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      Latest Science News

      Breaking science news and articles on global warming, extrasolar planets, stem cells, bird flu, autism, nanotechnology, dinosaurs, evolution -- the latest discoveries in astronomy, anthropology, biology, chemistry, climate and environment, computers, engineering, health and medicine, math, physics, psychology, technology, and more -- from the world's leading universities and research organizations.


      
        A safe painkiller? New research raises concerns about Tylenol's safety in pregnancy
        A large-scale review finds that acetaminophen use during pregnancy may increase the risk of autism and ADHD in children. The strongest studies showed the clearest links, pointing to biological pathways like oxidative stress and hormone disruption. Experts call for caution, updated guidelines, and safer alternatives.

      

      
        Scientists solve 30-year mystery of a hidden nutrient that shields the brain and fights cancer
        Scientists have finally uncovered the missing link in how our bodies absorb queuosine, a rare micronutrient crucial for brain health, memory, stress response, and cancer defense. For decades, researchers suspected a transporter had to exist, but it remained elusive--until now.

      

      
        Scientists finally crack the secret to perfect chocolate flavor
        Scientists have decoded the microbial and environmental factors behind cacao fermentation, the critical process that defines chocolate's taste. By recreating the fermentation with controlled microbial communities, they've paved the way for more consistent, high-quality chocolate.

      

      
        Astronomers uncover enormous bubble bigger than our Solar System
        A giant bubble of gas and dust surrounds the red supergiant DFK 52, likely created in a powerful outburst 4,000 years ago. Astronomers are baffled at how the star survived without going supernova, and suspect a hidden companion may have played a role. This discovery could reveal clues about the final stages of massive stars.

      

      
        Ancient solar system crash may explain Bennu and Ryugu's origin
        Scientists from the Southwest Research Institute have found strong evidence that near-Earth asteroids Bennu and Ryugu share a common origin with Polana, a much larger asteroid in the main belt. By comparing James Webb Telescope observations with samples from NASA's OSIRIS-REx and Japan's Hayabusa2 missions, researchers discovered spectral similarities suggesting all three were once fragments of the same parent body, shattered in an ancient collision.

      

      
        Voyager missed it, but James Webb Just Found Uranus' hidden moon
        Astronomers using the James Webb Space Telescope have uncovered a tiny new moon orbiting Uranus, increasing the planet's moon tally to 29. The object, only about six miles wide, escaped Voyager 2's detection during its 1986 flyby, hiding between the orbits of Ophelia and Bianca.

      

      
        Astronomers stunned by the strangest supernova ever seen
        Scientists have identified a never-before-seen supernova, SN2021yfj, which exploded after losing nearly all of its outer layers. Instead of light elements, it revealed silicon and sulfur from deep within the star--direct proof of a layered stellar structure. The discovery challenges existing theories and suggests stars may die in more exotic ways than textbooks predict.

      

      
        How hidden cosmic highways feed the Universe's biggest stars
        Massive stars have always puzzled scientists--how do they grow so quickly despite fierce radiation pushing material away? New high-resolution ALMA observations suggest that instead of relying solely on accretion disks, young stars may be fueled by colossal gas "streamers." These vast cosmic highways carry matter across thousands of astronomical units, potentially overwhelming feedback effects and sustaining stellar growth.

      

      
        The surprising reason timber plantations explode into megafires
        Industrial forests, packed with evenly spaced trees, face nearly 50% higher odds of megafires than public lands. A lidar-powered study of California's Sierra Nevada reveals how dense plantations feed fire severity, but also shows that proactive thinning could prevent forests from collapsing into shrubland ecosystems.

      

      
        This is where tree planting has the biggest climate impact
        Planting more trees can help cool the planet and reduce fire risk--but where they are planted matters. According to UC Riverside researchers, tropical regions provide the most powerful climate benefits because trees there grow year-round, absorb more carbon dioxide, and cool the air through processes like evapotranspiration, or "tree sweating."

      

      
        Scientists just found a protein that reverses brain aging
        Scientists at UCSF have uncovered a surprising culprit behind brain aging: a protein called FTL1. In mice, too much FTL1 caused memory loss, weaker brain connections, and sluggish cells. But when researchers blocked it, the animals regained youthful brain function and sharp memory. The discovery suggests that one protein could be the master switch for aging in the brain -- and targeting it may one day allow us to actually reverse cognitive decline, not just slow it down.

      

      
        Protected seas help kelp forests bounce back from heatwaves
        Kelp forests bounce back faster from marine heatwaves when shielded inside Marine Protected Areas. UCLA researchers found that fishing restrictions and predator protection strengthen ecosystem resilience, though results vary by location.

      

      
        Why listening may be the most powerful medicine
        In a health system where speed often replaces empathy, researchers highlight the life-changing power of listening. Beyond simple questions, values-driven listening--marked by presence, curiosity, and compassion--can transform both patients and providers.

      

      
        How low should blood pressure go? New study has the answer
        An aggressive blood pressure target of under 120 mm Hg can significantly reduce heart disease risk, researchers found. Despite more side effects and higher costs, the approach proved cost-effective and beneficial for many patients.

      

      
        Scientists just found the brain's secret GPS system
        Researchers discovered two brain regions that work as a "neural compass," keeping people oriented in virtual city navigation. These areas tracked direction consistently, hinting at new ways to detect and monitor neurological disorders that cause disorientation.

      

      
        Genetic evidence confirms early puberty accelerates aging and disease
        Researchers discovered that early puberty or childbirth doubles women's risk for major diseases and accelerates aging, while later timing offers protective benefits. Genetic analysis reveals evolutionary tradeoffs, where reproductive advantages early in life create health burdens later.

      

      
        Scientists uncover sugar pathway driving aggressive childhood cancer
        Scientists have uncovered a hidden weakness in one of the deadliest childhood cancers. The tumors, which spread quickly and are notoriously hard to treat, rely on a sugar-processing pathway to survive and grow. By blocking this pathway, researchers were able to slow down the cancer and make it more vulnerable to treatment. This breakthrough opens the door to new therapies for children and young adults facing a disease with very few options today.

      

      
        Scientists unlock the gene that lets bearded dragons switch sex
        Two independent research teams have unveiled near-complete reference genomes of the central bearded dragon, a reptile with the rare ability to change sex depending on both chromosomes and nest temperature. Using next-generation sequencing technologies from China and Australia, the projects uncovered the long-sought genetic basis of sex determination in this lizard.

      

      
        After 70 years, the Sun's explosive mystery is finally solved
        NASA's Parker Solar Probe has directly observed magnetic reconnection in the Sun's atmosphere for the first time, confirming decades-old theories about solar explosions. This discovery bridges small-scale events near Earth with massive solar eruptions that shape space weather. The data provides crucial insights to improve predictions of solar storms that can impact our technology.

      

      
        Scientists may have finally found the Universe's missing sulfur
        For decades, scientists have puzzled over why so little sulfur appears in space, even though it is one of the most common elements in the universe and vital to life. A new study suggests that the missing sulfur may be locked away in icy dust grains, forming unusual molecular shapes like crown-like rings and hydrogen-linked chains. These hidden forms make sulfur difficult to detect with telescopes, helping explain why its presence has been underestimated for so long. Researchers now believe they m...

      

      
        Why recycling 'dead' batteries could save billions and slash pollution
        Lithium battery recycling offers a powerful solution to rising demand, with discarded batteries still holding most of their valuable materials. Compared to mining, recycling slashes emissions and resource use while unlocking major economic potential. Yet infrastructure, policy, and technology hurdles must still be overcome.

      

      
        Tiny microbes may secretly rewire the brain before birth
        MSU researchers discovered that microbes begin shaping the brain while still in the womb, influencing neurons in a region critical for stress and social behavior. Their findings suggest modern birth practices that alter the microbiome may have hidden impacts on brain development.

      

      
        Columbia scientists may have found a universal antiviral
        A rare immune disorder has inspired a potential universal antiviral therapy. By mimicking the mutation s unique inflammation signature, researchers developed an mRNA-based treatment that stopped influenza and COVID-19 in animal trials.

      

      
        One atom, endless power: Scientists create a shape-shifting catalyst for green chemistry
        A team in Milan has developed a first-of-its-kind single-atom catalyst that acts like a molecular switch, enabling cleaner, more adaptable chemical reactions. Stable, recyclable, and eco-friendly, it marks a major step toward programmable sustainable chemistry.

      

      
        Scientists reveal how just two human decisions rewired the Great Salt Lake forever
        Scientists found that Great Salt Lake's chemistry and water balance were stable for thousands of years, until human settlement. Irrigation and farming in the 1800s and a railroad causeway in 1959 created dramatic, lasting changes. The lake now behaves in ways unseen for at least 2,000 years.

      

      
        A new cancer vaccine just wiped out tumors in mice
        A breakthrough mRNA cancer vaccine has shown the ability to supercharge the effects of immunotherapy in mice, sparking hope for a universal "off-the-shelf" treatment that could fight multiple cancers. Unlike traditional vaccines designed to target specific tumor proteins, this approach simply revs up the immune system as if it were fighting a virus. The results were dramatic--when paired with checkpoint inhibitors, tumors shrank, and in some cases, the vaccine alone wiped them out.

      

      
        This overlooked trait could explain anxiety and depression in millions
        Researchers analyzing 33 studies found strong evidence that highly sensitive people are more prone to depression and anxiety but also more likely to benefit from therapy. Since about 31% of the population is highly sensitive, experts argue that clinicians should consider sensitivity levels when diagnosing and treating mental health conditions.

      

      
        Even mild Covid may leave blood vessels five years older
        Researchers discovered that Covid accelerates blood vessel aging by about five years, especially in women. Even mild infections increased arterial stiffness, with vaccinated individuals showing less damage. This vascular aging may raise long-term heart and stroke risk.

      

      
        Is ketamine the answer for chronic pain? New findings cast doubt
        A sweeping review of 67 trials has cast doubt on the use of ketamine and similar NMDA receptor antagonists for chronic pain relief. While ketamine is frequently prescribed off-label for conditions like fibromyalgia and nerve pain, researchers found little convincing evidence of real benefit and flagged serious side effects such as delusions and nausea. The lack of data on whether it reduces depression or opioid use adds to the uncertainty.

      

      
        Forget LASIK: Safer, cheaper vision correction could be coming soon
        Scientists are developing a surgery-free alternative to LASIK that reshapes the cornea using electricity instead of lasers. In rabbit tests, the method corrected vision in minutes without incisions.

      

      
        Stunning galaxy blooms with pink nebulae in Hubble's new image
        Hubble's newest view of the spiral galaxy NGC 2835 adds a stunning twist to a familiar sight. By capturing light in a special wavelength called H-alpha, astronomers have revealed glowing pink nebulae that mark where stars are born and where they fade away.

      

      
        Astronomers discover a hidden engine inside space's "Eye of Sauron"
        A mysterious blazar that baffled scientists for years has been unraveled. VLBA imaging revealed a toroidal magnetic field powering a jet aimed at Earth, explaining how it can unleash neutrinos and gamma rays despite its sluggish appearance.

      

      
        Hubble just snapped the clearest-ever picture of a rare interstellar comet
        Hubble has taken the clearest image to date of the interstellar comet 3I/ATLAS, which is racing through our solar system at 130,000 miles per hour. Astronomers are using Hubble and other telescopes to better understand its icy nucleus and chemical composition.

      

      
        Strange new shapes may rewrite the laws of physics
        By exploring positive geometry, mathematicians are revealing hidden shapes that may unify particle physics and cosmology, offering new ways to understand both collisions in accelerators and the origins of the universe.

      

      
        NASA's PREFIRE satellites reveal a secret glow escaping from our planet
        With its two tiny CubeSats, NASA's PREFIRE mission is capturing invisible heat escaping from Earth, offering clues to how ice, clouds, and storms influence the climate system. The insights could lead to better weather forecasts and a deeper understanding of global change.

      

      
        A record-breaking antenna just deployed in space. Here's what it will see
        NASA and ISRO s NISAR satellite has just reached a major milestone: the successful deployment of its enormous 39-foot antenna reflector in orbit. Folded up like an umbrella during launch, the reflector is now fully extended and ready to support NISAR s groundbreaking radar systems. This record-breaking satellite will monitor everything from shifting ice sheets and glaciers to the subtle movement of land caused by earthquakes, volcanoes, and landslides.

      

      
        Myanmar's massive quake hints at bigger earthquakes to come
        The massive 2025 Myanmar earthquake revealed that strike slip faults can behave in surprising ways. Using satellite data, Caltech researchers found the Sagaing Fault ruptured more dramatically than expected, suggesting faults like the San Andreas could unleash even larger quakes than history shows.

      

      
        Scientists just found a hidden factor behind Earth's methane surge
        Roughly two-thirds of all atmospheric methane, a potent greenhouse gas, comes from methanogens. Tracking down which methanogens in which environment produce methane with a specific isotope signature is difficult, however. UC Berkeley researchers have for the first time CRISPRed the key enzyme involved in microbial methane production to understand the unique isotopic fingerprints of different environments to better understand Earth's methane budget.

      

      
        Scientists uncover the lost shelduck that chose walking over flight
        Scientists have uncovered an extinct shelduck from the Chatham Islands that evolved shorter wings and stronger legs, adapting to a predator-free, windy environment. It vanished before the 19th century, likely due to hunting and predation.

      

      
        The surprising way rising CO2 could supercharge space storms
        Rising CO2 levels will make the upper atmosphere colder and thinner, altering how geomagnetic storms impact satellites. Future storms could cause sharper density spikes despite lower overall density, increasing drag-related challenges.

      

      
        Trojan horse bacteria sneak cancer-killing viruses into tumors
        Scientists have engineered a groundbreaking cancer treatment that uses bacteria to smuggle viruses directly into tumors, bypassing the immune system and delivering a powerful one-two punch against cancer cells. The bacteria act like Trojan horses, carrying viral payloads to cancer's core, where the virus can spread and destroy malignant cells. Built-in safety features ensure the virus can't multiply outside the tumor, offering a promising pathway for safe, targeted therapy.

      

      
        Scientists finally tame the impossible 48-atom carbon ring
        Researchers have synthesized a stable cyclo[48]carbon, a unique 48-carbon ring that can be studied in solution at room temperature, a feat never achieved before.

      

      
        One gene completely changed how these flies fall in love
        By flipping a single genetic switch, researchers made one fruit fly species adopt the gift-giving courtship of another, showing how tiny brain rewiring can drive evolutionary change.

      

      
        Scientists just proved a fundamental quantum rule for the first time
        Scientists have, for the first time, experimentally proven that angular momentum is conserved even when a single photon splits into two, pushing quantum physics to its most fundamental limits. Using ultra-precise equipment, the team captured this elusive process--comparable to finding a needle in a haystack--confirming a cornerstone law of nature at the photon level.

      

      
        Scientists stunned by record-breaking, watermelon-shaped nucleus
        Scientists in Finland have measured the heaviest known nucleus to undergo proton emission, discovering the rare isotope 188-astatine. It exhibits a unique shape and may reveal a new kind of nuclear interaction.

      

      
        This simple magnetic trick could change quantum computing forever
        Researchers have unveiled a new quantum material that could make quantum computers much more stable by using magnetism to protect delicate qubits from environmental disturbances. Unlike traditional approaches that rely on rare spin-orbit interactions, this method uses magnetic interactions--common in many materials--to create robust topological excitations. Combined with a new computational tool for finding such materials, this breakthrough could pave the way for practical, disturbance-resistant qu...

      

      
        Great white sharks have a DNA mystery science still can't explain
        Once on the brink during the last ice age, great white sharks made a remarkable recovery globally, but their DNA reveals a baffling story. Classic migration explanations fail, leaving scientists with a mystery that defies reproductive and evolutionary logic.

      

      
        Clearest Mars images yet reveal mystery rock and ancient terrain in stunning detail
        Captured at a location called "Falbreen," this 360-degree view mosaic was stitched together 96 images that were acquired May 26, 2025. In the upper image, the enhanced-color mosaic features deceptively blue skies and the 43rd rock abrasion (the white patch at center-left) of the NASA Perseverance rover's mission at Mars. Below, in the natural-color version of the "Falbreen" panorama, colors have not been enhanced and the sky appears more reddish. Credit: NASA/JPL-Caltech/ASU/MSSS

      

      
        Greenland's glacial runoff is powering explosions of ocean life
        NASA-backed simulations reveal that meltwater from Greenland's Jakobshavn Glacier lifts deep-ocean nutrients to the surface, sparking large summer blooms of phytoplankton that feed the Arctic food web.

      

      
        NASA's SWOT satellite captures Kamchatka megaquake tsunami in striking detail
        When a massive 8.8 magnitude earthquake struck off Russia's Kamchatka Peninsula, NASA and CNES's SWOT satellite captured a rare and detailed picture of the tsunami that followed. Recorded just over an hour after the quake, the satellite revealed the wave's height, shape, and path, offering scientists an unprecedented multidimensional view from space.
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A safe painkiller? New research raises concerns about Tylenol's safety in pregnancy | ScienceDaily
Researchers at the Icahn School of Medicine at Mount Sinai have found that prenatal exposure to acetaminophen may increase the risk of neurodevelopmental disorders, including autism spectrum disorder and attention-deficit/hyperactivity disorder (ADHD), in children. The study, published on August 14 in BMC Environmental Health, is the first to apply the rigorous Navigation Guide methodology to systematically evaluate the rigor and quality of the scientific literature.


						
Acetaminophen (often sold under the brand name Tylenol(r), and known as paracetamol outside the United States and Canada) is the most commonly used over-the-counter pain and fever medication during pregnancy and is used by more than half of pregnant women worldwide. Until now, acetaminophen has been considered the safest option for managing headache, fever, and other pain. Analysis by the Mount Sinai-led team of 46 studies incorporating data from more than 100,000 participants across multiple countries challenges this perception and underscores the need for both caution and further study.

The Navigation Guide Systematic Review methodology is a gold-standard framework for synthesizing and evaluating environmental health data. This approach allows researchers to assess and rate each study's risk of bias, such as selective reporting of the outcomes or incomplete data, as well as the strength of the evidence and the quality of the studies individually and collectively.

"Our findings show that higher-quality studies are more likely to show a link between prenatal acetaminophen exposure and increased risks of autism and ADHD," said Diddier Prada, MD, PhD, Assistant Professor of Population Health Science and Policy, and Environmental Medicine and Climate Science, at the Icahn School of Medicine at Mount Sinai. "Given the widespread use of this medication, even a small increase in risk could have major public health implications."

The paper also explores biological mechanisms that could explain the association between acetaminophen use and these disorders. Acetaminophen is known to cross the placental barrier and may trigger oxidative stress, disrupt hormones, and cause epigenetic changes that interfere with fetal brain development.

While the study does not show that acetaminophen directly causes neurodevelopmental disorders, the research team's findings strengthen the evidence for a connection and raise concerns about current clinical practices.

The researchers call for cautious, time-limited use of acetaminophen during pregnancy under medical supervision; updated clinical guidelines to better balance the benefits and risks; and further research to confirm these findings and identify safer alternatives for managing pain and fever in expectant mothers.




"Pregnant women should not stop taking medication without consulting their doctors," Dr. Prada emphasized. "Untreated pain or fever can also harm the baby. Our study highlights the importance of discussing the safest approach with health care providers and considering non-drug options whenever possible."

With diagnoses of autism and ADHD increasing worldwide, these findings have significant implications for public health policy, clinical guidelines, and patient education. The study also highlights the urgent need for pharmaceutical innovation to provide safer alternatives for pregnant women.

The study was conducted in collaboration with the University of California, Los Angeles; University of Massachusetts Lowell; and Harvard T.H. Chan School of Public Health.

Funding for this study was provided by the National Cancer Institute (U54CA267776), the National Institute of Environmental Health Sciences (R35ES031688), and the National Institute on Aging (U01AG088684).
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Scientists solve 30-year mystery of a hidden nutrient that shields the brain and fights cancer | ScienceDaily
An international team of scientists, co-led by researchers at the University of Florida and Trinity College Dublin, has cracked a decades-old mystery in human biology: how our bodies absorb a micronutrient that we rely on for everything from healthy brain function to cancer defense.


						
Queuosine - pronounced "cue-o-scene" - is a vitamin-like micronutrient that we can't make ourselves but can only get from food and our gut bacteria. It's vital to our health, yet its importance went unnoticed for decades.

Now, in a study published this week in the Proceedings of the National Academy of Sciences, researchers have discovered the gene that allows queuosine to enter the cells, a discovery that opens the door for potential therapies to be created to leverage the micronutrient's role in cancer suppression, memory and how the brain learns new information.

"For over 30 years, scientists have suspected that there had to be a transporter for this nutrient, but no one could find it," said Valerie de Crecy-Lagard, a UF/IFAS microbiology and cell science distinguished professor and department associate chair, as well as one of the study's principal investigators. "We've been hunting for it for a long time. This discovery opens up a whole new chapter in understanding how the microbiome and our diet can influence the translation of our genes."

The study was funded by various nations' health entities, including the National Institutes of Health , Research Ireland (formerly Science Foundation Ireland), and Health and Social Care in Northern Ireland.

Queuosine modifies the molecules that help make proteins, called transfer RNA, which is essential in decoding your body's DNA.

"It's like a nutrient that fine-tunes how your body reads your genes," she said. "The idea that this small compound, which people have barely heard of, plays such an important role, is fascinating."

The gene that allows access to the cell has also been shrouded in medical mystery. The identification of the long-sought gene, SLC35F2, lays the groundwork for future studies that could lead to new medications, given that the gene has previously been studied regarding how viruses and cancer drugs get into cells, but scientists didn't know what the gene did in a healthy body until now, de Crecy-Lagard said.




"We have known for a long time that queuosine influences critical processes like brain health, metabolic regulation, cancer and even responses to stress, but until now we haven't known how it is salvaged from the gut and distributed to the billions of human cells that take it in," said Vincent Kelly, professor in Trinity College Dublin's School of Biochemistry and Immunology, and joint senior author of the article.

Queuosine is a microscopic molecule first discovered in the 1970s, but for years its role in human health flew under the radar until recently, and researchers from across the world involved in this study hope others take notice about this micronutrient's role in the body's bigger health picture.

The research united experts from UF, San Diego State University, the Ohio State University and partner institutions in Ireland and Northern Ireland.

"We don't think we could have cracked it without the full team," de Crecy-Lagard said. "It's a perfect example of what international collaboration can achieve."
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Scientists finally crack the secret to perfect chocolate flavor | ScienceDaily
Researchers have identified key factors that influence the flavor of chocolate during the cocoa bean fermentation process, a discovery that could offer chocolate producers a powerful tool to craft consistently high-quality, flavor-rich chocolate.


						
Scientists from the University of Nottingham's School of Biosciences examined how cacao bean temperature, pH, and microbial communities interact during fermentation and how these factors shape chocolate flavor. The team identified key microbial species and metabolic traits associated with fine-flavor chocolate and found that both abiotic factors (such as temperature and pH) and biotic factors (the microbial communities) are strong,consistent indicators of flavor development. The study was published on August 18 in Nature Microbiology.

The quality and flavor of chocolate begin with the cacao bean, which is profoundly influenced by both pre- and post-harvest factors. Among these, fermentation is the first, and one of the most critical steps after harvest. It lays the foundation for aroma development, flavor complexity, and the reduction of bitterness in the final chocolate product.

Dr David Gopaulchan, the first author of the paper, from the School of Biosciences explains: "Fermentation is a natural, microbe-driven process that typically takes place directly on cocoa farms, where harvested beans are piled in boxes, heaps, or baskets. In these settings, naturally occurring bacteria and fungi from the surrounding environment break down the beans, producing key chemical compounds that underpin chocolate's final taste and aroma. However, this spontaneous fermentation is largely uncontrolled. Farmers have little influence over which microbes dominate or how the fermentation process unfolds. As a result, fermentation, and thus the flavor and quality of the beans, varies widely between harvests, farms, regions, and countries."

The researchers wanted to find out whether this unstable, natural process could be replicated and controlled in the lab. Working with Colombian farmers during the fermentation process they identified the factors that influence flavor. They were then able to use this knowledge to create a lab fermentation process and developed a defined microbial community, a curated mix of bacteria and fungi, capable of replicating the key chemical and sensory outcomes of traditional fermentations. This synthetic community successfully mimicked the dynamics of on-farm fermentations and produced chocolate with the same fine-flavor characteristics.

Dr David Gopaulchan adds: "The discoveries we have made are really important for helping chocolate producers to be able to consistently maximize their cocoa crops as we have shown they can rely on measurable markers such as specific pH, temperature, and microbial dynamics, to reliably predict and achieve consistent flavor outcomes. This research signals a shift from spontaneous, uncontrolled fermentations to a standardized, science-driven process. Just as starter cultures revolutionized beer and cheese production, cocoa fermentation is poised for its own transformation, powered by microbes, guided by data, and tailored for flavor excellence. By effectively domesticating the fermentation process, this work lays the foundation for a new era in chocolate production, where defined starter cultures can standardize fermentation, unlock novel flavor possibilities, and elevate chocolate quality on a global scale."
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Astronomers uncover enormous bubble bigger than our Solar System | ScienceDaily
Astronomers from Chalmers University of Technology, Sweden, have discovered a vast and expanding bubble of gas and dust surrounding a red supergiant star - the largest structure of its kind ever seen in the Milky Way. The bubble, which contains as much mass as the Sun, was blown out in a mysterious stellar eruption around 4000 years ago. Why the star survived such a powerful event is a puzzle, the scientists say.


						
The new results are published in the scientific journal Astronomy and Astrophysics, and the team was led by Mark Siebert, Chalmers, Sweden. Using the ALMA radio telescope in Chile, the researchers observed the star DFK 52 - a red supergiant similar to the well-known star Betelgeuse.

"We got a big surprise when we saw what ALMA was showing us. The star is more or less a twin of Betelgeuse, but it's surrounded by a vast, messy bubble of material," says Mark Siebert at Chalmers.

The bubble, a complex of clouds of gas and dust, weighs as much as the Sun, and extends out 1.4 light years from the star. That's thousands of times wider than our own solar system.

If the star was as close to us as Betelgeuse is, the bubble would appear to span a third of the full Moon's width in the sky.

ALMA's radio observations let astronomers measure the motion of molecules in the cloud, revealing that the bubble is expanding. They believe it was formed when the star suddenly ejected part of its outer layers in a powerful explosion just a few thousand years ago.

"The bubble is made of material that used to be part of the star. It must have been ejected in a dramatic event, an explosion, that happened about four thousand years ago. In cosmic terms, that's just a moment ago," says Elvire De Beck, astronomer at Chalmers.




The galaxy's next supernova?

Why DFK 52 shed so much mass without exploding as a supernova is still unclear. One possibility is that the star has a hidden companion that helped it cast off its outer layers.

"To us, it's a mystery as to how the star managed to expel so much material in such a short timeframe. Maybe, like Betelgeuse seems to, it has a companion star that's still to be discovered," says Mark Siebert.

Red supergiants like DFK 52 are nearing the ends of their lives and are expected to eventually explode as supernovae. Could this star be next?

"We're planning more observations to understand what's happening - and to find out whether this might be the Milky Way's next supernova. If this is a typical red supergiant, it could explode sometime in the next million years," says Elvire De Beck.

More about the research:

The research is presented in the paper "Stephenson 2 DFK 52: Discovery of an exotic red supergiant in the massive stellar cluster RSGC2," published in the journal Astronomy and Astrophysics. The image has been featured as ESO's Picture of the Week.




The researchers involved in the study are Mark Siebert, Elvire De Beck and Wouter Vlemmings from Chalmers University of Technology, Sweden, and Guillermo Quintana Lacaci from Instituto de Fisica Fundamental, Spain.

Red supergiants are some of the rarest, brightest stars in the sky. They are the final stage of evolution of stars born much more massive than the Sun (more than eight times the Sun's mass). For astronomers, they are keys to understanding the life stories of all stars and planets. The most massive stars create and spread newly-formed elements throughout interstellar space, energising gas and dust, and helping new generations of stars to form.

The closest red supergiants in our galaxy, the Milky Way, are easily visible for anyone with a clear view of a dark night sky. Betelgeuse, in the constellation Orion, and Antares, in Scorpius, are both well-known examples of red supergiant stars.

More about the ALMA telescope:

The Atacama Large Millimeter/submillimeter Array (ALMA), an international astronomy facility in Chile, is a partnership of ESO, the U.S. National Science Foundation (NSF) and the National Institutes of Natural Sciences (NINS) of Japan in cooperation with the Republic of Chile.

In Sweden, Onsala Space Observatory at Chalmers University of Technology, has been involved in ALMA since its inception; receivers for the telescope are one of many contributions. Onsala Space Observatory is host to the Nordic ALMA Regional Centre, which provides technical expertise to the ALMA project and supports astronomers in the Nordic countries in using ALMA.
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Ancient solar system crash may explain Bennu and Ryugu's origin | ScienceDaily
A Southwest Research Institute (SwRI) review of data collected from near-Earth asteroids Bennu and Ryugu supports the hypothesis that they were originally part of the Polana collisional family in the main asteroid belt between the orbits of Mars and Jupiter.


						
The study compared spectroscopy data from Polana with spacecraft and laboratory data from Bennu and Ryugu samples, discovering similarities in their near-infrared spectrum sufficient to support the theory that they originate from the same parent asteroid.

"Very early in the formation of the solar system, we believe large asteroids collided and broke into pieces to form an 'asteroid family' with Polana as the largest remaining body," said SwRI's Dr. Anicia Arredondo, lead author of the study. "Theories suggest that remnants of that collision not only created Polana, but also Bennu and Ryugu as well. To test that theory, we started looking at spectra of all three bodies and comparing them to one another."

Arredondo and her team applied for time on the James Webb Space Telescope to observe Polana using two different spectral instruments focusing on the near-infrared and mid-infrared wavelengths. She then compared that data with the spectral data from physical samples of Ryugu and Bennu collected by two different space missions. The Japan Aerospace Exploration Agency's Hayabusa2 spacecraft rendezvoused with Ryugu in 2018 and collected samples returned to Earth in late 2020. NASA's OSIRIS-REx spacecraft encountered Bennu in 2020 and collected samples returned to Earth in late 2023.

Bennu and Ryugu are considered near-Earth asteroids because they orbit the Sun within the orbit of Mars; however, they are not considered a danger to Earth, having a closest approach of about 1.9 and 1 million miles, respectively. Both Bennu and Ryugu are relatively small compared to Polana. Bennu is about one third of a mile in diameter, or about the size of the Empire State Building. Ryugu is twice as large, but Polana dwarfs them both, measuring roughly 33 miles wide. Scientists believe Jupiter's gravity pushed Bennu and Ryugu out of their orbit close to Polana.

"They are similar enough that we feel confident that all three asteroids could have come from the same parent body," Arredondo said.

The team noted that the spectral data from the asteroids had variances and differences, but not enough to disprove the hypothesis that they all share a common origin.

"Polana, Bennu and Ryugu have all had their own journeys through our solar system since the impact that may have formed them," said SwRI's Dr. Tracy Becker, a co-author of the paper. "Bennu and Ryugu are now much closer to the Sun than Polana, so their surfaces may be more affected by solar radiation and solar particles.

"Likewise, Polana is possibly older than Bennu and Ryugu and thus would have been exposed to micrometeoroid impacts for a longer period," Becker added. "That could also change aspects of its surface, including its composition."
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Voyager missed it, but James Webb Just Found Uranus' hidden moon | ScienceDaily
Southwest Research Institute led a James Webb Space Telescope (JWST) survey, discovering a previously unknown tiny moon orbiting Uranus. A team led by SwRI's Dr. Maryame El Moutamid discovered the small object in a series of images taken on Feb. 2, 2025, bringing Uranus' total moon count to 29.


						
"As part of JWST's guest observer program, we found a previously unknown satellite of the ice giant, which has been provisionally designated S/2025 U 1," said El Moutamid, a lead scientist in SwRI's Solar System Science and Exploration Division in Boulder, Colorado. "This object, by far the smallest object discovered to date, was detected in a series of 10 long exposures obtained by the Near-Infrared Camera."

Located in the outer solar system, Uranus is the seventh planet from the Sun. Known as "the sideways planet" for its extreme axial tilt, the cyan-colored ice giant has a deep atmosphere composed of hydrogen, helium and methane. Scientists think Uranus' larger moons are roughly equal parts water ice and silicate rock.

"Assuming that the new moon has an albedo comparable to other nearby satellites, this object is probably around six miles (10 km) in diameter," El Moutamid said. "It is well below the detection threshold for the Voyager 2 cameras."

Voyager 2 is the only spacecraft to visit Uranus so far, coming within 50,000 miles of its cloud tops on Jan. 24, 1986. The spacecraft collected thousands of images, discovering rings and small satellites, including 10 of its named moons.

Uranus' 28 moons include five major moons -- Titania, Oberon, Umbriel, Ariel and Miranda -- discovered between 1787 and 1948. Known as "the literary moons," Uranus satellites are named for characters in Shakespeare and the works of Alexander Pope.

The new moon is at the edge of Uranus' inner rings. It is located about 35,000 miles (56,250 km) from its center in the planet's equatorial plane, between the orbits of Ophelia and Bianca. Ophelia is about 13 miles (43 km) in diameter, while Bianca is an elongated object around 40 by 29 miles (64 by 46 km) in dimension.

"With so many of Uranus' moons named for Shakespearean characters, our team is getting a lot of culture trying to figure out what to name our new discovery," El Moutamid said.
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Astronomers stunned by the strangest supernova ever seen | ScienceDaily
An international team of scientists, led by Northwestern University astrophysicists, has detected a never-before-seen type of exploding star, or supernova, that is rich with silicon, sulfur and argon.


						
When massive stars explode, astrophysicists typically find strong signatures of light elements, such as hydrogen and helium. But the newly discovered supernova, dubbed SN2021yfj, displayed a startling different chemical signature.

Astronomers long have theorized that massive stars have a layered structure, similar to an onion. The outermost layers predominantly comprise the lightest elements. As the layers move inward, the elements become heavier and heavier until reaching the innermost iron core.

The observations of SN2021yfj suggest the massive star somehow lost its outer hydrogen, helium and carbon layers -- exposing the inner silicon and sulfur-rich layers -- before exploding. This finding offers direct evidence of the long-theorized inner layered structure of stellar giants and provides an unprecedented glimpse inside a massive star's deep interior -- moments before its explosive death.

The study was published on Aug. 20 in the journal Nature.

"This is the first time we have seen a star that was essentially stripped to the bone," said Northwestern's Steve Schulze, who led the study. "It shows us how stars are structured and proves that stars can lose a lot of material before they explode. Not only can they lose their outermost layers, but they can be completely stripped all the way down and still produce a brilliant explosion that we can observe from very, very far distances."

"This event quite literally looks like nothing anyone has ever seen before," added Northwestern's Adam Miller, a senior author on the study. "It was almost so weird that we thought maybe we didn't observe the correct object. This star is telling us that our ideas and theories for how stars evolve are too narrow. It's not that our textbooks are incorrect, but they clearly do not fully capture everything produced in nature. There must be more exotic pathways for a massive star to end its life that we hadn't considered."

An expert on astronomy's most extreme transient objects, Schulze is a research associate at Northwestern's Center for Interdisciplinary Exploration and Research in Astrophysics (CIERA). Miller is an assistant professor of physics and astronomy at Northwestern's Weinberg College of Arts and Sciences and a leading member of CIERA and the NSF-Simons AI Institute for the Sky.




A hot, burning onion

Weighing in at 10 to 100 times heavier than our sun, massive stars are powered by nuclear fusion. In that process, intense pressure and extreme heat in the stellar core cause lighter elements to fuse together, generating heavier elements. When the temperature and density increase in the core, burning begins in the outer layers. As the star evolves over time, successively heavier elements are burned in the core, while lighter elements are burned in a series of shells surrounding the core. This process continues, eventually leading to a core of iron. When the iron core collapses, it triggers a supernova or forms a black hole.

Although massive stars typically shed layers before exploding, SN2021yfj ejected far more material than scientists had ever previously detected. Other observations of "stripped stars" have revealed layers of helium or carbon and oxygen -- exposed after the outer hydrogen envelope was lost. But astrophysicists had never glimpsed anything deeper than that -- hinting that something extremely violent and extraordinary must be at play.

Chasing down a cosmic oddity

Schulze and their team discovered SN2021yfj in September 2021, using Northwestern's access to the Zwicky Transient Facility (ZTF). Located just east of San Diego, ZTF uses a wide-field camera to scan the entire visible night sky. Since its launch, ZTF has become the world's primary discovery engine for astronomical transients -- fleeting phenomena like supernovae that flare up suddenly and then quickly fade.

After looking through ZTF data, Schulze spotted an extremely luminous object in a star-forming region located 2.2 billion light-years from Earth.




To gain more information about the mysterious object, the team wanted to obtain its spectrum, which breaks down dispersed light into component colors. Each color represents a different element. So, by analyzing a supernova's spectrum, scientists can uncover which elements are present in the explosion.

Although Schulze immediately leapt into action, their spectrum search hit multiple dead ends. Telescopes around the globe were either unavailable or could not see through the clouds to obtain a clear image. Luckily, the team received a surprise from an astronomy colleague, who gathered a spectrum using instruments at the W.M. Keck Observatory in Hawai'i.

"We thought we had fully lost our opportunity to obtain these observations," said Miller. "So, we went to bed disappointed. But the next morning, a colleague at UC Berkeley unexpectedly provided a spectrum. Without that spectrum we may have never realized that this was a strange and unusual explosion."

"We saw an interesting explosion, but we had no idea what it was," Schulze said of SN2021yfj. "Almost instantly, we realized it was something we had never seen before, so we needed to study it with all available resources."

'Something very violent must have happened'

Instead of typical helium, carbon, nitrogen and oxygen -- found in other stripped supernovae -- the spectrum was dominated by strong signals of silicon, sulfur and argon. Nuclear fusion produces these heavier elements within a massive star's deep interior during its final stages of life.

"This star lost most of the material that it produced throughout its lifetime," Schulze said. "So, we could only see the material formed during the months right before its explosion. Something very violent must have happened to cause that."

While the precise cause of this phenomenon remains an open question, Schulze and Miller propose a rare and powerful process was at play. They are exploring multiple scenarios, including interactions with a potential companion star, a massive pre-supernova eruption or even unusually strong stellar winds.

But, most likely, the team posits this mysterious supernova is the result of a massive star literally tearing itself apart. As the star's core squeezes inward under its own gravity, it becomes even hotter and denser. The extreme heat and density then reignite nuclear fusion with such incredible intensity that it causes a powerful burst of energy that pushes away the star's outer layers. Each time the star undergoes a new pair-instability episode, the corresponding pulse sheds more material.

"One of the most recent shell ejections collided with a pre-existing shell, which produced the brilliant emission that we saw as SN2021yfj," Schulze said.

"While we have a theory for how nature created this particular explosion," Miller said, "I wouldn't bet my life that it's correct, because we still only have one discovered example. This star really underscores the need to uncover more of these rare supernovae to better understand their nature and how they form."

The study, "Extremely stripped supernova reveals a silicon and sulphur formation site," was supported by the National Science Foundation. Support from CIERA provided access to ZTF telescope data.
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How hidden cosmic highways feed the Universe's biggest stars | ScienceDaily
The size of our universe and the bodies within it is incomprehensible for us lowly humans. The sun has a mass that is more than 330,000 that of our Earth, and yet there are stars in the universe that completely dwarf our sun.


						
Stars with masses more than eight times that of the sun are considered high mass stars. These form rapidly in a process that gives off stellar wind and radiation, which could not result in stars of such high mass without somehow overcoming this loss of mass, or feedback. Something is feeding these stars, but how exactly they can accumulate so much mass so quickly has remained a mystery.

Observations of enormous disk-like structures that form around a star -- accretion disks -- had been proposed as the chief way of rapidly feeding young stars. However, a team of researchers from several institutions including Kyoto University and the University of Tokyo, has discovered another possibility.

"Our work seems to show that these structures are being fed by streamers, which are flows of gas that bring matter from scales larger than a thousand astronomical units, essentially acting as massive gas highways," says corresponding author Fernando Olguin.

Following on previous research, the team required a higher angular resolution to observe this system in detail, since regions forming high-mass stars are more distant than those with lower mass. The researchers utilized the Atacama Large Millimeter/submillimeter Array, or ALMA, a powerful telescope in Chile composed of an array of antennae that can observe dust and molecular line emissions at millimeter wavelengths.

Their observations revealed a young star feeding from potentially two streamers. One such streamer was connected to the central region of the star, with a velocity gradient indicative of rotation and possibly infall. This suggests that the streamer carries enough matter at a high rate to quench feedback effects from the young star, eventually contributing to the overly dense region observed around the central massive star.

The research team expected to see a dust disk or torus of several hundreds astronomical units in size, but they did not expect the spiral arms to reach far closer to the central source.

"We found streamers feeding what at that time was thought to be a disk, but to our surprise, there is either no disk or it is extremely small," says Olguin.

These results suggest that, independent of the presence of a disk around the central star, streamers can transport large amounts of gas to feed star-forming regions, even in the presence of feedback from the central star.

Next, the team plans to expand their research by studying other regions to see if this is a common mode of accretion that results in the formation of massive stars. They also plan to explore the gas close to the star to determine whether they can confirm, or rule out, the presence of small disks.
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The surprising reason timber plantations explode into megafires | ScienceDaily
The odds of high-severity wildfire were nearly one-and-a-half times higher on industrial private land than on publicly owned forests, a new study found. Forests managed by timber companies were more likely to exhibit the conditions that megafires love -- dense stands of regularly spaced trees with continuous vegetation connecting the understory to the canopy.


						
The research, led by the University of Utah, University of California, Berkeley, and the United States Forest Service, is the first to identify how extreme weather conditions and forest management practices jointly impact fire severity.Leveraging a unique lidar dataset, the authors created three-dimensional maps of public and private forests before five wildfires burned 1.1 million acres in the northern Sierra Nevada, California.

In periods of extreme weather, stem density -- the number of trees per acre -- became the most important predictor of a high-severity fire. Even in the face of accelerating climate change, how we manage the land will make a difference.

"That's a really hopeful finding because it means that we can adjust how we manage these landscapes to impact the way fires move through them," said Jacob Levine, postdoctoral researcher at the U and lead author of the study. "Strategies that reduce density by thinning out both small and mature trees will make forests more robust and resilient to fire in the future."

In a 2022 study, Levine and collaborators found that fire severity was typically higher on privately managed forests. They also discovered the risks extended to areas near to, but not owned by, private industry, threatening the wilderness, small landowners and urban areas in their shadow.This new study is the first to identify the underlying forest structures that make high-severity fires more likely in some areas than in others.

The study was published on Aug. 20, 2025, in the journal Global Change Biology.

Lidar unlocks forest structure secrets

Plumas National Forest, the study area in California's northern Sierra Nevada, is emblematic of the wider trend of wildfire occurrence and severity. The region's mixed conifer forests are adapted to periodic, low- to medium-severity fires that cleared vegetation, creating large spaces between clumps of trees. Efforts to increase timber resources led the U.S. government to implement fire suppression policies in the 1800s, including a ban on controlled burns that Indigenous People practiced for millennia. In the absence of natural fire cycles and Indigenous burning, modern forests have more fodder to fuel high-severity fires, defined as a fire that kills more than 95% of overstory trees.




Plumas National Forest is a mosaic of private industrial and public ownership, and 70% of the study area was burned in five massive wildfires between 2019 and 2021, including the largest single fire in California's recorded history, the Dixie Fire. Serendipitously, a unique dataset had been collected a year before the region burned.

In 2018, the U.S. Forest Service, Geological Survey and National Aeronautics and Space Administration surveyed the Plumas National Forest and surrounding private land using airborne light detection and ranging (lidar) flights. The lidar sensors shoot billions of lasers at the landscape below, which bounce off the grass, shrubs, saplings, tree canopies and other structures in the forest with high precision.

"We have a really detailed picture of what the forest looked like immediately before these massive fires. It's an unbelievably valuable thing to have," Levine said. "Understanding the forest structures that lead to high-severity fire allows us to target mitigation strategies to get ahead of this massive fire problem while still producing enough timber to meet market demand."

Private vs public management strategies

Timber companies are focused on maximizing profits and providing a sustainable source of wood, a valuable resource for society and economic engine for rural communities. Most practice plantation forestry -- clear-cutting an area and replanting the trees in a tightly packed grid. After 80 to 100 years, they do it all again, leaving a patchwork of dense stands of trees of similar age and size.

"You can think about stacking a bunch of matches together in a grid -- that's going to burn a lot better than if you have those matches dispersed as smaller clumps," Levine explained. "A bigger fire can easily reach the canopy in dense forests. Then it's ripping through one tree after another, tossing out chunks of burning material miles in advance. It's a different story."

The objectives of public lands are more varied, requiring management for grazing, recreation, restoration, timber production and wildlife corridors. They're also beholden to the public, which stymies their ability to do active management. Environmental organizations often sue to stop proposed projects that would remove trees to thin down density.




Although the study demonstrates that private industrial lands fare worse, both private and public agencies have much room for improvement to protect our nation's forests. Most Sierra Nevada trees lack adaptations to recover from high-severity fires, leading to more and more of our forests turning into shrub and grasslands.

"This has major implications for timber, but also for carbon sequestration, water quality, wildlife habitat and recreation," Levine said. "Shrub and grasslands can be beautiful, but when we think of the Sierra Nevada we picture majestic forests. Without major changes in forest management, future generations could inherit a landscape that looks very different than the one we cherish today."

Other authors include Brandon Collins of the U.S. Forest Service and University of California, Berkeley; Michelle Coppoletta of the U.S. Forest Service; and Scott Stephens of University of California, Berkeley.

The study, "Extreme weather magnifies the effects of forest structure on wildfire, driving increased severity in industrial forests," was published on Aug. 20, 2025, in the journal Global Change Biology.
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This is where tree planting has the biggest climate impact | ScienceDaily
More trees will cool the climate and suppress fires, but mainly if planted in the tropics, according to a new UC Riverside study.


						
The study, published in npj Climate and Atmospheric Science, found that tree planting is generally a net positive for the climate because it helps pull warming carbon out of the atmosphere. However, local effects on temperature not related to carbon varied significantly by region. At higher latitudes, trees could have a slight heating effect, while the opposite is true in the tropics.

"Our study found more cooling from planting in warm, wet regions, where trees grow year-round. Tropical trees not only pull carbon dioxide from the air, they also cool while releasing water vapor," said study first author and UCR graduate student James Gomez. "It's not that planting elsewhere doesn't help - it does - but the tropics offer the strongest returns per tree."

These findings mirror the results of an earlier UCR study that shows planting trees could cool the surface of the planet even more than previously expected. While that study factored in the chemical effects of trees interacting with the atmosphere, this study places more emphasis on understanding the physical effects of tree planting.

These effects include "tree sweating," or evapotranspiration. Tree roots pull water from the soil, which then travels up through the trunk and into the leaves. When pores in the leaves open up so the tree can take in carbon dioxide for photosynthesis, some of the water in the leaves evaporates into the air. This process cools the air on Earth's surface and cools the tree, too.

"It's just like the way sweating cools your body," Gomez said. "In the tropics, there is constantly water available for trees, and that increases transpiration."

Trees can also reduce the amount of sunlight that reaches the planet's surface. As they give off water vapor, the air can become more humid. More humidity can mean more clouds, and water vapor itself can soak up some sun. Both of these effects reduce the amount of sun that reaches the ground, giving a cooling effect.




The physical effects of the added trees yield weak global mean cooling of 0.01deg F, although this cooling does become significant in the tropics at about 0.1deg F, with some tropical regions like central Africa experiencing cooling up to 0.8deg F.

Accounting for the carbon sequestration of the added trees, which here are approximated offline, is expected to amplify these cooling effects by about 0.15deg F globally. The researchers note that better estimates of the carbon sequestration effects will be explored in a future study, where both the physical and carbon cycle effects of establishing new forests are interactively simulated.

"Though the non-CO2 effects are small, it is good news that they are not warming, which prior studies have indicated is likely," Gomez said.

For this study, the researchers also used a relatively realistic scenario, planting trees in places where they have been removed, avoiding deforestation, and limiting new trees to places where they would not displace peopleor too much agricultural land. In addition, the experiment used data from 12 climate models commonly used for international policy analysis, so the results would be more reliable than relying on a single model.

The researchers also found that, in some cases, trees can have a fire suppression effect. "In tropical savannahs, and in other places around the world, trees are much more fire resistant than grasses," Gomez said.

However, the study found that in parts of Canada and the northeastern U.S. trees would likely cause more fires and reduce cooling by absorbing too much sun.

"This is not an invitation to get rid of the trees growing there! They provide multiple benefits for ecosystems and diversity, reducing CO2 and cooling the surrounding areas," Gomez said.

"What we need is a Goldilocks zone of trees in each region. Just the right amount to have the strongest and most positive climate effects."
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Scientists just found a protein that reverses brain aging | ScienceDaily
Aging is particularly harsh on the hippocampus -- the brain region responsible for learning and memory.


						
Now, researchers at UC San Francisco have identified a protein that's at the center of this decline.

They looked at how the genes and proteins in the hippocampus changed over time in mice and found just one that differed between old and young animals. It's called FTL1.

Old mice had more FTL1, as well as fewer connections between brain cells in the hippocampus and diminished cognitive abilities.

When the researchers artificially increased FTL1 levels in young mice, their brains and behavior began to resemble that of old mice.

In experiments in petri dishes, nerve cells engineered to make lots of FTL1 grew simple, one-armed neurites -- rather than the branching neurites that normal cells create.

But once the scientists reduced the amount of FTL1 in the hippocampus of the old mice, they regained their youth. They had more connections between nerve cells, and the mice did better on memory tests.




"It is truly a reversal of impairments," said Saul Villeda, PhD, associate director of the UCSF Bakar Aging Research Institute and senior author of the paper, which appears in Nature Aging on Aug. 19. "It's much more than merely delaying or preventing symptoms."

In old mice, FTL1 also slowed down metabolism in the cells of the hippocampus. But treating the cells with a compound that stimulates metabolism prevented these effects.

Villeda is optimistic the work could lead to therapies that block the effects of FTL1 in the brain.

"We're seeing more opportunities to alleviate the worst consequences of old age," he said. "It's a hopeful time to be working on the biology of aging."

Authors: Other UCSF authors are Laura Remesal, PhD, Juliana Sucharov-Costa, Karishma J.B. Pratt, PhD, Gregor Bieri, PhD, Amber Philp, PhD, Mason Phan, Turan Aghayev, MD, PhD, Charles W. White III, PhD, Elizabeth G. Wheatley, PhD, Brandon R. Desousa, Isha H. Jian, Jason C. Maynard, PhD, and Alma L. Burlingame, PhD. For all authors see the paper.

Funding: This work was funded in part by the Simons Foundation, Bakar Family Foundation, National Science Foundation, Hillblom Foundation, Bakar Aging Research Institute, Marc and Lynne Benioff, and the National Institutes of Health (AG081038, AG067740, AG062357, P30 DK063720). For all funding see the paper.
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Protected seas help kelp forests bounce back from heatwaves | ScienceDaily
New research finds that Marine Protected Areas can boost the recovery of globally important kelp forests following marine heatwaves. The findings are published in the British Ecological Society's Journal of Applied Ecology.


						
Using four decades of satellite images, University of California, Los Angeles (UCLA) researchers have looked at impacts Marine Protected Areas (MPAs) are having on kelp forests along the coast of California.

