invention for Innovation program covers a three-year package of work, which will culminate in the first test of the technology on clinical samples in a real-world setting, and readiness for clinical trials.

Linear's Exponential Amplification (EXPAR) technology detects bacterial DNA using an extremely fast method for amplifying the signal, which was developed and tested at the University during the COVID-19 pandemic, with results published in Proceedings of the National Academy of Sciences. The company has now shown that it can detect bacterial STIs, urinary tract infections, and viral infections including SARS-CoV-2 in as little as 5 minutes.

In recent years the company has focused on STIs, specifically Neisseria gonorrhoeae and Chlamydia trachomatis as the emergence of multi-drug-resistant strain of the former has become a global concern.

It is here that rapid testing is essential to stop the chain of transmission, so patients can be diagnosed and start treatment within one clinic visit. While current tests may be easy to use with minimal training, existing technologies have been unable to meet the target of 20 minutes from sample to results.

The new funding will enable Linear to finalise the design of a cartridge and reader design platform and validate the platform.




Dr Jean-Louis Duprey, Head of Research and Development at Linear Diagnostics, said: "The most difficult criteria to achieve in diagnostic testing is combining rapidity with accuracy. While rapid lateral flow meets the ideal timeframe of 20 minutes to diagnosis, it struggles to meet market requirements for high sensitivity and specificity. And while Nucleic Acid Amplification Tests deliver high accuracy, samples are sent to laboratories for analysis, meaning the waiting time for results may be days. We are developing a near patient device that will overcome this conundrum."

The HRC, hosted by Newcastle upon Tyne Hospitals NHS Foundation Trust in partnership with Newcastle University, will help to evaluate the technology.

Dr Jana Suklan, Senior Methodologist at the HRC, said: "The NIHR HRC in Diagnostic and Technology Evaluation is delighted to be collaborating with the North East Innovation Lab to support Linear Diagnostics with their exciting technology. Through reviewing clinical guidelines and speaking with healthcare professionals as well as patients and the public we will pinpoint how the platform can be developed and used so it can improve patient care."

"Our research involves analyzing unmet needs, examining current practice and identifying the most promising point in the patient pathway for implementing the technology. We will also assess the diagnostic accuracy of the test by statistically analysing data collected by the innovation lab and determine whether adopting the technology will provide value for money for the NHS through health economic modelling. Our public contributors will guide the research and ensure it meets the needs of patients, public and carers."

John Tyson, Head of the North East Innovation Lab, part of Newcastle Hospitals, said: "We're delighted to have the opportunity to continue our collaborative work with our partner innovators to support the development and evaluation of this new exciting test. By providing access to an extensive range of clinical samples and NHS lab performance testing, we can generate the necessary evidence to move new innovative technologies to the next stage of their development or launch to mainstream use."
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Earth's core mystery solved: How solid rock flows 3,000 kilometers beneath us | ScienceDaily
Earthquakes, volcanic eruptions, shifting tectonic plates -- these are all signs that our planet is alive. But what is revealed deep inside the Earth surprises laymen and scientists alike: Almost 3000 kilometers below the Earth's surface, solid rock is flowing that is neither liquid, like lava, nor brittle like solid rock. This is shown by a new study by geoscientists led by Motohiko Murakami, Professor of Experimental Mineral Physics at ETH Zurich. The study has just been published in the journal Communications Earth & Environment.


						ting tectonic plates -- these are all signs that our planet is alive. But what is revealed deep inside the Earth surprises laymen and scientists alike: Almost 3000 kilometers below the Earth's surface, solid rock is flowing that is neither liquid, like lava, nor brittle like solid rock. This is shown by a new study by geoscientists led by Motohiko Murakami, Professor of Experimental Mineral Physics at ETH Zurich. The study has just been published in the journal 
Communications Earth & Environment.

Half a century of guesswork

For over 50 years, researchers have been puzzling over a strange zone deep inside the Earth -- the so-called D" layer, around 2700 kilometers beneath our feet. Earthquake waves suddenly behave differently there: their speed jumps as if they were traveling through a different material. What exactly happens at that layer of the mantle has been unclear for a long time, until now.

In 2004, Murakami, who has been a professor at ETH Zurich since 2017, discovered that perovskite, the main mineral of the Earth's lower mantle, transforms into a new mineral near the D" layer under extreme pressure and very high temperatures -- so-called "post-perovskite."