They found that although the overall effect of MPAs on kelp forest cover was modest, the benefits became clear in the aftermath of marine heatwaves in 2014-2016, when kelp forests within MPAs were able recover more quickly, particularly in southern California.

"We found that kelp forests inside MPAs showed better recovery after a major climate disturbance compared to similar unprotected areas." Explained Emelly Ortiz-Villa, lead author of the study and a PhD researcher at UCLA Department of Geography.

"Places where fishing is restricted and important predators like lobsters and sheephead are protected saw stronger kelp regrowth. This suggests that MPAs can support ecosystem resilience to climate events like marine heatwaves."

Professor Rick Stafford, Chair of the British Ecological Society Policy Committee, who was not involved in the study said: "It's great to see these results and they clearly show that local action to protect biodiversity and ecosystem function can help prevent changes caused by global pressures such as climate change.

"However, it also demonstrates the need for effective MPAs. In this study, all the MPAs examined regulated fishing activity, and this is not the case for many sites which are designated as MPAs worldwide - including many in the UK."

Kelp forests: a globally important and threatened ecosystem




Kelp forests our found around coastlines all over the world, particularly in cool, temperate waters such as the pacific coast of North America, The UK, South Africa, and Australia.

These complex ecosystems are havens for marine wildlife, including commercially important fish, and are one of the most productive habitats on Earth. They're also efficient in capturing carbon and protect coastlines by buffering against wave energy.

However, kelp forests across the west coast of North America have declined in recent years due to pressures such as marine heatwaves, made more frequent and intense with climate change, and predation from increasing numbers of sea urchins, which have benefitted from population collapses of sea stars, which predate them.

Kyle Cavanaugh, a senior author of the study and professor in the UCLA Department of Geography and Institute of the Environment and Sustainability said: "Kelp forests are facing many threats, including ocean warming, overgrazing, and pollution. These forests can be remarkably resilient to individual stressors, but multi-stressor situations can overwhelm their capacity to recover. By mitigating certain stressors, MPAs can help enhance the resilience of kelp."

Marine protected areas as a conservation tool

MPAs are designated areas of the ocean where human activity is limited to support ecosystems and the species living there. However, protections vary widely and while some areas are no-take zones, others have few restrictions or lack comprehensive management and enforcement. Many even allow destructive practices like bottom trawling.




Effective MPAs form a key part of the Kunming-Montreal Global Biodiversity Framework, agreed at COP15 in 2022, which commits nations to protecting at least 30% of oceans and land by 2030.

"Our findings can inform decisions about where to establish new MPAs or implement other spatial protection measures." said Kyle Cavanaugh. "MPAs will be most effective when located in areas that are inherently more resilient to ocean warming, such as regions with localized upwelling or kelp populations with higher thermal tolerance."

Emelly Villa added: "Our findings suggest that kelp forests could be a useful indicator for tracking the ecological health and climate resilience of protected areas and should be included in long-term monitoring strategies."

Measuring the impact of marine protected areas

To understand the effects MPAs were having on kelp, the researchers used of satellite data from 1984-2022 to compare kelp forests inside and outside of 54 MPAs along the California coast.

By matching each MPA with a reference site with similar environmental conditions, they were able to test whether MPAs helped kelp forests resist loss or recover from extreme marine heatwaves which took place in the North pacific between 2014 and 2016.

The researchers warn that while their findings show that MPAs can help kelp recovery after marine heatwaves, the effect was highly variable depending on location.

"On average, kelp within MPAs showed greater recovery than in the reference sites. However, not all MPAs outperformed their corresponding reference sites, suggesting that additional factors are also play a role in determining resilience." said Kyle Cavanaugh.

The researchers say that future work could look to identify these factors to better understand where and when MPAs are most effective at enhancing kelp resilience.
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Why listening may be the most powerful medicine | ScienceDaily
When you visit a doctor, you expect them to listen. But in today's fast-paced health care system, real listening -- the kind that makes you feel seen, heard and understood -- can be the first thing to go.


						
A new article, co-authored by Dr. Leonard Berry of Texas A&M University's Mays Business School, argues that listening isn't just a nice gesture, it's a powerful tool that can improve your care and even help heal the health care system itself.

Berry and colleagues at the Institute for Healthcare Improvement in Boston and Henry Ford Health Detroit published their findings in Mayo Clinic Proceedings.

The Case Of The Norwegian Nurse

The team identified what it calls "values-driven listening." It's about more than asking questions, it's about asking the right questions, being present and showing genuine curiosity and compassion.

"Listening is the gateway to healing," Berry said. "It's how we connect, understand and ultimately serve better."

One story in the article shows just how transformative listening can be. A nurse in a Norwegian nursing home asked a patient, "What would make a good day for you?"

The patient responded: "I want to wear my blue shirt."




"Why the blue one?" the nurse asked.

"That was my wife's favorite shirt," the patient said. "She died two years ago today, and I want to honor her."

The patient shared memories of his wife with the nurse, and afterward, he asked for a wheelchair so that he could tell other patients about her; it was the first time he'd ever asked to interact with other people at the facility.

"That's not a medical breakthrough," Berry said, "it's a human one."

Six Listening Strategies

The authors outline six types of listening that contribute to better care:

Listening That Is Proximate Being physically present matters. Your provider can learn far more from a quiet moment in the exam room than from a rushed message or chart note. When they're close, focused and curious, you're more likely to open up, and that kind of trust is essential for making decisions together about your care. Be sure your provider spends this focused time with you.




Listening That Is Curious Your provider's curiosity can be just as important as their expertise. When they ask open-ended questions and pay attention to your words, body language and emotions, it creates space for honest conversation. That's often when key details emerge informing the plan of care. "What are your concerns about the plan of care we've discussed?" creates a path for open dialogue in a way that "Do you have any questions?" does not.

Listening That Earns And Enables Trust Trust starts when you feel safe to speak candidly, and that happens when your provider listens without judgment, gives you their full attention and treats your input as essential. At Henry Ford Health, some doctors are using AI-powered tools to handle notetaking during appointments, so they can focus entirely on the conversation.

Listening Aided By Design The design of a clinic or hospital can affect how well you're heard. Small, crowded spaces make private conversations harder, but simple changes -- like your provider sitting down during a visit -- can make you feel more cared for and listened to. Some health systems, like Southcentral Foundation in Alaska, have created "talking rooms" that feel less clinical and more personal, showing that listening isn't just a skill, it's something built into the space itself.

Listening That Empowers Listening should lead to action, and that includes listening to the people who care for you. When frontline staff are asked what's wasting time or making care harder, they often have smart, simple fixes. At Hawaii Pacific Health, a program called "Getting Rid of Stupid Stuff" led to hundreds of suggestions, including one that saved nurses 1,700 hours a month by removing a pointless documentation rule. When staff are empowered to speak up, care becomes more efficient, less frustrating and better for everyone.

Listening That Fosters Resilience Caring for others is demanding, and when health care workers are supported, they're better able to support you. Simple acts like sharing meals and stories with colleagues can help reduce burnout and build emotional strength in those who are caring for you. Some hospitals schedule time for these peer connections, creating space for reflection and support. Ask your provider how their health care system supports its workers.

Listening Is Kindness

Berry and his co-authors write that deep listening benefits all parties: clinician-to patient; clinician-to-clinician; leader-to-clinical and non-clinical staff. It's a cultural shift that starts with values. "Do you care enough to listen?" they ask.

For patients, this means you should feel empowered to speak up and expect to be heard.

"Your experiences, concerns and insights are not just helpful, they're essential," Berry said. "And when your care team listens with empathy and curiosity, it leads to better decisions, stronger relationships and more personalized care.

"Kindness is not a luxury in health care, it's a necessity. And true listening is one of its most powerful expressions."
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How low should blood pressure go? New study has the answer | ScienceDaily
Research led by investigators at Mass General Brigham suggests that the health benefits of more aggressive blood pressure control outweigh concerns about overtreating people with high blood pressure readings. Results of the simulation study are published in Annals of Internal Medicine.


						
The study used data from the Systolic Blood Pressure Intervention Trial (SPRINT) trial, the National Health and Nutrition Examination Survey (NHANES), and other published literature to simulate lifetime health outcomes -- including heart attack, stroke, and heart failure -- for patients whose systolic blood pressure targets were set at <120 mm Hg, <130 mm Hg, and <140 mm Hg. Recognizing that blood pressure medication comes with side effects, the researchers also simulated and compared the risk of serious events resulting from the treatment.

The simulation model also accounted for common errors in patients' blood pressure readings based on what has been observed in routine clinical practice.

Even when including this error rate, the simulation model found the <120 mm Hg target prevented more cardiovascular events, such as heart attacks, strokes, and heart failure than the <130 mm Hg target. However, the lower target led to additional adverse events related to treatment, such as falls, kidney injury, hypotension, and bradycardia. The lower target also increased overall healthcare spending due to increased antihypertensive use and more frequent visits with clinicians.

Comparing the cost-effectiveness of the three blood pressure targets with typical levels of measurement error, the researchers found the <120 mm Hg target was cost-effective, associated with a cost of $42,000 per quality-adjusted life-year gained.

"This study should give patients at high cardiovascular risk and their clinicians more confidence in pursuing an intensive blood pressure goal," said lead author Karen Smith, PhD, an investigator at the Department of Orthopedic Surgery at Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system. "Our findings suggest the intensive <120 mm Hg target prevents more cardiovascular events and provides good value, and this holds true even when measurements aren't perfect."

Smith also cautioned, "Our results examine the cost-effectiveness of intensive treatment at the population level. However, given the additional risk of adverse events related to antihypertensives, intensive treatment will not be optimal for all patients. Patients and clinicians should work together to determine the appropriate medication intensity based on patient preferences."

Authorship: In addition to Smith, Mass General Brigham authors include Thomas Gaziano. Additional authors include Alvin Mushlin, David Cutler, Nicolas Menzies, and Ankur Pandya.

Funding: The study was funded by the National Science Foundation and the National Institute of Neurological Disorders and Stroke.
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			Scientists just found the brain's secret GPS system

			Researchers used neuroimaging and virtual reality to identify two brain regions that help people maintain their sense of direction while moving around.
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					Researchers discovered two brain regions that work as a "neural compass," keeping people oriented in virtual city navigation. These areas tracked direction consistently, hinting at new ways to detect and monitor neurological disorders that cause disorientation.
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 The brain has built-in compass regions that help us stay oriented, even in changing environments--insights that could aid in understanding and detecting neurological disease. Credit: AI/ScienceDaily.com

 





						Zhengang Lu and Russell Epstein, from the University of Pennsylvania, led a study to explore how people maintain their sense of direction while navigating naturalistic, virtual reality cities.


						
As reported in their new JNeurosci paper, the researchers collected neuroimaging data while 15 participants performed a taxi driving task in a virtual reality city. Two brain regions represented forward-facing direction as people moved around. This neural signal was consistent across variations of the city with different visual features. The signal was also consistent across different phases of the task (i.e., picking up a passenger versus driving a passenger to their drop-off location) and various locations in the city. Additional analyses suggested that these brain regions represent a broad range of facing directions by keeping track of direction relative to the north-south axis of the environment.

According to the researchers, these findings suggest that these brain regions may serve as a neural compass. Says Epstein, "Losing your sense of direction is something that can happen in neurodegenerative diseases, so continuing to explore the function of these two brain regions may help with early detection or monitoring progression of these diseases. We're also interested in understanding how people navigate using both visual and internal cues -- this would relate to the challenges faced by people with impaired vision."
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Genetic evidence confirms early puberty accelerates aging and disease | ScienceDaily
Reproductive timing matters when it comes to aging and age-related disease. In a study now online at eLife  Buck researchers determine that girls who go through puberty (the onset of menstruation) before the age of 11 or women who give birth before the age of 21 have double the risk of developing type 2 diabetes, heart failure and obesity and quadruple the risk of developing severe metabolic disorders. The study also reveals that later puberty and childbirth are genetically associated with longer lifespan, lower frailty, slower epigenetic aging and reduced risk of age-related diseases, including type 2 diabetes and Alzheimer's.


						
Buck professor Pankaj Kapahi, PhD, senior author of the study says the public health implications of the research are significant. "Even though women are routinely asked about their menstrual and childbirth history when they receive medical care, this information has rarely factored into the care they receive outside of OB/GYN," he says. "These risk factors, whether positive or negative, clearly have significant influence on a variety of age-related diseases and should be considered in the larger context of overall health."

The research was based on one of the most comprehensive analyses to date, using regression analysis on nearly 200,000 women in the UK Biobank to confirm genetic associations. "We identified 126 genetic markers that mediate the effects of early puberty and childbirth on aging," said postdoctoral fellow Yifan Xiang, MD, who led the research. "Many of these markers are involved in well-known longevity pathways, such as IGF-1, growth hormone, AMPK and mTOR signaling, key regulators of metabolism and aging."

Genetic associations for antagonistic pleiotropy in humans

Evolution is based on natural selection acting on traits early in life to encourage reproduction and survival of the species. The antagonistic pleiotropy theory of aging suggests that traits beneficial in the young can have negative effects later in life. "Our study provides some of the strongest human evidence for this theory," Kapahi says. "We show that genetic factors favoring early reproduction come with the significant cost later in life including accelerated aging and disease. It makes sense that the very factors that help enhance survival of the offspring may lead to detrimental consequences for the mother."

The role of BMI in aging and disease risk

Kapahi says the study highlights the role of Body Mass Index (BMI) as a critical mediator of this process, finding that early reproductive events contribute to a higher BMI, which in turn increases the risk of metabolic disease. "One can envisage that enhancing the ability to absorb nutrients would benefit the offspring but if nutrients are plentiful then it can enhance the risk of obesity and diabetes."

Implications for public health and basic science




Kapahi says understanding the long-term impact of reproductive timing allows for the development of personalized healthcare strategies that could help mitigate the risks associated with early puberty and early childbirth, adding that lifestyle modifications, metabolic screenings and tailored dietary recommendations could improve long-term health in women. He says taking reproductive timing into account is currently relevant based on research that shows the age at which girls in the US begin menstruating has dropped by about three months per decade since the 1970s. No specific causes for the phenomena have been identified, but research suggests obesity may play a role.

While updated research guidelines call for the use of both sexes in preclinical research in mice, Kapahi says this current study still challenges traditional experimental design, noting that most disease models use virgin female mice, which may not accurately represent real-world aging patterns.

"If evolution has shaped us to prioritize early reproduction at the cost of aging, how can we leverage this knowledge to extend healthspan in modern society? Kapahi asks. "While we cannot change our genetic inheritance, understanding these genetic tradeoffs empowers us to make informed choices about health, lifestyle and medical care." The study also identifies several genetic pathways that can be manipulated to optimize health for mothers as well as her offspring Kapahi says.

Other Buck researchers involved in the study include: Vineeta Tanwar, Parminder Singh, and Lizellen La Follette.

Acknowledgments: This research was supported by Hevolution Foundation (PK), National Institute of Health grant R01AG068288 and R01AG045835 (PK), Larry L. Hillblom Foundation (PK), and Larry L. Hillblom Foundation (PS).
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Scientists uncover sugar pathway driving aggressive childhood cancer | ScienceDaily
A new study delving into the genetic drivers of a rare and aggressive childhood cancer called Malignant Peripheral Nerve Sheath Tumor (MPNST) has revealed metabolic frailties in the cancer cells that might be exploited to improved treatments for patients.


						
MPNST is a rare and deadly childhood cancer, which mainly affects teenagers and young adults. These tumors grow quickly, spread easily, and don't respond well to current treatments. Metastasis is the leading cause of death in MPNST and there currently are no targeted treatments for metastatic disease.

The study, led by University of Iowa researchers Eric Taylor, PhD, professor of molecular physiology and biophysics, and Rebecca Dodd, PhD, associate professor of internal medicine, identifies a specific metabolic pathway that is critical for MPNST cells' survival and growth, which could potentially be targeted with future therapies.

Targeting cancer metabolism to slow tumor progression 

To better understand these tumors, the UI researchers used gene editing to create new research models that closely match the cancer-driving mutations found in patients. Using these models, they then applied state-of-the-art genomic and metabolomic tools to map the metabolic pathways that fuel tumor growth in MPNST.

The study, published in Science Advances, found that these cancers rely on a key metabolic pathway to help them survive oxidative stress and drive tumor growth. This pathway, known as the Pentose Phosphate Pathway (PPP), metabolizes sugar to produce a critical antioxidant molecule that the cancer cells require to combat oxidative stress. When the researchers blocked the PPP, the tumors grew more slowly and were more vulnerable to chemotherapy.

"This is the first time this specific metabolic pathway has been linked to MPNST tumor growth, making it a completely new target for therapy in this cancer type," Dodd says. "It opens the door to treatment strategies that haven't been explored before and could lead to more effective treatments and better outcomes for patients who urgently need new options."

The highly collaborative study combined Dodd's expertise in cancer biology with Taylor's expertise in metabolism. The lead author was UI graduate student Gavin McGivney, PhD, from Bayard in Guthrie County, Iowa, who was co-mentored by Dodd and Taylor. McGivney graduated from the UI Cancer Biology graduate program in 2024, and is now a postdoctoral scholar at University of Chicago. Dodd and Taylor are both members of UI Health Care Holden Comprehensive Cancer Center, and Taylor is a member of the UI Fraternal Order of Eagles Diabetes Research Center.

In addition to Dodd, Taylor, and McGivney, the research team also included UI researchers in the Departments of Internal Medicine, Molecular Physiology and Biophysics, and Radiation Oncology at the UI Roy J. and Lucille A. Carver College of Medicine. Researchers at Washington University School of Medicine, University of Texas MD Anderson Cancer Center, and the University of Toronto, were also part of the team.

The research was funded in part by grants from the Children's Tumor Foundation, the National Institutes of Health, the American Heart Association, the U.S. Department of Defense, and the American Cancer Society through Holden Comprehensive Cancer Center.
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Scientists unlock the gene that lets bearded dragons switch sex | ScienceDaily
August 19 marks the publication by two different studies presenting the near-complete reference genomes of the central bearded dragon (Pogona vitticeps), a widely distributed species of dragon lizard common in central eastern Australia and popular as pets in Europe, Asia, and North America. This species has an unusual trait for an animal species: whether this lizard grows up to be a male or a female depends not only on genetics but also on the temperature of its nest. This has long made it a useful model to study the biological basis of sex determination, and the advent of huge technological improvements in genomics has finally found a region of the genome and a potential master sex determination gene likely central to male sexual differentiation. The independent verification of this by two different groups using two different approaches making this a much stronger finding.


						
Bearded dragons have an unusual sex determination system which is influenced by both genetics and environmental factors, specifically temperature. Unlike most animals where sex is solely determined by chromosomes, bearded dragons can have their sex reversed from male to female by high incubation temperatures. Meaning a lizard with male chromosomes can develop into a reproductively functional female if the egg is incubated at a warm enough temperature.

Like birds and many reptiles, this species has a ZZ/ZW sex chromosome system where females have a pair of dissimilar ZW chromosomes, and males have two similar ZZ chromosomes. Sex determination in this species is complicated further, as ZZ genotypic males can change to phenotypic females at high incubation temperatures without the help of W chromosome or W-linked genes. New ultra-long nanopore sequencing technology now allows us to generate telomere-to-telomere (T2T) assemblies of the sex chromosomes and identify the non-recombining regions to help narrow the field of candidate sex determining genes in species with chromosomal sex determination. The ability of this technology to better separate out the maternal and paternal halves of the genome now allows much easier comparisons of the Z and W sequences to gauge potential loss or difference in function of key sex gene candidates.

The first paper from researchers from BGI, Chinese Academy of Sciences and Zhejiang University, uses DNBSEQ short-reads combined with long-reads from the new CycloneSEQ nanopore sequencer, this being the first animal genome published using this technology. Generation of the second genome was led by researchers from the University of Canberra with funding from Bioplatforms Australia, the Australian Research Council and PacBio Singapore, and with contributions to analyses from researchers of the Australian National University, Garvan Institute for Medical Research, University of New South Wales and CSIRO alongside Universitat Autonoma de Barcelona (UAB) in Spain. This assembly uses PacBio HiFi, ONT ultralong reads and Hi-C sequencing. Having reference genomes published using these two different technologies allows a like-for-like comparison between the ONT and CycloneSEQ technologies for the first time. Both technologies also complement each other by investigating the sex determination question using different approaches. The first genome sequenced a ZZ male central bearded dragon to characterize the whole Z sex chromosome for the first time while the second assembled the genome of a female ZW individual. The new nanopore sequencer also enabled the recovery of around 124 million base pairs of previously undescribed and missing sequences (nearly 7% of the genome), which included numerous genes and regulatory elements to better elucidate the complicated sex determination system.

Both projects assembled 1.75 Gbp genome assemblies of exceptionally high quality to assemble all but one of the telomeres, and only a few gaps remained mostly located in the microchromosomes. Using this data showed the Z and W specific sex chromosomes were assembled into single scaffolds, and a "pseudo-autosomal region" (PAR) where the sex chromosomes pair and recombine was also detected on chromosome 16. The sequencing of the male dragon by the BGI team looked for genes specific to Z but not the W chromosomes, and Amh and Amhr2 (the Anti-Mullerian hormone gene and its receptor) plus Bmpr1a were determined as strong candidates for the sex determining genes in this species. The sequencing of the female dragon by the Australian-led team pinpointed to the same candidate Sex Determination Region (SDR) of their dragon genome, and also highlighted Amh and Amhr2 as the likely candidate genes. Studying the expression in different developmental stages found Amh had significant male-biased expression patterns making it the most likely candidate as the master sex-determining gene. The differential expression of another sex-related gene Nr5a1 in the PAR suggests that the story may be more complicated, as Nr5a1 encodes a transcription factor with binding sites on the Amh promoter region. Unlike many fish that enlist Amh-like genes in sex determination, the autosomal copies of Amh and its receptor gene Amhr2 remain intact and functional. It could be that sex is determined by some form of caucus among genes on the sex chromosomes of the bearded dragon moderated by their residual autosomal copies.

The main highlight of these assemblies is therefore the discovery of genetic elements central to male sexual differentiation in vertebrates, on the sex chromosomes. The genes Amh and that coding its receptor AMHR2 have been copied to the Z chromosome in the non-recombining region, and so are obvious candidates for the master sex determining gene working via a dosage-based mechanism in this species, a discovery that has eluded discovery for so many years. No master sex determining gene akin to Sry in mammals or Dmrt1 in birds has to date been discovered in any reptile species. This new work provides a clear candidate in Amh, which is present in double dose in the ZZ male and single dose in the ZW female.

Arthur Georges from University of Canberra and senior author on the second paper says on the utility of this work: "We anticipate accelerated research in other areas arising from these newly available assemblies, such as cranial development, brain development, behavioral studies, gene-gene and gene-environment interactions in comparative studies of vertebrate sex determination and in many other areas looking for a well-supported squamate model against which to compare with their model species be it mouse, human or bird."

"I never cease to be amazed by the rapidity of progress of Chinese science. In relatively few years, BGI and its companion enterprises have developed sequencing technologies that deliver outcomes as good, and throughput and cost effectiveness that is better, than competing technologies on the market. These genome assemblies are testimony to that level of achievement."




Qiye Li from BGI and senior author on the first paper Lead author of the Chinese project explains their rationale for using this approach: "We decided to start working on the bearded dragon genome last year as the first animal genome for this new sequencer because it was the Year of the Dragon in China. Benefiting from the unbiased long-reads provided by the CycloneSEQ sequencer, we readily obtained a highly contiguous genome assembly and resolved highly repetitive and high-GC regions that were traditionally challenging for assembly. The two reference genomes, derived from opposite sex and generated by different technologies, are indeed complementary to each other. I am excited that both genomes pinpoint the key role of AMH signaling in sex determination in this species. But how did the sex chromosomes arise? We anticipate that additional high-quality genomes from related species will further elucidate the evolutionary origin of the ZW system and complete the story."

Having two separate projects finding the same key candidate master genes independently of each other greatly increases the confidence in these findings. And openly sharing all of the data allows others to build upon this work, especially as the exact role of some of the other contributing transcription factors linked to sex determination are not yet fully resolved. The generation of these two new high quality genome assemblies however, is a massive step forward towards understanding the complete story of sex determination in this species.

A webinar with the two lead authors is organized for August 26th at 10.00am UTC and provides an opportunity to ask them questions on this work. Sign up here to watch and post questions https://cassyni.com/events/SWHReTL1j8YPEvxnLsyKYq
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After 70 years, the Sun's explosive mystery is finally solved | ScienceDaily
New research led by Southwest Research Institute (SwRI) has confirmed decades-old theoretical models about magnetic reconnection, the process that releases stored magnetic energy to drive solar flares, coronal mass ejections and other space weather phenomena. The data was captured by NASA's Parker Solar Probe (PSP), which is the only spacecraft to have flown through the Sun's upper atmosphere.


						
Magnetic reconnection occurs when magnetic field lines in plasma sever and reconnect in a new configuration, releasing large amounts of stored energy. On the Sun, this energy release often results in solar activity that can affect technology on Earth, a phenomenon known as space weather. Modeling solar magnetic reconnection accurately may help predict coronal mass ejections, solar flares and other space weather events that can impact satellites, communication systems and even power grids on Earth.

"Reconnection operates at different spatial and temporal scales, in space plasmas ranging from the Sun to Earth's magnetosphere to laboratory settings to cosmic scales," said Dr. Ritesh Patel, a research scientist in SwRI's Solar System Science and Exploration Division in Boulder, Colorado, and lead author of a new paper published in Nature Astronomy. "Since the late 1990s, we have been able to identify reconnection in the solar corona through imaging and spectroscopy. In-situ detection was possible in Earth's magnetosphere with the launch of missions like NASA's Magnetospheric Multiscale (MMS) mission. Similar studies in the solar corona, however, only became possible when NASA's Parker Solar Probe launched in 2018."

PSP's record-breaking proximity to the Sun has enabled new opportunities for study. A Sept. 6, 2022, approach revealed a huge eruption, providing an opportunity to image and sample the plasma and magnetic field properties in detail for the first time. Using a combination of imaging and in-situ diagnostic techniques as well as complementary observations from the European Space Agency's Solar Orbiter, the SwRI-led team confirmed that PSP had flown through a reconnection region in the solar atmosphere for the very first time.

"We've been developing the theory of magnetic reconnection for almost 70 years, so we had a basic idea of how different parameters would behave," Patel said. "The measurements and observations received from the encounter have validated numerical simulation models that have existed for decades within some degree of uncertainty. The data will serve as strong constraints for future models and provide a path to understand PSP's solar measurements from other timeframes and events."

NASA's MMS mission, led by SwRI, provided researchers with an idea of how reconnection occurs in the near-Earth environment on a smaller scale. The 2022 PSP observations now provide researchers with the missing piece connecting Earth scale to solar scale reconnection. SwRI will next work to identify whether reconnection mechanisms accompanied with turbulence or fluctuations and waves of the magnetic fields are present in the solar regions PSP identified as having active reconnection.

"Ongoing work provides discoveries at different scales, which allows us to see how energy is transferred and how particles are accelerated," Patel said. "Understanding these processes at the Sun can help better predict solar activity and improve our understanding of the near-Earth environment."

The Parker Solar Probe was developed as part of NASA's Living with a Star program to explore aspects of the Sun-Earth system that directly affect life and society. The Living with a Star program is managed by the agency's Goddard Space Flight Center in Greenbelt, Maryland, for NASA's Science Mission Directorate in Washington. Johns Hopkins University Applied Physics Laboratory designed, built and currently operates the spacecraft and manages the mission for NASA.
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Scientists may have finally found the Universe's missing sulfur | ScienceDaily
For decades, astrochemists have been looking for sulfur atoms in space and finding surprisingly little of the element that is a key ingredient to life. A new study could point to where it has been hiding.


						
An international team of researchers including Ryan Fortenberry, an astrochemist at the University of Mississippi, and Ralf Kaiser, professor of chemistry at the University of Hawaii at Manoa and Samer Gozem, computational chemist at Georgia State University, published their research in the journal Nature Communications.

"Hydrogen sulfide is everywhere: it's a product of coal-fired power plants, it has an effect on acid rain, it changes the pH levels of oceans and it comes out of volcanoes," Fortenberry said. "If we gain a better understanding of what the chemistry of sulfur can do, the technological commercialization that can come from that can only be realized with a foundation of fundamental knowledge."

Sulfur is the 10th most abundant element in the universe and is considered a vital chemical element for planets, stars and life. The lack of molecular sulfur in space has been a mystery for years.

"The observed amount of sulfur in dense molecular clouds is less - compared to predicted gas-phase abundances- by three orders of magnitude," Kaiser said.

The answer might lie in interstellar ice.

In cold regions of space, sulfur can form two distinct, stable configurations: octasulfur crowns, which are a group of eight sulfur atoms configured in ring-like crowns, and polysulfanes, chains of sulfur atoms that are bonded by hydrogen. These molecules can form on icy dust grains, locking sulfur into solid forms.




"If you use, for instance, the James Webb Space Telescope, you get a specific signature at specific wavelengths for oxygen and carbon and nitrogen and so forth," Fortenberry said. "But when you do that for sulfur, it's out of whack, and we don't know why there isn't enough molecular sulfur.

"What this work is showing is that the most common forms of sulfur that we already know about are probably where the sulfur is hiding."

Kaiser and Fortenberry's research showed that these sulfur-rich molecules may be abundant in icy regions of interstellar space, giving astronomers a potential road map to solving the sulfur puzzle.

"Laboratory simulations of interstellar conditions such as this study discover possible inventories of sulfur-containing molecules that can be formed on interstellar ices," Kaiser said. "Astronomers can then utilize the results and look for these polysulfane molecules in the interstellar medium via radio telescopes once sublimed into the gas-phase in star forming regions."

The reason sulfur has been so difficult to find is that the bonds it forms are always changing, going from crowns to chains and a variety of other formulations.

"It never maintains the same shape," Fortenberry said. "It's kind of like a virus - as it moves, it changes."

The researchers' work identifies possible stable configurations that astronomers can search for in the universe.

"The thing that I love about astrochemistry is that it forces you to ask hard questions, then forces you to come up with creative solutions," Fortenberry said. "And those hard questions and creative solutions can have significant, unintended positive consequences."
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Why recycling 'dead' batteries could save billions and slash pollution | ScienceDaily
Increased demand for electric vehicles, portable electronics, and renewable energy storage has resulted in lithium becoming a truly critical mineral. As the world races toward a clean energy future, the recycling of lithium batteries has become crucial.


						
New research from Edith Cowan University (ECU) has highlighted that tapping into used batteries as a secondary source of lithium not only helps reduce environmental impact but also secures access to this valuable resource, supporting a circular economy and ensuring long-term sustainability in the energy sector.

PhD student Ms Sadia Afrin has pointed out that the global lithium-ion battery market size is projected to expand at a compound annual growth rate of 13 per cent, reaching $87.5 billion by 2027, with lithium consumption forecast to increase from 390 kilotons in 2020 to approximately 1,600 kilotons by 2026.

However, only around 20 per cent of a lithium-ion battery's capacity is used before the battery is no longer fit for use in electric vehicles, meaning those batteries ending up in storage or on the landfill retain nearly 80 per cent of their lithium capacity.

The Australian Department of Industry, Science and Resources has previously estimated that by 2035, Australia could be generating 137,000 t of lithium battery waste annually.

For the end-of-life batteries, the obvious answer is recycling, said first author Mr Asad Ali quoting figures from the government which estimates that the recycling industry could be worth between $603 million and $3.1 billion annually in just over a decade.

"By recycling these batteries, you can access not only the remaining lithium - which already purified to near 99 per cent - but you can also retrieve the nickel and the cobalt from these batteries."

While the lithium retrieved through the recycling process is unlikely to impact the lithium extraction or downstream sectors, Mr Ali noted that the recycling process offered significant environmental benefits when compared with the mining industry.




"Recycling processes can significantly reduce the extensive use of land, soil contamination, ecological footprint, water footprint, carbon footprint and harmful chemical release into the environment, thereby lowering greenhouse gas emissions and minimising waste.

"Mining emits up to 37% tons of CO2 per ton of lithium. Recycling processes produce up to 61 per cent less carbon emissions compared with mining and uses 83 per cent less energy and 79 per cent less water as compared to mining. Hydrometallurgical recycling can generate profit up to $27.70 per kilogram of lithium recovered. And again, the lithium produced through the recycling process is already purified to 99 per cent, which means all of the energy, water and emissions are saved from the downstream process."

ECU lecturer and corresponding author Dr Muhammad Azhar said that while Australia holds one of the largest hard rock lithium reserves in the world, the recovery of lithium from end-of-life batteries could provide socio-economic benefits and fulfils environmental sustainability.

"The mining industry actually offers another source of retired and potentially end-of-life batteries, as the electrification of the mining industry gains momentum. ECU is exploring the second life of these retired lithium batteries," he added.

While the benefits of lithium-ion battery recycling seem obvious, Ms Afrin noted that there were still some challenges to be addressed.

"The rate of innovation significantly outstrips policy development, and the chemical make-up of the batteries also continuously evolve, which makes the recycling of these batteries more complicated," she said.

"There is a definite need for investment into the right infrastructure in order to create this circular economy, but there are several Australian companies that are looking at the best ways to approach this."
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Tiny microbes may secretly rewire the brain before birth | ScienceDaily
    	Microbes, or microorganisms, are all around us and play an important role in bodily functions. MSU researchers found that microbes can also impact brain development. 
    	This work is significant because modern obstetric practices like peripartum antibiotic use and Cesarean delivery disturb the microbiome of mothers and newborns.

New research from Michigan State University finds that microbes play an important role in shaping early brain development, specifically in a key brain region that controls stress, social behavior, and vital body functions.

The study, published in Hormones and Behavior, used a mouse model to highlight how natural microbial exposure not only impacts brain structure immediately after birth but may even begin influencing development while still in the womb. A mouse model was chosen because mice share significant biological and behavioral similarities with humans and there are no other alternatives to study the role of microbes on brain development.

This work is of significance because modern obstetric practices, like peripartum antibiotic use and Cesarean delivery, disrupt maternal microbes. In the United States alone, 40% of women receive antibiotics around childbirth and one-third of all births occur via Cesarean section.

"At birth, a newborn body is colonized by microbes as it travels through the birth canal. Birth also coincides with important developmental events that shape the brain. We wanted to further explore how the arrival of these microbes may affect brain development," said Alexandra Castillo Ruiz, lead author of the study and assistant professor in the MSU Department of Psychology.

The research team focused on a brain region called the paraventricular nucleus of the hypothalamus (PVN), which plays a central role in regulating stress, blood pressure, water balance, and even social behavior. Their previous work had shown that mice raised without microbes, or germ-free mice, had more dying neurons in the PVN during early development. The new study set out to determine whether this increased cell death translated to changes in neuron number in the long run, and if any effects could be caused by the arrival of microbes at birth or if they began in the womb via signals from maternal microbes.

To find out, the researchers used a cross-fostering approach. Germ-free newborn mice were placed with mothers that had microbes and compared them to control groups. When the brains of these mice were examined just three days after birth, results were striking: All mice gestated by germ-free mothers had fewer neurons in the PVN, regardless of whether they received microbes after birth. They also found that germ-free adult mice had fewer neurons in the PVN.

"Our study shows that microbes play an important role in sculpting a brain region that is paramount for body functions and social behavior. In addition, our study indicates that microbial effects start in the womb via signaling from maternal microbes," said Dr. Castillo-Ruiz.

Rather than shunning our microbes, we should recognize them as partners in early life development," said Dr. Castillo-Ruiz. "They're helping build our brains from the very beginning."
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Columbia scientists may have found a universal antiviral | ScienceDaily
For a few dozen people in the world, the downside of living with a rare immune condition comes with a surprising superpower -- the ability to fight off all viruses.


						
Columbia immunologist Dusan Bogunovic discovered the individuals' antiviral powers about 15 years ago, soon after he identified the genetic mutation that causes the condition.

At first, the condition only seemed to increase vulnerability to some bacterial infections. But as more patients were identified, its unexpected antiviral benefits became apparent. Bogunovic, a professor of pediatric immunology at Columbia University's Vagelos College of Physicians and Surgeons, soon learned that everyone with the mutation, which causes a deficiency in an immune regulator called ISG15, has mild, but persistent systemic inflammation.

"The type of inflammation they had was antiviral, and that's when it dawned on me that these individuals could be hiding something," Bogunovic recalls. When he and his colleagues looked at the individuals' immune cells, they could see encounters with all sorts of viruses -- flu, measles, mumps, chickenpox. But the patients had never reported any overt signs of infection or illness.

"In the back of my mind, I kept thinking that if we could produce this type of light immune activation in other people, we could protect them from just about any virus," Bogunovic says.

Today, Bogunovic is closing in on a therapeutic strategy that could provide that broad-spectrum protection against viruses and become an important weapon in next pandemic.

In his latest study, published Aug. 13 in Science Translational Medicine, Bogunovic and his team report that an experimental therapy they've developed temporarily gives recipients (hamsters and mice, so far) the same antiviral superpower as people with ISG15 deficiency. When administered prophylactically into the animals' lungs via a nasal drip, the therapy prevented viral replication of influenza and SARS-CoV-2 viruses and lessened disease severity.




In cell culture, "we have yet to find a virus that can break through the therapy's defenses," Bogunovic says.

Mimicking the immune superpowers of a rare condition 

Bogunovic's therapy is designed to mimic what happens in people with ISG15 deficiency, but only for a short time.

Instead of turning off ISG15 directly -- which leads to the production of more than 60 proteins -- Bogunovic's therapeutic turns on production of 10 proteins that are primarily responsible for the broad antiviral protection.

The current design resembles COVID mRNA vaccines but with a twist: Ten mRNAs encoding the 10 proteins are packaged inside a lipid nanoparticle. Once the nanoparticles are absorbed by the recipient's cells, the cells generate the ten host proteins to produce the antiviral protection.

"We only generate a small amount of these ten proteins, for a very short time, and that leads to much less inflammation than what we see in ISG15-deficient individuals," Bogunovic says. "But that inflammation is enough to prevent antiviral diseases."

Foundation for future therapy 




Bogunovic's team sees their technology as a weapon for the next pandemic -- providing protection for first responders, people in nursing homes, and family members of infected individuals -- regardless of the responsible virus.

"We believe the technology will work even if we don't know the identity of the virus," Bogunovic says. Importantly, the antiviral protection provided by the technology will not prevent people from developing their own immunological memory to the virus for longer-term protection.

But the technology's drug delivery and absorption properties still need optimization. When delivered to animals via nanoparticles, the 10 proteins were produced in the lungs, "but probably not at high enough levels that makes us comfortable going into people immediately," Bogunovic says.

"Once the therapy reaches our cells, it works, but the delivery of any nucleic acid, DNA or RNA, into the part of the body you want to protect is currently the biggest challenge in the field." The researchers also need to determine how long the therapy's antiviral protection will last, currently estimated at three to four days.

"Our findings reinforce the power of research driven by curiosity without preconceived notions," Bogunovic says. "We were not looking for an antiviral when we began studying our rare patients, but the studies have inspired the potential development of a universal antiviral for everyone."

The study, "An mRNA-based broad-spectrum antiviral inspired by ISG15 deficiency protects against viral infections in vitro and in vivo," was published Aug. 13 in Science Translational Medicine.

All authors: Yemsratch T. Akalu (Columbia), Roosheel S. Patel (Columbia and Icahn School of Medicine at Mount Sinai), Justin Taft (Columbia and Mount Sinai), Rodrigo Canas-Arranz (Mount Sinai), Rachel Geltman (Columbia and Mount Sinai), Ashley Richardson (Mount Sinai), Sofija Buta (Columbia), Marta Martin-Fernandez (Columbia and Instituto de Salud Carlos III), Christos Sazeides (Columbia and Mount Sinai), Rebecca L. Pearl (Mount Sinai), Gayatri Mainkar (Mount Sinai), Andrew P. Kurland (Columbia and Mount Sinai), Haylen Rosberger (Mount Sinai), Diana D. Kang (Mount Sinai), Ann Anu Kurian (Mount Sinai), Keerat Kaur (Mount Sinai), Jennie Altman (Mount Sinai), Yizhou Dong (Mount Sinai), Jeffrey R. Johnson (Mount Sinai), Lior Zangi (Mount Sinai), Jean K. Lim (Mount Sinai), Randy A. Albrecht (Mount Sinai), Adolfo Garcia-Sastre (Mount Sinai), Brad R. Rosenberg (Mount Sinai), and Dusan Bogunovic (Columbia).

This research was supported by grants and contracts from the National Institute of Allergy and Infectious Diseases (R01AI151029, R01AI127372, R41AI164999, R21AI134366, R21AI129827, R01AI150837, R01AI124690, T32AI07647, U19AI135972, and 75N93021C00014); the March of Dimes; the Department of Microbiology, Icahn School of Medicine at Mount Sinai Fund; and the Defense Advancement Research Projects Agency (grant HR0011-19-2-319 0020).

Dusan Bogunovic reports ownership in Lab11 Therapeutics.
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One atom, endless power: Scientists create a shape-shifting catalyst for green chemistry | ScienceDaily
A research team at the Politecnico di Milano has developed an innovative single-atom catalyst capable of selectively adapting its chemical activity. This is a crucial step forward in sustainable chemistry and the design of more efficient and programmable industrial processes.


						
The study was published in the Journal of the American Chemical Society, one of the world's most authoritative scientific journals in chemistry.

This achievement is a breakthrough in the field of single-atom catalysts. For the first time, scientists have demonstrated the possibility of designing a material that can selectively change its catalytic function depending on the chemical environment. It involves a sort of 'molecular switch' that allows complex reactions to be performed more cleanly and efficiently, using less energy than conventional processes.

The research focuses on a palladium-based catalyst in atomic form encapsulated in a specially designed organic structure. This structure allows the material to 'switch' between two key reactions in organic chemistry -- bioreaction and carbon-carbon coupling -- simply by varying the reaction conditions.

"We have created a system that can modulate catalytic reactivity in a controlled manner, paving the way for more intelligent, selective and sustainable chemical transformations," explains Gianvito Vile, lecturer in the 'Giulio Natta' Department of Chemistry, Materials and Chemical Engineering at the Politecnico di Milano and coordinator of the study.

In addition to its reaction flexibility, the new catalyst stands out for its stability, recyclability and reduced environmental impact. The 'green' analyses conducted by the team show a significant decrease in waste and hazardous reagents.

The study results from an international collaboration with the University of Milan-Bicocca, the University of Ostrava (Czech Republic), the University of Graz (Austria) and Kunsan National University (South Korea).
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Scientists reveal how just two human decisions rewired the Great Salt Lake forever | ScienceDaily
Over the past 8,000 years, Utah's Great Salt Lake has been sensitive to changes in climate and water inflow. Now, new sediment isotope data indicate that human activity over the past 200 years has pushed the lake into a biogeochemical state not seen for at least 2,000 years.


						
A University of Utah geoscientist applied isotope analysis to sediments recovered from the lake's bed to characterize changes to the lake and its surrounding watershed back to the time the lake took its current shape from the vast freshwater Lake Bonneville that once covered much of northern Utah.

"Lakes are great integrators. They're a point of focus for water, for sediments, and also for carbon and nutrients," said Gabriel Bowen, a professor and chairman of the Department of Geology & Geophysics. "We can go to lakes like this and look at their sediments and they tell us a lot about the surrounding landscape."

Sedimentary records provide context for ongoing changes in terminal saline lakes, which support fragile, yet vital ecosystems, and may help define targets for their management, according to Bowen's new study, published last month in Geophysical Research Letters.

This research helps fill critical gaps in the lake's geological and hydrological records, coming at a time when the drought-depleted level of the terminal body has been hovering near its historic low.

"We have all these great observations, so much monitoring, so much information and interest in what's happening today. We also have a legacy of people looking at the huge changes in the lake that happened over tens of thousands and hundreds of thousands of years," Bowen said. "What we've been missing is the scale in the middle."

That is the time spanning the first arrival of white settlers in Utah but after Lake Bonneville receded to become Great Salt Lake.




By analyzing oxygen and carbon isotopes preserved in lake sediments, the study reconstructs the lake's water and carbon budgets through time. Two distinct, human-driven shifts stand out:
    	Mid-19th century - Coinciding with Mormon settlement in 1847, irrigation rapidly greened the landscape around the lake, increasing the flow of organic matter into the lake and altering its carbon cycle.
    	Mid-20th century - Construction of the railroad causeway in 1959 disrupted water flow between the lake's north and south arms, which turned Gilbert Bay from a terminal lake to an open one that partially drained into Gunnison Bay, altering the salinity and water balance to values rarely seen in thousands of years.

The new study examines two sets of sediment cores extracted from the bed of Great Salt Lake, each representing different timescales. The top 10 meters of the first core, drilled in the year 2000 south of Fremont Island, contains sediments washed into the lake up to 8,000 years ago.

[caption id="attachment_100686" align="alignright" width="511"] The view of the Great Salt Lake from Gunnison Island, which has long served as a nesting ground for pelicans. Credit: Brian Maffly[/caption]

The other samples, recovered by the U.S. Geological Survey, represent only the upper 30 centimeters of sediments, deposited in the last few hundred years.

"The first gives us a look at what was happening for the 8,000 years before the settlers showed up here," Bowen said. "The second are these shallower cores that allow us to see how the lake changed after the arrival of the settlers."

Bowen subjected these lakebed sediments at varying depths to an analysis that determines isotope ratios of carbon and oxygen, shedding light on the landscape surrounding the lake and the water in the lake at varying points in the past.




"The carbon tells us about the biogeochemistry, about how the carbon cycles through the lake, and that's affected by things like weathering of rocks that bring carbon to the lake and the vegetation in the watershed, which also contributes carbon that dissolves into the water and flows to the lake," he said.

Bowen's analysis documented a sharp change in carbon, indicating profound changes that coincided with the arrival of Mormon pioneers in the Salt Lake Valley, where they introduced irrigated agriculture to support a rapidly growing community.

"We see a big shift in the carbon isotopes, and it shifts from values that are more indicative of rock weathering, carbon coming into the lake from dissolving limestone, toward more organic sources, more vegetation sources," Bowen said.

The new carbon balance after settlement was unprecedented during the 8,000 years of record following the demise of Lake Bonneville.

Next, Bowen's oxygen isotope analysis reconstructed the lake's water balance over time.

"Essentially, it tells us about the balance of evaporation and water inflow into the lake. As the lake is expanding, the oxygen isotope ratio goes down. As the lake shrinks, it goes up, basically telling us about the rate of change of the lake volume. We see little fluctuations, but nothing major until we get to 1959."

That's the year Union Pacific built a 20-mile causeway to replace a historic rail trestle, dividing the lake's North Arm, which has no tributaries, from its South Arm, also known as Gilbert Bay, which receives inflow from three rivers. Water flows through a gap in the causeway into North Arm, now rendering the South Arm an open system.

"We changed the hydrology of the lake fundamentally and gave it an outflow. We see that really clearly in the oxygen isotopes, which start behaving in a different way," he said. Counterintuitively, the impact of this change was to make Gilbert Bay waters fresher than they would have been otherwise, buying time to deal with falling lake levels and increasing salinity due to other causes.

"If we look at the longer time scale, 8,000 years, the lake has mostly been pinned at a high evaporation state. It's been essentially in a shrinking, consolidating state throughout that time. And that only reversed when we put in the causeway."

The paper, "Multi-millennial context for post-colonial hydroecological change in Great Salt Lake," was posted online July 22 in the journal Geophysical Research Letters. Gabriel Bowen is the sole author and is supported by grants from the National Science Foundation.
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A new cancer vaccine just wiped out tumors in mice | ScienceDaily
An experimental mRNA vaccine boosted the tumor-fighting effects of immunotherapy in a mouse-model study, bringing researchers one step closer to their goal of developing a universal vaccine to "wake up" the immune system against cancer.


						
Published recently in Nature Biomedical Engineering, the University of Florida study showed that like a one-two punch, pairing the test vaccine with common anticancer drugs called immune checkpoint inhibitors triggered a strong antitumor response.

A surprising element, researchers said, was that they achieved the promising results not by attacking a specific target protein expressed in the tumor, but by simply revving up the immune system -- spurring it to respond as if fighting a virus. They did this by stimulating the expression of a protein called PD-L1 inside of tumors, making them more receptive to treatment. The research was supported by multiple federal agencies and foundations, including the National Institutes of Health.

Senior author Elias Sayour, M.D., Ph.D., a UF Health pediatric oncologist, said the results reveal a potential new treatment path -- an alternative to surgery, radiation and chemotherapy -- with broad implications for battling many types of treatment-resistant tumors.

"This paper describes a very unexpected and exciting observation: that even a vaccine not specific to any particular tumor or virus -- so long as it is an mRNA vaccine -- could lead to tumor-specific effects," said Sayour, principal investigator at the RNA Engineering Laboratory within UF's Preston A. Wells Jr. Center for Brain Tumor Therapy.

"This finding is a proof of concept that these vaccines potentially could be commercialized as universal cancer vaccines to sensitize the immune system against a patient's individual tumor," said Sayour, a McKnight Brain Institute investigator and co-leader of a program in immuno-oncology and microbiome research.

Until now, there have been two main ideas in cancer-vaccine development: To find a specific target expressed in many people with cancer, or to tailor a vaccine that is specific to targets expressed within a patient's own cancer.




"This study suggests a third emerging paradigm," said Duane Mitchell, M.D., Ph.D., a co-author of the paper. "What we found is by using a vaccine designed not to target cancer specifically but rather to stimulate a strong immunologic response, we could elicit a very strong anticancer reaction. And so this has significant potential to be broadly used across cancer patients -- even possibly leading us to an off-the-shelf cancer vaccine."

For more than eight years, Sayour has pioneered high-tech anticancer vaccines by combining lipid nanoparticles and mRNA. Short for messenger RNA, mRNA is found inside every cell -- including tumor cells -- and serves as a blueprint for protein production.

This new study builds upon a breakthrough last year by Sayour's lab: In a first-ever human clinical trial, an mRNA vaccine quickly reprogrammed the immune system to attack glioblastoma, an aggressive brain tumor with a dismal prognosis. Among the most impressive findings in the four-patient trial was how quickly the new method -- which used a "specific" or personalized vaccine made using a patient's own tumor cells -- spurred a vigorous immune-system response to reject the tumor.

In the latest study, Sayour's research team adapted their technology to test a "generalized" mRNA vaccine -- meaning it was not aimed at a specific virus or mutated cells of cancer but engineered simply to prompt a strong immune system response. The mRNA formulation was made similarly to the COVID-19 vaccines, rooted in similar technology, but wasn't aimed directly at the well-known spike protein of COVID.

In mouse models of melanoma, the team saw promising results in normally treatment-resistant tumors when combining the mRNA formulation with a common immunotherapy drug called a PD-1 inhibitor, a type of monoclonal antibody that attempts to "educate" the immune system that a tumor is foreign, said Sayour, a professor in UF's Lillian S. Wells Department of Neurosurgery and the Department of Pediatrics in the UF College of Medicine.

Taking the research a step further, in mouse models of skin, bone and brain cancers, the investigators found beneficial effects when testing a different mRNA formulation as a solo treatment. In some models, the tumors were eliminated entirely.




Sayour and colleagues observed that using an mRNA vaccine to activate immune responses seemingly unrelated to cancer could prompt T cells that weren't working before to actually multiply and kill the cancer if the response spurred by the vaccine is strong enough.