The researchers assumed that this change explained the strange acceleration of the seismic waves. But that was not the full story. In 2007, Murakami and colleagues found new evidence that the phase change of perovskite alone is not enough to accelerate earthquake waves.

Using a sophisticated computer model, they finally discovered something important: depending on the direction in which the post-perovskite crystals point, the hardness of the mineral changes. Only when all the crystals of the mineral point in the same direction in the model are the seismic waves accelerated -- as can be observed in the D" layer at a depth of 2700 kilometers.

In an unusual laboratory experiment at ETH Zurich, Murakami has now proven that post-perovskite crystals align themselves in the identical direction under enormous pressure and extreme temperatures. To do this, the researchers measured the speed of seismic waves in their experiment and were also able to reproduce the jump that occurs at the D" layer in the laboratory. "We have finally found the last piece of the puzzle," says Murakami.




Mantle flow aligns crystals

The big question is: what makes these crystals line up? The answer is that solid mantle rock that flows horizontally along the lower edge of the Earth's mantle. Researchers have long suspected that this movement -- a kind of convection like boiling water -- must exist but have never been able to prove it directly.

A new chapter in Earth research begins

Murakami and his colleagues have now also demonstrated experimentally that mantle convection of solid rock is present at the boundary between the core and the Earth's mantle, i.e. that solid -- not liquid -- rock flows slowly but steadily at this depth. "This discovery not only solves the mystery of the D" layer but also opens a window into the dynamics in the depths of the Earth," Murakami explains.

It is not only a milestone, but also a turning point. The assumption that solid rock flows has been transformed from a theory into a certainty. "Our discovery shows that the Earth is not only active on the surface, but is also in motion deep inside," says the ETH professor.

With this knowledge, researchers can now begin to map the currents in the Earth's deepest interior and thus visualize the invisible motor that drives volcanoes, tectonic plates, and perhaps even the Earth's magnetic field.
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How outdated phones can power smart cities and save the seas | ScienceDaily
Each year, more than 1.2 billion smartphones are produced globally. The production of electronic devices is not only energy-intensive but also consumes valuable natural resources. Additionally, the manufacturing and delivery processes release a significant amount of CO2 into the atmosphere. Meanwhile, devices are aging faster than ever -- users replace their still-functional phones on average every 2 to 3 years. At best, old devices are recycled; at worst, they end up in landfills.


						
Although the most sustainable solution would be to change consumer behavior and consider more carefully whether every new model truly requires replacing the old one, this is easier said than done. Rapid technological development quickly renders older devices obsolete. Therefore, alternative solutions are needed -- such as extending the lifespan of devices by giving them an entirely new purpose.

This is precisely the approach tested by researchers Huber Flores, Ulrich Norbisrath, and Zhigang Yin from the University of Tartu's Institute of Computer Science, along with Perseverance Ngoy from the Institute of Technology and their international colleagues. "Innovation often begins not with something new, but with a new way of thinking about the old, re-imagining its role in shaping the future," explained Huber Flores, Associate Professor of Pervasive Computing. They demonstrated that old smartphones can be successfully repurposed into tiny data centers capable of efficiently processing and storing data. They also found that building such a data center is remarkably inexpensive -- around 8 euros per device.

These tiny data centers have a wide range of applications. For example, they could be used in urban environments like bus stops to collect real-time data on the number of passengers, which could then be used to optimize public transportation networks.

In the project's first stage, the researchers removed the phones' batteries and replaced them with external power sources to reduce the risk of chemical leakage into the environment. Then, four phones were connected together, fitted with 3D-printed casings and holders, and turned into a working prototype ready to be re-used, fostering sustainable practices for old electronics.

The prototype was then successfully tested underwater, where it participated in marine life monitoring by helping to count different sea species. Normally, these kinds of tasks require a scuba diver to record video and bring it to the surface for analysis. But with the prototype, the whole process was done automatically underwater.

The team's results show that outdated technology doesn't have to end up as waste. With minimal resources, these devices can be given a new purpose, contributing to the development of more environmentally friendly and sustainable digital solutions.

"Sustainability is not just about preserving the future -- it's about reimagining the present, where yesterday's devices become tomorrow's opportunities," commented Ulrich Norbisrath, Associate Professor of Software Engineering.
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160 million years ago, this fungus pierced trees like a microscopic spear | ScienceDaily
Blue-stain fungi constitute a distinctive group of wood-colonizing fungi which lack the ability to decompose wood lignocellulose, yet are capable of causing significant wood discoloration. Though these fungi are generally nonfatal to their hosts, they often accelerate tree mortality when associated with wood-boring insects.


						
Molecular phylogenetic analyses suggest that blue-stain fungi should be an old fungal group, which might originate during the Late Paleozoic or early Mesozoic. However, hardly anything is known about the geological occurrences of blue-stain fungi. "Not until 2022, the first credible fossil record of blue-stain fungi was reported from the Cretaceous in South Africa with an age of approximately 80 million years," says Dr. Ning Tian from Shenyang Normal University in Shenyang, China.

A Chinese research team led by Dr. Ning Tian and Dr. Yongdong Wang (Nanjing Institute of Geology and Palaenology, CAS) found well-preserved fossil fungal hyphae preserved within a Jurassic petrified wood from northeastern China, dated 160 million years ago. Microscopic examination reveals the fossil hyphae are dark in color, which is indicative of pigmentation, a hallmark of contemporary blue-stain fungi which results in the discoloration of woods. Of interest, when penetrating the wood cell wall, the hyphae commonly form a very specialized structure called "penetration peg" (Fig. 1). That is to say when pushing through the wood's cell walls, the hyphae commonly slim down in size, making it easier to pierce through the tough barrier. The discovery of the penetration peg enables the team to ensure that the fossil fungus that they found belongs to the blue-stain fungi. "Unlike wood-decay fungi, which degrade wood cell walls through enzymatic secretion, the blue-stain fungi lack the enzymatic capacity to decompose wood structures. Instead, their hyphae mechanically breach wood cell walls via the penetration pegs. " Dr. Tian says.

"The finding of Jurassic blue-stain fungi from China, represents the second report of the blue-stain fangi and the earliest fossil record of this fungal group in the world, pushes back the earliest known fossil record of this fungal group by approximately 80 million years, providing crucial fossil evidence for further understanding the origin and early evolution of blue-stain fungi. Additionally, it offers fresh insights into understanding the ecological relationships between the blue-stain fungi, plants, and insects during the Jurassic period," says Dr. Wang. The bark beetle subfamily Scolytinae is considered as one of the major spore dispersal agents for extant blue-stain. However, both molecular biological and fossil evidence proposed that the origin time of Scolytinae dates back no earlier than the Early Cretaceous. Given the Jurassic age of present fossil fungus, it is hypothesized that its spore dispersal vector was not Scolytinae but rather other wood-colonizing insects prevalent during that period.
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Whales blow bubble rings--And they might be talking to us | ScienceDaily
A team of scientists from the SETI Institute and the University of California at Davis documented, for the first time, humpback whales producing large bubble rings, like a human smoker blowing smoke rings, during friendly interactions with humans. This previously little studied behavior may represent play or communication. Humpback whales are already known for using bubbles to corral prey and creating bubble trails and bursts when competing to escort a female whale. These new observations show humpback whales producing bubble rings during friendly encounters with humans. This finding contributes to the WhaleSETI team's broader goal of studying non-human intelligence to aid in the search for extraterrestrial intelligence.


						
"Because of current limitations on technology, an important assumption of the search for extraterrestrial intelligence is that extraterrestrial intelligence and life will be interested in making contact and so target human receivers," said Dr. Laurance Doyle, SETI Institute scientist and co-author on the paper. "This important assumption is certainly supported by the independent evolution of curious behavior in humpback whales."

"Humpback whales live in complex societies, are acoustically diverse, use bubble tools and assist other species being harassed by predators," said co-lead author Dr. Fred Sharpe, UC Davis Affiliate. "Now, akin to a candidate signal, we show they are blowing bubble rings in our direction in an apparent attempt to playfully interact, observe our response, and/or engage in some form of communication."

"Humpback whales often exhibit inquisitive, friendly behavior towards boats and human swimmers," said co-lead author Jodi Frediani, marine wildlife photographer and U.C. Davis Affiliate. "We've now located a dozen whales from populations around the world, the majority of which have voluntarily approached boats and swimmers blowing bubble rings during these episodes of curious behavior."

The team's findings were recently published in Marine Mammal Science in a paper titled "Humpback Whales Blow Poloidal Vortex Bubble Rings." The study analyzes 12 bubble ring-production episodes involving 39 rings made by 11 individual whales.