Taken together, the study's implications are striking, said Mitchell, who directs the UF Clinical and Translational Science Institute and co-directs UF's Preston A. Wells Jr. Center for Brain Tumor Therapy.

"It could potentially be a universal way of waking up a patient's own immune response to cancer," Mitchell said. "And that would be profound if generalizable to human studies."

The results, he said, show potential for a universal cancer vaccine that could activate the immune system and prime it to work in tandem with checkpoint inhibitor drugs to seize upon cancer -- or in some cases, even work on its own to kill cancer.

Now, the research team is working to improve current formulations and move to human clinical trials as rapidly as possible.
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This overlooked trait could explain anxiety and depression in millions | ScienceDaily
The meta-analysis of 33 studies, the first of its kind, looked at the relationship between sensitivity and common mental health problems such as depression and anxiety. Researchers found there was a significant, positive relationship between the two, concluding that highly sensitive people are more likely to experience depression and anxiety compared to those who are less sensitive.


						
In the study, sensitivity was defined as a personality trait that reflects people's capacity to perceive and process environmental stimuli such as bright lights, subtle changes in the environment and other peoples' moods. Often overlooked in mental health studies and clinical practice, which tend to focus on neuroticism and its association with mental health conditions, this research shows that understanding a person's sensitivity level is important and can have therapeutic implications.

For example, people with more sensitive personality traits may be more likely to benefit from treatment plans which involve techniques such as applied relaxation and mindfulness, which can also prevent relapse.

Tom Falkenstein, a psychotherapist and a PhD student at Queen Mary University of London, said: "This is the most extensive systematic review on sensitivity and mental health in adolescents and adults to date, and is the first ever meta-analysis on the topic to estimate the impact of this relationship. We found positive and moderate correlations between sensitivity and various mental health problems such as depression, anxiety, post-traumatic stress disorder, agoraphobia and avoidant personality disorder. Our findings suggest that sensitivity should be considered more in clinical practice which could be used to improve diagnosis of conditions."

"In addition, our findings could help improve treatment for these individuals. Around 31% of the general population are considered highly sensitive, and, as our findings show, are more likely to respond better to some psychological interventions than less sensitive individuals. Therefore, sensitivity should be considered when thinking about treatment plans for mental health conditions. Our work shows it is crucial that the awareness of sensitivity is improved among mental health care professionals, so clinicians and practitioners can recognize the trait in their patients, and tailor treatment to their sensitivity."

Michael Pluess, Professor in Developmental Psychology at University of Surrey and Visiting Professor at Queen Mary University of London said:

"This is the first meta-analysis providing robust evidence that highly sensitive people are more prone to common mental health problems. However, it is important to remember that highly sensitive people are also more responsive to positive experiences, including psychological treatment. Our results provide further evidence that sensitive people are more affected by both negative and positive experiences and that the quality of their environment is particularly important for their well-being."

The systematic review and meta analysis of 33 studies was carried out by an academic team from several universities including Queen Mary University and the University of Surrey.

Authors include Tom Falkenstein (Queen Mary University of London), Luke Satori (Kings College London), Margherita Malanchini, (Queen Mary University of London) Kristin Hadfield (Trinity College Dublin) and Michael Pluess (University of Surrey).
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Even mild Covid may leave blood vessels five years older | ScienceDaily
A Covid infection, particularly in women, may lead to blood vessels aging around five years, according to research published today (August 18) in the European Heart Journal.


						
Blood vessels gradually become stiffer with age, but the new study suggests that Covid could accelerate this process. Researchers say this is important since people with stiffer blood vessels face a higher risk of cardiovascular disease, including stroke and heart attack.

The study was led by Professor Rosa Maria Bruno from Universite Paris Cite, France. She said: "Since the pandemic, we have learned that many people who have had Covid are left with symptoms that can last for months or even years. However, we are still learning what's happening in the body to create these symptoms.

"We know that Covid can directly affect blood vessels. We believe that this may result in what we call early vascular aging, meaning that your blood vessels are older than your chronological age and you are more susceptible to heart disease. If that is happening, we need to identify who is at risk at an early stage to prevent heart attacks and strokes."

The study included 2,390 people from 16 different countries (Austria, Australia, Brazil, Canada, Cyprus, France, Greece, Italy, Mexico, Norway, Turkey, UK and US) who were recruited between September 2020 to February 2022. They were categorized according to whether they had never had Covid, had recent Covid but were not hospitalized, hospitalized for Covid on a general ward or hospitalized for Covid in an intensive care unit.

Researchers assessed each person's vascular age with a device that measures how quickly a wave of blood pressure travels between the carotid artery (in the neck) and femoral arteries (in the legs), a measure called carotid-femoral pulse wave velocity (PWV). The higher this measurement, the stiffer the blood vessels and the higher the vascular age of a person. Measurements were taken six months after Covid infection and again after 12 months.

Researchers also recorded demographic information such as patient's sex, age and other factors that can influence cardiovascular health.




After taking these factors into consideration, researchers found that all three groups of patients who had been infected with Covid, including those with mild Covid, had stiffer arteries, compared to those who had not been infected. The effect was greater in women than in men and in people who experienced the persistent symptoms of long Covid, such as shortness of breath and fatigue.

The average increase in PWV in women who had mild Covid was 0.55 meters per second, 0.60 in women hospitalized with Covid, and 1.09 for women treated in intensive care. Researchers say

an increase of around 0.5 meters per second is "clinically relevant" and equivalent to aging around five years, with a 3% increased risk of cardiovascular disease, in a 60-year-old woman.

People who had been vaccinated against Covid generally had arteries that were less stiff than people who were unvaccinated. Over the longer term, the vascular aging associated with Covid infection seemed to stabilize or improve slightly.

Professor Bruno said: "There are several possible explanations for the vascular effects of Covid. The Covid-19 virus acts on specific receptors in the body, called the angiotensin-converting enzyme 2 receptors, that are present on the lining of the blood vessels. The virus uses these receptors to enter and infect cells. This may result in vascular dysfunction and accelerated vascular aging. Our body's inflammation and immune responses, which defend against infections, may be also involved.

"One of the reasons for the difference between women and men could be differences in the function of the immune system. Women mount a more rapid and robust immune response, which can protect them from infection. However, this same response can also increase damage to blood vessels after the initial infection.




"Vascular aging is easy to measure and can be addressed with widely available treatments, such as lifestyle changes, blood pressure-lowering and cholesterol-lowering drugs. For people with accelerated vascular aging, it is important to do whatever possible to reduce the risk of heart attacks and strokes."

Professor Bruno and her colleagues will continue to follow the participants over the coming years to establish whether the accelerated vascular aging they have found leads to an increased risk of heart attacks and strokes in the future.

In an accompanying editorial  Dr Behnood Bikdeli from Harvard Medical School, Boston, USA and colleagues said: "Although the acute threat of the COVID-19 pandemic has waned, a new challenge emerged in its aftermath: post-acute COVID-19 syndrome. Defined by the World Health Organization as symptoms appearing three months post-infection and lasting at least two months, studies suggest that up to 40% of initial COVID-19 survivors develop this syndrome.

"This large, multicentre, prospective cohort study enrolled 2390 participants from 34 centres to investigate whether arterial stiffness, as measured by PWV, persisted in individuals with recent COVID-19 infection. [...] sex-stratified analyses revealed striking differences: females across all COVID-19-positive groups had significantly elevated PWV, with the highest increase (+1.09 m/s) observed in those requiring ICU admission.

"The CARTESIAN study makes the case that COVID-19 has aged our arteries, especially for female adults. The question is whether we can find modifiable targets to prevent this in future surges of infection, and mitigate adverse outcomes in those afflicted with COVID-19-induced vascular aging."
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Is ketamine the answer for chronic pain? New findings cast doubt | ScienceDaily
The off-label use of ketamine to treat chronic pain is not supported by scientific evidence, a new Cochrane review has found.


						
Ketamine is an anaesthetic commonly used for procedural sedation and short-term pain relief. Ketamine is also frequently prescribed off-label to manage chronic pain conditions such as nerve pain, fibromyalgia and complex regional pain syndrome. It is one of several NMDA receptor antagonists -- a group of drugs thought to reduce pain by blocking certain brain receptors involved in pain signalling.

The review, conducted by researchers from UNSW Sydney, Neuroscience Research Australia (NeuRA), and Brunel University of London, examined 67 trials involving over 2,300 adult participants. It assessed five NMDA receptor antagonists: ketamine, memantine, dextromethorphan, amantadine, and magnesium. Results show no clear evidence of benefit for ketamine in chronic pain and identified an increased risk of adverse effects such as delusions, delirium, paranoia, nausea, and vomiting. Evidence was rated low to very low certainty, due to small study sizes and poor methodological quality.

"We want to be clear - we're not saying ketamine is ineffective, but there's a lot of uncertainty," said Michael Ferraro, Doctoral Candidate at UNSW and NeuRA, first author of the review. "The data could point to a benefit or no effect at all. Right now, we just don't know."

Researchers looked at the effects across various chronic pain conditions and dosing strategies but found no clear evidence of benefit in any specific condition or dose. Side effects were a major concern, particularly with intravenous use.

"The most common adverse events we saw were psychotomimetic effects such as delusions, delirium and paranoia, as well as nausea and vomiting." said Ferraro. "These effects are distressing for many patients. Clinicians often try to balance the dose for pain relief without triggering those symptoms, but this isn't always achieved."

The review also found no studies that reported on two key outcomes: whether ketamine reduced depressive symptoms or opioid use. This is notable, as ketamine is often proposed for patients with depressive symptoms or opioid tolerance.

"This group of drugs, and ketamine in particular, are in relatively common use for chronic pain around the world. Yet we have no convincing evidence that they are delivering meaningful benefits for people with pain, even in the short term," said Neil O'Connell, Professor at Brunel University of London, co-senior author of the review. "That seems a good reason to be cautious in the clinic and clearly indicates an urgent need to undertake high quality trials."

The authors hope the review will help inform patients and clinicians weighing up potential benefits and harms, and guide future research. While more evidence is needed, this review highlights the importance of high-quality trials to understand whether ketamine has a role in chronic pain care.

"We've seen the harm that can come from taking medicines developed for acute pain and applying them to chronic pain, opioids are a prime example. Now we're seeing a similar pattern with ketamine," said co-senior author James McAuley, Professor at UNSW and senior researcher at NeuRA. "As opioid prescribing is slowly reduced, there's a growing demand for alternatives, but we need to be careful not to rush into widespread use without strong evidence."
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Forget LASIK: Safer, cheaper vision correction could be coming soon | ScienceDaily
Millions of Americans have altered vision, ranging from blurriness to blindness. But not everyone wants to wear prescription glasses or contact lenses. Accordingly, hundreds of thousands of people undergo corrective eye surgery each year, including LASIK -- a laser-assisted surgery that reshapes the cornea and corrects vision. The procedure can result in negative side effects, prompting researchers to take the laser out of LASIK by remodeling the cornea, rather than cutting it, in initial animal tissue tests.


						
Michael Hill, a professor of chemistry at Occidental College, will present his team's results at the fall meeting of the American Chemical Society (ACS). ACS Fall 2025 is being held Aug. 17-21; it features about 9,000 presentations on a range of science topics.

Human corneas are dome-shaped, clear structures that sit at the front of the eye, bending light from surroundings and focusing it onto the retina, where it's sent to the brain and interpreted as an image. But if the cornea is misshapen, it doesn't focus light properly, resulting in a blurry image. With LASIK, specialized lasers reshape the cornea by removing precise sections of the tissue. This common procedure is considered safe, but it has some limitations and risks, and cutting the cornea compromises the structural integrity of the eye. Hill explains that "LASIK is just a fancy way of doing traditional surgery. It's still carving tissue -- it's just carving with a laser."

But what if the cornea could be reshaped without the need for any incisions?

This is what Hill and collaborator Brian Wong are exploring through a process known as electromechanical reshaping (EMR). "The whole effect was discovered by accident," explains Wong, a professor and surgeon at the University of California, Irvine. "I was looking at living tissues as moldable materials and discovered this whole process of chemical modification."

In the body, the shapes of many collagen-containing tissues, including corneas, are held in place by attractions of oppositely charged components. These tissues contain a lot of water, so applying an electric potential to them lowers the tissue's pH, making it more acidic. By altering the pH, the rigid attractions within the tissue are loosened and make the shape malleable. When the original pH is restored, the tissue is locked into the new shape.

Previously, the researchers used EMR to reshape cartilage-rich rabbit ears, as well as alter scars and skin in pigs. But one collagen-rich tissue that they were eager to explore was the cornea.




In this work, the team constructed specialized, platinum "contact lenses" that provided a template for the corrected shape of the cornea, then placed each over a rabbit eyeball in a saline solution meant to mimic natural tears. The platinum lens acted as an electrode to generate a precise pH change when the researchers applied a small electric potential to the lens. After about a minute, the cornea's curvature conformed to the shape of the lens -- about the same amount of time LASIK takes, but with fewer steps, less expensive equipment and no incisions.

They repeated this setup on 12 separate rabbit eyeballs, 10 of which were treated as if they had myopia, or nearsightedness. In all the "myopic" eyeballs, the treatment dialed in the targeted focusing power of the eye, which would correspond to improved vision. The cells in the eyeball survived the treatment, because the researchers carefully controlled the pH gradient. Additionally, in other experiments, the team demonstrated that their technique might be able to reverse some chemical-caused cloudiness to the cornea -- a condition that is currently only treatable through a complete corneal transplant.

Though this initial work is promising, the researchers emphasize that it is in its very early stages. Next up is what Wong describes as, "the long march through animal studies that are detailed and precise," including tests on a living rabbit rather than just its eyeball. They also plan to determine the types of vision correction possible with EMR, such as near- and far-sightedness and astigmatism. Though the next steps are planned, uncertainties in the team's scientific funding have put them on hold. "There's a long road between what we've done and the clinic. But, if we get there, this technique is widely applicable, vastly cheaper and potentially even reversible," concludes Hill.

Title Electrochemical corneal refraction

Abstract The cornea is a transparent, highly organized anatomical structure that is responsible for ~2/3 of the refractive power of the eye. The corneal stroma consists of orthogonally stacked collagen- fibril lamellae whose molecular composition and precise macromolecular geometry eliminate backscattered light and maintain the shape of the cornea. Anatomical variation, birth defects, trauma, and various pathologies can alter the shape, structural stability, and transparency of the cornea, thus affecting vision. Surgical interventions to treat myopia, hyperopia, and astigmatism include laser-assisted in situ keratomileusis (LASIK) and photorefractive keratectomy (PRK). Despite their popularity, these procedures are expensive and permanently lower the biomechanical strength of the cornea. Here we report our efforts to apply electromechanical reshaping (EMR) as a molecular- based, non-ablative/non-incisional alternative to laser vision refraction, using ex vivo rabbit globes. EMR relies on short electrochemical pulses to electrolyze interstitial water, with subsequent diffusion of protons into the extracellular matrix of collagenous tissues; protonation of immobilized anions within this matrix disrupts the ionic-bonding network that provides structural integrity. This leaves the tissue transiently responsive to mechanical remodeling; subsequent re-equilibration to physiological pH restores the ionic matrix, resulting in persistent shape change of the tissue. Optical coherence tomography (OCT), second-harmonic generation (SHG), and confocal microscopy suggest that EMR enables control over corneal contouring while maintaining the underlying macromolecular collagen structure and stromal cellular viability.

This research was funded by the National Eye Institute of the National Institutes of Health and the John Stauffer Charitable Trust.
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Stunning galaxy blooms with pink nebulae in Hubble's new image | ScienceDaily
Today's NASA/ESA Hubble Space Telescope Picture of the Week offers a closeup of a nearby spiral galaxy. The subject is NGC 2835, which lies 35 million light-years away in the constellation Hydra (The Water Snake).


						
A previous Hubble image of this galaxy was released in 2020, and the NASA/ESA/CSA James Webb Space Telescope turned its gaze toward NGC 2835 in recent years as well. Do you see anything different between today's image of NGC 2835 and the previously released versions? Overall, NGC 2835 looks quite similar in all of these images, with spiral arms dotted with young blue stars sweeping around an oval-shaped center, where older stars reside.

This image differs from previously released images because it incorporates new data from Hubble that captures a specific wavelength of red light called H-alpha. The regions that are bright in H-alpha emission can be seen along NGC 2835's spiral arms, where dozens of bright pink nebulae appear like flowers in bloom. Astronomers are interested in H-alpha light because it signals the presence of several different types of nebulae that arise during different stages of a star's life. Newborn massive stars create nebulae called H II regions that are particularly brilliant sources of H-alpha light, while dying stars can leave behind supernova remnants or planetary nebulae that can also be identified by their H-alpha emission.

By using Hubble's sensitive instruments to survey 19 nearby galaxies, researchers aim to identify more than 50,000 nebulae. These observations will help to explain how stars affect their birth neighborhoods through intense starlight and winds.
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Astronomers discover a hidden engine inside space's "Eye of Sauron" | ScienceDaily
A look into the throat of an active galaxy reveals a ring-shaped magnetic field that may explain extreme gamma radiation and neutrinos.


						
Key Points
    	A look into the heart of an active galaxy: Astronomers have captured an image of the origin of a cosmic jet. The image and its artificial coloring remind of the Eye of Sauron.
    	The question of the origin of neutrinos: PKS 1424240 is the brightest neutrino-emitting object of its kind. However, the concentrated mass flow is too slow to explain the emission of neutrinos.
    	Spiral magnetic fields accelerate particles: 15 years of precise observations with the Very Long Baseline Array have enabled a detailed analysis of the jet's origin. The radio image could solve this problem, as it shows ring-shaped magnetic fields, an environment that acts like a spring and can accelerate particles to high energies. This in turn explains neutrinos and high-energy gamma radiation.

Located billions of light-years away, the blazar PKS 1424+240 had long baffled astronomers. It stood out as the brightest known neutrino-emitting blazar in the sky -- as identified by the IceCube Neutrino Observatory -- and was also glowing in very high-energy gamma rays ob-served by ground-based Cherenkov telescopes. Yet, oddly, its radio jet appeared to move sluggishly, contradicting expectations that only the fastest jets can power such intense high-energy emissions.

Now, thanks to 15 years of ultra-precise radio observations from the Very Long Baseline Ar-ray (VLBA), researchers have stitched together a deep image of this jet at unparalleled resolution.

"When we reconstructed the image, it looked absolutely stunning," says Yuri Kovalev, lead author of the study and Principal Investigator of the ERC-funded MuSES project at the Max Planck Institute for Radio Astronomy (MPIfR). "We have never seen anything quite like it -- a near-perfect toroidal magnetic field with a jet, pointing straight at us."

Because the jet is aligned almost exactly in the direction of Earth, its high-energy emission is dramatically amplified by the effects of special relativity. "This alignment causes a boost in brightness by a factor of 30 or more," explains Jack Livingston, a co-author at MPIfR. "At the same time, the jet appears to move slowly due to projection effects -- a classic optical illusion."

This head-on geometry allowed scientists to peer directly into the heart of the blazar's jet -- an extremely rare opportunity. Polarized radio signals helped the team map out the structure of the jet's magnetic field, revealing its likely helical or toroidal shape. This structure plays a key role in launching and collimating the plasma flow, and may be essential for accelerating particles to extreme energies.




"Solving this puzzle confirms that active galactic nuclei with supermassive black holes are not only powerful accelerators of electrons, but also of protons -- the origin of the observed high-energy neutrinos," concludes Kovalev.

The discovery is a triumph for the MOJAVE program, a decades-long effort to monitor relativistic jets in active galaxies using the Very Long Baseline Array (VLBA). Scientists employ the technique of Very Long Baseline Interferometry (VLBI), which connects radio telescopes across the globe to form a virtual telescope the size of the Earth. This provides the highest resolution available in astronomy, allowing them to study the fine details of distant cosmic jets.

"When we started MOJAVE, the idea of one day directly connecting distant black hole jets to cosmic neutrinos felt like science fiction. Today, our observations are making it real," says Anton Zensus, Director at MPIfR and co-founder of the program.

This result strengthens the link between relativistic jets, high-energy neutrinos, and the role of magnetic fields in shaping cosmic accelerators -- marking a milestone in multimessenger astronomy.

Background Information

A blazar is a type of active galactic nucleus powered by a supermassive black hole that launches a jet of plasma moving at nearly the speed of light. What makes a blazar special is its orientation: one of its jets is pointed within about 10 degrees of Earth. This alignment makes blazars appear bright across the electromagnetic spectrum and allows scientists to study extreme physical processes -- including the acceleration of particles to energies far beyond those achieved in human-made accelerators.




The VLBA (Very Long Baseline Array) is an array of ten antennas, at locations across the continental United States and in Hawaii and St Croix, which operates in the very long baseline interferometry (VLBI) mode. Spacings between the antennas vary up to approximately ten thousand kilometers, providing angular resolution on the sky as fine as 50 micro-arcseconds.

MOJAVE (Monitoring Of Jets in Active galactic nuclei with VLBA Experiments) is a long-term program to monitor radio brightness and polarization variations in jets associated with active galaxies visible in the northern sky. The observations are made with the Very Long Baseline Array, which enables us to make full polarization images with an angular resolution better than 1 milliarcsecond (the apparent separation of your car's headlights, as seen by an astronaut on the Moon). We are using these data to better understand the complex evolution and magnetic field structures of jets on light-year scales, close to where they originate in the active nucleus, and how this activity is correlated with a high energy electromagnetic and neutrino emission.

MuSES, which stands for Multi-messenger Studies of Energetic Sources, is a pioneering initiative in astrophysics. It is dedicated to the study of Active Galactic Nuclei, which are among the most powerful particle accelerators known in the cosmos. These celestial bodies harness the gravitational energy of matter accreted by supermassive black holes and convert it into electromagnetic and kinetic energy, resulting in the production of highly relativistic electrons and protons. The acceleration of protons and its relation to neutrino production is not well understood, posing a formidable challenge to researchers. MuSES aims to address these fundamental questions by exploiting recent advances in multi-messenger astronomy.

The MuSES project has received funding from the European Union (ERC grant agreement No 101142396). Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or European Research Council Executive Agency (ERCEA). Neither the European Union nor the granting authority can be held responsible for them.
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Hubble just snapped the clearest-ever picture of a rare interstellar comet | ScienceDaily
A team of astronomers has taken the sharpest-ever picture of the unexpected interstellar comet 3I/ATLAS using the crisp vision of NASA's Hubble Space Telescope. Hubble is one of many missions across NASA's fleet of space telescopes slated to observe this comet, together providing more information about its size and physical properties. While the comet poses no threat to Earth, NASA's space telescopes help support the agency's ongoing mission to find, track, and better understand near-Earth objects.


						
Hubble's observations allow astronomers to more accurately estimate the size of the comet's solid, icy nucleus. The upper limit on the diameter of the nucleus is 3.5 miles (5.6 kilometers), though it could be as small as 1,000 feet (320 meters) across, researchers report. Though the Hubble images put tighter constraints on the size of the nucleus compared to previous ground-based estimates, the solid heart of the comet presently cannot be directly seen, even by Hubble. Observations from other NASA missions including the James Webb Space Telescope, TESS (Transiting Exoplanet Survey Satellite), and the Neil Gehrels Swift Observatory, as well as NASA's partnership with the W.M. Keck Observatory, will help further refine our knowledge about the comet, including its chemical makeup.

Hubble also captured a dust plume ejected from the Sun-warmed side of the comet, and the hint of a dust tail streaming away from the nucleus. Hubble's data yields a dust-loss rate consistent with comets that are first detected around 300 million miles from the Sun. This behavior is much like the signature of previously seen Sun-bound comets originating within our solar system.

The big difference is that this interstellar visitor originated in some other solar system elsewhere in our Milky Way galaxy.

3I/ATLAS is traveling through our solar system at a staggering 130,000 miles (209,000 kilometers) per hour, the highest velocity ever recorded for a solar system visitor. This breathtaking sprint is evidence that the comet has been drifting through interstellar space for many billions of years. The gravitational slingshot effect from innumerable stars and nebulae the comet passed added momentum, ratcheting up its speed. The longer 3I/ATLAS was out in space, the higher its speed grew.

"No one knows where the comet came from. It's like glimpsing a rifle bullet for a thousandth of a second. You can't project that back with any accuracy to figure out where it started on its path," said David Jewitt of the University of California, Los Angeles, science team leader for the Hubble observations.

The paper will be published in The Astrophysical Journal Letters. It is already available on Astro-ph.




New Evidence for Population of Wandering Space Relics

"This latest interstellar tourist is one of a previously undetected population of objects bursting onto the scene that will gradually emerge," said Jewitt. "This is now possible because we have powerful sky survey capabilities that we didn't have before. We've crossed a threshold."

This comet was discovered by the NASA-funded Asteroid Terrestrial-impact Last Alert System (ATLAS) on July 1, 2025, at a distance of 420 million miles from the Sun. ATLAS is an asteroid impact early warning system developed by the University of Hawai'i.

In the meantime, other NASA missions will provide new insight into this third interstellar interloper, helping refine our understanding of these objects for the benefit of all. 3I/ATLAS should remain visible to ground-based telescopes through September, after which it will pass too close to the Sun to observe, and is expected to reappear on the other side of the Sun by early December.
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Strange new shapes may rewrite the laws of physics | ScienceDaily
How can the behavior of elementary particles and the structure of the entire universe be described using the same mathematical concepts? This question is at the heart of recent work by the mathematicians Claudia Fevola from Inria Saclay and Anna-Laura Sattelberger from the Max Planck Institute for Mathematics in the Sciences, recently published in the Notices of the American Mathematical Society.


						
To the point:
    	Bridging mathematics and physics: The study explores how algebraic and one of the key players in the flourishing field of positive geometry unify physics from subatomic particles to galaxies.
    	Beyond Feynman diagrams: Positive geometry offers a complementary perspective to traditional quantum field theory methods -- providing a geometric framework for describing particle interactions alongside Feynman diagrams.
    	From particle collisions to the Big Bang: Tools from algebraic geometry, D-module theory, and combinatorics drive this interdisciplinary progress -- helping to decode the fundamental structures of particle interactions and the universe's earliest states.

Mathematics and physics share a close, reciprocal relationship. Mathematics offers the language and tools to describe physical phenomena, while physics drives the development of new mathematical ideas. This interplay remains vital in areas such as quantum field theory and cosmology, where advanced mathematical structures and physical theory evolve together.

In their article, the authors explore how algebraic structures and geometric shapes can help us understand phenomena ranging from particle collisions such as happens, for instance, in particle accelerators to the large-scale architecture of the cosmos. Their research is centered around algebraic geometry. Their recent undertakings also connect to a field called positive geometry - an interdisciplinary and novel subject in mathematics driven by new ideas in particle physics and cosmology. This field was inspired by the geometrical concept of positive geometry which expands the standard Feynman diagram approach in particle physics by representing interactions as volumes of high-dimensional geometric objects, such as the amplituhedron, as introduced by the theoretical physicists Nima Arkani-Hamed and Jaroslav Trnka in 2013. It carries a rich combinatorial structure and offers an alternative, potentially simpler way to compute scattering amplitudes, from which one can derive probabilities of scattering events.

This approach has far-reaching implications that go beyond particle physics. In cosmology, scientists are using the faint light of the cosmic microwave background and the distribution of galaxies to infer what shaped the early universe. Similar mathematical tools are now being applied. For instance, cosmological polytopes, which are themselves positive geometries, can represent correlations in the universe's first light and help reconstruct the physical laws that governed the birth of the cosmos.

A Geometry for the Universe

The article highlights that positive geometry is not a niche mathematical curiosity but a potential unifying language for form branches of theoretical physics. These geometric frameworks naturally encode the transfer of information between physical systems, for example, by mapping concrete, sensory-based concepts to abstract structures, a process that mirrors how humans metaphorically understand the world.




The mathematics behind this is sophisticated and spans multiple disciplines. The authors draw on algebraic geometry, which defines shapes and spaces through solutions to systems of polynomial equations, algebraic analysis, which studies differential equations through mathematical objects called D-modules, and combinatorics, which describes the arrangements and interactions within these structures.

The formal objects under consideration, such as Feynman integrals, generalized Euler integrals, or canonical forms of positive geometries, are not merely mathematical abstractions. They correspond to observable phenomena in high-energy physics and cosmology, enabling precision computations of particle behavior and cosmic structures alike.

Bridging Scales with Mathematics

The study presents an approach with broad applicability and scalability. Scattering processes are often illustrated using Feynman diagrams. Feynman's approach in the study of scattering amplitudes boils down to the study of intricate integrals associated to such diagrams. Algebraic geometry provides a range of tools for systematically investigating these integrals.

The graph polynomial of a Feynman diagram is defined in terms of the spanning trees and forests of the underlying graph. The associated Feynman integral can be expressed as a Mellin transform of a power of this graph polynomial, interpreted as a function of its coefficients. These coefficients, however, are constrained by the underlying physical conditions. Feynman integrals are therefore closely connected to generalized Euler integrals, specifically through restrictions to the relevant geometric subspaces. One way to study these holonomic functions is via the linear differential equations they satisfy, which are D-module inverse images of hypergeometric D-modules. Constructing these differential equations explicitly, however, remains challenging. In theoretical cosmology, correlation functions in toy models also take the form of such integrals, with integrands arising from hyperplane arrangements.

The complement of the algebraic variety defined by the graph polynomial in an algebraic torus is a very affine variety, and the Feynman integral can be viewed as the pairing of a twisted cycle and cocycle of this variety. Its geometric and (co-)homological properties reflect physical concepts such as the number of master integrals. These master integrals form a basis for the space of integrals when the kinematic parameters vary, and the size of this basis is, at least generically, equal to the signed topological Euler characteristic of the variety.

A Field in Motion

Fevola and Sattelberger's work reflects a growing international effort, supported by the ERC synergy grant UNIVERSE+ of Nima Arkani-Hamed, Daniel Baumann, and Johannes Henn, Bernd Sturmfels. It brings together mathematics, particle physics, and cosmology focusing on precisely these connections between algebra, geometry, and theoretical physics. "Positive geometry is still a young field, but it has the potential to significantly influence fundamental research in both physics and mathematics," the authors emphasize. "It is now up to the scientific community to work out the details of these emerging mathematical objects and theories and to validate them. Encouragingly, several successful collaborations have already laid important groundwork."

The recent developments are not only advancing our understanding of the physical world but also pushing the boundaries of mathematics itself. Positive geometry is more than a tool. It is a language. One that might unify our understanding of nature at all scales.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250817103432.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



NASA's PREFIRE satellites reveal a secret glow escaping from our planet | ScienceDaily
The twin cube satellites will operate through at least September 2026, expanding focus from the poles to the whole planet to improve modelling and weather forecasts.


						
NASA's PREFIRE (Polar Radiant Energy in the Far-InfraRed Experiment) mission has been extended through September 2026 and is broadening its focus from Earth's poles to the entire globe. The mission's two shoebox-size CubeSats gauge the capacity of water vapor, clouds, and other elements of Earth's system to trap heat and keep it from radiating into space. This information can help improve forecasts, including weather severity and storm frequency.

Launched in spring 2024, PREFIRE has been measuring how much heat the planet emits into space from the Arctic and Antarctic. Earth absorbs a significant amount of the Sun's energy in the tropics. Winds, weather, and ocean currents transport that heat toward the poles, which receive much less sunlight. Ice, snow, and clouds, among other parts of the polar environment, emit some of that heat into space, much of it as far-infrared radiation. The difference between the amount of heat Earth absorbs at the tropics and radiates out from the Arctic and Antarctic is a key influence on the planet's temperature, helping to drive dynamic systems of climate and weather.

At the core of the mission is a pair of advanced spectrometers designed by NASA's Jet Propulsion Laboratory in Southern California. They measure wavelengths of light in the far-infrared range of the electromagnetic spectrum and are sensitive to 10 times more far-infrared wavelengths than any similar instrument. This information gives researchers insight into processes associated with surface ice melt and formation, snowmelt and accumulation, and changes in cloud cover.

"The PREFIRE satellites show that at these longer wavelengths, the amount of radiation going into space can differ from one type of ice to another by as much as 5%," said Brian Drouin, PREFIRE's project scientist at JPL. "Measurements that look at the same areas but with shorter wavelengths do not show this difference."

Although the PREFIRE CubeSats have been gathering data on the entire globe, the science team has concentrated their analysis on Earth's polar regions for its prime mission. Going forward, they will expand their work to include data from the rest of the world.

"We have the capacity to collect data for the whole world, not just the poles. What we'll be able to do is look at the size of ice particles in clouds that affect energy exchange between Earth and space," said PREFIRE's principal investigator, Tristan L'Ecuyer of the University of Wisconsin-Madison. "We'll be able to incorporate the data into weather prediction models to improve forecasts and improve our understanding of how moisture circulates, which affects where storms form and how precipitation moves around the world."

The satellites are in what's called an asynchronous near-polar orbit, traveling near the poles with each pass but hours apart from one another. This provides two snapshots of the same area over time, enabling the mission to capture phenomena that occur on short timescales, such as cloud cover's temporary effects on the temperature of the area beneath it.

More About PREFIRE

NASA's Jet Propulsion Laboratory manages PREFIRE for the agency's Science Mission Directorate and provided the spectrometers. Blue Canyon Technologies built the CubeSats and the University of Wisconsin-Madison processes the data the instruments collect. The launch services provider, Rocket Lab USA Inc. of Long Beach, California, launched both PREFIRE CubeSats from Rocket Lab Launch Complex 1 in New Zealand in May and June 2024.
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A record-breaking antenna just deployed in space. Here's what it will see | ScienceDaily
Seventeen days after NISAR's launch from southeastern India, an essential piece of science hardware has unfurled in orbit.


						
Spanning 39 feet (12 meters), the drum-shaped antenna reflector on the NISAR (NASA-ISRO Synthetic Aperture Radar) satellite mission from NASA and the Indian Space Research Organisation (ISRO) successfully unfurled in low Earth orbit. The reflector had been stowed, umbrella-like, until the 30-foot (9-meter) boom that supports it could be deployed and locked in place.

Launched by ISRO on July 30 from the Satish Dhawan Space Centre on India's southeastern coast, NISAR will track the motion of ice sheets and glaciers, the deformation of land due to earthquakes, volcanoes, and landslides, and changes in forest and wetland ecosystems down to fractions of an inch. It also will aid decision-makers in fields as diverse as disaster response, infrastructure monitoring, and agriculture.

"The successful deployment of NISAR's reflector marks a significant milestone in the capabilities of the satellite," said Karen St. Germain, director, Earth Science Division at NASA Headquarters in Washington. "From innovative technology to research and modeling to delivering science to help inform decisions, the data NISAR is poised to gather will have a major impact on how global communities and stakeholders improve infrastructure, prepare for and recover from natural disasters, and maintain food security."

The mission carries the most sophisticated radar systems ever launched as part of a NASA mission. In a first, the satellite combines two synthetic aperture radar (SAR) systems: an L-band system that can see through clouds and forest canopy, and an S-band system that can see through clouds as well but is more sensitive to light vegetation and moisture in snow. The reflector plays a key role for both systems, which is why the successful deployment of the hardware is such a significant milestone.

"This is the largest antenna reflector ever deployed for a NASA mission, and we were of course eager to see the deployment go well. It's a critical part of the NISAR Earth science mission and has taken years to design, develop, and test to be ready for this big day," said Phil Barela, NISAR project manager at NASA's Jet Propulsion Laboratory in Southern California, which managed the U.S. portion of the mission and provided one of the two radar systems aboard NISAR. "Now that we've launched, we are focusing on fine-tuning it to begin delivering transformative science by late fall of this year."

<See link to video at bottom of page.>

How Bloom Works




Weighing about 142 pounds (64 kilograms), the reflector features a cylindrical frame made of 123 composite struts and a gold-plated wire mesh. On Aug. 9, the satellite's boom, which had been tucked close to its main body, started unfolding one joint at a time until it was fully extended about four days later. The reflector assembly is mounted at the end of the boom.

Then, on Aug. 15, small explosive bolts that held the reflector assembly in place were fired, enabling the antenna to begin a process called the "bloom" -- its unfurling by the release of tension stored in its flexible frame while stowed like an umbrella. Subsequent activation of motors and cables then pulled the antenna into its final, locked position.

To image Earth's surface down to pixels about 30 feet (10 meters) across, the reflector was designed with a diameter about as wide as a school bus is long. Using SAR processing, NISAR's reflector simulates a traditional radar antenna that for the mission's L-band instrument would have to be 12 miles (19 kilometers) long to achieve the same resolution.

"Synthetic aperture radar, in principle, works like the lens of a camera, which focuses light to make a sharp image. The size of the lens, called the aperture, determines the sharpness of the image," said Paul Rosen, NISAR's project scientist at JPL. "Without SAR, spaceborne radars could generate data, but the resolution would be too rough to be useful. With SAR, NISAR will be able to generate high-resolution imagery. Using special interferometric techniques that compare images over time, NISAR enables researchers and data users to create 3D movies of changes happening on Earth's surface."

The NISAR satellite is the culmination of decades of space-based radar development at JPL. Starting in the in the 1970s, JPL managed the first Earth-observing SAR satellite, Seasat, which launched in 1978, as well as Magellan, which used SAR to map the cloud-shrouded surface of Venus in the 1990s.

More About NISAR

The NISAR mission is a partnership between NASA and ISRO spanning years of technical and programmatic collaboration. The successful launch and deployment of NISAR builds upon a strong heritage of cooperation between the United States and India in space. The data produced by NISAR's two radar systems, one provided by NASA and one by ISRO, will be a testament to what can be achieved when countries unite around a shared vision of innovation and discovery.




The ISRO Space Applications Centre provided the mission's S-band SAR. The U R Rao Satellite Centre provided the spacecraft bus. Launch services were through Satish Dhawan Space Centre. After launch, key operations, including boom and radar antenna reflector deployment, are being executed and monitored by the ISRO Telemetry, Tracking and Command Network's global system of ground stations.

Managed by Caltech in Pasadena, JPL leads the U.S. component of the project. In addition to the L-band SAR, reflector, and boom, JPL also provided the high-rate communication subsystem for science data, a solid-state data recorder, and payload data subsystem. NASA's Goddard Space Flight Center in Greenbelt, Maryland, manages the Near Space Network, which receives NISAR's L-band data.
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Myanmar's massive quake hints at bigger earthquakes to come | ScienceDaily
On March 28, 2025, a magnitude 7.7 earthquake struck the Southeast Asia country of Myanmar along the Sagaing Fault, killing thousands and causing widespread damage. A new study from Caltech uses satellite imaging of the Sagaing Fault's motion to improve models of how such faults may behave in the future. The study indicates that strike-slip faults, like the Sagaing and the San Andreas, may be capable of earthquakes that are significantly different from past known earthquakes and potentially much larger.


						
The research was conducted primarily in the laboratory of Jean-Philippe Avouac, the Earle C. Anthony Professor of Geology and Mechanical and Civil Engineering and director of the Center for Geomechanics and the Mitigation of Geohazards. Postdoctoral scholar Solene Antoine is the study's first author. The study is described in a paper appearing in the journal Proceedings of the National Academy of Sciences on August 11.

The Sagaing fault runs in a relatively straight north-to-south line throughout Myanmar. As its two sides slowly move against one another in opposite directions, stress accumulates along the fault. When the stress buildup reaches a breaking point, the fault slips rapidly, causing an earthquake. The Sagaing and San Andreas faults are very similar -- both relatively straight strike-slip faults running hundreds of kilometers -- and the 2025 Myanmar earthquake, therefore, sheds light on possible future earthquakes on the San Andreas fault.

"This earthquake turned out to be an ideal case to apply image correlation methods [techniques to compare images before and after a geological event] that were developed by our research group," Antoine says. "They allow us to measure ground displacements at the fault, where the alternative method, radar interferometry, is blind due to phenomenon like decorrelation [a process to decouple signals] and limited sensitivity to north-south displacements."

Based on studies of historic earthquakes along the Sagaing fault, researchers anticipated that a large earthquake would occur on a 300-kilometer section where no large earthquakes had occurred since 1839. This theory is known as the seismic gap hypothesis: Stuck sections of a fault where there has not been movement are expected to slip to "catch up." While this section did indeed rupture during the 2025 quake, the fault actually slipped along a total of more than 500 kilometers, indicating that the fault did indeed make up the deficit of slip and more.

In the new study, the team used correlation of satellite optical and radar imagery of the fault -- a technique originally developed in the Avouac laboratory and now widely used in seismology -- and its surroundings to determine that the 500-kilometer section shifted a net of 3 meters after the quake, that is, the eastern side moved south by 3 meters relative to the western side.

Current models used for seismic hazard assessment are mostly based on earthquake statistics and are time independent, meaning they can only give probabilities of an earthquake during a chosen timespan. For example, these models might estimate, for any given 30-year period and particular area, the probability that an earthquake would exceed a chosen magnitude. However, in order to make truly informed estimates of potential seismic hazards for specific time periods -- say, the next 30 years -- it is crucial for models to take into account how recently a fault has slipped, where the slip occurred, and by how much.

"The study shows that future earthquakes might not simply repeat past known earthquakes," Avouac says. "Successive ruptures of a given fault, even as simple as the Sagaing or the San Andreas faults, can be very different and can release even more than the deficit of slip since the last event. In addition, historical records are generally far too short for statistical models to represent the full range of possible earthquakes and eventual patterns in earthquake recurrence. Physics-based models provide an alternative approach with the advantage that they could, in principle, be tuned to observations and used for time-dependent forecast."

The paper is titled "The 2025 Mw7.7 Mandalay, Myanmar, earthquake reveals complex earthquake cycle with clustering and variable segmentation on Sagaing fault." In addition to Antoine and Avouac, Caltech co-authors are graduate student Rajani Shrestha, postdoctoral scholar Chris Milliner, and senior research scientist Kyungjae Im. Additional co-authors are Chris Rollins (PhD '18) of GNS Science Te Pu Ao in New Zealand, Kang Wang of EarthScope Consortium Inc., and Kejie Chen of Southern University of Science and Technology in China. Funding was provided by the Center for Geomechanics and Mitigation of Geohazards, the Statewide California Earthquake Center, the National Science Foundation, and the US Geological Survey.
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Scientists just found a hidden factor behind Earth's methane surge | ScienceDaily
Roughly two-thirds of all emissions of atmospheric methane -- a highly potent greenhouse gas that is warming planet Earth -- come from microbes that live in oxygen-free environments like wetlands, rice fields, landfills and the guts of cows.


						
Tracking atmospheric methane to its specific sources and quantifying their importance remains a challenge, however. Scientists are pretty good at tracing the sources of the main greenhouse gas, carbon dioxide, to focus on mitigating these emissions. But to trace methane's origins, scientists often have to measure the isotopic composition of methane's component atoms, carbon and hydrogen, to use as a fingerprint of various environmental sources.

A new paper by researchers at the University of California, Berkeley, reveals how the activity of one of the main microbial enzymes involved in producing methane affects this isotope composition. The finding could change how scientists calculate the contributions of different environmental sources to Earth's total methane budget.

"When we integrate all the sources and sinks of carbon dioxide into the atmosphere, we kind of get the number that we're expecting from direct measurement in the atmosphere. But for methane, large uncertainties in fluxes exist -- within tens of percents for some of the fluxes -- that challenge our ability to precisely quantify the relative importance and changes in time of the sources," said UC Berkeley postdoctoral fellow Jonathan Gropp, who is first author of the paper. "To quantify the actual sources of methane, you need to really understand the isotopic processes that are used to constrain these fluxes."

Gropp teamed up with a molecular biologist and a geochemist at UC Berkeley to, for the first time, employ CRISPR to manipulate the activity of this key enzyme to reveal how these methanogens interact with their food supply to produce methane.

"It is well understood that methane levels are rising, but there is a lot of disagreement on the underlying cause," said co-author Dipti Nayak, UC Berkeley assistant professor of molecular and cell biology. "This study is the first time the disciplines of molecular biology and isotope biogeochemistry have been fused to provide better constraints on how the biology of methanogens controls the isotopic composition of methane."

Many elements have heavier or lighter versions, called isotopes, that are found in small proportions in nature. Humans are about 99% carbon-12 and 1% carbon-13, which is slightly heavier because it has an extra neutron in its nucleus. The hydrogen in water is 99.985% hydrogen-1 and 0.015% deuterium or hydrogen-2, which is twice as heavy because it has a neutron in its nucleus.




The natural abundances of isotopes are reflected in all biologically produced molecules and variations can be used to study and fingerprint various biological metabolisms.

"Over the last 70 years, people have shown that methane produced by different organisms and other processes can have distinctive isotopic fingerprints," said geochemist and co-author Daniel Stolper, UC Berkeley associate professor of earth and planetary science. "Natural gas from oil deposits often looks one way. Methane made by the methanogens within cow guts looks another way. Methane made in deep sea sediments by microorganisms has a different fingerprint. Methanogens can consume or 'eat', if you will, a variety of compounds including methanol, acetate or hydrogen; make methane; and generate energy from the process. Scientists have commonly assumed that the isotopic fingerprint depends on what the organisms are eating, which often varies from environment to environment, creating our ability to link isotopes to methane origins."

"I think what's unique about the paper is, we learned that the isotopic composition of microbial methane isn't just based on what methanogens eat," Nayak said. "What you 'eat' matters, of course, but the amount of these substrates and the environmental conditions matter too, and perhaps more importantly, how microbes react to those changes."

"Microbes respond to the environment by manipulating their gene expression, and then the isotopic compositions change as well," Gropp said. "This should cause us to think more carefully when we analyze data from the environment."

The paper will appear Aug. 14 in the journal Science.

Vinegar- and alcohol-eating microbes

Methanogens -- microorganisms that are archaea, which are on an entirely separate branch of the tree of life from bacteria -- are essential to ridding the world of dead and decaying matter. They ingest simple molecules -- molecular hydrogen, acetate or methanol, for example -- excreted by other organisms and produce methane gas as waste. This natural methane can be observed in the pale Will-o'-the-wisps seen around swamps and marshes at night, but it's also released invisibly in cow burps, bubbles up from rice paddies and natural wetlands and leaks out of landfills. While most of the methane in the natural gas we burn formed in association with hydrocarbon generation, some deposits were originally produced by methanogens eating buried organic matter.




The isotopic fingerprint of methane produced by methanogens growing on different "food" sources has been well established in laboratory studies, but scientists have found that in the complexity of the real world, methanogens don't always produce methane with the same isotopic fingerprint as seen in the lab. For example, when grown in the lab, species of methanogens that eat acetate (essentially vinegar), methanol (the simplest alcohol), or molecular hydrogen (H2) produce methane, CH4, with a ratio of hydrogen and carbon isotopes different from the ratios observed in the environment.

Gropp had earlier created a computer model of the metabolic network in methanogens to understand better how the isotope composition of methane is determined. When he got a fellowship to come to UC Berkeley, Stolper and Nayak proposed that he experimentally test his model. Stolper's laboratory specializes in measuring isotope compositions to explore Earth's history. Nayak studies methanogens and, as a postdoctoral fellow, found a way to use CRISPR gene editing in methanogens. Her group recently altered the expression of the key enzyme in methanogens that produces the methane -- methyl-coenzyme M reductase (MCR) -- so that its activity can be dialed down. Enzymes are proteins that catalyze chemical reactions.

Experimenting with these CRISPR-edited microbes -- in a common methanogen called Methanosarcina acetivorans growing on acetate and methanol -- the researchers looked at how the isotopic composition of methane changed when the enzyme activity was reduced, mimicking what is thought to happen when the microbes are starved for their preferred food.

They found that when MCR is at low concentrations, cells respond by altering the activity of many other enzymes in the cell, causing their inputs and outputs to accumulate and the rate of methane generation to slow so much that enzymes begin running both backwards and forwards. In reverse, these other enzymes remove a hydrogen from carbon atoms; running forward, they add a hydrogen. Together with MCR, they ultimately produce methane (CH4). Each forward and reverse cycle requires one of these enzymes to pull a hydrogen off of the carbon and add a new one ultimately sourced from water. As a result, the isotopic composition of methane's four hydrogen molecules gradually comes to reflect that of the water, and not just their food source, which starts with three hydrogens.

This is different from typical assumptions for growth on acetate and methanol that assume no exchange between hydrogen derived from water and that from the food source.

"This isotope exchange we found changes the fingerprint of methane generated by acetate and methanol consuming methanogens vs. that typically assumed. Given this, it might be that we have underestimated the contribution of the acetate-consuming microbes, and they might be even more dominant than we have thought," Gropp said. "We're proposing that we at least should consider the cellular response of methanogens to their environment when studying isotopic composition of methane."

Beyond this study, the CRISPR technique for tuning production of enzymes in methanogens could be used to manipulate and study isotope effects in other enzyme networks broadly, which could help researchers answer questions about geobiology and the Earth's environment today and in the past.

"This opens up a pathway where modern molecular biology is married with isotope-geochemistry to answer environmental problems," Stolper said. "There are an enormous number of isotopic systems associated with biology and biochemistry that are studied in the environment; I hope we can start looking at them in the way molecular biologists now are looking at these problems in people and other organisms -- by controlling gene expression and looking at how the stable isotopes respond."

For Nayak, the experiments are also a big step in discovering how to alter methanogens to derail production of methane and redirect their energy to producing useful products instead of an environmentally destructive gas.

"By reducing the amount of this enzyme that makes methane and by putting in alternate pathways that the cell can use, we can essentially give them another release valve, if you will, to put those electrons, which they were otherwise putting in carbon to make methane, into something else that would be more useful," she said.

Other co-authors of the paper are Markus Bill of Lawrence Berkeley National Laboratory and former UC Berkeley postdoc Rebekah Stein, and Max Lloyd, who is a professor at Penn State University. Gropp was supported by a fellowship from the European Molecular Biology Organization. Nayak and Stolper were funded, in part, by Alfred B. Sloan Research Fellowships. Nayak also is an investigator with the Chan-Zuckerberg Biohub.
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Scientists uncover the lost shelduck that chose walking over flight | ScienceDaily
The discovery of yet another unique animal species from Rekohu Chatham Islands illustrates how the physical qualities of an animal are influenced by its surroundings.


						
New research led by the University of Otago - Otakou Whakaihu Waka describes a new, extinct shelduck whose ancestors arrived on the islands 390,000 years ago.

While this may seem like a short period of time, co-lead author Associate Professor Nic Rawlence, Director of the Otago Palaeogenetics Laboratory, says it is long enough to impact the species.

"In that time the Rekohu shelduck evolved shorter, more robust wings and longer leg bones indicating it was going down the pathway towards flightlessness," he says.

These changes were due to a range of factors, such as an abundance of food, lack of ground-dwelling predators, and windy conditions, so flying was not the preferred option.

Co-lead author Dr Pascale Lubbe, also of the Otago Palaeogenetics Laboratory, says in a case of "use it or lose it, the wings start to reduce."

"Flight is energetically expensive, so if you don't have to fly, why bother," she says.




"The longer leg bones are more robust to support more muscle and create increased force for take-off - necessary when you have smaller wings."

Researchers used ancient DNA and analysed the shape of the bones to determine the Rekohu shelduck is most closely related to the putangitangi paradise shelduck from Aotearoa New Zealand.

The Rekohu shelduck spent more time on the ground than its cousin and became extinct prior to the 19th century due to over-hunting and predation.

The study is published in the Zoological Journal of the Linnean Society and adds to the islands' rich history as a home to many species of waterfowl before human settlement.