Similar to studying Antarctica or other terrestrial analogs as a proxy for Mars, the Whale-SETI team is studying intelligent, non-terrestrial (aquatic), nonhuman communication systems to develop filters that aid in parsing cosmic signals for signs of extraterrestrial life. As noted by Karen Pryor, "patterns of bubble production in cetaceans constitute a mode of communication not available to terrestrial mammals" (Pryor 1990).

Other team members and coauthors of the paper are Dr. Josephine Hubbard (Postdoc, U.C. Davis), Doug Perrine (Doug Perrine Photography), Simon Hilbourne (Marine Research Facility, Jeddah, Saudi Arabia), Dr. Joy Reidenberg (Icahn School of Medicine at Mount Sinai, NY) and Dr. Brenda McCowan, ( U.C. Davis, Veterinary Medicine), with specialties in animal intelligences, photography and behavior of humpback whales, whale anatomy, and the use of AI in parsing animal communication, respectively. An earlier paper by the team was published in the journal, PeerJ, entitled, "Interactive Bioacoustic Playback as a Tool for Detecting and Exploring Nonhuman Intelligence: "Conversing" with an Alaskan Humpback Whale." The authors would like to acknowledge the Templeton Foundation Diverse Intelligences Program for financial support of this work.
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This battery self-destructs: Biodegradable power inspired by 'Mission: Impossible' | ScienceDaily

Could electronics disintegrate into nothing in real life? Binghamton University Professor Seokheun "Sean" Choi has researched disposable "papertronics" over the past 20 years, but the hardest part about making so-called transient electronics is the battery.

"Transient electronics can be used for biomedical and environmental applications, but they must disintegrate in a biosafe manner," said Choi, a faculty member at the Thomas J. Watson College of Engineering and Applied Science's Department of Electrical and Computer Engineering.

"You don't want to have toxic residues inside your body. That type of device is called bioresorbable electronics. For transient or bioresorbable electronics, the key challenge is the power source -- but most power sources, like lithium-ion batteries, include toxic material."

Choi and his student research team took lessons from their previous research into biobatteries and applied that knowledge to a new idea: In a paper recently published in the journal Small, they show the potential of using probiotics -- live microorganisms that offer health benefits when ingested but are otherwise harmless to the environment or humans.

Maedeh Mohammadifar, PhD '20, a graduate of Choi's Bioelectronics and Microsystems Lab, developed the original dissolvable microbial fuel cell during her time as a Binghamton student.

"We used well-known electricity-producing bacteria, which is within biosafety level 1, so it is safe -- but we were not sure what would happen if these bacteria were released into nature," Choi said. "But whenever I made presentations at conferences, people would ask: 'So, you are using bacteria? Can we safely use that?'"

Current PhD student Maryam Rezaie led the latest research using a premade blend of 15 probiotics.




"It's well documented that probiotics are safe and biocompatible, but we were not sure if those probiotics have electricity-producing capability," Choi said. "There was a question, so she did a lot of experiments on that."

Early results proved unpromising, he added, but "we didn't give up. We engineered in an electrode surface that might be preferable to the bacteria, using polymer and some nanoparticles to hypothetically improve the electrocatalytic behavior of probiotics and give them a boost."

The modified electrode was porous and rough, which offered excellent conditions for bacteria to attach and grow, and that improved the microorganisms' electrogenic capability. Coating the dissolvable paper with a low pH-sensitive polymer -- meaning that it will work only in an acidic environment like a polluted area or the human digestive system -- increased the voltage output and the duration that the battery operated.

Although they produced only a small amount of power, Choi looks at the experiments as a proof of concept for him and future students to build on.

"Other research must be done," he said. "We used probiotic blends, but I want to study individually which ones have the extra electric genes, and how synergistic interactions can improve the power generation. Also, in this research we developed in a single unit of a biobattery. I want to contact them in series or parallel to improve the power."
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Cannabis use among seniors surges 46% in two years--Study reveals | ScienceDaily
Marijuana use among older adults in the US has reached a new high, with 7 percent of adults aged 65 and over who report using it in the past month, according to an analysis led by researchers with the Center for Drug Use and HIV/HCV Research (CDUHR) at the NYU School of Global Public Health.


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

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

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

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

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

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




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

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

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

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

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

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

Kevin H. Yang of UC San Diego and Charles Cleland of NYU Grossman School of Medicine were also co-authors on the study. The research was supported by the National Institute on Drug Abuse (K23DA043651, R21DA058404, R21DA060362, R01DA057289, R01DA060207, and P30DA01104) and the UC San Diego Sam and Rose Stein Institute for Research on Aging.
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Why your diet might be making you sad--Especially if you're a man | ScienceDaily
Following a low calorie diet is linked to a heightened risk of depressive symptoms, finds research published in the open access journal, BMJ Nutrition Prevention & Health.