The shelduck's scientific name (Tadorna rekohu) and common name (Rekohu shelduck) were gifted to researchers by the Hokotehi Moriori Trust who are tchieki (guardians) of the plants and animals on Rekohu Chatham Islands, with which they are interconnected through shared hokopapa (genealogy).

Hokotehi Moriori Trust CEO Levi Lanauze says "this discovery is great for Rekohu as a whole and helps connect imi (tribe) Moriori with miheke (treasure) of the past."

The study is an international collaboration between Otago, the Museum of New Zealand Te Papa Tongarewa, The University of Adelaide, and Manaaki Whenua Landcare Research.
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The surprising way rising CO2 could supercharge space storms | ScienceDaily
Rising concentrations of carbon dioxide in the upper atmosphere will change the way geomagnetic storms impact Earth, with potential implications for thousands of orbiting satellites, according to new research led by scientists at the US. National Science Foundation National Center for Atmospheric Research (NSF NCAR).


						
Geomagnetic storms, caused by massive eruptions of charged particles from the surface of the Sun that buffet Earth's atmosphere, are a growing challenge for our technologically dependent society. The storms temporarily increase the density of the upper atmosphere and therefore the drag on satellites, which impacts their speed, altitude, and how long they remain operational.

The new study used an advanced computer model to determine that the upper atmosphere's density will be lower during a future geomagnetic storm compared with a present-day storm of the same intensity. That's because the baseline density will be lower, and future storms won't increase it to levels as high as what occurs with storms currently.

However, the relative magnitude of the density increase -- the rise from baseline to peak during a multiday storm -- will be greater with future storms.

"The way that energy from the Sun affects the atmosphere will change in the future because the background density of the atmosphere is different and that creates a different response," said NSF NCAR scientist Nicolas Pedatella, the lead author. "For the satellite industry, this is an especially important question because of the need to design satellites for specific atmospheric conditions."

The study, a collaboration with Japan's Kyushu University, was published in Geophysical Research Letters.

Colder and thinner air

Earth's upper atmosphere has become increasingly important in recent decades because of society's dependence on advanced navigation systems, online data transmission, national security applications, and other technologies that rely on satellite operations.




Unlike the lower atmosphere, which warms with emissions of carbon dioxide, the upper atmosphere becomes colder. This has to do with the varying impacts of carbon dioxide: instead of absorbing and reemitting heat to nearby molecules in the relatively dense air near Earth's surface, carbon dioxide reemits the heat out into space at high altitudes where the air is much thinner.

Previous studies have estimated the extent to which increasing levels of carbon dioxide and other greenhouse gases will lead to a decrease in the upper atmosphere's neutral density, or its concentration of non-ionized particles such as oxygen and nitrogen. But Pedatella and his colleagues posed a somewhat different question: how will future atmospheric density change during powerful geomagnetic storms?

The researchers homed in on the geomagnetic superstorm of May 10-11, 2024, when a series of powerful solar disturbances known as coronal mass ejections buffeted Earth's atmosphere. They analyzed how the atmosphere would have responded to the same storm in 2016 and in three future years that will each occur around the minimum of the 11-year solar cycle (2040, 2061, and 2084).

To perform the analysis, they turned to an NSF NCAR-based modeling system, the Community Earth System Model Whole Atmosphere Community Climate Model with thermosphere-ionosphere eXtension, that simulates the entire atmosphere from Earth's surface to the upper thermosphere, 500-700 kilometers (about 310-435 miles) above the surface. This enables scientists to determine how changes in the lower atmosphere, such as higher concentrations of greenhouse gases, can affect remote regions of the atmosphere far aloft.

They ran the simulations on the Derecho supercomputer at the NSF NCAR-Wyoming Supercomputing Center.

The researchers found that, later this century, various regions of the upper atmosphere will be 20-50% less dense at the peak of a storm comparable to the one that occurred last year, assuming significantly higher carbon dioxide levels. However, compared with the atmosphere's density just before and after the storm, the relative change in density will be greater. Whereas such a storm now more than doubles the density at its peak, it may nearly triple it in the future. This is because the same storm will have a proportionately larger impact on a less dense atmosphere.




Pedatella said more research is needed to better understand how space weather will change, including studying different types of geomagnetic storms and whether their impacts will vary at various times in the 11-year solar cycle, when the atmosphere's density changes.

"We now have the capability with our models to explore the very complex interconnections between the lower and upper atmosphere," he said. "It's critical to know how these changes will occur because they have profound ramifications for our atmosphere."

This material is based upon work supported by the NSF National Center for Atmospheric Research, a major facility sponsored by the U.S. National Science Foundation and managed by the University Corporation for Atmospheric Research. Any opinions, findings and conclusions or recommendations expressed in this material do not necessarily reflect the views of NSF.
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Trojan horse bacteria sneak cancer-killing viruses into tumors | ScienceDaily
Researchers at Columbia Engineering have built a cancer therapy that makes bacteria and viruses work as a team. In a study published recently in Nature Biomedical Engineering, the Synthetic Biological Systems Lab shows how their system hides a virus inside a tumor-seeking bacterium, smuggles it past the immune system, and unleashes it inside cancerous tumors.


						
The new platform combines the bacteria's tendency to find and attack tumors with the virus's natural preference for infecting and killing cancerous cells. Tal Danino, an associate professor of biomedical engineering at Columbia Engineering, led the team's effort to create the system, which is called CAPPSID (short for Coordinated Activity of Prokaryote and Picornavirus for Safe Intracellular Delivery). Charles M. Rice, an expert in virology at The Rockefeller University, collaborated with the Columbia team.

"We aimed to enhance bacterial cancer therapy by enabling the bacteria to deliver and activate a therapeutic virus directly inside tumor cells, while engineering safeguards to limit viral spread outside the tumor," says co-lead author Jonathan Pabon, an MD/PhD candidate at Columbia.

The researchers believe that this technology -- validated in mice -- represents the first example of directly engineered cooperation between bacteria and cancer-targeting viruses.

The approach combines the bacteria's instinct for homing in on tumors with a virus's knack for infecting and killing cancer cells. "By bridging bacterial engineering with synthetic virology, our goal is to open a path toward multi-organism therapies that can accomplish far more than any single microbe could achieve alone," says Zakary S. Singer, a co-lead author and former postdoctoral researcher in Tal Danino's lab.

"This is probably our most technically advanced and novel platform to date," says Danino, who is also affiliated with the Herbert Irving Comprehensive Cancer Center at Columbia University Irving Medical Center and Columbia's Data Science Institute.

Sneaking past the immune system

One of the biggest hurdles in oncolytic virus therapy is the body's own defense system. If a patient has antibodies against the virus -- from a prior infection or vaccination -- those antibodies can neutralize it before it reaches a tumor. The Columbia team sidestepped that problem by tucking the virus inside tumor-seeking bacteria.




"The bacteria act as an invisibility cloak, hiding the virus from circulating antibodies, and ferrying the virus to where it is needed," Singer says.

Pabon says this strategy is especially important for viruses that people are already exposed to in daily life.

"Our system demonstrates that bacteria can potentially be used to launch an oncolytic virus to treat solid tumors in patients who have developed immunity to these viruses," he says.

Targeting the tumor

The system's bacterial half is Salmonella typhimurium, a species that naturally migrates to the low-oxygen, nutrient-rich environment inside tumors. Once there, the bacteria invade cancer cells and release the virus directly into the tumor's interior.

"We programmed the bacteria to act as a Trojan horse by shuttling the viral RNA into tumors and then lyse themselves directly inside of cancer cells to release the viral genome, which could then spread between cancer cells," Singer says.




By exploiting the bacteria's tumor-homing instincts and the virus's ability to replicate inside cancer cells, the researchers created a delivery system that can penetrate the tumor and spread throughout it -- a challenge that has limited both bacteria- and virus-only approaches.

Safeguarding against runaway infections

A key concern with any live virus therapy is controlling its spread beyond the tumor. The team's system solved that problem with a molecular trick: making sure the virus couldn't spread without a molecule it can only get from the bacteria. Since the bacteria stay put in the tumor, this vital component (called a protease) isn't available anywhere else in the body.

"Spreadable viral particles could only form in the vicinity of bacteria, which are needed to provide special machinery essential for viral maturation in the engineered virus, providing a synthetic dependence between microbes," Singer says. That safeguard adds a second layer of control: even if the virus escapes the tumor, it won't spread in healthy tissue.

"It is systems like these -- specifically oriented towards enhancing the safety of these living therapies -- that will be essential for translating these advances into the clinic," Singer says.

Further research and clinical applications

This publication marks a significant step toward making this type of bacteria-virus system available for future clinical applications.

"As a physician-scientist, my goal is to bring living medicines into the clinic," Pabon says. "Efforts toward clinical translation are currently underway to translate our technology out of the lab."

Danino, Rice, Singer, and Pabon have filed a patent application (WO2024254419A2) with the U.S. Patent and Trademark Office related to this work.

Looking ahead, the team is testing the approach in a wider range of cancers, using different tumor types, mouse models, viruses, and payloads, with an eye to developing a "toolkit" of viral therapies that can sense and respond to specific conditions inside a cell. They are also evaluating how this system can be combined with strains of bacteria that have already demonstrated safety in clinical trials.
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Scientists finally tame the impossible 48-atom carbon ring | ScienceDaily
In a new study led by Oxford University's Department of Chemistry, chemists have demonstrated the synthesis of a cyclocarbon that is stable enough for spectroscopic characterisation in solution at room temperature.


						nough to be studied in liquid solution form at room temperature.    
	The study - only the second example of a new type of molecular carbon allotrope that can be studied under normal laboratory conditions - was published on August 14 in Science.
In a new study led by Oxford University's Department of Chemistry, chemists have demonstrated the synthesis of a cyclocarbon that is stable enough for spectroscopic characterisation in solution at room temperature.

The synthesis of a new type of molecular carbon allotrope that can be studied under normal laboratory conditions is a rare achievement. The only previous example was the synthesis of fullerenes by Kratschmer et al. in 1990 (Nature 1990).

In the new study, the molecule cyclo[48]carbon was synthesised as a [4]catenane, i.e. with the C48 ring threaded through three other macrocycles. These threaded macrocycles increase the stability of C48 by preventing access to the protected cyclocarbon.

Previously, molecular rings consisting purely of carbon atoms have only been studied in the gas phase or at very low temperatures (4 to 10 K). Now, the team have synthesised a cyclocarbon that is stable in solution at 20degC (half-life 92 hours). This has been achieved by using threaded macrocycles, choosing a large cyclocarbon with a low level of strain, and developing mild reaction conditions for the unmasking step in the reaction (where a precursor molecule is transformed into the final product).

The cyclocarbon catenane was characterised by mass spectrometry, NMR, UV-visible and Raman spectroscopy. The observation of a single intense 13C NMR resonance for all 48 sp1 carbon atoms indicates that all of the carbons are in equivalent environments, which provides strong evidence for the cyclocarbon catenane structure.

Lead author Dr Yueze Gao (Department of Chemistry, University of Oxford) said: "Achieving stable cyclocarbons in a vial at ambient conditions is a fundamental step. This will make it easier to study their reactivity and properties under normal laboratory conditions."

Study senior author Professor Harry Andersen (Department of Chemistry, University of Oxford) said: "This achievement marks the culmination of a long endeavour to synthesise cyclocarbon catenanes, based on the hope that they might be stable enough to study at room temperature. The original grant proposal was written in 2016, based on preliminary results from 2012-2015. It is satisfying to have reached this point, because there were many times when the goal seemed unrealistic and unachievable. This work would not have been possible without the outstanding facilities for NMR spectroscopy in the Department of Chemistry at Oxford."

The study also involved researchers from the University of Manchester, the University of Bristol and the Central Laser Facility, Rutherford Appleton Laboratory.
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One gene completely changed how these flies fall in love | ScienceDaily
Researchers in Japan have genetically transferred a unique courtship behavior from one fruit fly species to another. By turning on a single gene in insulin-producing neurons, the team successfully made a species of fruit fly (Drosophila melanogaster) perform a gift-giving ritual it had never done before. The study, published in the journal Science, represents the first example of manipulating a single gene to create new neural connections and transfer behavior between species.


						
In nature, most male fruit flies court mates by rapidly vibrating their wings to create sound patterns or "courtship songs." However, Drosophila subobscura has evolved a very different strategy: males regurgitate food and offer it as a gift to females during courtship. This behavior does not exist in closely related species such as D. melanogaster.

These two fruit fly species diverged about 30-35 million years ago. Both have a gene called "fruitless" or "fru" that controls courtship behavior in males, but they use different strategies -- one species sings and the other gives gifts. The researchers found the reason for this difference: in gift-giving flies (D. subobscura) insulin-producing neurons are connected to the courtship control center in the brain, while in singing flies (D. melanogaster) these cells remain disconnected.

"When we activated the fru gene in insulin-producing neurons of singing flies to produce FruM proteins, the cells grew long neural projections and connected to the courtship center in the brain, creating new brain circuits that produce gift-giving behavior in D. melanogaster for the first time," Dr. Ryoya Tanaka, co-lead author and lecturer at Nagoya University's Graduate School of Science, explained.

The researchers inserted DNA into D. subobscura embryos to create flies with heat-activated proteins in specific brain cells. They used heat to activate groups of these cells and compared the brains of flies that did and did not regurgitate food. They identified 16-18 insulin-producing neurons that make the male-specific protein FruM, clustered in a part of the brain called the pars intercerebralis.

"Our findings indicate that the evolution of novel behaviors does not necessarily require the emergence of new neurons; instead, small-scale genetic rewiring in a few preexisting neurons can lead to behavioral diversification and, ultimately, contribute to species differentiation," Dr. Yusuke Hara, co-lead author from the National Institute of Information and Communications Technology (NICT), noted.

"We've shown how we can trace complex behaviors like nuptial gift-giving back to their genetic roots to understand how evolution creates entirely new strategies that help species survive and reproduce," senior author Dr. Daisuke Yamamoto from NICT said.

The study, "Cross-species implementation of an innate courtship behavior by manipulation of the sex-determinant gene" was published in the journal Science, on August 14, 2025, at DOI: 10.1126/science.adp5831. It represents the result of collaborative efforts led by Drs. Yusuke Hara and Daisuke Yamamoto at the National Institute of Information and Communications Technology (NICT), in partnership with researchers at Nagoya University.

Funding: 

This research was conducted with support from KAKENHI Grant-in-Aid for Scientific Research: "Early-Career Scientists (Project Numbers: 19K16186, 21K15137)," "Scientific Research A (Project Number: 21H04790)," "Transformative Research Areas (A): Hierarchical Bio-Navigation Science (Project Numbers: 22H05650, 24H01433)," and "Scientific Research C (Project Number: 23K05846)."
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Scientists just proved a fundamental quantum rule for the first time | ScienceDaily
Researchers at Tampere University and their collaborators from Germany and India have experimentally confirmed that angular momentum is conserved when a single photon is converted into a pair - validating a key principle of physics at the quantum level for the first time. This breakthrough opens new possibilities for creating complex quantum states useful in computing, communication, and sensing.


						
Conservation laws are the heart of our natural scientific understanding as they govern which processes are allowed or forbidden. A simple example is that of colliding billiard balls, where the motion - and with it, their linear momentum - is transferred from one ball to another.A similar conservation rule also exists for rotating objects, which have angular momentum. Interestingly, light can also have an angular momentum, e.g., orbital angular momentum (OAM), which is connected to the light's spatial structure.

In the quantum realm, this implies that single particles of light, so-called photons, have well-defined quanta of OAM, which need to be conserved in light-matter interactions. In a recent study in Physical Review Letters, researchers from Tampere University and their collaborators, have now pushed the test of these conservation laws to absolute quantum limit. They explore if the conservation of OAM quanta holds when a single photon is split into a photon pair.

One minus one equals zero

The conservation rule dictates, e.g., that when a photon with zero OAM is split into two photons, the OAM quanta of both photons must add to zero. Hence, if one of the newly generated photons is found to have one OAM quanta, its partner photon must have the opposite, i.e., negative OAM quanta. Or in other words, the simple formula 1 + (-1) = 0 needs to hold. While these conservation rules have been tested and utilized in a myriad of optics experiments with a laser, they have never been tested for a single photon.

"Our experiments show that the OAM is indeed conserved even when the process is driven by a single photon. This confirms a key conservation law at the most fundamental level, which is ultimately based on the symmetry of the process," explains Dr. Lea Kopf, who is the lead author of the study.

Finding the photonic needle in the laboratory haystack

The team's experiments rely on delicate measurements as the required nonlinear optical processes are very inefficient. Only every billionth photon is converted to a photon pair, such that measuring the conservation of OAM for single photons resembles the proverbial search for the needle in the haystack.




An extremely stable optical setup, low background noise, a detections scheme with the highest possible efficiency, and a lot of experimental endurance enabled the researchers to record enough successful conversions such that they could confirm the fundamental conservation law.

In addition to confirming OAM conservation, the team observed first indications of quantum entanglement in the generated photon pairs, which suggests that the technique can be extended to create more complex photonic quantum states.

"This work is not only of fundamental importance, but it also takes us a significant step closer to generating novel quantum states, where the photons are entangled in all possible ways, i.e., in space, time, and polarization," adds Prof. Robert Fickler, who leads the Experimental Quantum Optics group where the experiment was performed.

Looking forward, the researchers plan to improve the overall efficiency of their scheme and develop better strategies for measuring the generated quantum state such that in the future these photonic needles can be found easier in the laboratory haystack. Moreover, the researchers aim at leveraging the generated multi-photon quantum states for novel fundamental quantum tests and quantum photonics applications such as quantum communication and network schemes.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250816113515.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists stunned by record-breaking, watermelon-shaped nucleus | ScienceDaily
For the first time in more than thirty years, the heaviest nucleus decaying via proton emission has been measured. The previous similar breakthrough was achieved in 1996.


						
The radioactive decay of atomic nuclei has been one of the keystones of nuclear physics since the beginning of nuclear research. Now the heaviest nucleus decaying via proton emission has been measured in the Accelerator Laboratory of the University of Jyvaskyla, Finland.

"Proton emission is a rare form of radioactive decay, in which the nucleus emits a proton to take a step towards stability," says Doctoral Researcher Henna Kokkonen from the University of Jyvaskyla.

Studying exotic nuclei is difficult, but not impossible

The new nucleus is so far the lightest known isotope of astatine, 188At, consisting of 85 protons and 103 neutrons. Exotic nuclei of this kind are extremely challenging to study due to their short lifetimes and low production cross sections, so precise techniques are needed.

"The nucleus was produced in a fusion-evaporation reaction by irradiating natural silver target with 84Sr ion beam," says Academy Research Fellow Kalle Auranen from the University of Jyvaskyla. "The new isotope was identified using the detector setup of the RITU recoil separator."

Study reveals new findings on heavy nuclei 

In addition to the experimental results, the study expanded a theoretical model to interpret the measured data. Through the model, the nucleus can be interpreted as strongly prolate, i.e. "watermelon shaped."




"The properties of the nucleus suggests a trend change in the binding energy of the valence proton," says Kokkonen. "This is possibly explained by an interaction unprecedented in heavy nuclei."

The study is a follow-up to the master's thesis 

The study is part of Kokkonen's doctoral thesis and a direct scientific follow-up to her master's thesis, in which she discovered a new type of atomic nucleus, the 190-astatatine. The thesis article was published in the Physical Review C journal in 2023.

"Isotope discoveries are rare worldwide, and this is the second time I have had the opportunity to be part of making history," Kokkonen rejoices. "Every experiment is challenging, and it feels great to do research that improves understanding of the limits of matter and the structure of atomic nuclei."

The research article was written as part of an international research collaboration involving experts in theoretical nuclear physics. The study was published in the renowned Nature Communications.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250816113512.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



This simple magnetic trick could change quantum computing forever | ScienceDaily
The entry of quantum computers into society is currently hindered by their sensitivity to disturbances in the environment. Researchers from Chalmers University of Technology in Sweden, and Aalto University and the University of Helsinki in Finland, now present a new type of exotic quantum material, and a method that uses magnetism to create stability. This breakthrough can make quantum computers significantly more resilient - paving the way for them to be robust enough to tackle quantum calculations in practice.


						
At the atomic scale, the laws of physics deviate from those in our ordinary large-scale world. There, particles adhere to the laws of quantum physics, which means they can exist in multiple states simultaneously and influence each other in ways that are not possible within classical physics. These peculiar but powerful phenomena hold the key to quantum computing and quantum computers, which have the potential to solve problems that no conventional supercomputer can handle today.

But before quantum calculations can benefit society in practice, physicists need to solve a major challenge. Qubits, the basic units of a quantum computer, are extremely delicate. The slightest change in temperature, magnetic field, or even microscopic vibrations causes the qubits to lose their quantum states - and thus also their ability to perform complex calculations reliably.

To solve the problem, researchers in recent years have begun exploring the possibility of creating materials that can provide better protection against these types of disturbances and noise in their fundamental structure - their topology. Quantum states that arise and are maintained through the structure of the material used in qubits are called topological excitations and are significantly more stable and resilient than others. However, the challenge remains to find materials that naturally support such robust quantum states.

Newly developed material protects against disturbances 

Now, a research team from Chalmers University of Technology, Aalto University, and the University of Helsinki has developed a new quantum material for qubits that exhibits robust topological excitations. The breakthrough is an important step towards realising practical topological quantum computing by constructing stability directly into the material's design.

"This is a completely new type of exotic quantum material that can maintain its quantum properties when exposed to external disturbances. It can contribute to the development of quantum computers robust enough to tackle quantum calculations in practice," says Guangze Chen, postdoctoral researcher in applied quantum physics at Chalmers and lead author of the study published in Physical Review Letters.




'Exotic quantum materials' is an umbrella term for several novel classes of solids with extreme quantum properties. The search for such materials, with special resilient properties, has been a long-standing challenge.

Magnetism is the key in the new strategy

Traditionally, researchers have followed a well-established 'recipe' based on spin-orbit coupling, a quantum interaction that links the electron's spin to its movement orbit around the atomic nucleus to create topological excitations. However, this 'ingredient' is relatively rare, and the method can therefore only be used on a limited number of materials.

In the study, the research team presents a completely new method that uses magnetism - a much more common and accessible ingredient - to achieve the same effect. By harnessing magnetic interactions, the researchers were able to engineer the robust topological excitations required for topological quantum computing.

"The advantage of our method is that magnetism exists naturally in many materials. You can compare it to baking with everyday ingredients rather than using rare spices," explains Guangze Chen. "This means that we can now search for topological properties in a much broader spectrum of materials, including those that have previously been overlooked."

Paving the way for next-generation quantum computer platforms 

To accelerate the discovery of new materials with useful topological properties, the research team has also developed a new computational tool. The tool can directly calculate how strongly a material exhibits topological behaviour.

"Our hope is that this approach can help guide the discovery of many more exotic materials," says Guangze Chen. "Ultimately, this can lead to next-generation quantum computer platforms, built on materials that are naturally resistant to the kind of disturbances that plague current systems."
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Great white sharks have a DNA mystery science still can't explain | ScienceDaily
    	White sharks exhibit stark differences between the DNA in their nuclei and the DNA in their mitochondria. Until now, scientists have pointed to the migration patterns of great whites to explain these differences.
    	Scientists tested this theory in a new study by analyzing genetic differences between global white shark populations. In doing so, they discovered that great whites were restricted to a single population in the Indo-Pacific Ocean at the end of the last ice age 10,000 years ago and have since expanded to their current global distribution.
    	The results also invalidate the migration theory, but an alternative explanation remains elusive.

White sharks (Carcharodon carcharias) almost went bottom-up during the last ice age, when sea levels were much lower than they are today and sharks had to get by with less space. The most recent cold snap ended about 10,000 years ago, and the planet has been gradually warming ever since. As temperatures increased, glaciers melted, and sea levels rose, which was good news for great whites.

Results of a study published in the journal Proceedings of the National Academy of Sciences show that white sharks had been reduced to a single, well-mixed population somewhere in the southern Indo-Pacific Ocean. White sharks began genetically diverging about 7,000 years ago, suggesting that they had broken up into two or more isolated populations by this time.

This is new information but not particularly surprising. There are never many white sharks around even at the best of times, as befits their status at the top of the tapered food chain, where a lack of elbow room limits their numbers. Today, there are three genetically distinct white shark populations: one in the southern hemisphere around Australia and South Africa, one in the northern Atlantic and another in the northern Pacific. Though widespread, the number of white sharks still remains low.

"There are probably about 20,000 individuals globally," said study co-author Gavin Naylor, director of the Florida Program for Shark Research at the Florida Museum of Natural History. "There are more fruit flies in any given city than there are great white sharks in the entire world."

Organisms with small populations can be pushed dangerously close to the edge of extinction when times are tough. Mile-high glaciers extended from the poles and locked away so much water that by 25,000 years ago, sea levels had plunged by about 40 meters (131 feet), eliminating habitat and restricting great whites to an oceanic corral.

But something happened to great whites during their big comeback that remains as much of a mystery now as it was when it was first discovered more than 20 years ago. The primary motivation for this study was to lay out a definitive explanation, but despite using one of the largest genetic datasets on white sharks ever compiled, things did not go quite according to plan.




"The honest scientific answer is we have no idea," Naylor said.

Female great white sharks wander off for years to feed but come back home to breed

Scientists first got a whiff of something strange in 2001, when a research team published a paper that opened with the line, "... information about ... great white sharks has been difficult to acquire, not least because of the rarity and huge size of this fish."

The authors of that study compared genetic samples taken from dozens of sharks in Australia, New Zealand and South Africa. They found that though the DNA produced and stored in the nuclei of their cells were mostly the same between individuals, the mitochondrial DNA of sharks from South Africa were distinctly different from those in Australia and New Zealand.

The seemingly obvious explanation was that great whites tend to stick together and rarely make forays into neighboring groups. Over time, unique genetic mutations would have accumulated in each group, which, if it went on long enough, would result in the formation of new species.

This would explain the observed differences in their mitochondrial DNA but not why the nuclear DNA was virtually identical among all three populations. To account for that, the authors suggested that male sharks traveled vast distances throughout the year, but females either never traveled far, or if they did, they most often came back to the same place during the breeding season, a type of migration pattern called philopatry.




This idea was based on the fact that nuclear and mitochondrial DNA are not inherited in equal proportion in plants and animals. The DNA inside nuclei is passed down by both parents to their offspring, but only one -- most often the female -- contributes mitochondria to the next generation. This is a holdover from the days when mitochondria were free-living bacteria, before they were unceremoniously engulfed and repurposed by the ancestor of eukaryotes.

This was a good guess and had the added benefit of later turning out to be mostly accurate. Male and female great whites do travel large distances in search of food throughout the year, and females consistently make the return journey before it's time to mate.

Thus, the nuclear DNA of great whites should have less variation, because itinerant males go around mixing things up, while the mitochondrial DNA in different populations should be distinct because philopatric females ensure all the unique differences stay in one place. This has remained the favored explanation for the last two decades, one that seemed to fit like a well-worn glove. Except, no one ever got around to actually putting it on to test its size. This is primarily because the data needed to do so was hard to get for the same reasons mentioned in the touchstone study: There aren't many great white sharks, and when researchers do manage to find one, taking a DNA sample without losing any appendages in the process can be tricky business.

Shark migration cannot explain nuclear and mitochondrial discordance, so what can?

Naylor and his colleagues began collecting the necessary data back in 2012. "I wanted to get a white shark nuclear genome established to explore its molecular properties," he said. "White sharks have some very peculiar attributes, and we had about 40 or 50 samples that I thought we could use to design probes to look at their population structure."

Over the next few years, they also sequenced DNA from about 150 white shark mitochondrial genomes, which are smaller and less expensive to assemble than their nuclear counterparts. The samples came from all over the world, including the Atlantic, Pacific and Indian oceans.

When they compared the two types of DNA, they found the same pattern as the one discovered in 2001. At the population level, white sharks in the North Atlantic rarely mixed with those from the South Atlantic. The same was true of sharks in the Pacific and Indian oceans. At a molecular level, the nuclear DNA among all white sharks remained fairly consistent, while the mitochondrial DNA showed a surprising amount of variation.

The researchers were aware of the philopatric theory and ran a few tests to see if it held up, first by looking specifically at the nuclear DNA. If the act of returning to the same place to mate really were the cause of the strange mitochondrial patterns, some small signal of that should also show up in the nuclear DNA, of which females contribute half to their offspring.

"But that wasn't reflected in the nuclear data at all," Naylor said.

Next, they concocted a sophisticated test for the mitochondrial genomes. To do this, they first had to reconstruct the recent evolutionary history of white sharks, which is how they discovered the single southern population they'd been reduced to during the last ice age.

"They were really few and far between when sea levels were lowest. Then the population increased and moved northward as the ice melted. We suspect they remained in those northern waters because they found a reliable food source," Naylor said. Specifically, they encountered seals, which are a dietary staple among white sharks and one of the main reasons why they have such a strong fidelity to specific locations.

"These white sharks come along, get a nice blubbery sausage. They fatten up, they breed, and then they move off around the ocean."

Knowing when the sharks split up was key, as each group would have begun genetically diverging from each other at this time. All the researchers had to do was determine whether the 10,000 years between now and the last ice age would have been enough time for the mitochondrial DNA to have accumulated the number of differences observed in the data if philopatry was the primary culprit.

They ran a simulation to find the answer, which came back negative. Philopatry is undoubtedly a behavioral pattern among great whites, but it was not responsible for the large mitochondrial schism.

So Naylor and his colleagues went back to the drawing board to figure out what sort of evolutionary force could account for the differences.

"I came up with the idea that sex ratios might be different -- that just a few females were contributing to the populations from one generation to the next," Naylor said. This type of reproductive skew can be observed in a variety of organisms, including meerkats, cichlid fish and many types of social insects.

But yet another test showed that reproductive skew did not apply to white sharks.

There is a third, albeit less likely, option the team members said they can't rule out at this stage, namely that natural selection is responsible for the differences. The reason why this is far-fetched has to do with the relative strength of evolutionary forces. Natural selection -- the idea that the organisms best suited to leave behind offspring will, in fact, generally be the ones that have the most offspring -- is always active, but it has the strongest effect in large populations. Smaller populations, in contrast, are more susceptible to something called genetic drift, in which random traits -- even harmful ones -- have a much higher chance of being passed down to the next generation.

Florida panthers, for example, are highly endangered, with only a few hundred individuals left in the wild. Most of them have a kink at the end of their tail, likely inherited from a single ancestor. In a large population, subject primarily to natural selection, this trait would have either remained uncommon or disappeared entirely over time. But in a small population, a single cat with a kinked tail can change the world purely by chance through the auspices of genetic drift.

By way of comparison, gravity exerts a force at all scales of matter and energy, but it is by far the weakest of the four fundamental physical forces. At the scale of planets and stars, gravity can hold solar systems and galaxies together, but it has very little influence on the shape or interactions of atoms, which are governed by the three stronger but more localized forces, such as electromagnetism.

According to the study's results, genetic drift cannot explain the differences between mitochondria in great whites. Because it is a completely random process, it cannot selectively target one type of DNA and spare another. If it were the culprit, similar changes would also be evident in the nuclear DNA.

This leaves natural selection as the only other possibility, which seems unlikely because of the small population sizes among white sharks. If it is the causative agent, Naylor said, the selective force "would have to be brutally lethal."

If you collect enough mass in a concentrated space, say on the order of a black hole, the otherwise benign force of gravity becomes powerful enough to devour light.

If natural selection is at play in this case, it would manifest itself in a similarly powerful way. Any deviation from the mitochondrial DNA sequence most common in a given population would likely be fatal, thus ensuring it was not passed on to the next generation.

But this is far from certain, and Naylor has his doubts about the validity of such a conclusion. For now, scientists are left with an open-ended question that can only be resolved with further study.

Additional co-authors of the study are: Romuald Laso-Jadart, Elise Gaya, Pierre Lesturgie and Stefano Mona of the Museum National d'Histoire Naturelle; Shannon L. Corrigan, Lei Yang and Adrian Lee of the Florida Museum of Natural History; Olivier Fedrigo of the The Rockefeller University; Christopher Lowe and Kady Lyons of California State University Long Beach; Greg Skomal of the University of Massachusetts Dartmouth; Geremy Cliff of the University of KwaZulu-Natal; Mauricio Hoyos Padilla of Pelagios-Kakunja Marine Conservation; Charlie Huveneers of Flinders University; Keiichi Sato of the Okinawa Churaumi Aquarium; and James Glancy of the British Museum of Natural History.
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Clearest Mars images yet reveal mystery rock and ancient terrain in stunning detail | ScienceDaily
'Float rocks,' sand ripples, and vast distances are among the sights to see in the latest high-resolution panorama by the six-wheeled scientist.


						
The imaging team of NASA's Perseverance Mars rover took advantage of clear skies on the Red Planet to capture one of the sharpest panoramas of its mission so far. Visible in the mosaic, which was stitched together from 96 images taken at a location the science team calls "Falbreen," are a rock that appears to lie on top of a sand ripple, a boundary line between two geologic units, and hills as distant as 40 miles (65 kilometers) away. The enhanced-color version shows the Martian sky to be remarkably clear and deceptively blue, while in the natural-color version, it's reddish.

"Our bold push for human space exploration will send astronauts back to the Moon," said Sean Duffy, acting NASA administrator. "Stunning vistas like that of Falbreen, captured by our Perseverance rover, are just a glimpse of what we'll soon witness with our own eyes. NASA's groundbreaking missions, starting with Artemis, will propel our unstoppable journey to take human space exploration to the Martian surface. NASA is continuing to get bolder and stronger."

The rover's Mastcam-Z instrument captured the images on May 26, 2025, the 1,516th Martian day, or sol, of Perseverance's mission, which began in February 2021 on the floor of Jezero Crater. Perseverance reached the top of the crater rim late last year.

"The relatively dust-free skies provide a clear view of the surrounding terrain," said Jim Bell, Mastcam-Z's principal investigator at Arizona State University in Tempe. "And in this particular mosaic, we have enhanced the color contrast, which accentuates the differences in the terrain and sky."

Buoyant Boulder

One detail that caught the science team's attention is a large rock that appears to sit atop a dark, crescent-shaped sand ripple to the right of the mosaic's center, about 14 feet (4.4 meters) from the rover. Geologists call this type of rock a "float rock" because it was more than likely formed someplace else and transported to its current location. Whether this one arrived by a landslide, water, or wind is unknown, but the science team suspects it got here before the sand ripple formed.




The bright white circle just left of center and near the bottom of the image is an abrasion patch. This is the 43rd rock Perseverance has abraded since it landed on Mars. Two inches (5 centimeters) wide, the shallow patch is made with the rover's drill and enables the science team to see what's beneath the weathered, dusty surface of a rock before deciding to drill a core sample that would be stored in one of the mission's titanium sample tubes.

The rover made this abrasion on May 22 and performed proximity science (a detailed analysis of Martian rocks and soil) with its arm-mounted instruments two days later. The science team wanted to learn about Falbreen because it's situated within what may be some of the oldest terrain Perseverance has ever explored -- perhaps even older than Jezero Crater.

Tracks from the rover's journey to the location can be seen toward the mosaic's right edge. About 300 feet (90 meters) away, they veer to the left, disappearing from sight at a previous geologic stop the science team calls "Kenmore."

A little more than halfway up the mosaic, sweeping from one edge to the other, is the transition from lighter-toned to darker-toned rocks. This is the boundary line, or contact, between two geologic units. The flat, lighter-colored rocks nearer to the rover are rich in the mineral olivine, while the darker rocks farther away are believed to be much older clay-bearing rocks.

More About Perseverance

NASA's Jet Propulsion Laboratory, which is managed for the agency by Caltech, built and manages operations of the Perseverance rover on behalf of NASA's Science Mission Directorate in Washington, as part of NASA's Mars Exploration Program portfolio. Arizona State University leads the operations of the Mastcam-Z instrument, working in collaboration with Malin Space Science Systems in San Diego, on the design, fabrication, testing, and operation of the cameras.
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Greenland's glacial runoff is powering explosions of ocean life | ScienceDaily
As Greenland's ice retreats, it's fueling tiny ocean organisms. To test why, scientists turned to a computer model out of JPL and MIT that's been called a laboratory in itself.


						
Runoff from Greenland's ice sheet is kicking nutrients up from the ocean depths and boosting phytoplankton growth, a new NASA-supported study has found. Reporting in Nature Communications: Earth & Environment, the scientists used state-of-the art-computing to simulate marine life and physics colliding in one turbulent fjord. Oceanographers are keen to understand what drives the tiny plantlike organisms, which take up carbon dioxide and power the world's fisheries.

Greenland's mile-thick ice sheet is shedding some 293 billion tons (266 billion metric tons) of ice per year. During peak summer melt, more than 300,000 gallons (1,200 cubic meters) of fresh water drain into the sea every second from beneath Jakobshavn Glacier, also known as Sermeq Kujalleq, the most active glacier on the ice sheet. The waters meet and tumble hundreds of feet below the surface.

The meltwater plume is fresh and more buoyant than the surrounding saltwater. As it rises, scientists have hypothesized, it may be delivering nutrients like iron and nitrate -- a key ingredient in fertilizer -- to phytoplankton floating at the surface.

Researchers track these microscopic organisms because, though smaller by far than a pinhead, they're titans of the ocean food web. Inhabiting every ocean from the tropics to the polar regions, they nourish krill and other grazers that, in turn, support larger animals, including fish and whales.

Previous work using NASA satellite data found that the rate of phytoplankton growth in Arctic waters surged 57% between 1998 and 2018 alone. An infusion of nitrate from the depths would be especially pivotal to Greenland's phytoplankton in summer, after most nutrients been consumed by prior spring blooms. But the hypothesis has been hard to test along the coast, where the remote terrain and icebergs as big as city blocks complicate long-term observations.

"We were faced with this classic problem of trying to understand a system that is so remote and buried beneath ice," said Dustin Carroll, an oceanographer at San Jose State University who is also affiliated with NASA's Jet Propulsion Laboratory in Southern California. "We needed a gem of a computer model to help."

Sea of Data




To re-create what was happening in the waters around Greenland's most active glacier, the team harnessed a model of the ocean developed at JPL and the Massachusetts Institute of Technology in Cambridge. The model ingests nearly all available ocean measurements collected by sea- and satellite-based instruments over the past three decades. That amounts to billions of data points, from water temperature and salinity to pressure at the seafloor. The model is called Estimating the Circulation and Climate of the Ocean-Darwin (ECCO-Darwin for short).

Simulating "biology, chemistry, and physics coming together" in even one pocket along Greenland's 27,000 miles (43,000 kilometers) of coastline is a massive math problem, noted lead author Michael Wood, a computational oceanographer at San Jose State University. To break it down, he said the team built a "model within a model within a model" to zoom in on the details of the fjord at the foot of the glacier.

Using supercomputers at NASA's Ames Research Center in Silicon Valley, they calculated that deepwater nutrients buoyed upward by glacial runoff would be sufficient to boost summertime phytoplankton growth by 15 to 40% in the study area.

More Changes in Store

Could increased phytoplankton be a boon for Greenland's marine animals and fisheries? Carroll said that untangling impacts to the ecosystem will take time. Melt on the Greenland ice sheet is projected to accelerate in coming decades, affecting everything from sea level and land vegetation to the saltiness of coastal waters.

"We reconstructed what's happening in one key system, but there's more than 250 such glaciers around Greenland," Carroll said. He noted that the team plans to extend their simulations to the whole Greenland coast and beyond.

Some changes appear to be impacting the carbon cycle both positively and negatively: The team calculated how runoff from the glacier alters the temperature and chemistry of seawater in the fjord, making it less able to dissolve carbon dioxide. That loss is canceled out, however, by the bigger blooms of phytoplankton taking up more carbon dioxide from the air as they photosynthesize.

Wood added: "We didn't build these tools for one specific application. Our approach is applicable to any region, from the Texas Gulf to Alaska. Like a Swiss Army knife, we can apply it to lots of different scenarios."
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NASA's SWOT satellite captures Kamchatka megaquake tsunami in striking detail | ScienceDaily
Data provided by the water satellite, a joint effort between NASA and the French space agency, is helping to improve tsunami forecast models, benefitting coastal communities.


						
The SWOT (Surface Water and Ocean Topography) satellite captured the tsunami spawned by an 8.8 magnitude earthquake off the coast of Russia's Kamchatka Peninsula on July 30, 11:25 a.m. local time. The satellite, a joint effort between NASA and the French space agency CNES (Centre National d'Etudes Spatiales), recorded the tsunami about 70 minutes after the earthquake struck.

Disturbances like an earthquake or underwater landslide trigger a tsunami when the event is large enough to displace the entire column of seawater from the ocean floor to the surface. This results in waves that ripple out from the disturbance much like dropping a pebble into a pond generates a series of waves.

"The power of SWOT's broad, paintbrush-like strokes over the ocean is in providing crucial real-world validation, unlocking new physics, and marking a leap towards more accurate early warnings and safer futures," said Nadya Vinogradova Shiffer, NASA Earth lead and SWOT program scientist at NASA Headquarters in Washington.

Data from SWOT provided a multidimensional look at the leading edge of the tsunami wave triggered by the Kamchatka earthquake. The measurements included a wave height exceeding 1.5 feet (45 centimeters), shown in red in the highlighted track, as well as a look at the shape and direction of travel of the leading edge of the tsunami. The SWOT data, shown in the highlighted swath running from the southwest to the northeast in the visual, is plotted against a forecast model of the tsunami produced by the U.S. National Oceanic and Atmospheric Administration (NOAA) Center for Tsunami Research. Comparing the observations from SWOT to the model helps forecasters validate their model, ensuring its accuracy.

"A 1.5-foot-tall wave might not seem like much, but tsunamis are waves that extend from the seafloor to the ocean's surface," said Ben Hamlington, an oceanographer at NASA's Jet Propulsion Laboratory in Southern California. "What might only be a foot or two in the open ocean can become a 30-foot wave in shallower water at the coast."

The tsunami measurements SWOT collected are helping scientists at NOAA's Center for Tsunami Research improve their tsunami forecast model. Based on outputs from that model, NOAA sends out alerts to coastal communities potentially in the path of a tsunami. The model uses a set of earthquake-tsunami scenarios based on past observations as well as real-time observations from sensors in the ocean.




The SWOT data on the height, shape, and direction of the tsunami wave is key to improving these types of forecast models. "The satellite observations help researchers to better reverse engineer the cause of a tsunami, and in this case, they also showed us that NOAA's tsunami forecast was right on the money," said Josh Willis, a JPL oceanographer.

The NOAA Center for Tsunami Research tested their model with SWOT's tsunami data, and the results were exciting, said Vasily Titov, the center's chief scientist in Seattle. "It suggests SWOT data could significantly enhance operational tsunami forecasts -- a capability sought since the 2004 Sumatra event." The tsunami generated by that devastating quake killed thousands of people and caused widespread damage in Indonesia.

More About SWOT

The SWOT satellite was jointly developed by NASA and CNES, with contributions from the Canadian Space Agency (CSA) and the UK Space Agency. NASA JPL, managed for the agency by Caltech in Pasadena, California, leads the U.S. component of the project. For the flight system payload, NASA provided the Ka-band radar interferometer (KaRIn) instrument, a GPS science receiver, a laser retroreflector, a two-beam microwave radiometer, and NASA instrument operations. The Doppler Orbitography and Radioposition Integrated by Satellite system, the dual frequency Poseidon altimeter (developed by Thales Alenia Space), the KaRIn radio-frequency subsystem (together with Thales Alenia Space and with support from the UK Space Agency), the satellite platform, and ground operations were provided by CNES. The KaRIn high-power transmitter assembly was provided by CSA.
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        A safe painkiller? New research raises concerns about Tylenol's safety in pregnancy
        A large-scale review finds that acetaminophen use during pregnancy may increase the risk of autism and ADHD in children. The strongest studies showed the clearest links, pointing to biological pathways like oxidative stress and hormone disruption. Experts call for caution, updated guidelines, and safer alternatives.

      

      
        Scientists solve 30-year mystery of a hidden nutrient that shields the brain and fights cancer
        Scientists have finally uncovered the missing link in how our bodies absorb queuosine, a rare micronutrient crucial for brain health, memory, stress response, and cancer defense. For decades, researchers suspected a transporter had to exist, but it remained elusive--until now.

      

      
        Scientists finally crack the secret to perfect chocolate flavor
        Scientists have decoded the microbial and environmental factors behind cacao fermentation, the critical process that defines chocolate's taste. By recreating the fermentation with controlled microbial communities, they've paved the way for more consistent, high-quality chocolate.

      

      
        Astronomers uncover enormous bubble bigger than our Solar System
        A giant bubble of gas and dust surrounds the red supergiant DFK 52, likely created in a powerful outburst 4,000 years ago. Astronomers are baffled at how the star survived without going supernova, and suspect a hidden companion may have played a role. This discovery could reveal clues about the final stages of massive stars.

      

      
        Ancient solar system crash may explain Bennu and Ryugu's origin
        Scientists from the Southwest Research Institute have found strong evidence that near-Earth asteroids Bennu and Ryugu share a common origin with Polana, a much larger asteroid in the main belt. By comparing James Webb Telescope observations with samples from NASA's OSIRIS-REx and Japan's Hayabusa2 missions, researchers discovered spectral similarities suggesting all three were once fragments of the same parent body, shattered in an ancient collision.

      

      
        Voyager missed it, but James Webb Just Found Uranus' hidden moon
        Astronomers using the James Webb Space Telescope have uncovered a tiny new moon orbiting Uranus, increasing the planet's moon tally to 29. The object, only about six miles wide, escaped Voyager 2's detection during its 1986 flyby, hiding between the orbits of Ophelia and Bianca.

      

      
        Astronomers stunned by the strangest supernova ever seen
        Scientists have identified a never-before-seen supernova, SN2021yfj, which exploded after losing nearly all of its outer layers. Instead of light elements, it revealed silicon and sulfur from deep within the star--direct proof of a layered stellar structure. The discovery challenges existing theories and suggests stars may die in more exotic ways than textbooks predict.

      

      
        How hidden cosmic highways feed the Universe's biggest stars
        Massive stars have always puzzled scientists--how do they grow so quickly despite fierce radiation pushing material away? New high-resolution ALMA observations suggest that instead of relying solely on accretion disks, young stars may be fueled by colossal gas "streamers." These vast cosmic highways carry matter across thousands of astronomical units, potentially overwhelming feedback effects and sustaining stellar growth.

      

      
        The surprising reason timber plantations explode into megafires
        Industrial forests, packed with evenly spaced trees, face nearly 50% higher odds of megafires than public lands. A lidar-powered study of California's Sierra Nevada reveals how dense plantations feed fire severity, but also shows that proactive thinning could prevent forests from collapsing into shrubland ecosystems.

      

      
        This is where tree planting has the biggest climate impact
        Planting more trees can help cool the planet and reduce fire risk--but where they are planted matters. According to UC Riverside researchers, tropical regions provide the most powerful climate benefits because trees there grow year-round, absorb more carbon dioxide, and cool the air through processes like evapotranspiration, or "tree sweating."

      

      
        Scientists just found a protein that reverses brain aging
        Scientists at UCSF have uncovered a surprising culprit behind brain aging: a protein called FTL1. In mice, too much FTL1 caused memory loss, weaker brain connections, and sluggish cells. But when researchers blocked it, the animals regained youthful brain function and sharp memory. The discovery suggests that one protein could be the master switch for aging in the brain -- and targeting it may one day allow us to actually reverse cognitive decline, not just slow it down.

      

      
        Protected seas help kelp forests bounce back from heatwaves
        Kelp forests bounce back faster from marine heatwaves when shielded inside Marine Protected Areas. UCLA researchers found that fishing restrictions and predator protection strengthen ecosystem resilience, though results vary by location.

      

      
        Why listening may be the most powerful medicine
        In a health system where speed often replaces empathy, researchers highlight the life-changing power of listening. Beyond simple questions, values-driven listening--marked by presence, curiosity, and compassion--can transform both patients and providers.

      

      
        Scientists just found the brain's secret GPS system
        Researchers discovered two brain regions that work as a "neural compass," keeping people oriented in virtual city navigation. These areas tracked direction consistently, hinting at new ways to detect and monitor neurological disorders that cause disorientation.

      

      
        Scientists unlock the gene that lets bearded dragons switch sex
        Two independent research teams have unveiled near-complete reference genomes of the central bearded dragon, a reptile with the rare ability to change sex depending on both chromosomes and nest temperature. Using next-generation sequencing technologies from China and Australia, the projects uncovered the long-sought genetic basis of sex determination in this lizard.

      

      
        After 70 years, the Sun's explosive mystery is finally solved
        NASA's Parker Solar Probe has directly observed magnetic reconnection in the Sun's atmosphere for the first time, confirming decades-old theories about solar explosions. This discovery bridges small-scale events near Earth with massive solar eruptions that shape space weather. The data provides crucial insights to improve predictions of solar storms that can impact our technology.

      

      
        Scientists may have finally found the Universe's missing sulfur
        For decades, scientists have puzzled over why so little sulfur appears in space, even though it is one of the most common elements in the universe and vital to life. A new study suggests that the missing sulfur may be locked away in icy dust grains, forming unusual molecular shapes like crown-like rings and hydrogen-linked chains. These hidden forms make sulfur difficult to detect with telescopes, helping explain why its presence has been underestimated for so long. Researchers now believe they m...

      

      
        Why recycling 'dead' batteries could save billions and slash pollution
        Lithium battery recycling offers a powerful solution to rising demand, with discarded batteries still holding most of their valuable materials. Compared to mining, recycling slashes emissions and resource use while unlocking major economic potential. Yet infrastructure, policy, and technology hurdles must still be overcome.

      

      
        Tiny microbes may secretly rewire the brain before birth
        MSU researchers discovered that microbes begin shaping the brain while still in the womb, influencing neurons in a region critical for stress and social behavior. Their findings suggest modern birth practices that alter the microbiome may have hidden impacts on brain development.

      

      
        One atom, endless power: Scientists create a shape-shifting catalyst for green chemistry
        A team in Milan has developed a first-of-its-kind single-atom catalyst that acts like a molecular switch, enabling cleaner, more adaptable chemical reactions. Stable, recyclable, and eco-friendly, it marks a major step toward programmable sustainable chemistry.

      

      
        A new cancer vaccine just wiped out tumors in mice
        A breakthrough mRNA cancer vaccine has shown the ability to supercharge the effects of immunotherapy in mice, sparking hope for a universal "off-the-shelf" treatment that could fight multiple cancers. Unlike traditional vaccines designed to target specific tumor proteins, this approach simply revs up the immune system as if it were fighting a virus. The results were dramatic--when paired with checkpoint inhibitors, tumors shrank, and in some cases, the vaccine alone wiped them out.

      

      
        Is ketamine the answer for chronic pain? New findings cast doubt
        A sweeping review of 67 trials has cast doubt on the use of ketamine and similar NMDA receptor antagonists for chronic pain relief. While ketamine is frequently prescribed off-label for conditions like fibromyalgia and nerve pain, researchers found little convincing evidence of real benefit and flagged serious side effects such as delusions and nausea. The lack of data on whether it reduces depression or opioid use adds to the uncertainty.

      

      
        Forget LASIK: Safer, cheaper vision correction could be coming soon
        Scientists are developing a surgery-free alternative to LASIK that reshapes the cornea using electricity instead of lasers. In rabbit tests, the method corrected vision in minutes without incisions.

      

      
        Stunning galaxy blooms with pink nebulae in Hubble's new image
        Hubble's newest view of the spiral galaxy NGC 2835 adds a stunning twist to a familiar sight. By capturing light in a special wavelength called H-alpha, astronomers have revealed glowing pink nebulae that mark where stars are born and where they fade away.

      

      
        Astronomers discover a hidden engine inside space's "Eye of Sauron"
        A mysterious blazar that baffled scientists for years has been unraveled. VLBA imaging revealed a toroidal magnetic field powering a jet aimed at Earth, explaining how it can unleash neutrinos and gamma rays despite its sluggish appearance.

      

      
        Hubble just snapped the clearest-ever picture of a rare interstellar comet
        Hubble has taken the clearest image to date of the interstellar comet 3I/ATLAS, which is racing through our solar system at 130,000 miles per hour. Astronomers are using Hubble and other telescopes to better understand its icy nucleus and chemical composition.

      

      
        Strange new shapes may rewrite the laws of physics
        By exploring positive geometry, mathematicians are revealing hidden shapes that may unify particle physics and cosmology, offering new ways to understand both collisions in accelerators and the origins of the universe.

      

      
        NASA's PREFIRE satellites reveal a secret glow escaping from our planet
        With its two tiny CubeSats, NASA's PREFIRE mission is capturing invisible heat escaping from Earth, offering clues to how ice, clouds, and storms influence the climate system. The insights could lead to better weather forecasts and a deeper understanding of global change.

      

      
        A record-breaking antenna just deployed in space. Here's what it will see
        NASA and ISRO s NISAR satellite has just reached a major milestone: the successful deployment of its enormous 39-foot antenna reflector in orbit. Folded up like an umbrella during launch, the reflector is now fully extended and ready to support NISAR s groundbreaking radar systems. This record-breaking satellite will monitor everything from shifting ice sheets and glaciers to the subtle movement of land caused by earthquakes, volcanoes, and landslides.

      

      
        Myanmar's massive quake hints at bigger earthquakes to come
        The massive 2025 Myanmar earthquake revealed that strike slip faults can behave in surprising ways. Using satellite data, Caltech researchers found the Sagaing Fault ruptured more dramatically than expected, suggesting faults like the San Andreas could unleash even larger quakes than history shows.

      

      
        Scientists just found a hidden factor behind Earth's methane surge
        Roughly two-thirds of all atmospheric methane, a potent greenhouse gas, comes from methanogens. Tracking down which methanogens in which environment produce methane with a specific isotope signature is difficult, however. UC Berkeley researchers have for the first time CRISPRed the key enzyme involved in microbial methane production to understand the unique isotopic fingerprints of different environments to better understand Earth's methane budget.

      

      
        Scientists uncover the lost shelduck that chose walking over flight
        Scientists have uncovered an extinct shelduck from the Chatham Islands that evolved shorter wings and stronger legs, adapting to a predator-free, windy environment. It vanished before the 19th century, likely due to hunting and predation.

      

      
        The surprising way rising CO2 could supercharge space storms
        Rising CO2 levels will make the upper atmosphere colder and thinner, altering how geomagnetic storms impact satellites. Future storms could cause sharper density spikes despite lower overall density, increasing drag-related challenges.

      

      
        Trojan horse bacteria sneak cancer-killing viruses into tumors
        Scientists have engineered a groundbreaking cancer treatment that uses bacteria to smuggle viruses directly into tumors, bypassing the immune system and delivering a powerful one-two punch against cancer cells. The bacteria act like Trojan horses, carrying viral payloads to cancer's core, where the virus can spread and destroy malignant cells. Built-in safety features ensure the virus can't multiply outside the tumor, offering a promising pathway for safe, targeted therapy.

      

      
        Scientists finally tame the impossible 48-atom carbon ring
        Researchers have synthesized a stable cyclo[48]carbon, a unique 48-carbon ring that can be studied in solution at room temperature, a feat never achieved before.

      

      
        One gene completely changed how these flies fall in love
        By flipping a single genetic switch, researchers made one fruit fly species adopt the gift-giving courtship of another, showing how tiny brain rewiring can drive evolutionary change.

      

      
        Scientists just proved a fundamental quantum rule for the first time
        Scientists have, for the first time, experimentally proven that angular momentum is conserved even when a single photon splits into two, pushing quantum physics to its most fundamental limits. Using ultra-precise equipment, the team captured this elusive process--comparable to finding a needle in a haystack--confirming a cornerstone law of nature at the photon level.

      

      
        Scientists stunned by record-breaking, watermelon-shaped nucleus
        Scientists in Finland have measured the heaviest known nucleus to undergo proton emission, discovering the rare isotope 188-astatine. It exhibits a unique shape and may reveal a new kind of nuclear interaction.

      

      
        Great white sharks have a DNA mystery science still can't explain
        Once on the brink during the last ice age, great white sharks made a remarkable recovery globally, but their DNA reveals a baffling story. Classic migration explanations fail, leaving scientists with a mystery that defies reproductive and evolutionary logic.

      

      
        Clearest Mars images yet reveal mystery rock and ancient terrain in stunning detail
        Captured at a location called "Falbreen," this 360-degree view mosaic was stitched together 96 images that were acquired May 26, 2025. In the upper image, the enhanced-color mosaic features deceptively blue skies and the 43rd rock abrasion (the white patch at center-left) of the NASA Perseverance rover's mission at Mars. Below, in the natural-color version of the "Falbreen" panorama, colors have not been enhanced and the sky appears more reddish. Credit: NASA/JPL-Caltech/ASU/MSSS

      

      
        Greenland's glacial runoff is powering explosions of ocean life
        NASA-backed simulations reveal that meltwater from Greenland's Jakobshavn Glacier lifts deep-ocean nutrients to the surface, sparking large summer blooms of phytoplankton that feed the Arctic food web.

      

      
        NASA's SWOT satellite captures Kamchatka megaquake tsunami in striking detail
        When a massive 8.8 magnitude earthquake struck off Russia's Kamchatka Peninsula, NASA and CNES's SWOT satellite captured a rare and detailed picture of the tsunami that followed. Recorded just over an hour after the quake, the satellite revealed the wave's height, shape, and path, offering scientists an unprecedented multidimensional view from space.

      

      
        The surprising ant strategy that could transform robotics
        Weaver ants have cracked a teamwork puzzle that humans have struggled with for over a century -- instead of slacking off as their group grows, they work harder. These tiny architects not only build elaborate leaf nests but also double their pulling power when more ants join in. Using a "force ratchet" system where some pull while others anchor, they outperform the efficiency of human teams and could inspire revolutionary advances in robotics cooperation.

      

      
        The ocean's fragile fortresses are crumbling under climate pressure
        Mediterranean bryozoans, including the "false coral," are showing alarming changes in structure and microbiomes under acidification and warming. Field studies at volcanic CO2 vents reveal that these stressors combined sharply reduce survival, posing risks to marine ecosystems.

      

      
        Scientists just made vibrations so precise they can spot a single molecule
        Rice University scientists have discovered a way to make tiny vibrations, called phonons, interfere with each other more strongly than ever before. Using a special sandwich of silver, graphene, and silicon carbide, they created a record-breaking effect so sensitive it can detect a single molecule without labels or complex equipment. This breakthrough could open new possibilities for powerful sensors, quantum devices, and technologies that control heat and energy at the smallest scales.

      

      
        Mexican cave stalagmites reveal the deadly droughts behind the Maya collapse
        Chemical evidence from a stalagmite in Mexico has revealed that the Classic Maya civilization's decline coincided with repeated severe wet-season droughts, including one that lasted 13 years. These prolonged droughts corresponded with halted monument construction and political disruption at key Maya sites, suggesting that climate stress played a major role in the collapse. The findings demonstrate how stalagmites offer unmatched precision for linking environmental change to historical events.

      

      
        Scientists may have found the tiny DNA switch that made us human
        Scientists at UC San Diego have discovered a small but powerful section of DNA, called HAR123, that could help explain what makes the human brain so unique. Instead of being a gene, HAR123 acts like a "volume control" for brain development, guiding how brain cells form and in what proportions. The human version of HAR123 behaves differently from the chimpanzee version, possibly giving us greater flexibility in how we think and learn. This finding could also help researchers understand the roots o...

      

      
        Strange spotted rock on Mars could reveal signs of ancient life
        A curious red Martian rock nicknamed Sapphire Canyon has scientists excited, as its spotted appearance hints at possible organic origins. On Earth, researchers tested a powerful laser technique, O-PTIR, on a similar rock found by chance in Arizona, proving it can rapidly and precisely reveal a material's chemical makeup. This high-resolution method could play a key role in analyzing Mars samples once they arrive, adding to its growing track record in NASA missions like Europa Clipper.

      

      
        Predator fly unleashes chaotic ant wars that could save coffee
        In a Puerto Rican coffee farm, researchers uncovered a web of chaotic interactions between three ant species and a predator fly, revealing how shifting dominance patterns make pest management unpredictable. By combining theories of cyclic dominance and predator-mediated coexistence, they showed how ecological forces oscillate and intertwine, creating patterns too complex for simple forecasting. This deep dive into ant behavior underscores both the potential and the challenges of replacing pestici...

      

      
        Hubble spots a nearly invisible galaxy hiding in plain sight
        Hubble has captured the faint beauty of NGC 45, a spiral galaxy in Cetus whose glowing pink star-forming clouds reveal hidden activity. It belongs to the rare class of low surface brightness galaxies, dimmer than the night sky yet rich in gas and dark matter.
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A safe painkiller? New research raises concerns about Tylenol's safety in pregnancy | ScienceDaily
Researchers at the Icahn School of Medicine at Mount Sinai have found that prenatal exposure to acetaminophen may increase the risk of neurodevelopmental disorders, including autism spectrum disorder and attention-deficit/hyperactivity disorder (ADHD), in children. The study, published on August 14 in BMC Environmental Health, is the first to apply the rigorous Navigation Guide methodology to systematically evaluate the rigor and quality of the scientific literature.


						
Acetaminophen (often sold under the brand name Tylenol(r), and known as paracetamol outside the United States and Canada) is the most commonly used over-the-counter pain and fever medication during pregnancy and is used by more than half of pregnant women worldwide. Until now, acetaminophen has been considered the safest option for managing headache, fever, and other pain. Analysis by the Mount Sinai-led team of 46 studies incorporating data from more than 100,000 participants across multiple countries challenges this perception and underscores the need for both caution and further study.

The Navigation Guide Systematic Review methodology is a gold-standard framework for synthesizing and evaluating environmental health data. This approach allows researchers to assess and rate each study's risk of bias, such as selective reporting of the outcomes or incomplete data, as well as the strength of the evidence and the quality of the studies individually and collectively.

"Our findings show that higher-quality studies are more likely to show a link between prenatal acetaminophen exposure and increased risks of autism and ADHD," said Diddier Prada, MD, PhD, Assistant Professor of Population Health Science and Policy, and Environmental Medicine and Climate Science, at the Icahn School of Medicine at Mount Sinai. "Given the widespread use of this medication, even a small increase in risk could have major public health implications."

The paper also explores biological mechanisms that could explain the association between acetaminophen use and these disorders. Acetaminophen is known to cross the placental barrier and may trigger oxidative stress, disrupt hormones, and cause epigenetic changes that interfere with fetal brain development.

While the study does not show that acetaminophen directly causes neurodevelopmental disorders, the research team's findings strengthen the evidence for a connection and raise concerns about current clinical practices.

The researchers call for cautious, time-limited use of acetaminophen during pregnancy under medical supervision; updated clinical guidelines to better balance the benefits and risks; and further research to confirm these findings and identify safer alternatives for managing pain and fever in expectant mothers.




"Pregnant women should not stop taking medication without consulting their doctors," Dr. Prada emphasized. "Untreated pain or fever can also harm the baby. Our study highlights the importance of discussing the safest approach with health care providers and considering non-drug options whenever possible."

With diagnoses of autism and ADHD increasing worldwide, these findings have significant implications for public health policy, clinical guidelines, and patient education. The study also highlights the urgent need for pharmaceutical innovation to provide safer alternatives for pregnant women.

The study was conducted in collaboration with the University of California, Los Angeles; University of Massachusetts Lowell; and Harvard T.H. Chan School of Public Health.

Funding for this study was provided by the National Cancer Institute (U54CA267776), the National Institute of Environmental Health Sciences (R35ES031688), and the National Institute on Aging (U01AG088684).
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Scientists solve 30-year mystery of a hidden nutrient that shields the brain and fights cancer | ScienceDaily
An international team of scientists, co-led by researchers at the University of Florida and Trinity College Dublin, has cracked a decades-old mystery in human biology: how our bodies absorb a micronutrient that we rely on for everything from healthy brain function to cancer defense.


						
Queuosine - pronounced "cue-o-scene" - is a vitamin-like micronutrient that we can't make ourselves but can only get from food and our gut bacteria. It's vital to our health, yet its importance went unnoticed for decades.

Now, in a study published this week in the Proceedings of the National Academy of Sciences, researchers have discovered the gene that allows queuosine to enter the cells, a discovery that opens the door for potential therapies to be created to leverage the micronutrient's role in cancer suppression, memory and how the brain learns new information.

"For over 30 years, scientists have suspected that there had to be a transporter for this nutrient, but no one could find it," said Valerie de Crecy-Lagard, a UF/IFAS microbiology and cell science distinguished professor and department associate chair, as well as one of the study's principal investigators. "We've been hunting for it for a long time. This discovery opens up a whole new chapter in understanding how the microbiome and our diet can influence the translation of our genes."

The study was funded by various nations' health entities, including the National Institutes of Health , Research Ireland (formerly Science Foundation Ireland), and Health and Social Care in Northern Ireland.

Queuosine modifies the molecules that help make proteins, called transfer RNA, which is essential in decoding your body's DNA.

"It's like a nutrient that fine-tunes how your body reads your genes," she said. "The idea that this small compound, which people have barely heard of, plays such an important role, is fascinating."

The gene that allows access to the cell has also been shrouded in medical mystery. The identification of the long-sought gene, SLC35F2, lays the groundwork for future studies that could lead to new medications, given that the gene has previously been studied regarding how viruses and cancer drugs get into cells, but scientists didn't know what the gene did in a healthy body until now, de Crecy-Lagard said.




"We have known for a long time that queuosine influences critical processes like brain health, metabolic regulation, cancer and even responses to stress, but until now we haven't known how it is salvaged from the gut and distributed to the billions of human cells that take it in," said Vincent Kelly, professor in Trinity College Dublin's School of Biochemistry and Immunology, and joint senior author of the article.

Queuosine is a microscopic molecule first discovered in the 1970s, but for years its role in human health flew under the radar until recently, and researchers from across the world involved in this study hope others take notice about this micronutrient's role in the body's bigger health picture.

The research united experts from UF, San Diego State University, the Ohio State University and partner institutions in Ireland and Northern Ireland.

"We don't think we could have cracked it without the full team," de Crecy-Lagard said. "It's a perfect example of what international collaboration can achieve."
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Scientists finally crack the secret to perfect chocolate flavor | ScienceDaily
Researchers have identified key factors that influence the flavor of chocolate during the cocoa bean fermentation process, a discovery that could offer chocolate producers a powerful tool to craft consistently high-quality, flavor-rich chocolate.


						
Scientists from the University of Nottingham's School of Biosciences examined how cacao bean temperature, pH, and microbial communities interact during fermentation and how these factors shape chocolate flavor. The team identified key microbial species and metabolic traits associated with fine-flavor chocolate and found that both abiotic factors (such as temperature and pH) and biotic factors (the microbial communities) are strong,consistent indicators of flavor development. The study was published on August 18 in Nature Microbiology.

The quality and flavor of chocolate begin with the cacao bean, which is profoundly influenced by both pre- and post-harvest factors. Among these, fermentation is the first, and one of the most critical steps after harvest. It lays the foundation for aroma development, flavor complexity, and the reduction of bitterness in the final chocolate product.

Dr David Gopaulchan, the first author of the paper, from the School of Biosciences explains: "Fermentation is a natural, microbe-driven process that typically takes place directly on cocoa farms, where harvested beans are piled in boxes, heaps, or baskets. In these settings, naturally occurring bacteria and fungi from the surrounding environment break down the beans, producing key chemical compounds that underpin chocolate's final taste and aroma. However, this spontaneous fermentation is largely uncontrolled. Farmers have little influence over which microbes dominate or how the fermentation process unfolds. As a result, fermentation, and thus the flavor and quality of the beans, varies widely between harvests, farms, regions, and countries."

The researchers wanted to find out whether this unstable, natural process could be replicated and controlled in the lab. Working with Colombian farmers during the fermentation process they identified the factors that influence flavor. They were then able to use this knowledge to create a lab fermentation process and developed a defined microbial community, a curated mix of bacteria and fungi, capable of replicating the key chemical and sensory outcomes of traditional fermentations. This synthetic community successfully mimicked the dynamics of on-farm fermentations and produced chocolate with the same fine-flavor characteristics.

Dr David Gopaulchan adds: "The discoveries we have made are really important for helping chocolate producers to be able to consistently maximize their cocoa crops as we have shown they can rely on measurable markers such as specific pH, temperature, and microbial dynamics, to reliably predict and achieve consistent flavor outcomes. This research signals a shift from spontaneous, uncontrolled fermentations to a standardized, science-driven process. Just as starter cultures revolutionized beer and cheese production, cocoa fermentation is poised for its own transformation, powered by microbes, guided by data, and tailored for flavor excellence. By effectively domesticating the fermentation process, this work lays the foundation for a new era in chocolate production, where defined starter cultures can standardize fermentation, unlock novel flavor possibilities, and elevate chocolate quality on a global scale."
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Astronomers uncover enormous bubble bigger than our Solar System | ScienceDaily
Astronomers from Chalmers University of Technology, Sweden, have discovered a vast and expanding bubble of gas and dust surrounding a red supergiant star - the largest structure of its kind ever seen in the Milky Way. The bubble, which contains as much mass as the Sun, was blown out in a mysterious stellar eruption around 4000 years ago. Why the star survived such a powerful event is a puzzle, the scientists say.


						
The new results are published in the scientific journal Astronomy and Astrophysics, and the team was led by Mark Siebert, Chalmers, Sweden. Using the ALMA radio telescope in Chile, the researchers observed the star DFK 52 - a red supergiant similar to the well-known star Betelgeuse.

"We got a big surprise when we saw what ALMA was showing us. The star is more or less a twin of Betelgeuse, but it's surrounded by a vast, messy bubble of material," says Mark Siebert at Chalmers.

The bubble, a complex of clouds of gas and dust, weighs as much as the Sun, and extends out 1.4 light years from the star. That's thousands of times wider than our own solar system.

If the star was as close to us as Betelgeuse is, the bubble would appear to span a third of the full Moon's width in the sky.

ALMA's radio observations let astronomers measure the motion of molecules in the cloud, revealing that the bubble is expanding. They believe it was formed when the star suddenly ejected part of its outer layers in a powerful explosion just a few thousand years ago.

"The bubble is made of material that used to be part of the star. It must have been ejected in a dramatic event, an explosion, that happened about four thousand years ago. In cosmic terms, that's just a moment ago," says Elvire De Beck, astronomer at Chalmers.




The galaxy's next supernova?

Why DFK 52 shed so much mass without exploding as a supernova is still unclear. One possibility is that the star has a hidden companion that helped it cast off its outer layers.

"To us, it's a mystery as to how the star managed to expel so much material in such a short timeframe. Maybe, like Betelgeuse seems to, it has a companion star that's still to be discovered," says Mark Siebert.

Red supergiants like DFK 52 are nearing the ends of their lives and are expected to eventually explode as supernovae. Could this star be next?

"We're planning more observations to understand what's happening - and to find out whether this might be the Milky Way's next supernova. If this is a typical red supergiant, it could explode sometime in the next million years," says Elvire De Beck.

More about the research:

The research is presented in the paper "Stephenson 2 DFK 52: Discovery of an exotic red supergiant in the massive stellar cluster RSGC2," published in the journal Astronomy and Astrophysics. The image has been featured as ESO's Picture of the Week.




The researchers involved in the study are Mark Siebert, Elvire De Beck and Wouter Vlemmings from Chalmers University of Technology, Sweden, and Guillermo Quintana Lacaci from Instituto de Fisica Fundamental, Spain.

Red supergiants are some of the rarest, brightest stars in the sky. They are the final stage of evolution of stars born much more massive than the Sun (more than eight times the Sun's mass). For astronomers, they are keys to understanding the life stories of all stars and planets. The most massive stars create and spread newly-formed elements throughout interstellar space, energising gas and dust, and helping new generations of stars to form.

The closest red supergiants in our galaxy, the Milky Way, are easily visible for anyone with a clear view of a dark night sky. Betelgeuse, in the constellation Orion, and Antares, in Scorpius, are both well-known examples of red supergiant stars.

More about the ALMA telescope:

The Atacama Large Millimeter/submillimeter Array (ALMA), an international astronomy facility in Chile, is a partnership of ESO, the U.S. National Science Foundation (NSF) and the National Institutes of Natural Sciences (NINS) of Japan in cooperation with the Republic of Chile.

In Sweden, Onsala Space Observatory at Chalmers University of Technology, has been involved in ALMA since its inception; receivers for the telescope are one of many contributions. Onsala Space Observatory is host to the Nordic ALMA Regional Centre, which provides technical expertise to the ALMA project and supports astronomers in the Nordic countries in using ALMA.
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Ancient solar system crash may explain Bennu and Ryugu's origin | ScienceDaily
A Southwest Research Institute (SwRI) review of data collected from near-Earth asteroids Bennu and Ryugu supports the hypothesis that they were originally part of the Polana collisional family in the main asteroid belt between the orbits of Mars and Jupiter.


						
The study compared spectroscopy data from Polana with spacecraft and laboratory data from Bennu and Ryugu samples, discovering similarities in their near-infrared spectrum sufficient to support the theory that they originate from the same parent asteroid.

"Very early in the formation of the solar system, we believe large asteroids collided and broke into pieces to form an 'asteroid family' with Polana as the largest remaining body," said SwRI's Dr. Anicia Arredondo, lead author of the study. "Theories suggest that remnants of that collision not only created Polana, but also Bennu and Ryugu as well. To test that theory, we started looking at spectra of all three bodies and comparing them to one another."

Arredondo and her team applied for time on the James Webb Space Telescope to observe Polana using two different spectral instruments focusing on the near-infrared and mid-infrared wavelengths. She then compared that data with the spectral data from physical samples of Ryugu and Bennu collected by two different space missions. The Japan Aerospace Exploration Agency's Hayabusa2 spacecraft rendezvoused with Ryugu in 2018 and collected samples returned to Earth in late 2020. NASA's OSIRIS-REx spacecraft encountered Bennu in 2020 and collected samples returned to Earth in late 2023.

Bennu and Ryugu are considered near-Earth asteroids because they orbit the Sun within the orbit of Mars; however, they are not considered a danger to Earth, having a closest approach of about 1.9 and 1 million miles, respectively. Both Bennu and Ryugu are relatively small compared to Polana. Bennu is about one third of a mile in diameter, or about the size of the Empire State Building. Ryugu is twice as large, but Polana dwarfs them both, measuring roughly 33 miles wide. Scientists believe Jupiter's gravity pushed Bennu and Ryugu out of their orbit close to Polana.

"They are similar enough that we feel confident that all three asteroids could have come from the same parent body," Arredondo said.

The team noted that the spectral data from the asteroids had variances and differences, but not enough to disprove the hypothesis that they all share a common origin.

"Polana, Bennu and Ryugu have all had their own journeys through our solar system since the impact that may have formed them," said SwRI's Dr. Tracy Becker, a co-author of the paper. "Bennu and Ryugu are now much closer to the Sun than Polana, so their surfaces may be more affected by solar radiation and solar particles.

"Likewise, Polana is possibly older than Bennu and Ryugu and thus would have been exposed to micrometeoroid impacts for a longer period," Becker added. "That could also change aspects of its surface, including its composition."
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Voyager missed it, but James Webb Just Found Uranus' hidden moon | ScienceDaily
Southwest Research Institute led a James Webb Space Telescope (JWST) survey, discovering a previously unknown tiny moon orbiting Uranus. A team led by SwRI's Dr. Maryame El Moutamid discovered the small object in a series of images taken on Feb. 2, 2025, bringing Uranus' total moon count to 29.


						
"As part of JWST's guest observer program, we found a previously unknown satellite of the ice giant, which has been provisionally designated S/2025 U 1," said El Moutamid, a lead scientist in SwRI's Solar System Science and Exploration Division in Boulder, Colorado. "This object, by far the smallest object discovered to date, was detected in a series of 10 long exposures obtained by the Near-Infrared Camera."

Located in the outer solar system, Uranus is the seventh planet from the Sun. Known as "the sideways planet" for its extreme axial tilt, the cyan-colored ice giant has a deep atmosphere composed of hydrogen, helium and methane. Scientists think Uranus' larger moons are roughly equal parts water ice and silicate rock.

"Assuming that the new moon has an albedo comparable to other nearby satellites, this object is probably around six miles (10 km) in diameter," El Moutamid said. "It is well below the detection threshold for the Voyager 2 cameras."

Voyager 2 is the only spacecraft to visit Uranus so far, coming within 50,000 miles of its cloud tops on Jan. 24, 1986. The spacecraft collected thousands of images, discovering rings and small satellites, including 10 of its named moons.

Uranus' 28 moons include five major moons -- Titania, Oberon, Umbriel, Ariel and Miranda -- discovered between 1787 and 1948. Known as "the literary moons," Uranus satellites are named for characters in Shakespeare and the works of Alexander Pope.

The new moon is at the edge of Uranus' inner rings. It is located about 35,000 miles (56,250 km) from its center in the planet's equatorial plane, between the orbits of Ophelia and Bianca. Ophelia is about 13 miles (43 km) in diameter, while Bianca is an elongated object around 40 by 29 miles (64 by 46 km) in dimension.

"With so many of Uranus' moons named for Shakespearean characters, our team is getting a lot of culture trying to figure out what to name our new discovery," El Moutamid said.
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Astronomers stunned by the strangest supernova ever seen | ScienceDaily
An international team of scientists, led by Northwestern University astrophysicists, has detected a never-before-seen type of exploding star, or supernova, that is rich with silicon, sulfur and argon.


						
When massive stars explode, astrophysicists typically find strong signatures of light elements, such as hydrogen and helium. But the newly discovered supernova, dubbed SN2021yfj, displayed a startling different chemical signature.

Astronomers long have theorized that massive stars have a layered structure, similar to an onion. The outermost layers predominantly comprise the lightest elements. As the layers move inward, the elements become heavier and heavier until reaching the innermost iron core.

The observations of SN2021yfj suggest the massive star somehow lost its outer hydrogen, helium and carbon layers -- exposing the inner silicon and sulfur-rich layers -- before exploding. This finding offers direct evidence of the long-theorized inner layered structure of stellar giants and provides an unprecedented glimpse inside a massive star's deep interior -- moments before its explosive death.

The study was published on Aug. 20 in the journal Nature.

"This is the first time we have seen a star that was essentially stripped to the bone," said Northwestern's Steve Schulze, who led the study. "It shows us how stars are structured and proves that stars can lose a lot of material before they explode. Not only can they lose their outermost layers, but they can be completely stripped all the way down and still produce a brilliant explosion that we can observe from very, very far distances."

"This event quite literally looks like nothing anyone has ever seen before," added Northwestern's Adam Miller, a senior author on the study. "It was almost so weird that we thought maybe we didn't observe the correct object. This star is telling us that our ideas and theories for how stars evolve are too narrow. It's not that our textbooks are incorrect, but they clearly do not fully capture everything produced in nature. There must be more exotic pathways for a massive star to end its life that we hadn't considered."

An expert on astronomy's most extreme transient objects, Schulze is a research associate at Northwestern's Center for Interdisciplinary Exploration and Research in Astrophysics (CIERA). Miller is an assistant professor of physics and astronomy at Northwestern's Weinberg College of Arts and Sciences and a leading member of CIERA and the NSF-Simons AI Institute for the Sky.




A hot, burning onion

Weighing in at 10 to 100 times heavier than our sun, massive stars are powered by nuclear fusion. In that process, intense pressure and extreme heat in the stellar core cause lighter elements to fuse together, generating heavier elements. When the temperature and density increase in the core, burning begins in the outer layers. As the star evolves over time, successively heavier elements are burned in the core, while lighter elements are burned in a series of shells surrounding the core. This process continues, eventually leading to a core of iron. When the iron core collapses, it triggers a supernova or forms a black hole.

Although massive stars typically shed layers before exploding, SN2021yfj ejected far more material than scientists had ever previously detected. Other observations of "stripped stars" have revealed layers of helium or carbon and oxygen -- exposed after the outer hydrogen envelope was lost. But astrophysicists had never glimpsed anything deeper than that -- hinting that something extremely violent and extraordinary must be at play.

Chasing down a cosmic oddity

Schulze and their team discovered SN2021yfj in September 2021, using Northwestern's access to the Zwicky Transient Facility (ZTF). Located just east of San Diego, ZTF uses a wide-field camera to scan the entire visible night sky. Since its launch, ZTF has become the world's primary discovery engine for astronomical transients -- fleeting phenomena like supernovae that flare up suddenly and then quickly fade.

After looking through ZTF data, Schulze spotted an extremely luminous object in a star-forming region located 2.2 billion light-years from Earth.




To gain more information about the mysterious object, the team wanted to obtain its spectrum, which breaks down dispersed light into component colors. Each color represents a different element. So, by analyzing a supernova's spectrum, scientists can uncover which elements are present in the explosion.

Although Schulze immediately leapt into action, their spectrum search hit multiple dead ends. Telescopes around the globe were either unavailable or could not see through the clouds to obtain a clear image. Luckily, the team received a surprise from an astronomy colleague, who gathered a spectrum using instruments at the W.M. Keck Observatory in Hawai'i.

"We thought we had fully lost our opportunity to obtain these observations," said Miller. "So, we went to bed disappointed. But the next morning, a colleague at UC Berkeley unexpectedly provided a spectrum. Without that spectrum we may have never realized that this was a strange and unusual explosion."

"We saw an interesting explosion, but we had no idea what it was," Schulze said of SN2021yfj. "Almost instantly, we realized it was something we had never seen before, so we needed to study it with all available resources."

'Something very violent must have happened'

Instead of typical helium, carbon, nitrogen and oxygen -- found in other stripped supernovae -- the spectrum was dominated by strong signals of silicon, sulfur and argon. Nuclear fusion produces these heavier elements within a massive star's deep interior during its final stages of life.

"This star lost most of the material that it produced throughout its lifetime," Schulze said. "So, we could only see the material formed during the months right before its explosion. Something very violent must have happened to cause that."

While the precise cause of this phenomenon remains an open question, Schulze and Miller propose a rare and powerful process was at play. They are exploring multiple scenarios, including interactions with a potential companion star, a massive pre-supernova eruption or even unusually strong stellar winds.

But, most likely, the team posits this mysterious supernova is the result of a massive star literally tearing itself apart. As the star's core squeezes inward under its own gravity, it becomes even hotter and denser. The extreme heat and density then reignite nuclear fusion with such incredible intensity that it causes a powerful burst of energy that pushes away the star's outer layers. Each time the star undergoes a new pair-instability episode, the corresponding pulse sheds more material.

"One of the most recent shell ejections collided with a pre-existing shell, which produced the brilliant emission that we saw as SN2021yfj," Schulze said.

"While we have a theory for how nature created this particular explosion," Miller said, "I wouldn't bet my life that it's correct, because we still only have one discovered example. This star really underscores the need to uncover more of these rare supernovae to better understand their nature and how they form."

The study, "Extremely stripped supernova reveals a silicon and sulphur formation site," was supported by the National Science Foundation. Support from CIERA provided access to ZTF telescope data.
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How hidden cosmic highways feed the Universe's biggest stars | ScienceDaily
The size of our universe and the bodies within it is incomprehensible for us lowly humans. The sun has a mass that is more than 330,000 that of our Earth, and yet there are stars in the universe that completely dwarf our sun.


						
Stars with masses more than eight times that of the sun are considered high mass stars. These form rapidly in a process that gives off stellar wind and radiation, which could not result in stars of such high mass without somehow overcoming this loss of mass, or feedback. Something is feeding these stars, but how exactly they can accumulate so much mass so quickly has remained a mystery.

Observations of enormous disk-like structures that form around a star -- accretion disks -- had been proposed as the chief way of rapidly feeding young stars. However, a team of researchers from several institutions including Kyoto University and the University of Tokyo, has discovered another possibility.

"Our work seems to show that these structures are being fed by streamers, which are flows of gas that bring matter from scales larger than a thousand astronomical units, essentially acting as massive gas highways," says corresponding author Fernando Olguin.

Following on previous research, the team required a higher angular resolution to observe this system in detail, since regions forming high-mass stars are more distant than those with lower mass. The researchers utilized the Atacama Large Millimeter/submillimeter Array, or ALMA, a powerful telescope in Chile composed of an array of antennae that can observe dust and molecular line emissions at millimeter wavelengths.

Their observations revealed a young star feeding from potentially two streamers. One such streamer was connected to the central region of the star, with a velocity gradient indicative of rotation and possibly infall. This suggests that the streamer carries enough matter at a high rate to quench feedback effects from the young star, eventually contributing to the overly dense region observed around the central massive star.

The research team expected to see a dust disk or torus of several hundreds astronomical units in size, but they did not expect the spiral arms to reach far closer to the central source.

"We found streamers feeding what at that time was thought to be a disk, but to our surprise, there is either no disk or it is extremely small," says Olguin.

These results suggest that, independent of the presence of a disk around the central star, streamers can transport large amounts of gas to feed star-forming regions, even in the presence of feedback from the central star.

Next, the team plans to expand their research by studying other regions to see if this is a common mode of accretion that results in the formation of massive stars. They also plan to explore the gas close to the star to determine whether they can confirm, or rule out, the presence of small disks.
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The surprising reason timber plantations explode into megafires | ScienceDaily
The odds of high-severity wildfire were nearly one-and-a-half times higher on industrial private land than on publicly owned forests, a new study found. Forests managed by timber companies were more likely to exhibit the conditions that megafires love -- dense stands of regularly spaced trees with continuous vegetation connecting the understory to the canopy.


						
The research, led by the University of Utah, University of California, Berkeley, and the United States Forest Service, is the first to identify how extreme weather conditions and forest management practices jointly impact fire severity.Leveraging a unique lidar dataset, the authors created three-dimensional maps of public and private forests before five wildfires burned 1.1 million acres in the northern Sierra Nevada, California.

In periods of extreme weather, stem density -- the number of trees per acre -- became the most important predictor of a high-severity fire. Even in the face of accelerating climate change, how we manage the land will make a difference.

"That's a really hopeful finding because it means that we can adjust how we manage these landscapes to impact the way fires move through them," said Jacob Levine, postdoctoral researcher at the U and lead author of the study. "Strategies that reduce density by thinning out both small and mature trees will make forests more robust and resilient to fire in the future."

In a 2022 study, Levine and collaborators found that fire severity was typically higher on privately managed forests. They also discovered the risks extended to areas near to, but not owned by, private industry, threatening the wilderness, small landowners and urban areas in their shadow.This new study is the first to identify the underlying forest structures that make high-severity fires more likely in some areas than in others.

The study was published on Aug. 20, 2025, in the journal Global Change Biology.

Lidar unlocks forest structure secrets

Plumas National Forest, the study area in California's northern Sierra Nevada, is emblematic of the wider trend of wildfire occurrence and severity. The region's mixed conifer forests are adapted to periodic, low- to medium-severity fires that cleared vegetation, creating large spaces between clumps of trees. Efforts to increase timber resources led the U.S. government to implement fire suppression policies in the 1800s, including a ban on controlled burns that Indigenous People practiced for millennia. In the absence of natural fire cycles and Indigenous burning, modern forests have more fodder to fuel high-severity fires, defined as a fire that kills more than 95% of overstory trees.




Plumas National Forest is a mosaic of private industrial and public ownership, and 70% of the study area was burned in five massive wildfires between 2019 and 2021, including the largest single fire in California's recorded history, the Dixie Fire. Serendipitously, a unique dataset had been collected a year before the region burned.

In 2018, the U.S. Forest Service, Geological Survey and National Aeronautics and Space Administration surveyed the Plumas National Forest and surrounding private land using airborne light detection and ranging (lidar) flights. The lidar sensors shoot billions of lasers at the landscape below, which bounce off the grass, shrubs, saplings, tree canopies and other structures in the forest with high precision.

"We have a really detailed picture of what the forest looked like immediately before these massive fires. It's an unbelievably valuable thing to have," Levine said. "Understanding the forest structures that lead to high-severity fire allows us to target mitigation strategies to get ahead of this massive fire problem while still producing enough timber to meet market demand."

Private vs public management strategies

Timber companies are focused on maximizing profits and providing a sustainable source of wood, a valuable resource for society and economic engine for rural communities. Most practice plantation forestry -- clear-cutting an area and replanting the trees in a tightly packed grid. After 80 to 100 years, they do it all again, leaving a patchwork of dense stands of trees of similar age and size.

"You can think about stacking a bunch of matches together in a grid -- that's going to burn a lot better than if you have those matches dispersed as smaller clumps," Levine explained. "A bigger fire can easily reach the canopy in dense forests. Then it's ripping through one tree after another, tossing out chunks of burning material miles in advance. It's a different story."

The objectives of public lands are more varied, requiring management for grazing, recreation, restoration, timber production and wildlife corridors. They're also beholden to the public, which stymies their ability to do active management. Environmental organizations often sue to stop proposed projects that would remove trees to thin down density.




Although the study demonstrates that private industrial lands fare worse, both private and public agencies have much room for improvement to protect our nation's forests. Most Sierra Nevada trees lack adaptations to recover from high-severity fires, leading to more and more of our forests turning into shrub and grasslands.

"This has major implications for timber, but also for carbon sequestration, water quality, wildlife habitat and recreation," Levine said. "Shrub and grasslands can be beautiful, but when we think of the Sierra Nevada we picture majestic forests. Without major changes in forest management, future generations could inherit a landscape that looks very different than the one we cherish today."

Other authors include Brandon Collins of the U.S. Forest Service and University of California, Berkeley; Michelle Coppoletta of the U.S. Forest Service; and Scott Stephens of University of California, Berkeley.

The study, "Extreme weather magnifies the effects of forest structure on wildfire, driving increased severity in industrial forests," was published on Aug. 20, 2025, in the journal Global Change Biology.
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This is where tree planting has the biggest climate impact | ScienceDaily
More trees will cool the climate and suppress fires, but mainly if planted in the tropics, according to a new UC Riverside study.


						
The study, published in npj Climate and Atmospheric Science, found that tree planting is generally a net positive for the climate because it helps pull warming carbon out of the atmosphere. However, local effects on temperature not related to carbon varied significantly by region. At higher latitudes, trees could have a slight heating effect, while the opposite is true in the tropics.

"Our study found more cooling from planting in warm, wet regions, where trees grow year-round. Tropical trees not only pull carbon dioxide from the air, they also cool while releasing water vapor," said study first author and UCR graduate student James Gomez. "It's not that planting elsewhere doesn't help - it does - but the tropics offer the strongest returns per tree."

These findings mirror the results of an earlier UCR study that shows planting trees could cool the surface of the planet even more than previously expected. While that study factored in the chemical effects of trees interacting with the atmosphere, this study places more emphasis on understanding the physical effects of tree planting.

These effects include "tree sweating," or evapotranspiration. Tree roots pull water from the soil, which then travels up through the trunk and into the leaves. When pores in the leaves open up so the tree can take in carbon dioxide for photosynthesis, some of the water in the leaves evaporates into the air. This process cools the air on Earth's surface and cools the tree, too.

"It's just like the way sweating cools your body," Gomez said. "In the tropics, there is constantly water available for trees, and that increases transpiration."

Trees can also reduce the amount of sunlight that reaches the planet's surface. As they give off water vapor, the air can become more humid. More humidity can mean more clouds, and water vapor itself can soak up some sun. Both of these effects reduce the amount of sun that reaches the ground, giving a cooling effect.




The physical effects of the added trees yield weak global mean cooling of 0.01deg F, although this cooling does become significant in the tropics at about 0.1deg F, with some tropical regions like central Africa experiencing cooling up to 0.8deg F.

Accounting for the carbon sequestration of the added trees, which here are approximated offline, is expected to amplify these cooling effects by about 0.15deg F globally. The researchers note that better estimates of the carbon sequestration effects will be explored in a future study, where both the physical and carbon cycle effects of establishing new forests are interactively simulated.

"Though the non-CO2 effects are small, it is good news that they are not warming, which prior studies have indicated is likely," Gomez said.

For this study, the researchers also used a relatively realistic scenario, planting trees in places where they have been removed, avoiding deforestation, and limiting new trees to places where they would not displace peopleor too much agricultural land. In addition, the experiment used data from 12 climate models commonly used for international policy analysis, so the results would be more reliable than relying on a single model.

The researchers also found that, in some cases, trees can have a fire suppression effect. "In tropical savannahs, and in other places around the world, trees are much more fire resistant than grasses," Gomez said.

However, the study found that in parts of Canada and the northeastern U.S. trees would likely cause more fires and reduce cooling by absorbing too much sun.

"This is not an invitation to get rid of the trees growing there! They provide multiple benefits for ecosystems and diversity, reducing CO2 and cooling the surrounding areas," Gomez said.

"What we need is a Goldilocks zone of trees in each region. Just the right amount to have the strongest and most positive climate effects."
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Scientists just found a protein that reverses brain aging | ScienceDaily
Aging is particularly harsh on the hippocampus -- the brain region responsible for learning and memory.


						
Now, researchers at UC San Francisco have identified a protein that's at the center of this decline.

They looked at how the genes and proteins in the hippocampus changed over time in mice and found just one that differed between old and young animals. It's called FTL1.

Old mice had more FTL1, as well as fewer connections between brain cells in the hippocampus and diminished cognitive abilities.

When the researchers artificially increased FTL1 levels in young mice, their brains and behavior began to resemble that of old mice.

In experiments in petri dishes, nerve cells engineered to make lots of FTL1 grew simple, one-armed neurites -- rather than the branching neurites that normal cells create.

But once the scientists reduced the amount of FTL1 in the hippocampus of the old mice, they regained their youth. They had more connections between nerve cells, and the mice did better on memory tests.




"It is truly a reversal of impairments," said Saul Villeda, PhD, associate director of the UCSF Bakar Aging Research Institute and senior author of the paper, which appears in Nature Aging on Aug. 19. "It's much more than merely delaying or preventing symptoms."

In old mice, FTL1 also slowed down metabolism in the cells of the hippocampus. But treating the cells with a compound that stimulates metabolism prevented these effects.

Villeda is optimistic the work could lead to therapies that block the effects of FTL1 in the brain.

"We're seeing more opportunities to alleviate the worst consequences of old age," he said. "It's a hopeful time to be working on the biology of aging."

Authors: Other UCSF authors are Laura Remesal, PhD, Juliana Sucharov-Costa, Karishma J.B. Pratt, PhD, Gregor Bieri, PhD, Amber Philp, PhD, Mason Phan, Turan Aghayev, MD, PhD, Charles W. White III, PhD, Elizabeth G. Wheatley, PhD, Brandon R. Desousa, Isha H. Jian, Jason C. Maynard, PhD, and Alma L. Burlingame, PhD. For all authors see the paper.

Funding: This work was funded in part by the Simons Foundation, Bakar Family Foundation, National Science Foundation, Hillblom Foundation, Bakar Aging Research Institute, Marc and Lynne Benioff, and the National Institutes of Health (AG081038, AG067740, AG062357, P30 DK063720). For all funding see the paper.
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Protected seas help kelp forests bounce back from heatwaves | ScienceDaily
New research finds that Marine Protected Areas can boost the recovery of globally important kelp forests following marine heatwaves. The findings are published in the British Ecological Society's Journal of Applied Ecology.


						
Using four decades of satellite images, University of California, Los Angeles (UCLA) researchers have looked at impacts Marine Protected Areas (MPAs) are having on kelp forests along the coast of California.

They found that although the overall effect of MPAs on kelp forest cover was modest, the benefits became clear in the aftermath of marine heatwaves in 2014-2016, when kelp forests within MPAs were able recover more quickly, particularly in southern California.

"We found that kelp forests inside MPAs showed better recovery after a major climate disturbance compared to similar unprotected areas." Explained Emelly Ortiz-Villa, lead author of the study and a PhD researcher at UCLA Department of Geography.

"Places where fishing is restricted and important predators like lobsters and sheephead are protected saw stronger kelp regrowth. This suggests that MPAs can support ecosystem resilience to climate events like marine heatwaves."

Professor Rick Stafford, Chair of the British Ecological Society Policy Committee, who was not involved in the study said: "It's great to see these results and they clearly show that local action to protect biodiversity and ecosystem function can help prevent changes caused by global pressures such as climate change.

"However, it also demonstrates the need for effective MPAs. In this study, all the MPAs examined regulated fishing activity, and this is not the case for many sites which are designated as MPAs worldwide - including many in the UK."

Kelp forests: a globally important and threatened ecosystem




Kelp forests our found around coastlines all over the world, particularly in cool, temperate waters such as the pacific coast of North America, The UK, South Africa, and Australia.

These complex ecosystems are havens for marine wildlife, including commercially important fish, and are one of the most productive habitats on Earth. They're also efficient in capturing carbon and protect coastlines by buffering against wave energy.

However, kelp forests across the west coast of North America have declined in recent years due to pressures such as marine heatwaves, made more frequent and intense with climate change, and predation from increasing numbers of sea urchins, which have benefitted from population collapses of sea stars, which predate them.

Kyle Cavanaugh, a senior author of the study and professor in the UCLA Department of Geography and Institute of the Environment and Sustainability said: "Kelp forests are facing many threats, including ocean warming, overgrazing, and pollution. These forests can be remarkably resilient to individual stressors, but multi-stressor situations can overwhelm their capacity to recover. By mitigating certain stressors, MPAs can help enhance the resilience of kelp."

Marine protected areas as a conservation tool

MPAs are designated areas of the ocean where human activity is limited to support ecosystems and the species living there. However, protections vary widely and while some areas are no-take zones, others have few restrictions or lack comprehensive management and enforcement. Many even allow destructive practices like bottom trawling.




Effective MPAs form a key part of the Kunming-Montreal Global Biodiversity Framework, agreed at COP15 in 2022, which commits nations to protecting at least 30% of oceans and land by 2030.

"Our findings can inform decisions about where to establish new MPAs or implement other spatial protection measures." said Kyle Cavanaugh. "MPAs will be most effective when located in areas that are inherently more resilient to ocean warming, such as regions with localized upwelling or kelp populations with higher thermal tolerance."

Emelly Villa added: "Our findings suggest that kelp forests could be a useful indicator for tracking the ecological health and climate resilience of protected areas and should be included in long-term monitoring strategies."

Measuring the impact of marine protected areas

To understand the effects MPAs were having on kelp, the researchers used of satellite data from 1984-2022 to compare kelp forests inside and outside of 54 MPAs along the California coast.

By matching each MPA with a reference site with similar environmental conditions, they were able to test whether MPAs helped kelp forests resist loss or recover from extreme marine heatwaves which took place in the North pacific between 2014 and 2016.

The researchers warn that while their findings show that MPAs can help kelp recovery after marine heatwaves, the effect was highly variable depending on location.

"On average, kelp within MPAs showed greater recovery than in the reference sites. However, not all MPAs outperformed their corresponding reference sites, suggesting that additional factors are also play a role in determining resilience." said Kyle Cavanaugh.

The researchers say that future work could look to identify these factors to better understand where and when MPAs are most effective at enhancing kelp resilience.
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Why listening may be the most powerful medicine | ScienceDaily
When you visit a doctor, you expect them to listen. But in today's fast-paced health care system, real listening -- the kind that makes you feel seen, heard and understood -- can be the first thing to go.


						
A new article, co-authored by Dr. Leonard Berry of Texas A&M University's Mays Business School, argues that listening isn't just a nice gesture, it's a powerful tool that can improve your care and even help heal the health care system itself.

Berry and colleagues at the Institute for Healthcare Improvement in Boston and Henry Ford Health Detroit published their findings in Mayo Clinic Proceedings.

The Case Of The Norwegian Nurse

The team identified what it calls "values-driven listening." It's about more than asking questions, it's about asking the right questions, being present and showing genuine curiosity and compassion.

"Listening is the gateway to healing," Berry said. "It's how we connect, understand and ultimately serve better."

One story in the article shows just how transformative listening can be. A nurse in a Norwegian nursing home asked a patient, "What would make a good day for you?"

The patient responded: "I want to wear my blue shirt."




"Why the blue one?" the nurse asked.

"That was my wife's favorite shirt," the patient said. "She died two years ago today, and I want to honor her."

The patient shared memories of his wife with the nurse, and afterward, he asked for a wheelchair so that he could tell other patients about her; it was the first time he'd ever asked to interact with other people at the facility.

"That's not a medical breakthrough," Berry said, "it's a human one."

Six Listening Strategies

The authors outline six types of listening that contribute to better care:

Listening That Is Proximate Being physically present matters. Your provider can learn far more from a quiet moment in the exam room than from a rushed message or chart note. When they're close, focused and curious, you're more likely to open up, and that kind of trust is essential for making decisions together about your care. Be sure your provider spends this focused time with you.




Listening That Is Curious Your provider's curiosity can be just as important as their expertise. When they ask open-ended questions and pay attention to your words, body language and emotions, it creates space for honest conversation. That's often when key details emerge informing the plan of care. "What are your concerns about the plan of care we've discussed?" creates a path for open dialogue in a way that "Do you have any questions?" does not.

Listening That Earns And Enables Trust Trust starts when you feel safe to speak candidly, and that happens when your provider listens without judgment, gives you their full attention and treats your input as essential. At Henry Ford Health, some doctors are using AI-powered tools to handle notetaking during appointments, so they can focus entirely on the conversation.

Listening Aided By Design The design of a clinic or hospital can affect how well you're heard. Small, crowded spaces make private conversations harder, but simple changes -- like your provider sitting down during a visit -- can make you feel more cared for and listened to. Some health systems, like Southcentral Foundation in Alaska, have created "talking rooms" that feel less clinical and more personal, showing that listening isn't just a skill, it's something built into the space itself.

Listening That Empowers Listening should lead to action, and that includes listening to the people who care for you. When frontline staff are asked what's wasting time or making care harder, they often have smart, simple fixes. At Hawaii Pacific Health, a program called "Getting Rid of Stupid Stuff" led to hundreds of suggestions, including one that saved nurses 1,700 hours a month by removing a pointless documentation rule. When staff are empowered to speak up, care becomes more efficient, less frustrating and better for everyone.

Listening That Fosters Resilience Caring for others is demanding, and when health care workers are supported, they're better able to support you. Simple acts like sharing meals and stories with colleagues can help reduce burnout and build emotional strength in those who are caring for you. Some hospitals schedule time for these peer connections, creating space for reflection and support. Ask your provider how their health care system supports its workers.

Listening Is Kindness

Berry and his co-authors write that deep listening benefits all parties: clinician-to patient; clinician-to-clinician; leader-to-clinical and non-clinical staff. It's a cultural shift that starts with values. "Do you care enough to listen?" they ask.

For patients, this means you should feel empowered to speak up and expect to be heard.

"Your experiences, concerns and insights are not just helpful, they're essential," Berry said. "And when your care team listens with empathy and curiosity, it leads to better decisions, stronger relationships and more personalized care.