						
Men and those who are overweight may be especially vulnerable to the effects of restrictive eating, the findings suggest.

A 'healthy' diet rich in minimally processed foods, fresh fruits and vegetables, whole grains, nuts, seeds, lean proteins and fish, is generally associated with a lower risk of depression, while an 'unhealthy' diet, dominated by ultra-processed foods, refined carbs, saturated fats, processed meats and sweets, is generally associated with a heightened risk, explain the researchers.

But people follow many different types of diet for health or medical reasons, including those that restrict calories or particular nutrients, and it's not clear if these other dietary patterns might be associated with a risk of depressive symptoms, they add.

To explore this further, they drew on 28,525 adult respondents (14,329 women and 14,196 men) to the nationally representative US National Health and Nutrition Examination Survey (NHANES) for the years 2007-18, who had completed the Patient Health Questionnaire-9 (PHQ-9) for depressive symptom severity.

In all, 2508 people (just under 8%) reported depressive symptoms, and 7995 participants (29%) had a healthy weight; 9470 (33%) were overweight; and 11060 (38%) were obese.

Participants were asked if they were following any particular diet either to lose weight or for other health reasons, and if so, which of the 9 diet options set out in all 6 cycles of NHANES they were on.




Dietary patterns were categorised into 4 groups: (1) calorie-restrictive; (2) nutrient-restrictive (low in fat/cholesterol, sugar, salt, fibre, or carbs); (3) established dietary patterns (adapted for diabetes, for example); and (4) not on a diet.

Most participants (25,009, 87%) said they weren't on any specific diet, while 2026 (8%) followed a calorie-restrictive diet, 859 (3%) a nutrient-restrictive diet, and 631 (2%) an established dietary pattern.

When stratified by sex, a greater proportion of men (12,772; 90%) than women (12,237; 85%) said they weren't on a diet. Calorie restriction was most commonly reported by obese participants (1247;12%) and those who were overweight (594; 8%), while nutrient-restrictive and established dietary patterns were less commonly reported, with the highest proportion of established dietary pattern users among obese participants (359; 3%).

PHQ-9 scores were 0.29 points higher in those on calorie-restrictive diets than in those not on any specific diet.

The scores were higher among those who were overweight and following a calorie-restrictive diet: their PHQ-9 scores were 0.46 points higher, while a nutrient-restrictive diet was associated with a 0.61 point increase in PHQ-9 scores.

Calorie-restrictive diets were also associated with higher cognitive-affective symptom scores (measure of relationship between thoughts and feelings) while nutrient-restrictive diets were associated with higher somatic symptom scores (excessive distress and anxiety about physical symptoms).




These scores also varied by sex: a nutrient-restrictive diet was associated with higher cognitive-affective symptom scores in men than in women not on a diet, while all 3 types of diet were associated with higher somatic symptom scores in men.

And people living with obesity following an established dietary pattern had higher cognitive-affective and somatic symptom scores than those of a healthy weight not on a diet.

This is an observational study, and as such no firm conclusions can be drawn about causality. Respondents may not have accurately classified their diets either, say the researchers.

The findings also contradict those of previously published studies suggesting that low calorie diets improve depressive symptoms. But the researchers explain: "This discrepancy may arise because prior studies were primarily randomised controlled trials (RCTs) where participants adhered to carefully designed diets ensuring balanced nutrient intake.

"In contrast, real-life calorie-restricted diets and obesity often result in nutritional deficiencies (particularly in protein, essential vitamins/minerals) and induce physiological stress, which can exacerbate depressive symptomatology including cognitive-affective symptoms." Another possible explanation might be a failure to lose weight or weight cycling -- losing weight and then putting it back on, they suggest.

By way of an explanation for the observed gender discrepancies, the researchers point out that glucose and the fatty acid omega-3 are critical for brain health. "Diets low in carbohydrates (glucose) or fats (omega-3s) may theoretically worsen brain function and exacerbate cognitive-affective symptoms, especially in men with greater nutritional needs," they suggest.

Professor Sumantra Ray, Chief Scientist and Executive Director of the NNEdPro Global Institute for Food, Nutrition and Health, which co-owns BMJ Nutrition Prevention & Health with BMJ Group, comments: "This study adds to the emerging evidence linking dietary patterns and mental health, raising important questions about whether restrictive diets which are low in nutrients considered beneficial for cognitive health, such as omega-3 fatty acids and vitamin B12, may precipitate depressive symptoms.

"But the effect sizes are small, with further statistical limitations limiting the generalisability of the findings. Further well designed studies that accurately capture dietary intake and minimise the impact of chance and confounding are needed to continue this important line of inquiry."
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Largest-ever map of the universe reveals 10x more early galaxies than expected | ScienceDaily
In the name of open science, the multinational scientific collaboration COSMOS on Thursday released the data behind the largest map of the universe. Called the COSMOS-Web field, the project, built with data collected by the James Webb Space Telescope (JWST), consists of all the imaging and a catalog of nearly 800,000 galaxies spanning nearly all of cosmic time. And it's been challenging existing notions of the infant universe.


						
"Our goal was to construct this deep field of space on a physical scale that far exceeded anything that had been done before," said UC Santa Barbara physics professor Caitlin Casey, who co-leads the COSMOS-Web collaboration alongside Jeyhan Kartaltepe of the Rochester Institute of Technology. "If you had a printout of the Hubble Ultra Deep Field on a standard piece of paper," she said, referring to the iconic view of nearly 10,000 galaxies released by NASA in 2004, "our image would be slightly larger than a 13-foot by 13-foot-wide mural, at the same depth. So it's really strikingly large."

The COSMOS-Web composite image reaches back about 13.5 billion years; according to NASA, the universe is about 13.8 billion years old, give or take one hundred million years. That covers about 98% of all cosmic time. The objective for the researchers was not just to see some of the most interesting galaxies at the beginning of time but also to see the wider view of cosmic environments that existed during the early universe, during the formation of the first stars, galaxies and black holes.

"The cosmos is organized in dense regions and voids," Casey explained. "And we wanted to go beyond finding the most distant galaxies; we wanted to get that broader context of where they lived."

A 'big surprise'

And what a cosmic neighborhood it turned out to be. Before JWST turned on, Casey said, she and fellow astronomers made their best predictions about how many more galaxies the space telescope would be able to see, given its 6.5 meter (21 foot) diameter light-collecting primary mirror, about six times larger than Hubble's 2.4 meter (7 foot, 10 in) diameter mirror. The best measurements from Hubble suggested that galaxies within the first 500 million years would be incredibly rare, she said.

"It makes sense -- the Big Bang happens and things take time to gravitationally collapse and form, and for stars to turn on. There's a timescale associated with that," Casey explained. "And the big surprise is that with JWST, we see roughly 10 times more galaxies than expected at these incredible distances. We're also seeing supermassive black holes that are not even visible with Hubble." And they're not just seeing more, they're seeing different types of galaxies and black holes, she added.




'Lots of unanswered questions'

While the COSMOS-Web images and catalog answer many questions astronomers have had about the early universe, they also spark more questions.

"Since the telescope turned on we've been wondering 'Are these JWST datasets breaking the cosmological model? Because the universe was producing too much light too early; it had only about 400 million years to form something like a billion solar masses of stars. We just do not know how to make that happen," Casey said. "So, lots of details to unpack, and lots of unanswered questions."

In releasing the data to the public, the hope is that other astronomers from all over the world will use it to, among other things, further refine our understanding of how the early universe was populated and how everything evolved to the present day. The dataset may also provide clues to other outstanding mysteries of the cosmos, such as dark matter and physics of the early universe that may be different from what we know today.

"A big part of this project is the democratization of science and making tools and data from the best telescopes accessible to the broader community," Casey said. The data was made public almost immediately after it was gathered, but only in its raw form, useful only to those with the specialized technical knowledge and the supercomputer access to process and interpret it. The COSMOS collaboration has worked tirelessly for the past two years to convert raw data into broadly usable images and catalogs. In creating these products and releasing them, the researchers hope that even undergraduate astronomers could dig into the material and learn something new.

"Because the best science is really done when everyone thinks about the same data set differently," Casey said. "It's not just for one group of people to figure out the mysteries."

For the COSMOS collaboration, the exploration continues. They've headed back to the deep field to further map and study it.

"We have more data collection coming up," she said. "We think we have identified the earliest galaxies in the image, but we need to verify that." To do so, they'll be using spectroscopy, which breaks up light from galaxies into a prism, to confirm the distance of these sources (more distant = older). "As a byproduct," Casey added, "we'll get to understand the interstellar chemistry in these systems through tracing nitrogen, carbon and oxygen. There's a lot left to learn and we're just beginning to scratch the surface."