"Kindness is not a luxury in health care, it's a necessity. And true listening is one of its most powerful expressions."
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			Scientists just found the brain's secret GPS system

			Researchers used neuroimaging and virtual reality to identify two brain regions that help people maintain their sense of direction while moving around.
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					Researchers discovered two brain regions that work as a "neural compass," keeping people oriented in virtual city navigation. These areas tracked direction consistently, hinting at new ways to detect and monitor neurological disorders that cause disorientation.
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 The brain has built-in compass regions that help us stay oriented, even in changing environments--insights that could aid in understanding and detecting neurological disease. Credit: AI/ScienceDaily.com

 





						Zhengang Lu and Russell Epstein, from the University of Pennsylvania, led a study to explore how people maintain their sense of direction while navigating naturalistic, virtual reality cities.


						
As reported in their new JNeurosci paper, the researchers collected neuroimaging data while 15 participants performed a taxi driving task in a virtual reality city. Two brain regions represented forward-facing direction as people moved around. This neural signal was consistent across variations of the city with different visual features. The signal was also consistent across different phases of the task (i.e., picking up a passenger versus driving a passenger to their drop-off location) and various locations in the city. Additional analyses suggested that these brain regions represent a broad range of facing directions by keeping track of direction relative to the north-south axis of the environment.

According to the researchers, these findings suggest that these brain regions may serve as a neural compass. Says Epstein, "Losing your sense of direction is something that can happen in neurodegenerative diseases, so continuing to explore the function of these two brain regions may help with early detection or monitoring progression of these diseases. We're also interested in understanding how people navigate using both visual and internal cues -- this would relate to the challenges faced by people with impaired vision."
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Scientists unlock the gene that lets bearded dragons switch sex | ScienceDaily
August 19 marks the publication by two different studies presenting the near-complete reference genomes of the central bearded dragon (Pogona vitticeps), a widely distributed species of dragon lizard common in central eastern Australia and popular as pets in Europe, Asia, and North America. This species has an unusual trait for an animal species: whether this lizard grows up to be a male or a female depends not only on genetics but also on the temperature of its nest. This has long made it a useful model to study the biological basis of sex determination, and the advent of huge technological improvements in genomics has finally found a region of the genome and a potential master sex determination gene likely central to male sexual differentiation. The independent verification of this by two different groups using two different approaches making this a much stronger finding.


						
Bearded dragons have an unusual sex determination system which is influenced by both genetics and environmental factors, specifically temperature. Unlike most animals where sex is solely determined by chromosomes, bearded dragons can have their sex reversed from male to female by high incubation temperatures. Meaning a lizard with male chromosomes can develop into a reproductively functional female if the egg is incubated at a warm enough temperature.

Like birds and many reptiles, this species has a ZZ/ZW sex chromosome system where females have a pair of dissimilar ZW chromosomes, and males have two similar ZZ chromosomes. Sex determination in this species is complicated further, as ZZ genotypic males can change to phenotypic females at high incubation temperatures without the help of W chromosome or W-linked genes. New ultra-long nanopore sequencing technology now allows us to generate telomere-to-telomere (T2T) assemblies of the sex chromosomes and identify the non-recombining regions to help narrow the field of candidate sex determining genes in species with chromosomal sex determination. The ability of this technology to better separate out the maternal and paternal halves of the genome now allows much easier comparisons of the Z and W sequences to gauge potential loss or difference in function of key sex gene candidates.

The first paper from researchers from BGI, Chinese Academy of Sciences and Zhejiang University, uses DNBSEQ short-reads combined with long-reads from the new CycloneSEQ nanopore sequencer, this being the first animal genome published using this technology. Generation of the second genome was led by researchers from the University of Canberra with funding from Bioplatforms Australia, the Australian Research Council and PacBio Singapore, and with contributions to analyses from researchers of the Australian National University, Garvan Institute for Medical Research, University of New South Wales and CSIRO alongside Universitat Autonoma de Barcelona (UAB) in Spain. This assembly uses PacBio HiFi, ONT ultralong reads and Hi-C sequencing. Having reference genomes published using these two different technologies allows a like-for-like comparison between the ONT and CycloneSEQ technologies for the first time. Both technologies also complement each other by investigating the sex determination question using different approaches. The first genome sequenced a ZZ male central bearded dragon to characterize the whole Z sex chromosome for the first time while the second assembled the genome of a female ZW individual. The new nanopore sequencer also enabled the recovery of around 124 million base pairs of previously undescribed and missing sequences (nearly 7% of the genome), which included numerous genes and regulatory elements to better elucidate the complicated sex determination system.

Both projects assembled 1.75 Gbp genome assemblies of exceptionally high quality to assemble all but one of the telomeres, and only a few gaps remained mostly located in the microchromosomes. Using this data showed the Z and W specific sex chromosomes were assembled into single scaffolds, and a "pseudo-autosomal region" (PAR) where the sex chromosomes pair and recombine was also detected on chromosome 16. The sequencing of the male dragon by the BGI team looked for genes specific to Z but not the W chromosomes, and Amh and Amhr2 (the Anti-Mullerian hormone gene and its receptor) plus Bmpr1a were determined as strong candidates for the sex determining genes in this species. The sequencing of the female dragon by the Australian-led team pinpointed to the same candidate Sex Determination Region (SDR) of their dragon genome, and also highlighted Amh and Amhr2 as the likely candidate genes. Studying the expression in different developmental stages found Amh had significant male-biased expression patterns making it the most likely candidate as the master sex-determining gene. The differential expression of another sex-related gene Nr5a1 in the PAR suggests that the story may be more complicated, as Nr5a1 encodes a transcription factor with binding sites on the Amh promoter region. Unlike many fish that enlist Amh-like genes in sex determination, the autosomal copies of Amh and its receptor gene Amhr2 remain intact and functional. It could be that sex is determined by some form of caucus among genes on the sex chromosomes of the bearded dragon moderated by their residual autosomal copies.

The main highlight of these assemblies is therefore the discovery of genetic elements central to male sexual differentiation in vertebrates, on the sex chromosomes. The genes Amh and that coding its receptor AMHR2 have been copied to the Z chromosome in the non-recombining region, and so are obvious candidates for the master sex determining gene working via a dosage-based mechanism in this species, a discovery that has eluded discovery for so many years. No master sex determining gene akin to Sry in mammals or Dmrt1 in birds has to date been discovered in any reptile species. This new work provides a clear candidate in Amh, which is present in double dose in the ZZ male and single dose in the ZW female.

Arthur Georges from University of Canberra and senior author on the second paper says on the utility of this work: "We anticipate accelerated research in other areas arising from these newly available assemblies, such as cranial development, brain development, behavioral studies, gene-gene and gene-environment interactions in comparative studies of vertebrate sex determination and in many other areas looking for a well-supported squamate model against which to compare with their model species be it mouse, human or bird."

"I never cease to be amazed by the rapidity of progress of Chinese science. In relatively few years, BGI and its companion enterprises have developed sequencing technologies that deliver outcomes as good, and throughput and cost effectiveness that is better, than competing technologies on the market. These genome assemblies are testimony to that level of achievement."




Qiye Li from BGI and senior author on the first paper Lead author of the Chinese project explains their rationale for using this approach: "We decided to start working on the bearded dragon genome last year as the first animal genome for this new sequencer because it was the Year of the Dragon in China. Benefiting from the unbiased long-reads provided by the CycloneSEQ sequencer, we readily obtained a highly contiguous genome assembly and resolved highly repetitive and high-GC regions that were traditionally challenging for assembly. The two reference genomes, derived from opposite sex and generated by different technologies, are indeed complementary to each other. I am excited that both genomes pinpoint the key role of AMH signaling in sex determination in this species. But how did the sex chromosomes arise? We anticipate that additional high-quality genomes from related species will further elucidate the evolutionary origin of the ZW system and complete the story."

Having two separate projects finding the same key candidate master genes independently of each other greatly increases the confidence in these findings. And openly sharing all of the data allows others to build upon this work, especially as the exact role of some of the other contributing transcription factors linked to sex determination are not yet fully resolved. The generation of these two new high quality genome assemblies however, is a massive step forward towards understanding the complete story of sex determination in this species.

A webinar with the two lead authors is organized for August 26th at 10.00am UTC and provides an opportunity to ask them questions on this work. Sign up here to watch and post questions https://cassyni.com/events/SWHReTL1j8YPEvxnLsyKYq
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After 70 years, the Sun's explosive mystery is finally solved | ScienceDaily
New research led by Southwest Research Institute (SwRI) has confirmed decades-old theoretical models about magnetic reconnection, the process that releases stored magnetic energy to drive solar flares, coronal mass ejections and other space weather phenomena. The data was captured by NASA's Parker Solar Probe (PSP), which is the only spacecraft to have flown through the Sun's upper atmosphere.


						
Magnetic reconnection occurs when magnetic field lines in plasma sever and reconnect in a new configuration, releasing large amounts of stored energy. On the Sun, this energy release often results in solar activity that can affect technology on Earth, a phenomenon known as space weather. Modeling solar magnetic reconnection accurately may help predict coronal mass ejections, solar flares and other space weather events that can impact satellites, communication systems and even power grids on Earth.

"Reconnection operates at different spatial and temporal scales, in space plasmas ranging from the Sun to Earth's magnetosphere to laboratory settings to cosmic scales," said Dr. Ritesh Patel, a research scientist in SwRI's Solar System Science and Exploration Division in Boulder, Colorado, and lead author of a new paper published in Nature Astronomy. "Since the late 1990s, we have been able to identify reconnection in the solar corona through imaging and spectroscopy. In-situ detection was possible in Earth's magnetosphere with the launch of missions like NASA's Magnetospheric Multiscale (MMS) mission. Similar studies in the solar corona, however, only became possible when NASA's Parker Solar Probe launched in 2018."

PSP's record-breaking proximity to the Sun has enabled new opportunities for study. A Sept. 6, 2022, approach revealed a huge eruption, providing an opportunity to image and sample the plasma and magnetic field properties in detail for the first time. Using a combination of imaging and in-situ diagnostic techniques as well as complementary observations from the European Space Agency's Solar Orbiter, the SwRI-led team confirmed that PSP had flown through a reconnection region in the solar atmosphere for the very first time.

"We've been developing the theory of magnetic reconnection for almost 70 years, so we had a basic idea of how different parameters would behave," Patel said. "The measurements and observations received from the encounter have validated numerical simulation models that have existed for decades within some degree of uncertainty. The data will serve as strong constraints for future models and provide a path to understand PSP's solar measurements from other timeframes and events."

NASA's MMS mission, led by SwRI, provided researchers with an idea of how reconnection occurs in the near-Earth environment on a smaller scale. The 2022 PSP observations now provide researchers with the missing piece connecting Earth scale to solar scale reconnection. SwRI will next work to identify whether reconnection mechanisms accompanied with turbulence or fluctuations and waves of the magnetic fields are present in the solar regions PSP identified as having active reconnection.

"Ongoing work provides discoveries at different scales, which allows us to see how energy is transferred and how particles are accelerated," Patel said. "Understanding these processes at the Sun can help better predict solar activity and improve our understanding of the near-Earth environment."

The Parker Solar Probe was developed as part of NASA's Living with a Star program to explore aspects of the Sun-Earth system that directly affect life and society. The Living with a Star program is managed by the agency's Goddard Space Flight Center in Greenbelt, Maryland, for NASA's Science Mission Directorate in Washington. Johns Hopkins University Applied Physics Laboratory designed, built and currently operates the spacecraft and manages the mission for NASA.
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Scientists may have finally found the Universe's missing sulfur | ScienceDaily
For decades, astrochemists have been looking for sulfur atoms in space and finding surprisingly little of the element that is a key ingredient to life. A new study could point to where it has been hiding.


						
An international team of researchers including Ryan Fortenberry, an astrochemist at the University of Mississippi, and Ralf Kaiser, professor of chemistry at the University of Hawaii at Manoa and Samer Gozem, computational chemist at Georgia State University, published their research in the journal Nature Communications.

"Hydrogen sulfide is everywhere: it's a product of coal-fired power plants, it has an effect on acid rain, it changes the pH levels of oceans and it comes out of volcanoes," Fortenberry said. "If we gain a better understanding of what the chemistry of sulfur can do, the technological commercialization that can come from that can only be realized with a foundation of fundamental knowledge."

Sulfur is the 10th most abundant element in the universe and is considered a vital chemical element for planets, stars and life. The lack of molecular sulfur in space has been a mystery for years.

"The observed amount of sulfur in dense molecular clouds is less - compared to predicted gas-phase abundances- by three orders of magnitude," Kaiser said.

The answer might lie in interstellar ice.

In cold regions of space, sulfur can form two distinct, stable configurations: octasulfur crowns, which are a group of eight sulfur atoms configured in ring-like crowns, and polysulfanes, chains of sulfur atoms that are bonded by hydrogen. These molecules can form on icy dust grains, locking sulfur into solid forms.




"If you use, for instance, the James Webb Space Telescope, you get a specific signature at specific wavelengths for oxygen and carbon and nitrogen and so forth," Fortenberry said. "But when you do that for sulfur, it's out of whack, and we don't know why there isn't enough molecular sulfur.

"What this work is showing is that the most common forms of sulfur that we already know about are probably where the sulfur is hiding."

Kaiser and Fortenberry's research showed that these sulfur-rich molecules may be abundant in icy regions of interstellar space, giving astronomers a potential road map to solving the sulfur puzzle.

"Laboratory simulations of interstellar conditions such as this study discover possible inventories of sulfur-containing molecules that can be formed on interstellar ices," Kaiser said. "Astronomers can then utilize the results and look for these polysulfane molecules in the interstellar medium via radio telescopes once sublimed into the gas-phase in star forming regions."

The reason sulfur has been so difficult to find is that the bonds it forms are always changing, going from crowns to chains and a variety of other formulations.

"It never maintains the same shape," Fortenberry said. "It's kind of like a virus - as it moves, it changes."

The researchers' work identifies possible stable configurations that astronomers can search for in the universe.

"The thing that I love about astrochemistry is that it forces you to ask hard questions, then forces you to come up with creative solutions," Fortenberry said. "And those hard questions and creative solutions can have significant, unintended positive consequences."
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Why recycling 'dead' batteries could save billions and slash pollution | ScienceDaily
Increased demand for electric vehicles, portable electronics, and renewable energy storage has resulted in lithium becoming a truly critical mineral. As the world races toward a clean energy future, the recycling of lithium batteries has become crucial.


						
New research from Edith Cowan University (ECU) has highlighted that tapping into used batteries as a secondary source of lithium not only helps reduce environmental impact but also secures access to this valuable resource, supporting a circular economy and ensuring long-term sustainability in the energy sector.

PhD student Ms Sadia Afrin has pointed out that the global lithium-ion battery market size is projected to expand at a compound annual growth rate of 13 per cent, reaching $87.5 billion by 2027, with lithium consumption forecast to increase from 390 kilotons in 2020 to approximately 1,600 kilotons by 2026.

However, only around 20 per cent of a lithium-ion battery's capacity is used before the battery is no longer fit for use in electric vehicles, meaning those batteries ending up in storage or on the landfill retain nearly 80 per cent of their lithium capacity.

The Australian Department of Industry, Science and Resources has previously estimated that by 2035, Australia could be generating 137,000 t of lithium battery waste annually.

For the end-of-life batteries, the obvious answer is recycling, said first author Mr Asad Ali quoting figures from the government which estimates that the recycling industry could be worth between $603 million and $3.1 billion annually in just over a decade.

"By recycling these batteries, you can access not only the remaining lithium - which already purified to near 99 per cent - but you can also retrieve the nickel and the cobalt from these batteries."

While the lithium retrieved through the recycling process is unlikely to impact the lithium extraction or downstream sectors, Mr Ali noted that the recycling process offered significant environmental benefits when compared with the mining industry.




"Recycling processes can significantly reduce the extensive use of land, soil contamination, ecological footprint, water footprint, carbon footprint and harmful chemical release into the environment, thereby lowering greenhouse gas emissions and minimising waste.

"Mining emits up to 37% tons of CO2 per ton of lithium. Recycling processes produce up to 61 per cent less carbon emissions compared with mining and uses 83 per cent less energy and 79 per cent less water as compared to mining. Hydrometallurgical recycling can generate profit up to $27.70 per kilogram of lithium recovered. And again, the lithium produced through the recycling process is already purified to 99 per cent, which means all of the energy, water and emissions are saved from the downstream process."

ECU lecturer and corresponding author Dr Muhammad Azhar said that while Australia holds one of the largest hard rock lithium reserves in the world, the recovery of lithium from end-of-life batteries could provide socio-economic benefits and fulfils environmental sustainability.

"The mining industry actually offers another source of retired and potentially end-of-life batteries, as the electrification of the mining industry gains momentum. ECU is exploring the second life of these retired lithium batteries," he added.

While the benefits of lithium-ion battery recycling seem obvious, Ms Afrin noted that there were still some challenges to be addressed.

"The rate of innovation significantly outstrips policy development, and the chemical make-up of the batteries also continuously evolve, which makes the recycling of these batteries more complicated," she said.

"There is a definite need for investment into the right infrastructure in order to create this circular economy, but there are several Australian companies that are looking at the best ways to approach this."
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Tiny microbes may secretly rewire the brain before birth | ScienceDaily
    	Microbes, or microorganisms, are all around us and play an important role in bodily functions. MSU researchers found that microbes can also impact brain development. 
    	This work is significant because modern obstetric practices like peripartum antibiotic use and Cesarean delivery disturb the microbiome of mothers and newborns.

New research from Michigan State University finds that microbes play an important role in shaping early brain development, specifically in a key brain region that controls stress, social behavior, and vital body functions.

The study, published in Hormones and Behavior, used a mouse model to highlight how natural microbial exposure not only impacts brain structure immediately after birth but may even begin influencing development while still in the womb. A mouse model was chosen because mice share significant biological and behavioral similarities with humans and there are no other alternatives to study the role of microbes on brain development.

This work is of significance because modern obstetric practices, like peripartum antibiotic use and Cesarean delivery, disrupt maternal microbes. In the United States alone, 40% of women receive antibiotics around childbirth and one-third of all births occur via Cesarean section.

"At birth, a newborn body is colonized by microbes as it travels through the birth canal. Birth also coincides with important developmental events that shape the brain. We wanted to further explore how the arrival of these microbes may affect brain development," said Alexandra Castillo Ruiz, lead author of the study and assistant professor in the MSU Department of Psychology.

The research team focused on a brain region called the paraventricular nucleus of the hypothalamus (PVN), which plays a central role in regulating stress, blood pressure, water balance, and even social behavior. Their previous work had shown that mice raised without microbes, or germ-free mice, had more dying neurons in the PVN during early development. The new study set out to determine whether this increased cell death translated to changes in neuron number in the long run, and if any effects could be caused by the arrival of microbes at birth or if they began in the womb via signals from maternal microbes.

To find out, the researchers used a cross-fostering approach. Germ-free newborn mice were placed with mothers that had microbes and compared them to control groups. When the brains of these mice were examined just three days after birth, results were striking: All mice gestated by germ-free mothers had fewer neurons in the PVN, regardless of whether they received microbes after birth. They also found that germ-free adult mice had fewer neurons in the PVN.

"Our study shows that microbes play an important role in sculpting a brain region that is paramount for body functions and social behavior. In addition, our study indicates that microbial effects start in the womb via signaling from maternal microbes," said Dr. Castillo-Ruiz.

Rather than shunning our microbes, we should recognize them as partners in early life development," said Dr. Castillo-Ruiz. "They're helping build our brains from the very beginning."
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One atom, endless power: Scientists create a shape-shifting catalyst for green chemistry | ScienceDaily
A research team at the Politecnico di Milano has developed an innovative single-atom catalyst capable of selectively adapting its chemical activity. This is a crucial step forward in sustainable chemistry and the design of more efficient and programmable industrial processes.


						
The study was published in the Journal of the American Chemical Society, one of the world's most authoritative scientific journals in chemistry.

This achievement is a breakthrough in the field of single-atom catalysts. For the first time, scientists have demonstrated the possibility of designing a material that can selectively change its catalytic function depending on the chemical environment. It involves a sort of 'molecular switch' that allows complex reactions to be performed more cleanly and efficiently, using less energy than conventional processes.

The research focuses on a palladium-based catalyst in atomic form encapsulated in a specially designed organic structure. This structure allows the material to 'switch' between two key reactions in organic chemistry -- bioreaction and carbon-carbon coupling -- simply by varying the reaction conditions.

"We have created a system that can modulate catalytic reactivity in a controlled manner, paving the way for more intelligent, selective and sustainable chemical transformations," explains Gianvito Vile, lecturer in the 'Giulio Natta' Department of Chemistry, Materials and Chemical Engineering at the Politecnico di Milano and coordinator of the study.

In addition to its reaction flexibility, the new catalyst stands out for its stability, recyclability and reduced environmental impact. The 'green' analyses conducted by the team show a significant decrease in waste and hazardous reagents.

The study results from an international collaboration with the University of Milan-Bicocca, the University of Ostrava (Czech Republic), the University of Graz (Austria) and Kunsan National University (South Korea).
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A new cancer vaccine just wiped out tumors in mice | ScienceDaily
An experimental mRNA vaccine boosted the tumor-fighting effects of immunotherapy in a mouse-model study, bringing researchers one step closer to their goal of developing a universal vaccine to "wake up" the immune system against cancer.


						
Published recently in Nature Biomedical Engineering, the University of Florida study showed that like a one-two punch, pairing the test vaccine with common anticancer drugs called immune checkpoint inhibitors triggered a strong antitumor response.

A surprising element, researchers said, was that they achieved the promising results not by attacking a specific target protein expressed in the tumor, but by simply revving up the immune system -- spurring it to respond as if fighting a virus. They did this by stimulating the expression of a protein called PD-L1 inside of tumors, making them more receptive to treatment. The research was supported by multiple federal agencies and foundations, including the National Institutes of Health.

Senior author Elias Sayour, M.D., Ph.D., a UF Health pediatric oncologist, said the results reveal a potential new treatment path -- an alternative to surgery, radiation and chemotherapy -- with broad implications for battling many types of treatment-resistant tumors.

"This paper describes a very unexpected and exciting observation: that even a vaccine not specific to any particular tumor or virus -- so long as it is an mRNA vaccine -- could lead to tumor-specific effects," said Sayour, principal investigator at the RNA Engineering Laboratory within UF's Preston A. Wells Jr. Center for Brain Tumor Therapy.

"This finding is a proof of concept that these vaccines potentially could be commercialized as universal cancer vaccines to sensitize the immune system against a patient's individual tumor," said Sayour, a McKnight Brain Institute investigator and co-leader of a program in immuno-oncology and microbiome research.

Until now, there have been two main ideas in cancer-vaccine development: To find a specific target expressed in many people with cancer, or to tailor a vaccine that is specific to targets expressed within a patient's own cancer.




"This study suggests a third emerging paradigm," said Duane Mitchell, M.D., Ph.D., a co-author of the paper. "What we found is by using a vaccine designed not to target cancer specifically but rather to stimulate a strong immunologic response, we could elicit a very strong anticancer reaction. And so this has significant potential to be broadly used across cancer patients -- even possibly leading us to an off-the-shelf cancer vaccine."

For more than eight years, Sayour has pioneered high-tech anticancer vaccines by combining lipid nanoparticles and mRNA. Short for messenger RNA, mRNA is found inside every cell -- including tumor cells -- and serves as a blueprint for protein production.

This new study builds upon a breakthrough last year by Sayour's lab: In a first-ever human clinical trial, an mRNA vaccine quickly reprogrammed the immune system to attack glioblastoma, an aggressive brain tumor with a dismal prognosis. Among the most impressive findings in the four-patient trial was how quickly the new method -- which used a "specific" or personalized vaccine made using a patient's own tumor cells -- spurred a vigorous immune-system response to reject the tumor.

In the latest study, Sayour's research team adapted their technology to test a "generalized" mRNA vaccine -- meaning it was not aimed at a specific virus or mutated cells of cancer but engineered simply to prompt a strong immune system response. The mRNA formulation was made similarly to the COVID-19 vaccines, rooted in similar technology, but wasn't aimed directly at the well-known spike protein of COVID.

In mouse models of melanoma, the team saw promising results in normally treatment-resistant tumors when combining the mRNA formulation with a common immunotherapy drug called a PD-1 inhibitor, a type of monoclonal antibody that attempts to "educate" the immune system that a tumor is foreign, said Sayour, a professor in UF's Lillian S. Wells Department of Neurosurgery and the Department of Pediatrics in the UF College of Medicine.

Taking the research a step further, in mouse models of skin, bone and brain cancers, the investigators found beneficial effects when testing a different mRNA formulation as a solo treatment. In some models, the tumors were eliminated entirely.




Sayour and colleagues observed that using an mRNA vaccine to activate immune responses seemingly unrelated to cancer could prompt T cells that weren't working before to actually multiply and kill the cancer if the response spurred by the vaccine is strong enough.

Taken together, the study's implications are striking, said Mitchell, who directs the UF Clinical and Translational Science Institute and co-directs UF's Preston A. Wells Jr. Center for Brain Tumor Therapy.

"It could potentially be a universal way of waking up a patient's own immune response to cancer," Mitchell said. "And that would be profound if generalizable to human studies."

The results, he said, show potential for a universal cancer vaccine that could activate the immune system and prime it to work in tandem with checkpoint inhibitor drugs to seize upon cancer -- or in some cases, even work on its own to kill cancer.

Now, the research team is working to improve current formulations and move to human clinical trials as rapidly as possible.
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Is ketamine the answer for chronic pain? New findings cast doubt | ScienceDaily
The off-label use of ketamine to treat chronic pain is not supported by scientific evidence, a new Cochrane review has found.


						
Ketamine is an anaesthetic commonly used for procedural sedation and short-term pain relief. Ketamine is also frequently prescribed off-label to manage chronic pain conditions such as nerve pain, fibromyalgia and complex regional pain syndrome. It is one of several NMDA receptor antagonists -- a group of drugs thought to reduce pain by blocking certain brain receptors involved in pain signalling.

The review, conducted by researchers from UNSW Sydney, Neuroscience Research Australia (NeuRA), and Brunel University of London, examined 67 trials involving over 2,300 adult participants. It assessed five NMDA receptor antagonists: ketamine, memantine, dextromethorphan, amantadine, and magnesium. Results show no clear evidence of benefit for ketamine in chronic pain and identified an increased risk of adverse effects such as delusions, delirium, paranoia, nausea, and vomiting. Evidence was rated low to very low certainty, due to small study sizes and poor methodological quality.

"We want to be clear - we're not saying ketamine is ineffective, but there's a lot of uncertainty," said Michael Ferraro, Doctoral Candidate at UNSW and NeuRA, first author of the review. "The data could point to a benefit or no effect at all. Right now, we just don't know."

Researchers looked at the effects across various chronic pain conditions and dosing strategies but found no clear evidence of benefit in any specific condition or dose. Side effects were a major concern, particularly with intravenous use.

"The most common adverse events we saw were psychotomimetic effects such as delusions, delirium and paranoia, as well as nausea and vomiting." said Ferraro. "These effects are distressing for many patients. Clinicians often try to balance the dose for pain relief without triggering those symptoms, but this isn't always achieved."

The review also found no studies that reported on two key outcomes: whether ketamine reduced depressive symptoms or opioid use. This is notable, as ketamine is often proposed for patients with depressive symptoms or opioid tolerance.

"This group of drugs, and ketamine in particular, are in relatively common use for chronic pain around the world. Yet we have no convincing evidence that they are delivering meaningful benefits for people with pain, even in the short term," said Neil O'Connell, Professor at Brunel University of London, co-senior author of the review. "That seems a good reason to be cautious in the clinic and clearly indicates an urgent need to undertake high quality trials."

The authors hope the review will help inform patients and clinicians weighing up potential benefits and harms, and guide future research. While more evidence is needed, this review highlights the importance of high-quality trials to understand whether ketamine has a role in chronic pain care.

"We've seen the harm that can come from taking medicines developed for acute pain and applying them to chronic pain, opioids are a prime example. Now we're seeing a similar pattern with ketamine," said co-senior author James McAuley, Professor at UNSW and senior researcher at NeuRA. "As opioid prescribing is slowly reduced, there's a growing demand for alternatives, but we need to be careful not to rush into widespread use without strong evidence."
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Forget LASIK: Safer, cheaper vision correction could be coming soon | ScienceDaily
Millions of Americans have altered vision, ranging from blurriness to blindness. But not everyone wants to wear prescription glasses or contact lenses. Accordingly, hundreds of thousands of people undergo corrective eye surgery each year, including LASIK -- a laser-assisted surgery that reshapes the cornea and corrects vision. The procedure can result in negative side effects, prompting researchers to take the laser out of LASIK by remodeling the cornea, rather than cutting it, in initial animal tissue tests.


						
Michael Hill, a professor of chemistry at Occidental College, will present his team's results at the fall meeting of the American Chemical Society (ACS). ACS Fall 2025 is being held Aug. 17-21; it features about 9,000 presentations on a range of science topics.

Human corneas are dome-shaped, clear structures that sit at the front of the eye, bending light from surroundings and focusing it onto the retina, where it's sent to the brain and interpreted as an image. But if the cornea is misshapen, it doesn't focus light properly, resulting in a blurry image. With LASIK, specialized lasers reshape the cornea by removing precise sections of the tissue. This common procedure is considered safe, but it has some limitations and risks, and cutting the cornea compromises the structural integrity of the eye. Hill explains that "LASIK is just a fancy way of doing traditional surgery. It's still carving tissue -- it's just carving with a laser."

But what if the cornea could be reshaped without the need for any incisions?

This is what Hill and collaborator Brian Wong are exploring through a process known as electromechanical reshaping (EMR). "The whole effect was discovered by accident," explains Wong, a professor and surgeon at the University of California, Irvine. "I was looking at living tissues as moldable materials and discovered this whole process of chemical modification."

In the body, the shapes of many collagen-containing tissues, including corneas, are held in place by attractions of oppositely charged components. These tissues contain a lot of water, so applying an electric potential to them lowers the tissue's pH, making it more acidic. By altering the pH, the rigid attractions within the tissue are loosened and make the shape malleable. When the original pH is restored, the tissue is locked into the new shape.

Previously, the researchers used EMR to reshape cartilage-rich rabbit ears, as well as alter scars and skin in pigs. But one collagen-rich tissue that they were eager to explore was the cornea.




In this work, the team constructed specialized, platinum "contact lenses" that provided a template for the corrected shape of the cornea, then placed each over a rabbit eyeball in a saline solution meant to mimic natural tears. The platinum lens acted as an electrode to generate a precise pH change when the researchers applied a small electric potential to the lens. After about a minute, the cornea's curvature conformed to the shape of the lens -- about the same amount of time LASIK takes, but with fewer steps, less expensive equipment and no incisions.

They repeated this setup on 12 separate rabbit eyeballs, 10 of which were treated as if they had myopia, or nearsightedness. In all the "myopic" eyeballs, the treatment dialed in the targeted focusing power of the eye, which would correspond to improved vision. The cells in the eyeball survived the treatment, because the researchers carefully controlled the pH gradient. Additionally, in other experiments, the team demonstrated that their technique might be able to reverse some chemical-caused cloudiness to the cornea -- a condition that is currently only treatable through a complete corneal transplant.

Though this initial work is promising, the researchers emphasize that it is in its very early stages. Next up is what Wong describes as, "the long march through animal studies that are detailed and precise," including tests on a living rabbit rather than just its eyeball. They also plan to determine the types of vision correction possible with EMR, such as near- and far-sightedness and astigmatism. Though the next steps are planned, uncertainties in the team's scientific funding have put them on hold. "There's a long road between what we've done and the clinic. But, if we get there, this technique is widely applicable, vastly cheaper and potentially even reversible," concludes Hill.

Title Electrochemical corneal refraction

Abstract The cornea is a transparent, highly organized anatomical structure that is responsible for ~2/3 of the refractive power of the eye. The corneal stroma consists of orthogonally stacked collagen- fibril lamellae whose molecular composition and precise macromolecular geometry eliminate backscattered light and maintain the shape of the cornea. Anatomical variation, birth defects, trauma, and various pathologies can alter the shape, structural stability, and transparency of the cornea, thus affecting vision. Surgical interventions to treat myopia, hyperopia, and astigmatism include laser-assisted in situ keratomileusis (LASIK) and photorefractive keratectomy (PRK). Despite their popularity, these procedures are expensive and permanently lower the biomechanical strength of the cornea. Here we report our efforts to apply electromechanical reshaping (EMR) as a molecular- based, non-ablative/non-incisional alternative to laser vision refraction, using ex vivo rabbit globes. EMR relies on short electrochemical pulses to electrolyze interstitial water, with subsequent diffusion of protons into the extracellular matrix of collagenous tissues; protonation of immobilized anions within this matrix disrupts the ionic-bonding network that provides structural integrity. This leaves the tissue transiently responsive to mechanical remodeling; subsequent re-equilibration to physiological pH restores the ionic matrix, resulting in persistent shape change of the tissue. Optical coherence tomography (OCT), second-harmonic generation (SHG), and confocal microscopy suggest that EMR enables control over corneal contouring while maintaining the underlying macromolecular collagen structure and stromal cellular viability.

This research was funded by the National Eye Institute of the National Institutes of Health and the John Stauffer Charitable Trust.
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Stunning galaxy blooms with pink nebulae in Hubble's new image | ScienceDaily
Today's NASA/ESA Hubble Space Telescope Picture of the Week offers a closeup of a nearby spiral galaxy. The subject is NGC 2835, which lies 35 million light-years away in the constellation Hydra (The Water Snake).


						
A previous Hubble image of this galaxy was released in 2020, and the NASA/ESA/CSA James Webb Space Telescope turned its gaze toward NGC 2835 in recent years as well. Do you see anything different between today's image of NGC 2835 and the previously released versions? Overall, NGC 2835 looks quite similar in all of these images, with spiral arms dotted with young blue stars sweeping around an oval-shaped center, where older stars reside.

This image differs from previously released images because it incorporates new data from Hubble that captures a specific wavelength of red light called H-alpha. The regions that are bright in H-alpha emission can be seen along NGC 2835's spiral arms, where dozens of bright pink nebulae appear like flowers in bloom. Astronomers are interested in H-alpha light because it signals the presence of several different types of nebulae that arise during different stages of a star's life. Newborn massive stars create nebulae called H II regions that are particularly brilliant sources of H-alpha light, while dying stars can leave behind supernova remnants or planetary nebulae that can also be identified by their H-alpha emission.

By using Hubble's sensitive instruments to survey 19 nearby galaxies, researchers aim to identify more than 50,000 nebulae. These observations will help to explain how stars affect their birth neighborhoods through intense starlight and winds.
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Astronomers discover a hidden engine inside space's "Eye of Sauron" | ScienceDaily
A look into the throat of an active galaxy reveals a ring-shaped magnetic field that may explain extreme gamma radiation and neutrinos.


						
Key Points
    	A look into the heart of an active galaxy: Astronomers have captured an image of the origin of a cosmic jet. The image and its artificial coloring remind of the Eye of Sauron.
    	The question of the origin of neutrinos: PKS 1424240 is the brightest neutrino-emitting object of its kind. However, the concentrated mass flow is too slow to explain the emission of neutrinos.
    	Spiral magnetic fields accelerate particles: 15 years of precise observations with the Very Long Baseline Array have enabled a detailed analysis of the jet's origin. The radio image could solve this problem, as it shows ring-shaped magnetic fields, an environment that acts like a spring and can accelerate particles to high energies. This in turn explains neutrinos and high-energy gamma radiation.

Located billions of light-years away, the blazar PKS 1424+240 had long baffled astronomers. It stood out as the brightest known neutrino-emitting blazar in the sky -- as identified by the IceCube Neutrino Observatory -- and was also glowing in very high-energy gamma rays ob-served by ground-based Cherenkov telescopes. Yet, oddly, its radio jet appeared to move sluggishly, contradicting expectations that only the fastest jets can power such intense high-energy emissions.

Now, thanks to 15 years of ultra-precise radio observations from the Very Long Baseline Ar-ray (VLBA), researchers have stitched together a deep image of this jet at unparalleled resolution.

"When we reconstructed the image, it looked absolutely stunning," says Yuri Kovalev, lead author of the study and Principal Investigator of the ERC-funded MuSES project at the Max Planck Institute for Radio Astronomy (MPIfR). "We have never seen anything quite like it -- a near-perfect toroidal magnetic field with a jet, pointing straight at us."

Because the jet is aligned almost exactly in the direction of Earth, its high-energy emission is dramatically amplified by the effects of special relativity. "This alignment causes a boost in brightness by a factor of 30 or more," explains Jack Livingston, a co-author at MPIfR. "At the same time, the jet appears to move slowly due to projection effects -- a classic optical illusion."

This head-on geometry allowed scientists to peer directly into the heart of the blazar's jet -- an extremely rare opportunity. Polarized radio signals helped the team map out the structure of the jet's magnetic field, revealing its likely helical or toroidal shape. This structure plays a key role in launching and collimating the plasma flow, and may be essential for accelerating particles to extreme energies.




"Solving this puzzle confirms that active galactic nuclei with supermassive black holes are not only powerful accelerators of electrons, but also of protons -- the origin of the observed high-energy neutrinos," concludes Kovalev.

The discovery is a triumph for the MOJAVE program, a decades-long effort to monitor relativistic jets in active galaxies using the Very Long Baseline Array (VLBA). Scientists employ the technique of Very Long Baseline Interferometry (VLBI), which connects radio telescopes across the globe to form a virtual telescope the size of the Earth. This provides the highest resolution available in astronomy, allowing them to study the fine details of distant cosmic jets.

"When we started MOJAVE, the idea of one day directly connecting distant black hole jets to cosmic neutrinos felt like science fiction. Today, our observations are making it real," says Anton Zensus, Director at MPIfR and co-founder of the program.

This result strengthens the link between relativistic jets, high-energy neutrinos, and the role of magnetic fields in shaping cosmic accelerators -- marking a milestone in multimessenger astronomy.

Background Information

A blazar is a type of active galactic nucleus powered by a supermassive black hole that launches a jet of plasma moving at nearly the speed of light. What makes a blazar special is its orientation: one of its jets is pointed within about 10 degrees of Earth. This alignment makes blazars appear bright across the electromagnetic spectrum and allows scientists to study extreme physical processes -- including the acceleration of particles to energies far beyond those achieved in human-made accelerators.




The VLBA (Very Long Baseline Array) is an array of ten antennas, at locations across the continental United States and in Hawaii and St Croix, which operates in the very long baseline interferometry (VLBI) mode. Spacings between the antennas vary up to approximately ten thousand kilometers, providing angular resolution on the sky as fine as 50 micro-arcseconds.

MOJAVE (Monitoring Of Jets in Active galactic nuclei with VLBA Experiments) is a long-term program to monitor radio brightness and polarization variations in jets associated with active galaxies visible in the northern sky. The observations are made with the Very Long Baseline Array, which enables us to make full polarization images with an angular resolution better than 1 milliarcsecond (the apparent separation of your car's headlights, as seen by an astronaut on the Moon). We are using these data to better understand the complex evolution and magnetic field structures of jets on light-year scales, close to where they originate in the active nucleus, and how this activity is correlated with a high energy electromagnetic and neutrino emission.

MuSES, which stands for Multi-messenger Studies of Energetic Sources, is a pioneering initiative in astrophysics. It is dedicated to the study of Active Galactic Nuclei, which are among the most powerful particle accelerators known in the cosmos. These celestial bodies harness the gravitational energy of matter accreted by supermassive black holes and convert it into electromagnetic and kinetic energy, resulting in the production of highly relativistic electrons and protons. The acceleration of protons and its relation to neutrino production is not well understood, posing a formidable challenge to researchers. MuSES aims to address these fundamental questions by exploiting recent advances in multi-messenger astronomy.

The MuSES project has received funding from the European Union (ERC grant agreement No 101142396). Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or European Research Council Executive Agency (ERCEA). Neither the European Union nor the granting authority can be held responsible for them.
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Hubble just snapped the clearest-ever picture of a rare interstellar comet | ScienceDaily
A team of astronomers has taken the sharpest-ever picture of the unexpected interstellar comet 3I/ATLAS using the crisp vision of NASA's Hubble Space Telescope. Hubble is one of many missions across NASA's fleet of space telescopes slated to observe this comet, together providing more information about its size and physical properties. While the comet poses no threat to Earth, NASA's space telescopes help support the agency's ongoing mission to find, track, and better understand near-Earth objects.


						
Hubble's observations allow astronomers to more accurately estimate the size of the comet's solid, icy nucleus. The upper limit on the diameter of the nucleus is 3.5 miles (5.6 kilometers), though it could be as small as 1,000 feet (320 meters) across, researchers report. Though the Hubble images put tighter constraints on the size of the nucleus compared to previous ground-based estimates, the solid heart of the comet presently cannot be directly seen, even by Hubble. Observations from other NASA missions including the James Webb Space Telescope, TESS (Transiting Exoplanet Survey Satellite), and the Neil Gehrels Swift Observatory, as well as NASA's partnership with the W.M. Keck Observatory, will help further refine our knowledge about the comet, including its chemical makeup.

Hubble also captured a dust plume ejected from the Sun-warmed side of the comet, and the hint of a dust tail streaming away from the nucleus. Hubble's data yields a dust-loss rate consistent with comets that are first detected around 300 million miles from the Sun. This behavior is much like the signature of previously seen Sun-bound comets originating within our solar system.

The big difference is that this interstellar visitor originated in some other solar system elsewhere in our Milky Way galaxy.

3I/ATLAS is traveling through our solar system at a staggering 130,000 miles (209,000 kilometers) per hour, the highest velocity ever recorded for a solar system visitor. This breathtaking sprint is evidence that the comet has been drifting through interstellar space for many billions of years. The gravitational slingshot effect from innumerable stars and nebulae the comet passed added momentum, ratcheting up its speed. The longer 3I/ATLAS was out in space, the higher its speed grew.

"No one knows where the comet came from. It's like glimpsing a rifle bullet for a thousandth of a second. You can't project that back with any accuracy to figure out where it started on its path," said David Jewitt of the University of California, Los Angeles, science team leader for the Hubble observations.

The paper will be published in The Astrophysical Journal Letters. It is already available on Astro-ph.




New Evidence for Population of Wandering Space Relics

"This latest interstellar tourist is one of a previously undetected population of objects bursting onto the scene that will gradually emerge," said Jewitt. "This is now possible because we have powerful sky survey capabilities that we didn't have before. We've crossed a threshold."

This comet was discovered by the NASA-funded Asteroid Terrestrial-impact Last Alert System (ATLAS) on July 1, 2025, at a distance of 420 million miles from the Sun. ATLAS is an asteroid impact early warning system developed by the University of Hawai'i.

In the meantime, other NASA missions will provide new insight into this third interstellar interloper, helping refine our understanding of these objects for the benefit of all. 3I/ATLAS should remain visible to ground-based telescopes through September, after which it will pass too close to the Sun to observe, and is expected to reappear on the other side of the Sun by early December.
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Strange new shapes may rewrite the laws of physics | ScienceDaily
How can the behavior of elementary particles and the structure of the entire universe be described using the same mathematical concepts? This question is at the heart of recent work by the mathematicians Claudia Fevola from Inria Saclay and Anna-Laura Sattelberger from the Max Planck Institute for Mathematics in the Sciences, recently published in the Notices of the American Mathematical Society.


						
To the point:
    	Bridging mathematics and physics: The study explores how algebraic and one of the key players in the flourishing field of positive geometry unify physics from subatomic particles to galaxies.
    	Beyond Feynman diagrams: Positive geometry offers a complementary perspective to traditional quantum field theory methods -- providing a geometric framework for describing particle interactions alongside Feynman diagrams.
    	From particle collisions to the Big Bang: Tools from algebraic geometry, D-module theory, and combinatorics drive this interdisciplinary progress -- helping to decode the fundamental structures of particle interactions and the universe's earliest states.

Mathematics and physics share a close, reciprocal relationship. Mathematics offers the language and tools to describe physical phenomena, while physics drives the development of new mathematical ideas. This interplay remains vital in areas such as quantum field theory and cosmology, where advanced mathematical structures and physical theory evolve together.

In their article, the authors explore how algebraic structures and geometric shapes can help us understand phenomena ranging from particle collisions such as happens, for instance, in particle accelerators to the large-scale architecture of the cosmos. Their research is centered around algebraic geometry. Their recent undertakings also connect to a field called positive geometry - an interdisciplinary and novel subject in mathematics driven by new ideas in particle physics and cosmology. This field was inspired by the geometrical concept of positive geometry which expands the standard Feynman diagram approach in particle physics by representing interactions as volumes of high-dimensional geometric objects, such as the amplituhedron, as introduced by the theoretical physicists Nima Arkani-Hamed and Jaroslav Trnka in 2013. It carries a rich combinatorial structure and offers an alternative, potentially simpler way to compute scattering amplitudes, from which one can derive probabilities of scattering events.

This approach has far-reaching implications that go beyond particle physics. In cosmology, scientists are using the faint light of the cosmic microwave background and the distribution of galaxies to infer what shaped the early universe. Similar mathematical tools are now being applied. For instance, cosmological polytopes, which are themselves positive geometries, can represent correlations in the universe's first light and help reconstruct the physical laws that governed the birth of the cosmos.

A Geometry for the Universe

The article highlights that positive geometry is not a niche mathematical curiosity but a potential unifying language for form branches of theoretical physics. These geometric frameworks naturally encode the transfer of information between physical systems, for example, by mapping concrete, sensory-based concepts to abstract structures, a process that mirrors how humans metaphorically understand the world.




The mathematics behind this is sophisticated and spans multiple disciplines. The authors draw on algebraic geometry, which defines shapes and spaces through solutions to systems of polynomial equations, algebraic analysis, which studies differential equations through mathematical objects called D-modules, and combinatorics, which describes the arrangements and interactions within these structures.

The formal objects under consideration, such as Feynman integrals, generalized Euler integrals, or canonical forms of positive geometries, are not merely mathematical abstractions. They correspond to observable phenomena in high-energy physics and cosmology, enabling precision computations of particle behavior and cosmic structures alike.

Bridging Scales with Mathematics

The study presents an approach with broad applicability and scalability. Scattering processes are often illustrated using Feynman diagrams. Feynman's approach in the study of scattering amplitudes boils down to the study of intricate integrals associated to such diagrams. Algebraic geometry provides a range of tools for systematically investigating these integrals.

The graph polynomial of a Feynman diagram is defined in terms of the spanning trees and forests of the underlying graph. The associated Feynman integral can be expressed as a Mellin transform of a power of this graph polynomial, interpreted as a function of its coefficients. These coefficients, however, are constrained by the underlying physical conditions. Feynman integrals are therefore closely connected to generalized Euler integrals, specifically through restrictions to the relevant geometric subspaces. One way to study these holonomic functions is via the linear differential equations they satisfy, which are D-module inverse images of hypergeometric D-modules. Constructing these differential equations explicitly, however, remains challenging. In theoretical cosmology, correlation functions in toy models also take the form of such integrals, with integrands arising from hyperplane arrangements.

The complement of the algebraic variety defined by the graph polynomial in an algebraic torus is a very affine variety, and the Feynman integral can be viewed as the pairing of a twisted cycle and cocycle of this variety. Its geometric and (co-)homological properties reflect physical concepts such as the number of master integrals. These master integrals form a basis for the space of integrals when the kinematic parameters vary, and the size of this basis is, at least generically, equal to the signed topological Euler characteristic of the variety.

A Field in Motion

Fevola and Sattelberger's work reflects a growing international effort, supported by the ERC synergy grant UNIVERSE+ of Nima Arkani-Hamed, Daniel Baumann, and Johannes Henn, Bernd Sturmfels. It brings together mathematics, particle physics, and cosmology focusing on precisely these connections between algebra, geometry, and theoretical physics. "Positive geometry is still a young field, but it has the potential to significantly influence fundamental research in both physics and mathematics," the authors emphasize. "It is now up to the scientific community to work out the details of these emerging mathematical objects and theories and to validate them. Encouragingly, several successful collaborations have already laid important groundwork."

The recent developments are not only advancing our understanding of the physical world but also pushing the boundaries of mathematics itself. Positive geometry is more than a tool. It is a language. One that might unify our understanding of nature at all scales.
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NASA's PREFIRE satellites reveal a secret glow escaping from our planet | ScienceDaily
The twin cube satellites will operate through at least September 2026, expanding focus from the poles to the whole planet to improve modelling and weather forecasts.


						
NASA's PREFIRE (Polar Radiant Energy in the Far-InfraRed Experiment) mission has been extended through September 2026 and is broadening its focus from Earth's poles to the entire globe. The mission's two shoebox-size CubeSats gauge the capacity of water vapor, clouds, and other elements of Earth's system to trap heat and keep it from radiating into space. This information can help improve forecasts, including weather severity and storm frequency.

Launched in spring 2024, PREFIRE has been measuring how much heat the planet emits into space from the Arctic and Antarctic. Earth absorbs a significant amount of the Sun's energy in the tropics. Winds, weather, and ocean currents transport that heat toward the poles, which receive much less sunlight. Ice, snow, and clouds, among other parts of the polar environment, emit some of that heat into space, much of it as far-infrared radiation. The difference between the amount of heat Earth absorbs at the tropics and radiates out from the Arctic and Antarctic is a key influence on the planet's temperature, helping to drive dynamic systems of climate and weather.

At the core of the mission is a pair of advanced spectrometers designed by NASA's Jet Propulsion Laboratory in Southern California. They measure wavelengths of light in the far-infrared range of the electromagnetic spectrum and are sensitive to 10 times more far-infrared wavelengths than any similar instrument. This information gives researchers insight into processes associated with surface ice melt and formation, snowmelt and accumulation, and changes in cloud cover.

"The PREFIRE satellites show that at these longer wavelengths, the amount of radiation going into space can differ from one type of ice to another by as much as 5%," said Brian Drouin, PREFIRE's project scientist at JPL. "Measurements that look at the same areas but with shorter wavelengths do not show this difference."

Although the PREFIRE CubeSats have been gathering data on the entire globe, the science team has concentrated their analysis on Earth's polar regions for its prime mission. Going forward, they will expand their work to include data from the rest of the world.

"We have the capacity to collect data for the whole world, not just the poles. What we'll be able to do is look at the size of ice particles in clouds that affect energy exchange between Earth and space," said PREFIRE's principal investigator, Tristan L'Ecuyer of the University of Wisconsin-Madison. "We'll be able to incorporate the data into weather prediction models to improve forecasts and improve our understanding of how moisture circulates, which affects where storms form and how precipitation moves around the world."

The satellites are in what's called an asynchronous near-polar orbit, traveling near the poles with each pass but hours apart from one another. This provides two snapshots of the same area over time, enabling the mission to capture phenomena that occur on short timescales, such as cloud cover's temporary effects on the temperature of the area beneath it.

More About PREFIRE

NASA's Jet Propulsion Laboratory manages PREFIRE for the agency's Science Mission Directorate and provided the spectrometers. Blue Canyon Technologies built the CubeSats and the University of Wisconsin-Madison processes the data the instruments collect. The launch services provider, Rocket Lab USA Inc. of Long Beach, California, launched both PREFIRE CubeSats from Rocket Lab Launch Complex 1 in New Zealand in May and June 2024.
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A record-breaking antenna just deployed in space. Here's what it will see | ScienceDaily
Seventeen days after NISAR's launch from southeastern India, an essential piece of science hardware has unfurled in orbit.


						
Spanning 39 feet (12 meters), the drum-shaped antenna reflector on the NISAR (NASA-ISRO Synthetic Aperture Radar) satellite mission from NASA and the Indian Space Research Organisation (ISRO) successfully unfurled in low Earth orbit. The reflector had been stowed, umbrella-like, until the 30-foot (9-meter) boom that supports it could be deployed and locked in place.

Launched by ISRO on July 30 from the Satish Dhawan Space Centre on India's southeastern coast, NISAR will track the motion of ice sheets and glaciers, the deformation of land due to earthquakes, volcanoes, and landslides, and changes in forest and wetland ecosystems down to fractions of an inch. It also will aid decision-makers in fields as diverse as disaster response, infrastructure monitoring, and agriculture.

"The successful deployment of NISAR's reflector marks a significant milestone in the capabilities of the satellite," said Karen St. Germain, director, Earth Science Division at NASA Headquarters in Washington. "From innovative technology to research and modeling to delivering science to help inform decisions, the data NISAR is poised to gather will have a major impact on how global communities and stakeholders improve infrastructure, prepare for and recover from natural disasters, and maintain food security."

The mission carries the most sophisticated radar systems ever launched as part of a NASA mission. In a first, the satellite combines two synthetic aperture radar (SAR) systems: an L-band system that can see through clouds and forest canopy, and an S-band system that can see through clouds as well but is more sensitive to light vegetation and moisture in snow. The reflector plays a key role for both systems, which is why the successful deployment of the hardware is such a significant milestone.

"This is the largest antenna reflector ever deployed for a NASA mission, and we were of course eager to see the deployment go well. It's a critical part of the NISAR Earth science mission and has taken years to design, develop, and test to be ready for this big day," said Phil Barela, NISAR project manager at NASA's Jet Propulsion Laboratory in Southern California, which managed the U.S. portion of the mission and provided one of the two radar systems aboard NISAR. "Now that we've launched, we are focusing on fine-tuning it to begin delivering transformative science by late fall of this year."

<See link to video at bottom of page.>

How Bloom Works




Weighing about 142 pounds (64 kilograms), the reflector features a cylindrical frame made of 123 composite struts and a gold-plated wire mesh. On Aug. 9, the satellite's boom, which had been tucked close to its main body, started unfolding one joint at a time until it was fully extended about four days later. The reflector assembly is mounted at the end of the boom.

Then, on Aug. 15, small explosive bolts that held the reflector assembly in place were fired, enabling the antenna to begin a process called the "bloom" -- its unfurling by the release of tension stored in its flexible frame while stowed like an umbrella. Subsequent activation of motors and cables then pulled the antenna into its final, locked position.

To image Earth's surface down to pixels about 30 feet (10 meters) across, the reflector was designed with a diameter about as wide as a school bus is long. Using SAR processing, NISAR's reflector simulates a traditional radar antenna that for the mission's L-band instrument would have to be 12 miles (19 kilometers) long to achieve the same resolution.

"Synthetic aperture radar, in principle, works like the lens of a camera, which focuses light to make a sharp image. The size of the lens, called the aperture, determines the sharpness of the image," said Paul Rosen, NISAR's project scientist at JPL. "Without SAR, spaceborne radars could generate data, but the resolution would be too rough to be useful. With SAR, NISAR will be able to generate high-resolution imagery. Using special interferometric techniques that compare images over time, NISAR enables researchers and data users to create 3D movies of changes happening on Earth's surface."

The NISAR satellite is the culmination of decades of space-based radar development at JPL. Starting in the in the 1970s, JPL managed the first Earth-observing SAR satellite, Seasat, which launched in 1978, as well as Magellan, which used SAR to map the cloud-shrouded surface of Venus in the 1990s.

More About NISAR

The NISAR mission is a partnership between NASA and ISRO spanning years of technical and programmatic collaboration. The successful launch and deployment of NISAR builds upon a strong heritage of cooperation between the United States and India in space. The data produced by NISAR's two radar systems, one provided by NASA and one by ISRO, will be a testament to what can be achieved when countries unite around a shared vision of innovation and discovery.




The ISRO Space Applications Centre provided the mission's S-band SAR. The U R Rao Satellite Centre provided the spacecraft bus. Launch services were through Satish Dhawan Space Centre. After launch, key operations, including boom and radar antenna reflector deployment, are being executed and monitored by the ISRO Telemetry, Tracking and Command Network's global system of ground stations.

Managed by Caltech in Pasadena, JPL leads the U.S. component of the project. In addition to the L-band SAR, reflector, and boom, JPL also provided the high-rate communication subsystem for science data, a solid-state data recorder, and payload data subsystem. NASA's Goddard Space Flight Center in Greenbelt, Maryland, manages the Near Space Network, which receives NISAR's L-band data.
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Myanmar's massive quake hints at bigger earthquakes to come | ScienceDaily
On March 28, 2025, a magnitude 7.7 earthquake struck the Southeast Asia country of Myanmar along the Sagaing Fault, killing thousands and causing widespread damage. A new study from Caltech uses satellite imaging of the Sagaing Fault's motion to improve models of how such faults may behave in the future. The study indicates that strike-slip faults, like the Sagaing and the San Andreas, may be capable of earthquakes that are significantly different from past known earthquakes and potentially much larger.


						
The research was conducted primarily in the laboratory of Jean-Philippe Avouac, the Earle C. Anthony Professor of Geology and Mechanical and Civil Engineering and director of the Center for Geomechanics and the Mitigation of Geohazards. Postdoctoral scholar Solene Antoine is the study's first author. The study is described in a paper appearing in the journal Proceedings of the National Academy of Sciences on August 11.

The Sagaing fault runs in a relatively straight north-to-south line throughout Myanmar. As its two sides slowly move against one another in opposite directions, stress accumulates along the fault. When the stress buildup reaches a breaking point, the fault slips rapidly, causing an earthquake. The Sagaing and San Andreas faults are very similar -- both relatively straight strike-slip faults running hundreds of kilometers -- and the 2025 Myanmar earthquake, therefore, sheds light on possible future earthquakes on the San Andreas fault.

"This earthquake turned out to be an ideal case to apply image correlation methods [techniques to compare images before and after a geological event] that were developed by our research group," Antoine says. "They allow us to measure ground displacements at the fault, where the alternative method, radar interferometry, is blind due to phenomenon like decorrelation [a process to decouple signals] and limited sensitivity to north-south displacements."

Based on studies of historic earthquakes along the Sagaing fault, researchers anticipated that a large earthquake would occur on a 300-kilometer section where no large earthquakes had occurred since 1839. This theory is known as the seismic gap hypothesis: Stuck sections of a fault where there has not been movement are expected to slip to "catch up." While this section did indeed rupture during the 2025 quake, the fault actually slipped along a total of more than 500 kilometers, indicating that the fault did indeed make up the deficit of slip and more.

In the new study, the team used correlation of satellite optical and radar imagery of the fault -- a technique originally developed in the Avouac laboratory and now widely used in seismology -- and its surroundings to determine that the 500-kilometer section shifted a net of 3 meters after the quake, that is, the eastern side moved south by 3 meters relative to the western side.

Current models used for seismic hazard assessment are mostly based on earthquake statistics and are time independent, meaning they can only give probabilities of an earthquake during a chosen timespan. For example, these models might estimate, for any given 30-year period and particular area, the probability that an earthquake would exceed a chosen magnitude. However, in order to make truly informed estimates of potential seismic hazards for specific time periods -- say, the next 30 years -- it is crucial for models to take into account how recently a fault has slipped, where the slip occurred, and by how much.

"The study shows that future earthquakes might not simply repeat past known earthquakes," Avouac says. "Successive ruptures of a given fault, even as simple as the Sagaing or the San Andreas faults, can be very different and can release even more than the deficit of slip since the last event. In addition, historical records are generally far too short for statistical models to represent the full range of possible earthquakes and eventual patterns in earthquake recurrence. Physics-based models provide an alternative approach with the advantage that they could, in principle, be tuned to observations and used for time-dependent forecast."

The paper is titled "The 2025 Mw7.7 Mandalay, Myanmar, earthquake reveals complex earthquake cycle with clustering and variable segmentation on Sagaing fault." In addition to Antoine and Avouac, Caltech co-authors are graduate student Rajani Shrestha, postdoctoral scholar Chris Milliner, and senior research scientist Kyungjae Im. Additional co-authors are Chris Rollins (PhD '18) of GNS Science Te Pu Ao in New Zealand, Kang Wang of EarthScope Consortium Inc., and Kejie Chen of Southern University of Science and Technology in China. Funding was provided by the Center for Geomechanics and Mitigation of Geohazards, the Statewide California Earthquake Center, the National Science Foundation, and the US Geological Survey.
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Scientists just found a hidden factor behind Earth's methane surge | ScienceDaily
Roughly two-thirds of all emissions of atmospheric methane -- a highly potent greenhouse gas that is warming planet Earth -- come from microbes that live in oxygen-free environments like wetlands, rice fields, landfills and the guts of cows.


						
Tracking atmospheric methane to its specific sources and quantifying their importance remains a challenge, however. Scientists are pretty good at tracing the sources of the main greenhouse gas, carbon dioxide, to focus on mitigating these emissions. But to trace methane's origins, scientists often have to measure the isotopic composition of methane's component atoms, carbon and hydrogen, to use as a fingerprint of various environmental sources.

A new paper by researchers at the University of California, Berkeley, reveals how the activity of one of the main microbial enzymes involved in producing methane affects this isotope composition. The finding could change how scientists calculate the contributions of different environmental sources to Earth's total methane budget.

"When we integrate all the sources and sinks of carbon dioxide into the atmosphere, we kind of get the number that we're expecting from direct measurement in the atmosphere. But for methane, large uncertainties in fluxes exist -- within tens of percents for some of the fluxes -- that challenge our ability to precisely quantify the relative importance and changes in time of the sources," said UC Berkeley postdoctoral fellow Jonathan Gropp, who is first author of the paper. "To quantify the actual sources of methane, you need to really understand the isotopic processes that are used to constrain these fluxes."

Gropp teamed up with a molecular biologist and a geochemist at UC Berkeley to, for the first time, employ CRISPR to manipulate the activity of this key enzyme to reveal how these methanogens interact with their food supply to produce methane.

"It is well understood that methane levels are rising, but there is a lot of disagreement on the underlying cause," said co-author Dipti Nayak, UC Berkeley assistant professor of molecular and cell biology. "This study is the first time the disciplines of molecular biology and isotope biogeochemistry have been fused to provide better constraints on how the biology of methanogens controls the isotopic composition of methane."

Many elements have heavier or lighter versions, called isotopes, that are found in small proportions in nature. Humans are about 99% carbon-12 and 1% carbon-13, which is slightly heavier because it has an extra neutron in its nucleus. The hydrogen in water is 99.985% hydrogen-1 and 0.015% deuterium or hydrogen-2, which is twice as heavy because it has a neutron in its nucleus.




The natural abundances of isotopes are reflected in all biologically produced molecules and variations can be used to study and fingerprint various biological metabolisms.

"Over the last 70 years, people have shown that methane produced by different organisms and other processes can have distinctive isotopic fingerprints," said geochemist and co-author Daniel Stolper, UC Berkeley associate professor of earth and planetary science. "Natural gas from oil deposits often looks one way. Methane made by the methanogens within cow guts looks another way. Methane made in deep sea sediments by microorganisms has a different fingerprint. Methanogens can consume or 'eat', if you will, a variety of compounds including methanol, acetate or hydrogen; make methane; and generate energy from the process. Scientists have commonly assumed that the isotopic fingerprint depends on what the organisms are eating, which often varies from environment to environment, creating our ability to link isotopes to methane origins."

"I think what's unique about the paper is, we learned that the isotopic composition of microbial methane isn't just based on what methanogens eat," Nayak said. "What you 'eat' matters, of course, but the amount of these substrates and the environmental conditions matter too, and perhaps more importantly, how microbes react to those changes."

"Microbes respond to the environment by manipulating their gene expression, and then the isotopic compositions change as well," Gropp said. "This should cause us to think more carefully when we analyze data from the environment."

The paper will appear Aug. 14 in the journal Science.

Vinegar- and alcohol-eating microbes

Methanogens -- microorganisms that are archaea, which are on an entirely separate branch of the tree of life from bacteria -- are essential to ridding the world of dead and decaying matter. They ingest simple molecules -- molecular hydrogen, acetate or methanol, for example -- excreted by other organisms and produce methane gas as waste. This natural methane can be observed in the pale Will-o'-the-wisps seen around swamps and marshes at night, but it's also released invisibly in cow burps, bubbles up from rice paddies and natural wetlands and leaks out of landfills. While most of the methane in the natural gas we burn formed in association with hydrocarbon generation, some deposits were originally produced by methanogens eating buried organic matter.




The isotopic fingerprint of methane produced by methanogens growing on different "food" sources has been well established in laboratory studies, but scientists have found that in the complexity of the real world, methanogens don't always produce methane with the same isotopic fingerprint as seen in the lab. For example, when grown in the lab, species of methanogens that eat acetate (essentially vinegar), methanol (the simplest alcohol), or molecular hydrogen (H2) produce methane, CH4, with a ratio of hydrogen and carbon isotopes different from the ratios observed in the environment.

Gropp had earlier created a computer model of the metabolic network in methanogens to understand better how the isotope composition of methane is determined. When he got a fellowship to come to UC Berkeley, Stolper and Nayak proposed that he experimentally test his model. Stolper's laboratory specializes in measuring isotope compositions to explore Earth's history. Nayak studies methanogens and, as a postdoctoral fellow, found a way to use CRISPR gene editing in methanogens. Her group recently altered the expression of the key enzyme in methanogens that produces the methane -- methyl-coenzyme M reductase (MCR) -- so that its activity can be dialed down. Enzymes are proteins that catalyze chemical reactions.

Experimenting with these CRISPR-edited microbes -- in a common methanogen called Methanosarcina acetivorans growing on acetate and methanol -- the researchers looked at how the isotopic composition of methane changed when the enzyme activity was reduced, mimicking what is thought to happen when the microbes are starved for their preferred food.

They found that when MCR is at low concentrations, cells respond by altering the activity of many other enzymes in the cell, causing their inputs and outputs to accumulate and the rate of methane generation to slow so much that enzymes begin running both backwards and forwards. In reverse, these other enzymes remove a hydrogen from carbon atoms; running forward, they add a hydrogen. Together with MCR, they ultimately produce methane (CH4). Each forward and reverse cycle requires one of these enzymes to pull a hydrogen off of the carbon and add a new one ultimately sourced from water. As a result, the isotopic composition of methane's four hydrogen molecules gradually comes to reflect that of the water, and not just their food source, which starts with three hydrogens.

This is different from typical assumptions for growth on acetate and methanol that assume no exchange between hydrogen derived from water and that from the food source.

"This isotope exchange we found changes the fingerprint of methane generated by acetate and methanol consuming methanogens vs. that typically assumed. Given this, it might be that we have underestimated the contribution of the acetate-consuming microbes, and they might be even more dominant than we have thought," Gropp said. "We're proposing that we at least should consider the cellular response of methanogens to their environment when studying isotopic composition of methane."

Beyond this study, the CRISPR technique for tuning production of enzymes in methanogens could be used to manipulate and study isotope effects in other enzyme networks broadly, which could help researchers answer questions about geobiology and the Earth's environment today and in the past.

"This opens up a pathway where modern molecular biology is married with isotope-geochemistry to answer environmental problems," Stolper said. "There are an enormous number of isotopic systems associated with biology and biochemistry that are studied in the environment; I hope we can start looking at them in the way molecular biologists now are looking at these problems in people and other organisms -- by controlling gene expression and looking at how the stable isotopes respond."

For Nayak, the experiments are also a big step in discovering how to alter methanogens to derail production of methane and redirect their energy to producing useful products instead of an environmentally destructive gas.

"By reducing the amount of this enzyme that makes methane and by putting in alternate pathways that the cell can use, we can essentially give them another release valve, if you will, to put those electrons, which they were otherwise putting in carbon to make methane, into something else that would be more useful," she said.

Other co-authors of the paper are Markus Bill of Lawrence Berkeley National Laboratory and former UC Berkeley postdoc Rebekah Stein, and Max Lloyd, who is a professor at Penn State University. Gropp was supported by a fellowship from the European Molecular Biology Organization. Nayak and Stolper were funded, in part, by Alfred B. Sloan Research Fellowships. Nayak also is an investigator with the Chan-Zuckerberg Biohub.
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Scientists uncover the lost shelduck that chose walking over flight | ScienceDaily
The discovery of yet another unique animal species from Rekohu Chatham Islands illustrates how the physical qualities of an animal are influenced by its surroundings.


						
New research led by the University of Otago - Otakou Whakaihu Waka describes a new, extinct shelduck whose ancestors arrived on the islands 390,000 years ago.

While this may seem like a short period of time, co-lead author Associate Professor Nic Rawlence, Director of the Otago Palaeogenetics Laboratory, says it is long enough to impact the species.

"In that time the Rekohu shelduck evolved shorter, more robust wings and longer leg bones indicating it was going down the pathway towards flightlessness," he says.

These changes were due to a range of factors, such as an abundance of food, lack of ground-dwelling predators, and windy conditions, so flying was not the preferred option.

Co-lead author Dr Pascale Lubbe, also of the Otago Palaeogenetics Laboratory, says in a case of "use it or lose it, the wings start to reduce."

"Flight is energetically expensive, so if you don't have to fly, why bother," she says.




"The longer leg bones are more robust to support more muscle and create increased force for take-off - necessary when you have smaller wings."

Researchers used ancient DNA and analysed the shape of the bones to determine the Rekohu shelduck is most closely related to the putangitangi paradise shelduck from Aotearoa New Zealand.

The Rekohu shelduck spent more time on the ground than its cousin and became extinct prior to the 19th century due to over-hunting and predation.

The study is published in the Zoological Journal of the Linnean Society and adds to the islands' rich history as a home to many species of waterfowl before human settlement.

The shelduck's scientific name (Tadorna rekohu) and common name (Rekohu shelduck) were gifted to researchers by the Hokotehi Moriori Trust who are tchieki (guardians) of the plants and animals on Rekohu Chatham Islands, with which they are interconnected through shared hokopapa (genealogy).

Hokotehi Moriori Trust CEO Levi Lanauze says "this discovery is great for Rekohu as a whole and helps connect imi (tribe) Moriori with miheke (treasure) of the past."

The study is an international collaboration between Otago, the Museum of New Zealand Te Papa Tongarewa, The University of Adelaide, and Manaaki Whenua Landcare Research.
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The surprising way rising CO2 could supercharge space storms | ScienceDaily
Rising concentrations of carbon dioxide in the upper atmosphere will change the way geomagnetic storms impact Earth, with potential implications for thousands of orbiting satellites, according to new research led by scientists at the US. National Science Foundation National Center for Atmospheric Research (NSF NCAR).


						
Geomagnetic storms, caused by massive eruptions of charged particles from the surface of the Sun that buffet Earth's atmosphere, are a growing challenge for our technologically dependent society. The storms temporarily increase the density of the upper atmosphere and therefore the drag on satellites, which impacts their speed, altitude, and how long they remain operational.

The new study used an advanced computer model to determine that the upper atmosphere's density will be lower during a future geomagnetic storm compared with a present-day storm of the same intensity. That's because the baseline density will be lower, and future storms won't increase it to levels as high as what occurs with storms currently.

However, the relative magnitude of the density increase -- the rise from baseline to peak during a multiday storm -- will be greater with future storms.

"The way that energy from the Sun affects the atmosphere will change in the future because the background density of the atmosphere is different and that creates a different response," said NSF NCAR scientist Nicolas Pedatella, the lead author. "For the satellite industry, this is an especially important question because of the need to design satellites for specific atmospheric conditions."

The study, a collaboration with Japan's Kyushu University, was published in Geophysical Research Letters.

Colder and thinner air

Earth's upper atmosphere has become increasingly important in recent decades because of society's dependence on advanced navigation systems, online data transmission, national security applications, and other technologies that rely on satellite operations.




Unlike the lower atmosphere, which warms with emissions of carbon dioxide, the upper atmosphere becomes colder. This has to do with the varying impacts of carbon dioxide: instead of absorbing and reemitting heat to nearby molecules in the relatively dense air near Earth's surface, carbon dioxide reemits the heat out into space at high altitudes where the air is much thinner.

Previous studies have estimated the extent to which increasing levels of carbon dioxide and other greenhouse gases will lead to a decrease in the upper atmosphere's neutral density, or its concentration of non-ionized particles such as oxygen and nitrogen. But Pedatella and his colleagues posed a somewhat different question: how will future atmospheric density change during powerful geomagnetic storms?

The researchers homed in on the geomagnetic superstorm of May 10-11, 2024, when a series of powerful solar disturbances known as coronal mass ejections buffeted Earth's atmosphere. They analyzed how the atmosphere would have responded to the same storm in 2016 and in three future years that will each occur around the minimum of the 11-year solar cycle (2040, 2061, and 2084).

To perform the analysis, they turned to an NSF NCAR-based modeling system, the Community Earth System Model Whole Atmosphere Community Climate Model with thermosphere-ionosphere eXtension, that simulates the entire atmosphere from Earth's surface to the upper thermosphere, 500-700 kilometers (about 310-435 miles) above the surface. This enables scientists to determine how changes in the lower atmosphere, such as higher concentrations of greenhouse gases, can affect remote regions of the atmosphere far aloft.

They ran the simulations on the Derecho supercomputer at the NSF NCAR-Wyoming Supercomputing Center.

The researchers found that, later this century, various regions of the upper atmosphere will be 20-50% less dense at the peak of a storm comparable to the one that occurred last year, assuming significantly higher carbon dioxide levels. However, compared with the atmosphere's density just before and after the storm, the relative change in density will be greater. Whereas such a storm now more than doubles the density at its peak, it may nearly triple it in the future. This is because the same storm will have a proportionately larger impact on a less dense atmosphere.




Pedatella said more research is needed to better understand how space weather will change, including studying different types of geomagnetic storms and whether their impacts will vary at various times in the 11-year solar cycle, when the atmosphere's density changes.

"We now have the capability with our models to explore the very complex interconnections between the lower and upper atmosphere," he said. "It's critical to know how these changes will occur because they have profound ramifications for our atmosphere."

This material is based upon work supported by the NSF National Center for Atmospheric Research, a major facility sponsored by the U.S. National Science Foundation and managed by the University Corporation for Atmospheric Research. Any opinions, findings and conclusions or recommendations expressed in this material do not necessarily reflect the views of NSF.
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Trojan horse bacteria sneak cancer-killing viruses into tumors | ScienceDaily
Researchers at Columbia Engineering have built a cancer therapy that makes bacteria and viruses work as a team. In a study published recently in Nature Biomedical Engineering, the Synthetic Biological Systems Lab shows how their system hides a virus inside a tumor-seeking bacterium, smuggles it past the immune system, and unleashes it inside cancerous tumors.


						
The new platform combines the bacteria's tendency to find and attack tumors with the virus's natural preference for infecting and killing cancerous cells. Tal Danino, an associate professor of biomedical engineering at Columbia Engineering, led the team's effort to create the system, which is called CAPPSID (short for Coordinated Activity of Prokaryote and Picornavirus for Safe Intracellular Delivery). Charles M. Rice, an expert in virology at The Rockefeller University, collaborated with the Columbia team.

"We aimed to enhance bacterial cancer therapy by enabling the bacteria to deliver and activate a therapeutic virus directly inside tumor cells, while engineering safeguards to limit viral spread outside the tumor," says co-lead author Jonathan Pabon, an MD/PhD candidate at Columbia.

The researchers believe that this technology -- validated in mice -- represents the first example of directly engineered cooperation between bacteria and cancer-targeting viruses.

The approach combines the bacteria's instinct for homing in on tumors with a virus's knack for infecting and killing cancer cells. "By bridging bacterial engineering with synthetic virology, our goal is to open a path toward multi-organism therapies that can accomplish far more than any single microbe could achieve alone," says Zakary S. Singer, a co-lead author and former postdoctoral researcher in Tal Danino's lab.

"This is probably our most technically advanced and novel platform to date," says Danino, who is also affiliated with the Herbert Irving Comprehensive Cancer Center at Columbia University Irving Medical Center and Columbia's Data Science Institute.

Sneaking past the immune system

One of the biggest hurdles in oncolytic virus therapy is the body's own defense system. If a patient has antibodies against the virus -- from a prior infection or vaccination -- those antibodies can neutralize it before it reaches a tumor. The Columbia team sidestepped that problem by tucking the virus inside tumor-seeking bacteria.




"The bacteria act as an invisibility cloak, hiding the virus from circulating antibodies, and ferrying the virus to where it is needed," Singer says.

Pabon says this strategy is especially important for viruses that people are already exposed to in daily life.

"Our system demonstrates that bacteria can potentially be used to launch an oncolytic virus to treat solid tumors in patients who have developed immunity to these viruses," he says.

Targeting the tumor

The system's bacterial half is Salmonella typhimurium, a species that naturally migrates to the low-oxygen, nutrient-rich environment inside tumors. Once there, the bacteria invade cancer cells and release the virus directly into the tumor's interior.

"We programmed the bacteria to act as a Trojan horse by shuttling the viral RNA into tumors and then lyse themselves directly inside of cancer cells to release the viral genome, which could then spread between cancer cells," Singer says.




By exploiting the bacteria's tumor-homing instincts and the virus's ability to replicate inside cancer cells, the researchers created a delivery system that can penetrate the tumor and spread throughout it -- a challenge that has limited both bacteria- and virus-only approaches.

Safeguarding against runaway infections

A key concern with any live virus therapy is controlling its spread beyond the tumor. The team's system solved that problem with a molecular trick: making sure the virus couldn't spread without a molecule it can only get from the bacteria. Since the bacteria stay put in the tumor, this vital component (called a protease) isn't available anywhere else in the body.

"Spreadable viral particles could only form in the vicinity of bacteria, which are needed to provide special machinery essential for viral maturation in the engineered virus, providing a synthetic dependence between microbes," Singer says. That safeguard adds a second layer of control: even if the virus escapes the tumor, it won't spread in healthy tissue.

"It is systems like these -- specifically oriented towards enhancing the safety of these living therapies -- that will be essential for translating these advances into the clinic," Singer says.

Further research and clinical applications

This publication marks a significant step toward making this type of bacteria-virus system available for future clinical applications.

"As a physician-scientist, my goal is to bring living medicines into the clinic," Pabon says. "Efforts toward clinical translation are currently underway to translate our technology out of the lab."

Danino, Rice, Singer, and Pabon have filed a patent application (WO2024254419A2) with the U.S. Patent and Trademark Office related to this work.

Looking ahead, the team is testing the approach in a wider range of cancers, using different tumor types, mouse models, viruses, and payloads, with an eye to developing a "toolkit" of viral therapies that can sense and respond to specific conditions inside a cell. They are also evaluating how this system can be combined with strains of bacteria that have already demonstrated safety in clinical trials.
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Scientists finally tame the impossible 48-atom carbon ring | ScienceDaily
In a new study led by Oxford University's Department of Chemistry, chemists have demonstrated the synthesis of a cyclocarbon that is stable enough for spectroscopic characterisation in solution at room temperature.


						nough to be studied in liquid solution form at room temperature.    
	The study - only the second example of a new type of molecular carbon allotrope that can be studied under normal laboratory conditions - was published on August 14 in Science.
In a new study led by Oxford University's Department of Chemistry, chemists have demonstrated the synthesis of a cyclocarbon that is stable enough for spectroscopic characterisation in solution at room temperature.

The synthesis of a new type of molecular carbon allotrope that can be studied under normal laboratory conditions is a rare achievement. The only previous example was the synthesis of fullerenes by Kratschmer et al. in 1990 (Nature 1990).

In the new study, the molecule cyclo[48]carbon was synthesised as a [4]catenane, i.e. with the C48 ring threaded through three other macrocycles. These threaded macrocycles increase the stability of C48 by preventing access to the protected cyclocarbon.

Previously, molecular rings consisting purely of carbon atoms have only been studied in the gas phase or at very low temperatures (4 to 10 K). Now, the team have synthesised a cyclocarbon that is stable in solution at 20degC (half-life 92 hours). This has been achieved by using threaded macrocycles, choosing a large cyclocarbon with a low level of strain, and developing mild reaction conditions for the unmasking step in the reaction (where a precursor molecule is transformed into the final product).

The cyclocarbon catenane was characterised by mass spectrometry, NMR, UV-visible and Raman spectroscopy. The observation of a single intense 13C NMR resonance for all 48 sp1 carbon atoms indicates that all of the carbons are in equivalent environments, which provides strong evidence for the cyclocarbon catenane structure.

Lead author Dr Yueze Gao (Department of Chemistry, University of Oxford) said: "Achieving stable cyclocarbons in a vial at ambient conditions is a fundamental step. This will make it easier to study their reactivity and properties under normal laboratory conditions."

Study senior author Professor Harry Andersen (Department of Chemistry, University of Oxford) said: "This achievement marks the culmination of a long endeavour to synthesise cyclocarbon catenanes, based on the hope that they might be stable enough to study at room temperature. The original grant proposal was written in 2016, based on preliminary results from 2012-2015. It is satisfying to have reached this point, because there were many times when the goal seemed unrealistic and unachievable. This work would not have been possible without the outstanding facilities for NMR spectroscopy in the Department of Chemistry at Oxford."

The study also involved researchers from the University of Manchester, the University of Bristol and the Central Laser Facility, Rutherford Appleton Laboratory.
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One gene completely changed how these flies fall in love | ScienceDaily
Researchers in Japan have genetically transferred a unique courtship behavior from one fruit fly species to another. By turning on a single gene in insulin-producing neurons, the team successfully made a species of fruit fly (Drosophila melanogaster) perform a gift-giving ritual it had never done before. The study, published in the journal Science, represents the first example of manipulating a single gene to create new neural connections and transfer behavior between species.


						
In nature, most male fruit flies court mates by rapidly vibrating their wings to create sound patterns or "courtship songs." However, Drosophila subobscura has evolved a very different strategy: males regurgitate food and offer it as a gift to females during courtship. This behavior does not exist in closely related species such as D. melanogaster.

These two fruit fly species diverged about 30-35 million years ago. Both have a gene called "fruitless" or "fru" that controls courtship behavior in males, but they use different strategies -- one species sings and the other gives gifts. The researchers found the reason for this difference: in gift-giving flies (D. subobscura) insulin-producing neurons are connected to the courtship control center in the brain, while in singing flies (D. melanogaster) these cells remain disconnected.

"When we activated the fru gene in insulin-producing neurons of singing flies to produce FruM proteins, the cells grew long neural projections and connected to the courtship center in the brain, creating new brain circuits that produce gift-giving behavior in D. melanogaster for the first time," Dr. Ryoya Tanaka, co-lead author and lecturer at Nagoya University's Graduate School of Science, explained.

The researchers inserted DNA into D. subobscura embryos to create flies with heat-activated proteins in specific brain cells. They used heat to activate groups of these cells and compared the brains of flies that did and did not regurgitate food. They identified 16-18 insulin-producing neurons that make the male-specific protein FruM, clustered in a part of the brain called the pars intercerebralis.

"Our findings indicate that the evolution of novel behaviors does not necessarily require the emergence of new neurons; instead, small-scale genetic rewiring in a few preexisting neurons can lead to behavioral diversification and, ultimately, contribute to species differentiation," Dr. Yusuke Hara, co-lead author from the National Institute of Information and Communications Technology (NICT), noted.

"We've shown how we can trace complex behaviors like nuptial gift-giving back to their genetic roots to understand how evolution creates entirely new strategies that help species survive and reproduce," senior author Dr. Daisuke Yamamoto from NICT said.

The study, "Cross-species implementation of an innate courtship behavior by manipulation of the sex-determinant gene" was published in the journal Science, on August 14, 2025, at DOI: 10.1126/science.adp5831. It represents the result of collaborative efforts led by Drs. Yusuke Hara and Daisuke Yamamoto at the National Institute of Information and Communications Technology (NICT), in partnership with researchers at Nagoya University.

Funding: 

This research was conducted with support from KAKENHI Grant-in-Aid for Scientific Research: "Early-Career Scientists (Project Numbers: 19K16186, 21K15137)," "Scientific Research A (Project Number: 21H04790)," "Transformative Research Areas (A): Hierarchical Bio-Navigation Science (Project Numbers: 22H05650, 24H01433)," and "Scientific Research C (Project Number: 23K05846)."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250816113517.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists just proved a fundamental quantum rule for the first time | ScienceDaily
Researchers at Tampere University and their collaborators from Germany and India have experimentally confirmed that angular momentum is conserved when a single photon is converted into a pair - validating a key principle of physics at the quantum level for the first time. This breakthrough opens new possibilities for creating complex quantum states useful in computing, communication, and sensing.


						
Conservation laws are the heart of our natural scientific understanding as they govern which processes are allowed or forbidden. A simple example is that of colliding billiard balls, where the motion - and with it, their linear momentum - is transferred from one ball to another.A similar conservation rule also exists for rotating objects, which have angular momentum. Interestingly, light can also have an angular momentum, e.g., orbital angular momentum (OAM), which is connected to the light's spatial structure.

In the quantum realm, this implies that single particles of light, so-called photons, have well-defined quanta of OAM, which need to be conserved in light-matter interactions. In a recent study in Physical Review Letters, researchers from Tampere University and their collaborators, have now pushed the test of these conservation laws to absolute quantum limit. They explore if the conservation of OAM quanta holds when a single photon is split into a photon pair.

One minus one equals zero

The conservation rule dictates, e.g., that when a photon with zero OAM is split into two photons, the OAM quanta of both photons must add to zero. Hence, if one of the newly generated photons is found to have one OAM quanta, its partner photon must have the opposite, i.e., negative OAM quanta. Or in other words, the simple formula 1 + (-1) = 0 needs to hold. While these conservation rules have been tested and utilized in a myriad of optics experiments with a laser, they have never been tested for a single photon.

"Our experiments show that the OAM is indeed conserved even when the process is driven by a single photon. This confirms a key conservation law at the most fundamental level, which is ultimately based on the symmetry of the process," explains Dr. Lea Kopf, who is the lead author of the study.

Finding the photonic needle in the laboratory haystack

The team's experiments rely on delicate measurements as the required nonlinear optical processes are very inefficient. Only every billionth photon is converted to a photon pair, such that measuring the conservation of OAM for single photons resembles the proverbial search for the needle in the haystack.




An extremely stable optical setup, low background noise, a detections scheme with the highest possible efficiency, and a lot of experimental endurance enabled the researchers to record enough successful conversions such that they could confirm the fundamental conservation law.

In addition to confirming OAM conservation, the team observed first indications of quantum entanglement in the generated photon pairs, which suggests that the technique can be extended to create more complex photonic quantum states.

"This work is not only of fundamental importance, but it also takes us a significant step closer to generating novel quantum states, where the photons are entangled in all possible ways, i.e., in space, time, and polarization," adds Prof. Robert Fickler, who leads the Experimental Quantum Optics group where the experiment was performed.

Looking forward, the researchers plan to improve the overall efficiency of their scheme and develop better strategies for measuring the generated quantum state such that in the future these photonic needles can be found easier in the laboratory haystack. Moreover, the researchers aim at leveraging the generated multi-photon quantum states for novel fundamental quantum tests and quantum photonics applications such as quantum communication and network schemes.
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Scientists stunned by record-breaking, watermelon-shaped nucleus | ScienceDaily
For the first time in more than thirty years, the heaviest nucleus decaying via proton emission has been measured. The previous similar breakthrough was achieved in 1996.


						
The radioactive decay of atomic nuclei has been one of the keystones of nuclear physics since the beginning of nuclear research. Now the heaviest nucleus decaying via proton emission has been measured in the Accelerator Laboratory of the University of Jyvaskyla, Finland.

"Proton emission is a rare form of radioactive decay, in which the nucleus emits a proton to take a step towards stability," says Doctoral Researcher Henna Kokkonen from the University of Jyvaskyla.

Studying exotic nuclei is difficult, but not impossible

The new nucleus is so far the lightest known isotope of astatine, 188At, consisting of 85 protons and 103 neutrons. Exotic nuclei of this kind are extremely challenging to study due to their short lifetimes and low production cross sections, so precise techniques are needed.

"The nucleus was produced in a fusion-evaporation reaction by irradiating natural silver target with 84Sr ion beam," says Academy Research Fellow Kalle Auranen from the University of Jyvaskyla. "The new isotope was identified using the detector setup of the RITU recoil separator."

Study reveals new findings on heavy nuclei 

In addition to the experimental results, the study expanded a theoretical model to interpret the measured data. Through the model, the nucleus can be interpreted as strongly prolate, i.e. "watermelon shaped."




"The properties of the nucleus suggests a trend change in the binding energy of the valence proton," says Kokkonen. "This is possibly explained by an interaction unprecedented in heavy nuclei."

The study is a follow-up to the master's thesis 

The study is part of Kokkonen's doctoral thesis and a direct scientific follow-up to her master's thesis, in which she discovered a new type of atomic nucleus, the 190-astatatine. The thesis article was published in the Physical Review C journal in 2023.

"Isotope discoveries are rare worldwide, and this is the second time I have had the opportunity to be part of making history," Kokkonen rejoices. "Every experiment is challenging, and it feels great to do research that improves understanding of the limits of matter and the structure of atomic nuclei."

The research article was written as part of an international research collaboration involving experts in theoretical nuclear physics. The study was published in the renowned Nature Communications.
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Great white sharks have a DNA mystery science still can't explain | ScienceDaily
    	White sharks exhibit stark differences between the DNA in their nuclei and the DNA in their mitochondria. Until now, scientists have pointed to the migration patterns of great whites to explain these differences.
    	Scientists tested this theory in a new study by analyzing genetic differences between global white shark populations. In doing so, they discovered that great whites were restricted to a single population in the Indo-Pacific Ocean at the end of the last ice age 10,000 years ago and have since expanded to their current global distribution.
    	The results also invalidate the migration theory, but an alternative explanation remains elusive.

White sharks (Carcharodon carcharias) almost went bottom-up during the last ice age, when sea levels were much lower than they are today and sharks had to get by with less space. The most recent cold snap ended about 10,000 years ago, and the planet has been gradually warming ever since. As temperatures increased, glaciers melted, and sea levels rose, which was good news for great whites.

Results of a study published in the journal Proceedings of the National Academy of Sciences show that white sharks had been reduced to a single, well-mixed population somewhere in the southern Indo-Pacific Ocean. White sharks began genetically diverging about 7,000 years ago, suggesting that they had broken up into two or more isolated populations by this time.

This is new information but not particularly surprising. There are never many white sharks around even at the best of times, as befits their status at the top of the tapered food chain, where a lack of elbow room limits their numbers. Today, there are three genetically distinct white shark populations: one in the southern hemisphere around Australia and South Africa, one in the northern Atlantic and another in the northern Pacific. Though widespread, the number of white sharks still remains low.

"There are probably about 20,000 individuals globally," said study co-author Gavin Naylor, director of the Florida Program for Shark Research at the Florida Museum of Natural History. "There are more fruit flies in any given city than there are great white sharks in the entire world."

Organisms with small populations can be pushed dangerously close to the edge of extinction when times are tough. Mile-high glaciers extended from the poles and locked away so much water that by 25,000 years ago, sea levels had plunged by about 40 meters (131 feet), eliminating habitat and restricting great whites to an oceanic corral.

But something happened to great whites during their big comeback that remains as much of a mystery now as it was when it was first discovered more than 20 years ago. The primary motivation for this study was to lay out a definitive explanation, but despite using one of the largest genetic datasets on white sharks ever compiled, things did not go quite according to plan.




"The honest scientific answer is we have no idea," Naylor said.

Female great white sharks wander off for years to feed but come back home to breed

Scientists first got a whiff of something strange in 2001, when a research team published a paper that opened with the line, "... information about ... great white sharks has been difficult to acquire, not least because of the rarity and huge size of this fish."

The authors of that study compared genetic samples taken from dozens of sharks in Australia, New Zealand and South Africa. They found that though the DNA produced and stored in the nuclei of their cells were mostly the same between individuals, the mitochondrial DNA of sharks from South Africa were distinctly different from those in Australia and New Zealand.

The seemingly obvious explanation was that great whites tend to stick together and rarely make forays into neighboring groups. Over time, unique genetic mutations would have accumulated in each group, which, if it went on long enough, would result in the formation of new species.

This would explain the observed differences in their mitochondrial DNA but not why the nuclear DNA was virtually identical among all three populations. To account for that, the authors suggested that male sharks traveled vast distances throughout the year, but females either never traveled far, or if they did, they most often came back to the same place during the breeding season, a type of migration pattern called philopatry.




This idea was based on the fact that nuclear and mitochondrial DNA are not inherited in equal proportion in plants and animals. The DNA inside nuclei is passed down by both parents to their offspring, but only one -- most often the female -- contributes mitochondria to the next generation. This is a holdover from the days when mitochondria were free-living bacteria, before they were unceremoniously engulfed and repurposed by the ancestor of eukaryotes.

This was a good guess and had the added benefit of later turning out to be mostly accurate. Male and female great whites do travel large distances in search of food throughout the year, and females consistently make the return journey before it's time to mate.

Thus, the nuclear DNA of great whites should have less variation, because itinerant males go around mixing things up, while the mitochondrial DNA in different populations should be distinct because philopatric females ensure all the unique differences stay in one place. This has remained the favored explanation for the last two decades, one that seemed to fit like a well-worn glove. Except, no one ever got around to actually putting it on to test its size. This is primarily because the data needed to do so was hard to get for the same reasons mentioned in the touchstone study: There aren't many great white sharks, and when researchers do manage to find one, taking a DNA sample without losing any appendages in the process can be tricky business.

Shark migration cannot explain nuclear and mitochondrial discordance, so what can?

Naylor and his colleagues began collecting the necessary data back in 2012. "I wanted to get a white shark nuclear genome established to explore its molecular properties," he said. "White sharks have some very peculiar attributes, and we had about 40 or 50 samples that I thought we could use to design probes to look at their population structure."

Over the next few years, they also sequenced DNA from about 150 white shark mitochondrial genomes, which are smaller and less expensive to assemble than their nuclear counterparts. The samples came from all over the world, including the Atlantic, Pacific and Indian oceans.

When they compared the two types of DNA, they found the same pattern as the one discovered in 2001. At the population level, white sharks in the North Atlantic rarely mixed with those from the South Atlantic. The same was true of sharks in the Pacific and Indian oceans. At a molecular level, the nuclear DNA among all white sharks remained fairly consistent, while the mitochondrial DNA showed a surprising amount of variation.

The researchers were aware of the philopatric theory and ran a few tests to see if it held up, first by looking specifically at the nuclear DNA. If the act of returning to the same place to mate really were the cause of the strange mitochondrial patterns, some small signal of that should also show up in the nuclear DNA, of which females contribute half to their offspring.

"But that wasn't reflected in the nuclear data at all," Naylor said.

Next, they concocted a sophisticated test for the mitochondrial genomes. To do this, they first had to reconstruct the recent evolutionary history of white sharks, which is how they discovered the single southern population they'd been reduced to during the last ice age.

"They were really few and far between when sea levels were lowest. Then the population increased and moved northward as the ice melted. We suspect they remained in those northern waters because they found a reliable food source," Naylor said. Specifically, they encountered seals, which are a dietary staple among white sharks and one of the main reasons why they have such a strong fidelity to specific locations.

"These white sharks come along, get a nice blubbery sausage. They fatten up, they breed, and then they move off around the ocean."

Knowing when the sharks split up was key, as each group would have begun genetically diverging from each other at this time. All the researchers had to do was determine whether the 10,000 years between now and the last ice age would have been enough time for the mitochondrial DNA to have accumulated the number of differences observed in the data if philopatry was the primary culprit.

They ran a simulation to find the answer, which came back negative. Philopatry is undoubtedly a behavioral pattern among great whites, but it was not responsible for the large mitochondrial schism.

So Naylor and his colleagues went back to the drawing board to figure out what sort of evolutionary force could account for the differences.

"I came up with the idea that sex ratios might be different -- that just a few females were contributing to the populations from one generation to the next," Naylor said. This type of reproductive skew can be observed in a variety of organisms, including meerkats, cichlid fish and many types of social insects.

But yet another test showed that reproductive skew did not apply to white sharks.

There is a third, albeit less likely, option the team members said they can't rule out at this stage, namely that natural selection is responsible for the differences. The reason why this is far-fetched has to do with the relative strength of evolutionary forces. Natural selection -- the idea that the organisms best suited to leave behind offspring will, in fact, generally be the ones that have the most offspring -- is always active, but it has the strongest effect in large populations. Smaller populations, in contrast, are more susceptible to something called genetic drift, in which random traits -- even harmful ones -- have a much higher chance of being passed down to the next generation.

Florida panthers, for example, are highly endangered, with only a few hundred individuals left in the wild. Most of them have a kink at the end of their tail, likely inherited from a single ancestor. In a large population, subject primarily to natural selection, this trait would have either remained uncommon or disappeared entirely over time. But in a small population, a single cat with a kinked tail can change the world purely by chance through the auspices of genetic drift.

By way of comparison, gravity exerts a force at all scales of matter and energy, but it is by far the weakest of the four fundamental physical forces. At the scale of planets and stars, gravity can hold solar systems and galaxies together, but it has very little influence on the shape or interactions of atoms, which are governed by the three stronger but more localized forces, such as electromagnetism.

According to the study's results, genetic drift cannot explain the differences between mitochondria in great whites. Because it is a completely random process, it cannot selectively target one type of DNA and spare another. If it were the culprit, similar changes would also be evident in the nuclear DNA.

This leaves natural selection as the only other possibility, which seems unlikely because of the small population sizes among white sharks. If it is the causative agent, Naylor said, the selective force "would have to be brutally lethal."

If you collect enough mass in a concentrated space, say on the order of a black hole, the otherwise benign force of gravity becomes powerful enough to devour light.

If natural selection is at play in this case, it would manifest itself in a similarly powerful way. Any deviation from the mitochondrial DNA sequence most common in a given population would likely be fatal, thus ensuring it was not passed on to the next generation.

But this is far from certain, and Naylor has his doubts about the validity of such a conclusion. For now, scientists are left with an open-ended question that can only be resolved with further study.

Additional co-authors of the study are: Romuald Laso-Jadart, Elise Gaya, Pierre Lesturgie and Stefano Mona of the Museum National d'Histoire Naturelle; Shannon L. Corrigan, Lei Yang and Adrian Lee of the Florida Museum of Natural History; Olivier Fedrigo of the The Rockefeller University; Christopher Lowe and Kady Lyons of California State University Long Beach; Greg Skomal of the University of Massachusetts Dartmouth; Geremy Cliff of the University of KwaZulu-Natal; Mauricio Hoyos Padilla of Pelagios-Kakunja Marine Conservation; Charlie Huveneers of Flinders University; Keiichi Sato of the Okinawa Churaumi Aquarium; and James Glancy of the British Museum of Natural History.
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Clearest Mars images yet reveal mystery rock and ancient terrain in stunning detail | ScienceDaily
'Float rocks,' sand ripples, and vast distances are among the sights to see in the latest high-resolution panorama by the six-wheeled scientist.


						
The imaging team of NASA's Perseverance Mars rover took advantage of clear skies on the Red Planet to capture one of the sharpest panoramas of its mission so far. Visible in the mosaic, which was stitched together from 96 images taken at a location the science team calls "Falbreen," are a rock that appears to lie on top of a sand ripple, a boundary line between two geologic units, and hills as distant as 40 miles (65 kilometers) away. The enhanced-color version shows the Martian sky to be remarkably clear and deceptively blue, while in the natural-color version, it's reddish.

"Our bold push for human space exploration will send astronauts back to the Moon," said Sean Duffy, acting NASA administrator. "Stunning vistas like that of Falbreen, captured by our Perseverance rover, are just a glimpse of what we'll soon witness with our own eyes. NASA's groundbreaking missions, starting with Artemis, will propel our unstoppable journey to take human space exploration to the Martian surface. NASA is continuing to get bolder and stronger."

The rover's Mastcam-Z instrument captured the images on May 26, 2025, the 1,516th Martian day, or sol, of Perseverance's mission, which began in February 2021 on the floor of Jezero Crater. Perseverance reached the top of the crater rim late last year.

"The relatively dust-free skies provide a clear view of the surrounding terrain," said Jim Bell, Mastcam-Z's principal investigator at Arizona State University in Tempe. "And in this particular mosaic, we have enhanced the color contrast, which accentuates the differences in the terrain and sky."

Buoyant Boulder

One detail that caught the science team's attention is a large rock that appears to sit atop a dark, crescent-shaped sand ripple to the right of the mosaic's center, about 14 feet (4.4 meters) from the rover. Geologists call this type of rock a "float rock" because it was more than likely formed someplace else and transported to its current location. Whether this one arrived by a landslide, water, or wind is unknown, but the science team suspects it got here before the sand ripple formed.




The bright white circle just left of center and near the bottom of the image is an abrasion patch. This is the 43rd rock Perseverance has abraded since it landed on Mars. Two inches (5 centimeters) wide, the shallow patch is made with the rover's drill and enables the science team to see what's beneath the weathered, dusty surface of a rock before deciding to drill a core sample that would be stored in one of the mission's titanium sample tubes.

The rover made this abrasion on May 22 and performed proximity science (a detailed analysis of Martian rocks and soil) with its arm-mounted instruments two days later. The science team wanted to learn about Falbreen because it's situated within what may be some of the oldest terrain Perseverance has ever explored -- perhaps even older than Jezero Crater.

Tracks from the rover's journey to the location can be seen toward the mosaic's right edge. About 300 feet (90 meters) away, they veer to the left, disappearing from sight at a previous geologic stop the science team calls "Kenmore."

A little more than halfway up the mosaic, sweeping from one edge to the other, is the transition from lighter-toned to darker-toned rocks. This is the boundary line, or contact, between two geologic units. The flat, lighter-colored rocks nearer to the rover are rich in the mineral olivine, while the darker rocks farther away are believed to be much older clay-bearing rocks.

More About Perseverance

NASA's Jet Propulsion Laboratory, which is managed for the agency by Caltech, built and manages operations of the Perseverance rover on behalf of NASA's Science Mission Directorate in Washington, as part of NASA's Mars Exploration Program portfolio. Arizona State University leads the operations of the Mastcam-Z instrument, working in collaboration with Malin Space Science Systems in San Diego, on the design, fabrication, testing, and operation of the cameras.
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Greenland's glacial runoff is powering explosions of ocean life | ScienceDaily
As Greenland's ice retreats, it's fueling tiny ocean organisms. To test why, scientists turned to a computer model out of JPL and MIT that's been called a laboratory in itself.


						
Runoff from Greenland's ice sheet is kicking nutrients up from the ocean depths and boosting phytoplankton growth, a new NASA-supported study has found. Reporting in Nature Communications: Earth & Environment, the scientists used state-of-the art-computing to simulate marine life and physics colliding in one turbulent fjord. Oceanographers are keen to understand what drives the tiny plantlike organisms, which take up carbon dioxide and power the world's fisheries.

Greenland's mile-thick ice sheet is shedding some 293 billion tons (266 billion metric tons) of ice per year. During peak summer melt, more than 300,000 gallons (1,200 cubic meters) of fresh water drain into the sea every second from beneath Jakobshavn Glacier, also known as Sermeq Kujalleq, the most active glacier on the ice sheet. The waters meet and tumble hundreds of feet below the surface.