The COSMOS-Web image is available to browse interactively; the accompanying scientific papers have been submitted to the Astrophysical Journal and Astronomy & Astrophysics.
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Scientists uncover 230 giant ocean viruses that hijack photosynthesis | ScienceDaily
Giant viruses play a role in the survival of single-celled marine organisms called protists. These include algae, amoeba, and flagellates, that form the base of ocean food webs. And since these protists form an important part of the food chain, these large DNA viruses are often responsible for various public health hazards, including harmful algal blooms.


						
A new study from scientists at the Rosenstiel School of Marine, Atmospheric and Earth Science may help unravel the many types of viruses present in our waterways and oceans. This knowledge could help local leaders better prepare for when a harmful algal bloom may be impacting their coastline or if any other viruses are present in local bays, rivers or lakes.

Using high-performance computing methods, researchers identified 230 novel giant viruses in publicly available marine metagenomic datasets and characterized their functions.

Published in the journal Nature npj Viruses, their findings include the discovery of new giant virus genomes previously unknown in literature. Within these genomes, 530 new functional proteins were characterized, including nine proteins involved in photosynthesis. This indicates that these viruses may be able to manipulate their host and the photosynthesis process during infection.

"By better understanding the diversity and role of giant viruses in the ocean and how they interact with algae and other ocean microbes, we can predict and possibly manage harmful algal blooms, which are human health hazards in Florida as well as all over the world," said Mohammad Moniruzzaman, a co-author of the study and an assistant professor in the Department of Marine Biology and Ecology. "Giant viruses are often the main cause of death for many phytoplankton, which serve as the base of the food web supporting ocean ecosystems and food sources. The novel functions found in giant viruses could have biotechnological potential, as some of these functions might represent novel enzymes."

Until recently, giant viruses were largely undetected by scientific methods due to limitations in bioinformatic pipelines. The researchers created an innovative tool called BEREN (Bioinformatic tool for Eukaryotic virus Recovery from Environmental metageNomes), designed to identify giant virus genomes within extensive public DNA sequencing datasets.

"We discovered that giant viruses possess genes involved in cellular functions such as carbon metabolism and photosynthesis -- traditionally found only in cellular organisms, said Benjamin Minch, the lead author of the study and a doctoral student in the Department of Marine Biology and Ecology at the Rosenstiel School. "This suggests that giant viruses play an outsized role in manipulating their host's metabolism during infection and influencing marine biogeochemistry."

The authors used the University of Miami's Pegasus supercomputer at the Frost Institute for Data Science and Computing (IDSC) to process and assemble large metagenomes -- often exceeding a gigabase per library -- enabling the reconstruction of hundreds of microbial community libraries.




"This study allowed us to create a framework to improve existing tools for detecting novel viruses that could aid in our ability to monitor pollution and pathogens in our waterways." Minch added.

The research team downloaded DNA sequencing data from nine large global ocean sampling projects spanning from pole to pole. Using BEREN, they recovered giant virus genomes from the data. The genomes were then annotated using publicly available gene function databases to characterize the functions encoded by these viruses. These genomes were compared to all currently available giant virus representatives to identify novel functions.

The BEREN program used to facilitate this research fills a gap in the research field by providing an easy-to-use, one-stop tool for identifying and classifying giant viruses in sequencing datasets. BEREN is available for anyone to use and can be download at: https://gitlab.com/benminch1/BEREN

The study titled, "Expansion of the genomic and functional diversity of global ocean giant viruses," was published on April 21, 2025 in the journal Nature npj Viruses. The authors are Benjamin Minch and Mohammad Moniruzzaman from the University of Miami Rosenstiel School of Marine, Atmospheric, and Earth Science.
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Scientists freeze quantum motion using ultrafast laser trick | ScienceDaily
Quantum materials exhibit remarkable emergent properties when they are excited by external sources. However, these excited states decay rapidly once the excitation is removed, limiting their practical applications. A team of researchers from Harvard University and the Paul Scherrer Institute PSI have now demonstrated an approach to stabilize these fleeting states and probe their quantum behaviour using bright X-ray flashes from the X-ray free electron laser SwissFEL at PSI. The findings are published in the journal Nature Materials.


						
Some materials exhibit fascinating quantum properties that can lead to transformative technologies, from lossless electronics to high-capacity batteries. However, when these materials are in their natural state, these properties remain hidden, and scientists need to gently ask for them to pop up. One way they can do this is by using ultrashort pulses of light to alter the microscopic structure and electronic interactions in these materials so that these functional properties emerge. But good things do not last forever - these light-induced states are transient, typically persisting only a few picoseconds, making them difficult to harness in practical applications. In rare cases, light-induced states become long-lived. Yet our understanding of these phenomena remains limited, and no general framework exists for designing excited states that last.

A team of scientists from Harvard University together with PSI colleagues overcame this challenge by manipulating the symmetry of electronic states in a copper oxide compound. Using the X-ray free electron laser SwissFEL at PSI, they demonstrated that tailored optical excitation can induce a 'metastable' non-equilibrium electronic state persisting for several nanoseconds - about a thousand times longer than they usually last for.

Steering electrons with light

The compound under study, Sr14Cu24O41 -- a so-called cuprate ladder -- is nearly one-dimensional. It is composed of two distinct structural units, the so-called ladders and chains, representing the shape in which copper and oxygen atoms organize. This one-dimensional structure offers a simplified platform to understand complex physical phenomena that also show up in higher-dimensional systems. "This material is like our fruit fly. It is the idealized platform that we can use to study general quantum phenomena," comments experimental condensed matter physicist Matteo Mitrano from Harvard University, who lead the study.

One way to achieve a long-lived ('metastable') non-equilibrium state is to trap it in an energy well from which it does not have enough energy to escape. However, this technique risks inducing structural phase transitions that change the material's molecular arrangement, and that is something Mitrano and his team wanted to avoid. "We wanted to figure out whether there was another way to lock the material in a non-equilibrium state through purely electronic methods," explains Mitrano. For that reason, an alternative approach was proposed.

In this compound, the chain units hold a high density of electronic charge, while the ladders are relatively empty. At equilibrium, the symmetry of the electronic states prevents any movement of charges between the two units. A precisely engineered laser pulse breaks this symmetry, allowing charges to quantum tunnel from the chains to the ladders. "It's like switching on and off a valve," explains Mitrano. Once the laser excitation is turned off, the tunnel connecting ladders and chains shuts down, cutting off the communication between these two units and trapping the system in a new long-lived state for some time that allows scientists to measure its properties.




Cutting-edge fast X-ray probes

The ultra-bright femtosecond X-ray pulses generated at the SwissFEL allowed the ultrafast electronic processes governing the formation and subsequent stabilization of the metastable state to be caught in action. Using a technique known as time-resolved Resonant Inelastic X-ray scattering (tr-RIXS) at the SwissFEL Furka endstation, researchers can gain unique insight into magnetic, electric, and orbital excitations - and their evolution over time - revealing properties that often remain hidden to other probes.

"We can specifically target those atoms that determine the physical properties of the system," comments Elia Razzoli, group leader of the Furka endstation and responsible for the experimental setup.

This capability was key to dissecting the light-induced electronic motion that gave rise to the metastable state. "With this technique, we could observe how the electrons moved at their intrinsic ultrafast timescale and hence reveal electronic metastability," adds Hari Padma, postdoctoral scholar at Harvard and lead author of the paper.

The first of many more to come

tr-RIXS gives unique insight into energy and momentum dynamics of excited materials, opening new scientific opportunities for users of SwissFEL in studying quantum materials; indeed, these results come from the first experiment conducted by a user group at the new Furka endstation. It was the interest in the development of tr-RIXS at Furka that motivated the Harvard team to collaborate with scientists at PSI. "It's a rare opportunity to get time on a machine where you can do these sorts of experiments," comments Mitrano.

Since this initial pilot experiment, the Furka endstation has undergone upgrades to improve the RIXS energy resolution, and it is ready to study new types of individual and collective excitations, such as lattice excitations. "This experiment was very important to showcase the kind of experiments that we can carry out. The endstation and its instrumentation are already much better now, and we will keep improving it," concludes Razzoli.

This work represents a major step forward in controlling quantum materials far from equilibrium, with broad implications for future technologies. By stabilising light-induced non-equilibrium states, the study opens new possibilities for designing materials with tuneable functionalities. This could enable ultrafast optoelectronic devices, including transducers that convert electrical signals to light and vice versa -- key components for quantum communication and photonic computing. It also offers a pathway toward non-volatile information storage, where data is encoded in quantum states created and controlled by light.
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