The meltwater plume is fresh and more buoyant than the surrounding saltwater. As it rises, scientists have hypothesized, it may be delivering nutrients like iron and nitrate -- a key ingredient in fertilizer -- to phytoplankton floating at the surface.

Researchers track these microscopic organisms because, though smaller by far than a pinhead, they're titans of the ocean food web. Inhabiting every ocean from the tropics to the polar regions, they nourish krill and other grazers that, in turn, support larger animals, including fish and whales.

Previous work using NASA satellite data found that the rate of phytoplankton growth in Arctic waters surged 57% between 1998 and 2018 alone. An infusion of nitrate from the depths would be especially pivotal to Greenland's phytoplankton in summer, after most nutrients been consumed by prior spring blooms. But the hypothesis has been hard to test along the coast, where the remote terrain and icebergs as big as city blocks complicate long-term observations.

"We were faced with this classic problem of trying to understand a system that is so remote and buried beneath ice," said Dustin Carroll, an oceanographer at San Jose State University who is also affiliated with NASA's Jet Propulsion Laboratory in Southern California. "We needed a gem of a computer model to help."

Sea of Data




To re-create what was happening in the waters around Greenland's most active glacier, the team harnessed a model of the ocean developed at JPL and the Massachusetts Institute of Technology in Cambridge. The model ingests nearly all available ocean measurements collected by sea- and satellite-based instruments over the past three decades. That amounts to billions of data points, from water temperature and salinity to pressure at the seafloor. The model is called Estimating the Circulation and Climate of the Ocean-Darwin (ECCO-Darwin for short).

Simulating "biology, chemistry, and physics coming together" in even one pocket along Greenland's 27,000 miles (43,000 kilometers) of coastline is a massive math problem, noted lead author Michael Wood, a computational oceanographer at San Jose State University. To break it down, he said the team built a "model within a model within a model" to zoom in on the details of the fjord at the foot of the glacier.

Using supercomputers at NASA's Ames Research Center in Silicon Valley, they calculated that deepwater nutrients buoyed upward by glacial runoff would be sufficient to boost summertime phytoplankton growth by 15 to 40% in the study area.

More Changes in Store

Could increased phytoplankton be a boon for Greenland's marine animals and fisheries? Carroll said that untangling impacts to the ecosystem will take time. Melt on the Greenland ice sheet is projected to accelerate in coming decades, affecting everything from sea level and land vegetation to the saltiness of coastal waters.

"We reconstructed what's happening in one key system, but there's more than 250 such glaciers around Greenland," Carroll said. He noted that the team plans to extend their simulations to the whole Greenland coast and beyond.

Some changes appear to be impacting the carbon cycle both positively and negatively: The team calculated how runoff from the glacier alters the temperature and chemistry of seawater in the fjord, making it less able to dissolve carbon dioxide. That loss is canceled out, however, by the bigger blooms of phytoplankton taking up more carbon dioxide from the air as they photosynthesize.

Wood added: "We didn't build these tools for one specific application. Our approach is applicable to any region, from the Texas Gulf to Alaska. Like a Swiss Army knife, we can apply it to lots of different scenarios."
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NASA's SWOT satellite captures Kamchatka megaquake tsunami in striking detail | ScienceDaily
Data provided by the water satellite, a joint effort between NASA and the French space agency, is helping to improve tsunami forecast models, benefitting coastal communities.


						
The SWOT (Surface Water and Ocean Topography) satellite captured the tsunami spawned by an 8.8 magnitude earthquake off the coast of Russia's Kamchatka Peninsula on July 30, 11:25 a.m. local time. The satellite, a joint effort between NASA and the French space agency CNES (Centre National d'Etudes Spatiales), recorded the tsunami about 70 minutes after the earthquake struck.

Disturbances like an earthquake or underwater landslide trigger a tsunami when the event is large enough to displace the entire column of seawater from the ocean floor to the surface. This results in waves that ripple out from the disturbance much like dropping a pebble into a pond generates a series of waves.

"The power of SWOT's broad, paintbrush-like strokes over the ocean is in providing crucial real-world validation, unlocking new physics, and marking a leap towards more accurate early warnings and safer futures," said Nadya Vinogradova Shiffer, NASA Earth lead and SWOT program scientist at NASA Headquarters in Washington.

Data from SWOT provided a multidimensional look at the leading edge of the tsunami wave triggered by the Kamchatka earthquake. The measurements included a wave height exceeding 1.5 feet (45 centimeters), shown in red in the highlighted track, as well as a look at the shape and direction of travel of the leading edge of the tsunami. The SWOT data, shown in the highlighted swath running from the southwest to the northeast in the visual, is plotted against a forecast model of the tsunami produced by the U.S. National Oceanic and Atmospheric Administration (NOAA) Center for Tsunami Research. Comparing the observations from SWOT to the model helps forecasters validate their model, ensuring its accuracy.

"A 1.5-foot-tall wave might not seem like much, but tsunamis are waves that extend from the seafloor to the ocean's surface," said Ben Hamlington, an oceanographer at NASA's Jet Propulsion Laboratory in Southern California. "What might only be a foot or two in the open ocean can become a 30-foot wave in shallower water at the coast."

The tsunami measurements SWOT collected are helping scientists at NOAA's Center for Tsunami Research improve their tsunami forecast model. Based on outputs from that model, NOAA sends out alerts to coastal communities potentially in the path of a tsunami. The model uses a set of earthquake-tsunami scenarios based on past observations as well as real-time observations from sensors in the ocean.




The SWOT data on the height, shape, and direction of the tsunami wave is key to improving these types of forecast models. "The satellite observations help researchers to better reverse engineer the cause of a tsunami, and in this case, they also showed us that NOAA's tsunami forecast was right on the money," said Josh Willis, a JPL oceanographer.

The NOAA Center for Tsunami Research tested their model with SWOT's tsunami data, and the results were exciting, said Vasily Titov, the center's chief scientist in Seattle. "It suggests SWOT data could significantly enhance operational tsunami forecasts -- a capability sought since the 2004 Sumatra event." The tsunami generated by that devastating quake killed thousands of people and caused widespread damage in Indonesia.

More About SWOT

The SWOT satellite was jointly developed by NASA and CNES, with contributions from the Canadian Space Agency (CSA) and the UK Space Agency. NASA JPL, managed for the agency by Caltech in Pasadena, California, leads the U.S. component of the project. For the flight system payload, NASA provided the Ka-band radar interferometer (KaRIn) instrument, a GPS science receiver, a laser retroreflector, a two-beam microwave radiometer, and NASA instrument operations. The Doppler Orbitography and Radioposition Integrated by Satellite system, the dual frequency Poseidon altimeter (developed by Thales Alenia Space), the KaRIn radio-frequency subsystem (together with Thales Alenia Space and with support from the UK Space Agency), the satellite platform, and ground operations were provided by CNES. The KaRIn high-power transmitter assembly was provided by CSA.
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The surprising ant strategy that could transform robotics | ScienceDaily
Weaver ants have solved a problem that has plagued human teams for centuries: individuals contribute less to tasks when more people join in. New research published in Current Biology on August 12 shows individual weaver ants instead get stronger as their group grows.


						
"Each individual ant almost doubled their pulling force as team size increased - they actually get better at working together as the group gets bigger," says lead author Madelyne Stewardson from Macquarie University.

The longstanding problem in human teams was first published by French engineer Max Ringelmann in 1913 who measured students pulling on ropes and found that while total force increased as more people joined in, each individual's contribution actually decreased.

The study shows weaver ants form super-efficient teams in which individuals actually increase their contributions as teams grow bigger, defying the declining performance affecting human teams.

These tiny, tree-dwelling ants (Oecophylla smaragdina) found in tropical Africa, Asia and Australia, are known for their nest-building behaviors, forming living chains to roll leaves and glue them with silk from their larvae.

Stewardson and behavioral ecologist Dr Chris Reid from Macquarie's School of Natural Sciences worked with an international team to measure the force different sized ant teams could apply while building nests.

The researchers set up experiments enticing weaver ant colonies to form pulling chains to move an artificial leaf connected to a force meter.




"The ants split their work into two jobs: some actively pull while others act like anchors to store that pulling force," says Stewardson.

How the ant team makes it work

Co-lead author Dr Daniele Carlesso from the University of Konstanz developed a theory called the 'force ratchet' to explain this mechanism.

"Ants at the back of chains stretch out their bodies to resist and store the pulling force, while ants at the front keep actively pulling," says Dr Carlesso.

Dr David Labonte from Imperial College London, co-author on the paper, says the team found this method was key to increasing the contribution per individual as the team got bigger.

"Longer chains of ants have more grip on the ground than single ants, so they can better resist the force of the leaf pulling back," he says.

Dr Reid says the discovery could help scientists design better robot teams. Current robots only output the same force when working in teams as when alone.

"Programming robots to adopt ant-inspired cooperative strategies could allow teams of autonomous robots to work together more efficiently," says Dr Reid.
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The ocean's fragile fortresses are crumbling under climate pressure | ScienceDaily
A research team from the Institut de Ciencies del Mar (ICM-CSIC) has published a study in Communications Biology showing how ocean acidification and warming -- two of the main consequences of global climate change -- can simultaneously affect the structure, mineral composition, and microbiome of bryozoans, colonial invertebrates crucial for forming marine habitats. The findings point to potentially serious ecological consequences under a scenario of accelerated climate change.


						
The "False Coral," One of the Most Affected Species

The study characterizes for the first time the microbiome of Myriapora truncata, a habitat-forming species known as "false coral" and widely distributed throughout the Mediterranean. It also analyzes the response of this and another encrusting bryozoan species under future environmental conditions. False corals form three-dimensional structures that offer shelter to many species, as do other bryozoans that can even form reef-like systems -- although corals usually receive more attention as primary marine habitat builders.

"Despite being a different phylum, very diverse and abundant globally, these small architects of the sea are often overlooked in studies on responses to environmental changes," explains Blanca Figuerola, ICM-CSIC researcher and lead author of the study. She emphasizes that this work opens a new window to better understand how bryozoans may respond to the ocean's rapid changes.

The researcher notes that "bryozoans play a very important ecological role," although little was previously known about their response to the combined effects of ocean acidification and warming. She adds that "their microbiome had been virtually unexplored."

A Natural Laboratory to Predict Future Scenarios

To conduct the study, the team used a "natural laboratory": on the island of Ischia (Italy), volcanic CO2 bubbles from the seabed, which allow simulation of the ocean acidification conditions projected for the end of the century.




"This area offers a unique opportunity to study how marine species respond to acidification under natural conditions," explains Nuria Teixido, researcher at the Stazione Zoologica Anton Dohrn and last author of the article.

Using this approach, the researchers compared the morphology, skeleton mineralogy, and microbiome of colonies of two bryozoan species exposed and unexposed to these conditions. Results show that the species exhibit some acclimation capacity, modifying their skeletal mineralogy to become more resistant and maintaining a relatively stable microbiome composition.

"However, we observed a loss in functional microbial diversity, with a decline in genera potentially involved in key processes such as nutrition, defense, or resistance to environmental stress," Figuerola states.

These microbial shifts may have important long-term consequences, since the microbiome plays a fundamental role in bryozoan health and resilience. "Even if colonies look externally healthy, changes in the microbiome could serve as early bioindicators of environmental stress," adds Javier del Campo, researcher at the Institute of Evolutionary Biology (IBE, CSIC-UPF).

Warming Amplifies the Impacts

Over a five-year monitoring period, the study also considered the effects of rising temperatures -- another key factor in climate change.




"The models used indicate that the combination of these two stressors intensifies the effects observed, significantly reducing the coverage of the encrusting bryozoan and increasing mortality. Although the species show some morphological plasticity, it is not enough to offset the combined impact of acidification and warming," says Pol Capdevila, researcher at the University of Barcelona.

To reach these conclusions, the team used advanced techniques such as modelling and computed microtomography to obtain, for the first time, 3D images of the internal skeleton structure of these species. These images are valuable both for research and for science communication and environmental education. The team is currently preparing a science animation for the general and educational public, in collaboration with the team at Cooked Illustrations, a visual storytelling studio.

Implications for Marine Conservation

The findings have important implications for the management and conservation of Mediterranean marine ecosystems, particularly in the context of climate change. Habitat-forming species like bryozoans are not only vulnerable but their disappearance could trigger cascading effects on many other species that rely on them for shelter or food.

The characterization of the microbiome and preliminary identification of potentially beneficial microorganisms open new research avenues to enhance the resilience of holobionts (host and its associated microbiome) through nature-based approaches.

This research line, initiated under the MedCalRes National Plan project, is now continuing with the HOLOCHANGE consolidation project and the National Plan MedAcidWarm, which aim to deepen understanding of bryozoan-microbiome interactions to anticipate and mitigate climate change impacts.

"The complexity of the issue demands integrated analyses," concludes Figuerola. "This study shows how interdisciplinary approaches can help us anticipate future scenarios and more effectively protect marine ecosystems."
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Scientists just made vibrations so precise they can spot a single molecule | ScienceDaily
Just as overlapping ripples on a pond can amplify or cancel each other out, waves of many kinds -- including light, sound and atomic vibrations -- can interfere with one another. At the quantum level, this kind of interference powers high-precision sensors and could be harnessed for quantum computing.


						
In a new study published in Science Advances, researchers at Rice University and collaborators have demonstrated a strong form of interference between phonons -- the vibrations in a material's structure that constitute the tiniest units, or quanta, of heat or sound in that system. The phenomenon where two phonons with different frequency distributions interfere with each other, known as Fano resonance, was two orders of magnitude greater than any previously reported.

"While this phenomenon is well-studied for particles like electrons and photons, interference between phonons has been much less explored," said Kunyan Zhang, a former postdoctoral researcher at Rice and first author on the study. "That is a missed opportunity, since phonons can maintain their wave behavior for a long time, making them promising for stable, high-performance devices."

By showing that phonons can be harnessed as effectively as light or electrons, the study paves the way for a new generation of phonon-based technologies. The team's breakthrough hinges on the use of a two-dimensional metal on top of a silicon carbide base. Using a technique called confinement heteroepitaxy, the researchers intercalated just a few layers of silver atoms between a layer of graphene and silicon carbide, producing a tightly bound interface with remarkable quantum properties.

"The 2D metal triggers and strengthens the interference between different vibrational modes in silicon carbide, reaching record levels," Zhang said.

The research team studied how phonons interfere with each other by looking at the shape of their signal in Raman spectroscopy, a technique that measures the vibrational modes of a material. The spectrum revealed a sharply asymmetric line shape and in some cases showed a complete dip, forming an antiresonance pattern characteristic of intense interference.

The effect proved highly sensitive to the specificities of the silicon carbide surface. The comparison between three different surface terminations of silicon carbide revealed a clear link between each surface and its unique Raman line shape. Moreover, when the researchers introduced a single dye molecule to the surface, the spectral line shape changed dramatically.




"This interference is so sensitive that it can detect the presence of a single molecule," Zhang said. "It enables label-free single-molecule detection with a simple and scalable setup. Our results open up a new path for using phonons in quantum sensing and next-generation molecular detection."

Exploring the dynamic of the effect at low temperatures, the researchers confirmed that the interference stemmed purely from phonon interactions and not electrons, marking a rare case of phonon-only quantum interference. The effect has only been observed in the particular 2D metal/silicon carbide system used in the study and is absent in regular bulk metals. This is due to the special transition pathways and surface configurations enabled by the atomically thin metal layer.

The study also explored the possibility of using other 2D metals, such as gallium or indium, to induce similar effects. By fine-tuning the chemical composition of these intercalated layers, researchers could design custom interfaces with tailored quantum properties.

"Compared to conventional sensors, our method offers high sensitivity without the need for special chemical labels or complicated device setup," said Shengxi Huang, associate professor of electrical and computer engineering and materials science and nanoengineering at Rice and corresponding author on the study. "This phonon-based approach not only advances molecular sensing but also opens up exciting possibilities in energy harvesting, thermal management and quantum technologies, where controlling vibrations is key."

The research was supported by the National Science Foundation (2011839, 2246564, 1943895, 2230400), Air Force Office of Scientific Research (FA9550-22-1-0408), Welch Foundation (C-2144) and the University of North Texas.
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Mexican cave stalagmites reveal the deadly droughts behind the Maya collapse | ScienceDaily
A drought lasting 13 years and several others that each lasted over three years may have contributed to the collapse of the Classic Maya civilization, chemical fingerprints from a stalagmite in a Mexican cave have revealed.


						
A detailed analysis of oxygen isotopes in the stalagmite allowed a team of researchers, led by the University of Cambridge, to determine rainfall levels for individual wet and dry seasons between 871 and 1021 CE, which overlaps with the Terminal Classic period of Maya civilization. This is the first time it has been possible to isolate rainfall conditions for individual wet and dry seasons during the Terminal Classic, the time of societal decline historically referred to as the Maya collapse.

During the Terminal Classic, limestone Maya cities in the south were abandoned and dynasties were ended, as one of the ancient world's great civilizations shifted north and lost much of its political and economic power.

The data contained within the stalagmite, from a cave in the Yucatan, showed that there were eight wet season droughts that lasted for at least three years during this period, with the longest drought lasting for 13 consecutive years.

This climate data aligns with existing historical and archaeological evidence: construction of monuments and political activity at several major northern Maya sites, including the famous city of Chichen Itza, stopped at different times during this period of climate stress.

The accurately and precisely dated droughts provide a new framework for fine-grained analysis of the timing and dynamics of human-climate interactions in the region. The results are reported in the journal Science Advances.

"This period in Maya history has been a cause of fascination for centuries," said lead author Dr Daniel H. James, who conducted the research while a PhD student at Cambridge's Department of Earth Sciences. "There have been multiple theories as to what caused the collapse, such as changing trade routes, war or severe drought, based on the archaeological evidence the Maya left behind. But in the past few decades, we've started to learn quite a lot about what happened to the Maya and why, by combining the archaeological data with quantifiable climate evidence."

Starting in the 1990s, researchers began to piece together climate records with those left by the Maya, such as the dates they recorded on key monuments, to show that a series of droughts during the Terminal Classic was a likely contributor to the massive socio-political upheaval in Maya society.




Now, James and his co-authors from the UK, US and Mexico have used the chemical fingerprints contained in stalagmites from a cave in the northern Yucatan to bring those droughts into much sharper focus.

Stalagmites form when water drips from the ceiling of a cave, and the minerals contained in the water grow into large deposits on the cave floor. By dating and analyzing the layers of oxygen isotopes within the stalagmite, the researchers extracted highly detailed information about the climate in the Terminal Classic period. Earlier research has measured the oxygen isotopes contained in lake sediment to determine the severity of drought, but lake sediment does not contain enough detail to pinpoint climate conditions in any given year at a particular site.

"It hasn't been possible to directly compare the history of individual Maya sites with what we previously knew about the climate record," said James, who is now a postdoctoral researcher at University College London (UCL). "Lake sediment is great when you want to look at the big picture, but stalagmites allow us to access the fine-grained detail that we've been missing."

Earlier research on stalagmites has determined annual average rainfall amounts during the Terminal Classic, but the Cambridge-led team have now been able to go further, and isolate information from individual wet and dry seasons, thanks to relatively thick (about 1mm) annual layers in the stalagmite used in this study. The specific oxygen isotopes in each layer are a proxy for wet season drought.

"Knowing the annual average rainfall doesn't tell you as much as knowing what each individual wet season was like," said James. "Being able to isolate the wet season allows us to accurately track the duration of wet season drought, which is what determines if crops succeed or fail."

According to the information contained in the stalagmite, there were eight wet season droughts lasting for at least three years between 871 and 1021 CE. The longest drought of the period lasted for 13 years. Even with the water management techniques that the Maya had, a drought that long would have had major impacts on society.




The climate information contained in the stalagmite lines up with the dates inscribed by the Maya on their monuments. In the periods of prolonged and severe drought, date inscription at sites such as Chichen Itza stopped entirely.

"This doesn't necessarily mean that the Maya abandoned Chichen Itza during these periods of severe drought, but it's likely that they had more immediate things to worry about than constructing monuments, such as whether the crops they relied on would succeed or not," said James.

The researchers say that stalagmites from this and other caves in the region could be vital in putting the puzzle of the Terminal Classic period together.

"In addition to what stalagmites can tell us about this period in Maya history, they might also be able to tell us about the frequency and severity of tropical storms, for instance," said James. "As a case study for fine-grained comparisons between climate and historical data, it's exciting being able to apply methods usually associated with the deeper past to relatively recent history."

The research was supported in part by the National Geographic Society and the Leverhulme Trust.
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Scientists may have found the tiny DNA switch that made us human | ScienceDaily
Research from scientists at University of California San Diego School of Medicine have shed new light on an age-old question: what makes the human brain unique?


						
The team's discovery comes from their investigation of human-accelerated regions (HARs) -- sections of the human genome that have accumulated an unusually high level of mutations as humans have evolved. There is a lot of scientific interest in HARs, as they are hypothesized to play an essential role in conferring human-specific traits, and also have links to neurodevelopmental disorders, such as autism.

One reason why scientists think that HARs confer human-specific traits is because they have undergone rapid changes in their genetic sequences since we split from our closest living relative -- the chimpanzee -- approximately 5 million years ago.

Now, UC San Diego researchers have identified one particular HAR -- called HAR123 -- that appears to be instrumental in shaping the human brain.

The researchers found:
    	HAR123 itself is not a gene, but is instead a type of molecular "volume control" known as a transcriptional enhancer. Transcriptional enhancers control which genes are activated, how much they are activated, and at what times they are activated during an organism's development.
    	Through its role as a transcriptional enhancer, HAR123 promotes the development of neural progenitor cells, the cells that give rise to the two main types of brain cells -- neurons and glial cells.
    	HAR123 also influences the ratio of neurons and glial cells that form from neural progenitor cells.

Ultimately, HAR123 promotes a particularly advanced human trait called cognitive flexibility, or the ability to unlearn and replace previous knowledge.

In addition to providing new insights into the biology of the human brain, the results also offer a molecular explanation for some of the radical changes that have occurred in the human brain over the course of our evolution. This is supported, for example, by the authors' finding that the human version of HAR123 exerts different molecular and cellular effects than the chimpanzee version in both stem cells and neuron precursor cells in a petri dish.

Further research is needed to more fully understand the molecular action of HAR123 and whether the human version of HAR123 does indeed confer human-specific neural traits. This line of research could lead us to a better understanding of the molecular mechanisms underlying many neurodevelopmental disorders, such as autism.

The study, published online in Science Advances, was led by Miles Wilkinson, Ph.D., distinguished professor, and Kun Tan, Ph.D., assistant professor, both within the Department of Obstetrics, Gynecology, & Reproductive Sciences at UC San Diego School of Medicine. Wilkinson is also affiliate faculty of the UC San Diego Institute for Genomic Medicine. The study was funded, in part, by grants from the National Institutes of Health and 10x Genomics. The authors declare no competing interests.
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Strange spotted rock on Mars could reveal signs of ancient life | ScienceDaily
In 2024, NASA's Mars rover Perseverance collected an unusual rock sample. The rock, named Sapphire Canyon, features white, leopardlike spots with black borders within a red mudstone and might hold clues about sources of organic molecules within Mars.


						
Here on Earth, in Review of Scientific Instruments, by AIP Publishing, researchers from Jet Propulsion Laboratory and the California Institute of Technology used a technique called optical photothermal infrared spectroscopy (O-PTIR) to study a visually similar rock. They wanted to determine if O-PTIR can be applied to the Sapphire Canyon sample when it is eventually brought here for study.

O-PTIR uses two lasers to study a material: The first heats up the material and causes small thermal vibrations on its surface proportional to the laser's wavelength, and the second measures the extent of these changes. Together, this creates the material's unique chemical fingerprint.

The researchers tested O-PTIR on a basalt rock with dark inclusions of similar size to the Sapphire Canyon sample's -- which, in contrast to Perseverance's sophisticated sample selection process, author Nicholas Heinz found purely by coincidence.

"I was hiking in Arizona, in Sedona, when I saw this rock that just didn't look like it belonged," he said. "I put it in my backpack and brought it back to look at."

They aimed to see if O-PTIR could differentiate between the rock's primary material and its dark inclusions and found it was extremely effective because of the enhanced spatial resolution of O-PTIR. Moreover, O-PTIR is a rapid technique. Each spectrum can be collected in minutes, allowing scientists to go in with a more sensitive technique to study potential areas of interest identified in more detail, such as regions containing organics.

"I hope this capability will be considered for any future material returned from Mars, an asteroid, or any other planetary surface," said Heinz.

The team's O-PTIR capabilities are the only of their kind available at NASA's Jet Propulsion Laboratory and have already been used by other NASA missions -- in 2024, they helped confirm the cleanliness of Europa Clipper, a mission to study one of Jupiter's moons, prior to its launch. Heinz said that now that they've shown its additional benefits in applications related to Mars samples, and geology more widely, they are working with NASA's Mars science team to test the algal microfossils typically used as Mars analogs for the rovers.
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Predator fly unleashes chaotic ant wars that could save coffee | ScienceDaily
To help manage agricultural practices with fewer or no pesticides, University of Michigan researchers say they need to understand how ecological systems work on agricultural lands.


						
Now, U-M researchers John Vandermeer and Ivette Perfecto have used two ecological theories to describe a tangle of interactions between three ant species and a recently introduced fly that preys on one of the ant species. Their work on a coffee farm in Puerto Rico shows that the interaction between the ants and the predator fly creates chaotic patterns -- chaos in the classical sense, in that natural populations are subjected to fluctuations depending on the interactions of organisms within a system.

These chaotic patterns mean that any one of the four insect species could be dominant at any point in time. Understanding which ants may be dominant over time may help farmers use the ants to manage pests on their farms. Their study, supported by the National Science Foundation, is published in the Proceedings of the National Academy of Sciences.

"Two of the three ant species we studied are really important agents of biological control of two of the important pests in coffee," said Vandermeer, U-M professor of ecology and evolutionary biology. "We would like, or a farmer would like, to be able to predict when the ants are going to be there, and when they're not going to be there. And it turns out that that kind of prediction is going to be pretty difficult."

For three decades, Vandermeer and Perfecto, a professor at the U-M School for Environment and Sustainability, have been studying ant interactions in the coffee farm's agricultural setting. Their goal is to help transform how agriculture is done -- but to do so, we need to first understand the ecology of agricultural systems, they say.

"We believe that the current international agricultural system with its use of pesticides and chemicals is not contributing to the welfare of anybody, especially the farmers, and is actually contributing quite a bit to global climate change," Vandermeer said. "We take the position that in order to incorporate the rules of ecology into the development of new forms of agriculture, we need to understand what those rules are and how those rules work."

In the tropics, ants are dominant, Vandermeer says, and often involved in agriculture as agents of controlling pests. But using an ant species to control pests can be complicated: The dominance of the ant being used as a biological control depends on what other species of ants -- as well as other types of insects -- there are in the system.




In this system, Vandermeer and Perfecto examined two types of ecological behavior: intransitive loop cyclic behavior and predator-mediated coexistence. Intransitive loop cyclic behavior means that if there's a group of three ant species, Ant A might be dominant over Ant B, Ant B might dominate Ant C, but Ant C could dominate Ant A.

When a predator is thrown into the mix, these dynamics become even more complicated. Among the three species of ants that Vandermeer and Perfecto study, one species is dominant. But the recently introduced fly preys upon the dominant ant. This predator-prey relationship not only affects the dominant ant, it has downstream effects on the other two ant species, allowing any of the four species to become the dominant species at different points of time. This is an example of predator-mediated coexistence.

The waxing and waning of the predator fly and its ant target, as well as the change of dominance in the ant species, are called oscillations. By overlapping and modeling these two oscillating ecological principles, the researchers could examine how the principles introduce chaos into the system.

The results are ... chaotic. But by plotting both of these oscillating behaviors, the researchers were able to see that at certain times, the whole system looked like a predator-prey cycle, and at other times, the system looked like an intransitive loop oscillation.

This could mean -- in theory -- the researchers could get a window into when each insect species was going to be the dominant species.

"The good news is that the chaotic patterns of the insects are really very interesting from an inherent intellectual sense. The bad news is that it's not really as simple as it might seem to base agricultural practices on ecological principles because the ecological principles themselves are way more complicated than simply finding a poison that kills the pests," Vandermeer said.

"What we're uncovering, we think, over the past 30 years or so are some of those complications that come out if you're serious about putting ecology into the fundamental operations of the agricultural system."





					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250814094623.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Hubble spots a nearly invisible galaxy hiding in plain sight | ScienceDaily
This NASA/ESA Hubble Space Telescope Picture of the Week zooms in on the feathery spiral arms of the galaxy NGC 45, which lies just 22 million light-years away in the constellation Cetus (The Whale).


						
The data used to create this portrait were drawn from two complementary observing programs. The first took a broad view of 50 nearby galaxies, leveraging Hubble's ability to observe light from the ultraviolet to the near-infrared in order to study star formation in these galaxies. The second program examined many of the same nearby galaxies as the first, narrowing in on a particular wavelength of red light called H-alpha. Star-forming nebulae are powerful producers of H-alpha light, and several of these regions can be identified across NGC 45 by their bright pink-red color.

These observing programs aimed to study star formation in galaxies of different sizes, structures, and degrees of isolation -- and NGC 45 makes for a particularly interesting target. Though it may appear to be a regular spiral galaxy, NGC 45 is actually a remarkable type called a low surface brightness galaxy.

Low surface brightness galaxies are fainter than the night sky itself, making them incredibly difficult to detect. They appear unexpectedly faint because they have relatively few stars for the amount of gas and dark matter they carry. In the decades since the first low surface brightness galaxy was serendipitously discovered in 1986, researchers have learned that 30-60% of all galaxies may fall into this category. Studying these hard-to-detect galaxies is key to understanding how galaxies form and evolve, and Hubble's sensitive instruments are equal to the task.
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        A safe painkiller? New research raises concerns about Tylenol's safety in pregnancy
        A large-scale review finds that acetaminophen use during pregnancy may increase the risk of autism and ADHD in children. The strongest studies showed the clearest links, pointing to biological pathways like oxidative stress and hormone disruption. Experts call for caution, updated guidelines, and safer alternatives.

      

      
        Scientists solve 30-year mystery of a hidden nutrient that shields the brain and fights cancer
        Scientists have finally uncovered the missing link in how our bodies absorb queuosine, a rare micronutrient crucial for brain health, memory, stress response, and cancer defense. For decades, researchers suspected a transporter had to exist, but it remained elusive--until now.

      

      
        Scientists just found a protein that reverses brain aging
        Scientists at UCSF have uncovered a surprising culprit behind brain aging: a protein called FTL1. In mice, too much FTL1 caused memory loss, weaker brain connections, and sluggish cells. But when researchers blocked it, the animals regained youthful brain function and sharp memory. The discovery suggests that one protein could be the master switch for aging in the brain -- and targeting it may one day allow us to actually reverse cognitive decline, not just slow it down.

      

      
        Why listening may be the most powerful medicine
        In a health system where speed often replaces empathy, researchers highlight the life-changing power of listening. Beyond simple questions, values-driven listening--marked by presence, curiosity, and compassion--can transform both patients and providers.

      

      
        How low should blood pressure go? New study has the answer
        An aggressive blood pressure target of under 120 mm Hg can significantly reduce heart disease risk, researchers found. Despite more side effects and higher costs, the approach proved cost-effective and beneficial for many patients.

      

      
        Scientists just found the brain's secret GPS system
        Researchers discovered two brain regions that work as a "neural compass," keeping people oriented in virtual city navigation. These areas tracked direction consistently, hinting at new ways to detect and monitor neurological disorders that cause disorientation.

      

      
        Genetic evidence confirms early puberty accelerates aging and disease
        Researchers discovered that early puberty or childbirth doubles women's risk for major diseases and accelerates aging, while later timing offers protective benefits. Genetic analysis reveals evolutionary tradeoffs, where reproductive advantages early in life create health burdens later.

      

      
        Scientists uncover sugar pathway driving aggressive childhood cancer
        Scientists have uncovered a hidden weakness in one of the deadliest childhood cancers. The tumors, which spread quickly and are notoriously hard to treat, rely on a sugar-processing pathway to survive and grow. By blocking this pathway, researchers were able to slow down the cancer and make it more vulnerable to treatment. This breakthrough opens the door to new therapies for children and young adults facing a disease with very few options today.

      

      
        Tiny microbes may secretly rewire the brain before birth
        MSU researchers discovered that microbes begin shaping the brain while still in the womb, influencing neurons in a region critical for stress and social behavior. Their findings suggest modern birth practices that alter the microbiome may have hidden impacts on brain development.

      

      
        Columbia scientists may have found a universal antiviral
        A rare immune disorder has inspired a potential universal antiviral therapy. By mimicking the mutation s unique inflammation signature, researchers developed an mRNA-based treatment that stopped influenza and COVID-19 in animal trials.

      

      
        A new cancer vaccine just wiped out tumors in mice
        A breakthrough mRNA cancer vaccine has shown the ability to supercharge the effects of immunotherapy in mice, sparking hope for a universal "off-the-shelf" treatment that could fight multiple cancers. Unlike traditional vaccines designed to target specific tumor proteins, this approach simply revs up the immune system as if it were fighting a virus. The results were dramatic--when paired with checkpoint inhibitors, tumors shrank, and in some cases, the vaccine alone wiped them out.

      

      
        This overlooked trait could explain anxiety and depression in millions
        Researchers analyzing 33 studies found strong evidence that highly sensitive people are more prone to depression and anxiety but also more likely to benefit from therapy. Since about 31% of the population is highly sensitive, experts argue that clinicians should consider sensitivity levels when diagnosing and treating mental health conditions.

      

      
        Even mild Covid may leave blood vessels five years older
        Researchers discovered that Covid accelerates blood vessel aging by about five years, especially in women. Even mild infections increased arterial stiffness, with vaccinated individuals showing less damage. This vascular aging may raise long-term heart and stroke risk.

      

      
        Is ketamine the answer for chronic pain? New findings cast doubt
        A sweeping review of 67 trials has cast doubt on the use of ketamine and similar NMDA receptor antagonists for chronic pain relief. While ketamine is frequently prescribed off-label for conditions like fibromyalgia and nerve pain, researchers found little convincing evidence of real benefit and flagged serious side effects such as delusions and nausea. The lack of data on whether it reduces depression or opioid use adds to the uncertainty.

      

      
        Forget LASIK: Safer, cheaper vision correction could be coming soon
        Scientists are developing a surgery-free alternative to LASIK that reshapes the cornea using electricity instead of lasers. In rabbit tests, the method corrected vision in minutes without incisions.

      

      
        Stunning galaxy blooms with pink nebulae in Hubble's new image
        Hubble's newest view of the spiral galaxy NGC 2835 adds a stunning twist to a familiar sight. By capturing light in a special wavelength called H-alpha, astronomers have revealed glowing pink nebulae that mark where stars are born and where they fade away.

      

      
        Trojan horse bacteria sneak cancer-killing viruses into tumors
        Scientists have engineered a groundbreaking cancer treatment that uses bacteria to smuggle viruses directly into tumors, bypassing the immune system and delivering a powerful one-two punch against cancer cells. The bacteria act like Trojan horses, carrying viral payloads to cancer's core, where the virus can spread and destroy malignant cells. Built-in safety features ensure the virus can't multiply outside the tumor, offering a promising pathway for safe, targeted therapy.

      

      
        One small walking adjustment could delay knee surgery for years
        A groundbreaking study has found that a simple change in walking style can ease osteoarthritis pain as effectively as medication--without the side effects. By adjusting foot angle, participants reduced knee stress, slowed cartilage damage, and maintained the change for over a year.

      

      
        A $2 gold nanotech test that detects deadly diseases in minutes
        Arizona State University scientists have unveiled NasRED, a revolutionary one-drop blood test that can detect diseases like COVID-19, Ebola, HIV, and Lyme with incredible speed and precision. Using gold nanoparticles to spot microscopic disease markers, the device delivers results in just 15 minutes--outperforming traditional lab tests in sensitivity, speed, and affordability. Portable and costing only $2 per test, it could be deployed from remote clinics to urban hospitals, offering a lifeline fo...

      

      
        Scientists may have found the tiny DNA switch that made us human
        Scientists at UC San Diego have discovered a small but powerful section of DNA, called HAR123, that could help explain what makes the human brain so unique. Instead of being a gene, HAR123 acts like a "volume control" for brain development, guiding how brain cells form and in what proportions. The human version of HAR123 behaves differently from the chimpanzee version, possibly giving us greater flexibility in how we think and learn. This finding could also help researchers understand the roots o...
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A safe painkiller? New research raises concerns about Tylenol's safety in pregnancy | ScienceDaily
Researchers at the Icahn School of Medicine at Mount Sinai have found that prenatal exposure to acetaminophen may increase the risk of neurodevelopmental disorders, including autism spectrum disorder and attention-deficit/hyperactivity disorder (ADHD), in children. The study, published on August 14 in BMC Environmental Health, is the first to apply the rigorous Navigation Guide methodology to systematically evaluate the rigor and quality of the scientific literature.


						
Acetaminophen (often sold under the brand name Tylenol(r), and known as paracetamol outside the United States and Canada) is the most commonly used over-the-counter pain and fever medication during pregnancy and is used by more than half of pregnant women worldwide. Until now, acetaminophen has been considered the safest option for managing headache, fever, and other pain. Analysis by the Mount Sinai-led team of 46 studies incorporating data from more than 100,000 participants across multiple countries challenges this perception and underscores the need for both caution and further study.

The Navigation Guide Systematic Review methodology is a gold-standard framework for synthesizing and evaluating environmental health data. This approach allows researchers to assess and rate each study's risk of bias, such as selective reporting of the outcomes or incomplete data, as well as the strength of the evidence and the quality of the studies individually and collectively.

"Our findings show that higher-quality studies are more likely to show a link between prenatal acetaminophen exposure and increased risks of autism and ADHD," said Diddier Prada, MD, PhD, Assistant Professor of Population Health Science and Policy, and Environmental Medicine and Climate Science, at the Icahn School of Medicine at Mount Sinai. "Given the widespread use of this medication, even a small increase in risk could have major public health implications."

The paper also explores biological mechanisms that could explain the association between acetaminophen use and these disorders. Acetaminophen is known to cross the placental barrier and may trigger oxidative stress, disrupt hormones, and cause epigenetic changes that interfere with fetal brain development.

While the study does not show that acetaminophen directly causes neurodevelopmental disorders, the research team's findings strengthen the evidence for a connection and raise concerns about current clinical practices.

The researchers call for cautious, time-limited use of acetaminophen during pregnancy under medical supervision; updated clinical guidelines to better balance the benefits and risks; and further research to confirm these findings and identify safer alternatives for managing pain and fever in expectant mothers.




"Pregnant women should not stop taking medication without consulting their doctors," Dr. Prada emphasized. "Untreated pain or fever can also harm the baby. Our study highlights the importance of discussing the safest approach with health care providers and considering non-drug options whenever possible."

With diagnoses of autism and ADHD increasing worldwide, these findings have significant implications for public health policy, clinical guidelines, and patient education. The study also highlights the urgent need for pharmaceutical innovation to provide safer alternatives for pregnant women.

The study was conducted in collaboration with the University of California, Los Angeles; University of Massachusetts Lowell; and Harvard T.H. Chan School of Public Health.

Funding for this study was provided by the National Cancer Institute (U54CA267776), the National Institute of Environmental Health Sciences (R35ES031688), and the National Institute on Aging (U01AG088684).
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Scientists solve 30-year mystery of a hidden nutrient that shields the brain and fights cancer | ScienceDaily
An international team of scientists, co-led by researchers at the University of Florida and Trinity College Dublin, has cracked a decades-old mystery in human biology: how our bodies absorb a micronutrient that we rely on for everything from healthy brain function to cancer defense.


						
Queuosine - pronounced "cue-o-scene" - is a vitamin-like micronutrient that we can't make ourselves but can only get from food and our gut bacteria. It's vital to our health, yet its importance went unnoticed for decades.

Now, in a study published this week in the Proceedings of the National Academy of Sciences, researchers have discovered the gene that allows queuosine to enter the cells, a discovery that opens the door for potential therapies to be created to leverage the micronutrient's role in cancer suppression, memory and how the brain learns new information.

"For over 30 years, scientists have suspected that there had to be a transporter for this nutrient, but no one could find it," said Valerie de Crecy-Lagard, a UF/IFAS microbiology and cell science distinguished professor and department associate chair, as well as one of the study's principal investigators. "We've been hunting for it for a long time. This discovery opens up a whole new chapter in understanding how the microbiome and our diet can influence the translation of our genes."

The study was funded by various nations' health entities, including the National Institutes of Health , Research Ireland (formerly Science Foundation Ireland), and Health and Social Care in Northern Ireland.

Queuosine modifies the molecules that help make proteins, called transfer RNA, which is essential in decoding your body's DNA.

"It's like a nutrient that fine-tunes how your body reads your genes," she said. "The idea that this small compound, which people have barely heard of, plays such an important role, is fascinating."

The gene that allows access to the cell has also been shrouded in medical mystery. The identification of the long-sought gene, SLC35F2, lays the groundwork for future studies that could lead to new medications, given that the gene has previously been studied regarding how viruses and cancer drugs get into cells, but scientists didn't know what the gene did in a healthy body until now, de Crecy-Lagard said.




"We have known for a long time that queuosine influences critical processes like brain health, metabolic regulation, cancer and even responses to stress, but until now we haven't known how it is salvaged from the gut and distributed to the billions of human cells that take it in," said Vincent Kelly, professor in Trinity College Dublin's School of Biochemistry and Immunology, and joint senior author of the article.

Queuosine is a microscopic molecule first discovered in the 1970s, but for years its role in human health flew under the radar until recently, and researchers from across the world involved in this study hope others take notice about this micronutrient's role in the body's bigger health picture.

The research united experts from UF, San Diego State University, the Ohio State University and partner institutions in Ireland and Northern Ireland.

"We don't think we could have cracked it without the full team," de Crecy-Lagard said. "It's a perfect example of what international collaboration can achieve."
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Scientists just found a protein that reverses brain aging | ScienceDaily
Aging is particularly harsh on the hippocampus -- the brain region responsible for learning and memory.


						
Now, researchers at UC San Francisco have identified a protein that's at the center of this decline.

They looked at how the genes and proteins in the hippocampus changed over time in mice and found just one that differed between old and young animals. It's called FTL1.

Old mice had more FTL1, as well as fewer connections between brain cells in the hippocampus and diminished cognitive abilities.

When the researchers artificially increased FTL1 levels in young mice, their brains and behavior began to resemble that of old mice.

In experiments in petri dishes, nerve cells engineered to make lots of FTL1 grew simple, one-armed neurites -- rather than the branching neurites that normal cells create.

But once the scientists reduced the amount of FTL1 in the hippocampus of the old mice, they regained their youth. They had more connections between nerve cells, and the mice did better on memory tests.




"It is truly a reversal of impairments," said Saul Villeda, PhD, associate director of the UCSF Bakar Aging Research Institute and senior author of the paper, which appears in Nature Aging on Aug. 19. "It's much more than merely delaying or preventing symptoms."

In old mice, FTL1 also slowed down metabolism in the cells of the hippocampus. But treating the cells with a compound that stimulates metabolism prevented these effects.

Villeda is optimistic the work could lead to therapies that block the effects of FTL1 in the brain.

"We're seeing more opportunities to alleviate the worst consequences of old age," he said. "It's a hopeful time to be working on the biology of aging."

Authors: Other UCSF authors are Laura Remesal, PhD, Juliana Sucharov-Costa, Karishma J.B. Pratt, PhD, Gregor Bieri, PhD, Amber Philp, PhD, Mason Phan, Turan Aghayev, MD, PhD, Charles W. White III, PhD, Elizabeth G. Wheatley, PhD, Brandon R. Desousa, Isha H. Jian, Jason C. Maynard, PhD, and Alma L. Burlingame, PhD. For all authors see the paper.

Funding: This work was funded in part by the Simons Foundation, Bakar Family Foundation, National Science Foundation, Hillblom Foundation, Bakar Aging Research Institute, Marc and Lynne Benioff, and the National Institutes of Health (AG081038, AG067740, AG062357, P30 DK063720). For all funding see the paper.
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Why listening may be the most powerful medicine | ScienceDaily
When you visit a doctor, you expect them to listen. But in today's fast-paced health care system, real listening -- the kind that makes you feel seen, heard and understood -- can be the first thing to go.


						
A new article, co-authored by Dr. Leonard Berry of Texas A&M University's Mays Business School, argues that listening isn't just a nice gesture, it's a powerful tool that can improve your care and even help heal the health care system itself.

Berry and colleagues at the Institute for Healthcare Improvement in Boston and Henry Ford Health Detroit published their findings in Mayo Clinic Proceedings.

The Case Of The Norwegian Nurse

The team identified what it calls "values-driven listening." It's about more than asking questions, it's about asking the right questions, being present and showing genuine curiosity and compassion.

"Listening is the gateway to healing," Berry said. "It's how we connect, understand and ultimately serve better."

One story in the article shows just how transformative listening can be. A nurse in a Norwegian nursing home asked a patient, "What would make a good day for you?"

The patient responded: "I want to wear my blue shirt."




"Why the blue one?" the nurse asked.

"That was my wife's favorite shirt," the patient said. "She died two years ago today, and I want to honor her."

The patient shared memories of his wife with the nurse, and afterward, he asked for a wheelchair so that he could tell other patients about her; it was the first time he'd ever asked to interact with other people at the facility.

"That's not a medical breakthrough," Berry said, "it's a human one."

Six Listening Strategies

The authors outline six types of listening that contribute to better care:

Listening That Is Proximate Being physically present matters. Your provider can learn far more from a quiet moment in the exam room than from a rushed message or chart note. When they're close, focused and curious, you're more likely to open up, and that kind of trust is essential for making decisions together about your care. Be sure your provider spends this focused time with you.




Listening That Is Curious Your provider's curiosity can be just as important as their expertise. When they ask open-ended questions and pay attention to your words, body language and emotions, it creates space for honest conversation. That's often when key details emerge informing the plan of care. "What are your concerns about the plan of care we've discussed?" creates a path for open dialogue in a way that "Do you have any questions?" does not.

Listening That Earns And Enables Trust Trust starts when you feel safe to speak candidly, and that happens when your provider listens without judgment, gives you their full attention and treats your input as essential. At Henry Ford Health, some doctors are using AI-powered tools to handle notetaking during appointments, so they can focus entirely on the conversation.

Listening Aided By Design The design of a clinic or hospital can affect how well you're heard. Small, crowded spaces make private conversations harder, but simple changes -- like your provider sitting down during a visit -- can make you feel more cared for and listened to. Some health systems, like Southcentral Foundation in Alaska, have created "talking rooms" that feel less clinical and more personal, showing that listening isn't just a skill, it's something built into the space itself.

Listening That Empowers Listening should lead to action, and that includes listening to the people who care for you. When frontline staff are asked what's wasting time or making care harder, they often have smart, simple fixes. At Hawaii Pacific Health, a program called "Getting Rid of Stupid Stuff" led to hundreds of suggestions, including one that saved nurses 1,700 hours a month by removing a pointless documentation rule. When staff are empowered to speak up, care becomes more efficient, less frustrating and better for everyone.

Listening That Fosters Resilience Caring for others is demanding, and when health care workers are supported, they're better able to support you. Simple acts like sharing meals and stories with colleagues can help reduce burnout and build emotional strength in those who are caring for you. Some hospitals schedule time for these peer connections, creating space for reflection and support. Ask your provider how their health care system supports its workers.

Listening Is Kindness

Berry and his co-authors write that deep listening benefits all parties: clinician-to patient; clinician-to-clinician; leader-to-clinical and non-clinical staff. It's a cultural shift that starts with values. "Do you care enough to listen?" they ask.

For patients, this means you should feel empowered to speak up and expect to be heard.

"Your experiences, concerns and insights are not just helpful, they're essential," Berry said. "And when your care team listens with empathy and curiosity, it leads to better decisions, stronger relationships and more personalized care.

"Kindness is not a luxury in health care, it's a necessity. And true listening is one of its most powerful expressions."
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How low should blood pressure go? New study has the answer | ScienceDaily
Research led by investigators at Mass General Brigham suggests that the health benefits of more aggressive blood pressure control outweigh concerns about overtreating people with high blood pressure readings. Results of the simulation study are published in Annals of Internal Medicine.


						
The study used data from the Systolic Blood Pressure Intervention Trial (SPRINT) trial, the National Health and Nutrition Examination Survey (NHANES), and other published literature to simulate lifetime health outcomes -- including heart attack, stroke, and heart failure -- for patients whose systolic blood pressure targets were set at <120 mm Hg, <130 mm Hg, and <140 mm Hg. Recognizing that blood pressure medication comes with side effects, the researchers also simulated and compared the risk of serious events resulting from the treatment.

The simulation model also accounted for common errors in patients' blood pressure readings based on what has been observed in routine clinical practice.

Even when including this error rate, the simulation model found the <120 mm Hg target prevented more cardiovascular events, such as heart attacks, strokes, and heart failure than the <130 mm Hg target. However, the lower target led to additional adverse events related to treatment, such as falls, kidney injury, hypotension, and bradycardia. The lower target also increased overall healthcare spending due to increased antihypertensive use and more frequent visits with clinicians.

Comparing the cost-effectiveness of the three blood pressure targets with typical levels of measurement error, the researchers found the <120 mm Hg target was cost-effective, associated with a cost of $42,000 per quality-adjusted life-year gained.

"This study should give patients at high cardiovascular risk and their clinicians more confidence in pursuing an intensive blood pressure goal," said lead author Karen Smith, PhD, an investigator at the Department of Orthopedic Surgery at Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system. "Our findings suggest the intensive <120 mm Hg target prevents more cardiovascular events and provides good value, and this holds true even when measurements aren't perfect."

Smith also cautioned, "Our results examine the cost-effectiveness of intensive treatment at the population level. However, given the additional risk of adverse events related to antihypertensives, intensive treatment will not be optimal for all patients. Patients and clinicians should work together to determine the appropriate medication intensity based on patient preferences."

Authorship: In addition to Smith, Mass General Brigham authors include Thomas Gaziano. Additional authors include Alvin Mushlin, David Cutler, Nicolas Menzies, and Ankur Pandya.

Funding: The study was funded by the National Science Foundation and the National Institute of Neurological Disorders and Stroke.
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			Scientists just found the brain's secret GPS system

			Researchers used neuroimaging and virtual reality to identify two brain regions that help people maintain their sense of direction while moving around.
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					Researchers discovered two brain regions that work as a "neural compass," keeping people oriented in virtual city navigation. These areas tracked direction consistently, hinting at new ways to detect and monitor neurological disorders that cause disorientation.
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 The brain has built-in compass regions that help us stay oriented, even in changing environments--insights that could aid in understanding and detecting neurological disease. Credit: AI/ScienceDaily.com

 





						Zhengang Lu and Russell Epstein, from the University of Pennsylvania, led a study to explore how people maintain their sense of direction while navigating naturalistic, virtual reality cities.


						
As reported in their new JNeurosci paper, the researchers collected neuroimaging data while 15 participants performed a taxi driving task in a virtual reality city. Two brain regions represented forward-facing direction as people moved around. This neural signal was consistent across variations of the city with different visual features. The signal was also consistent across different phases of the task (i.e., picking up a passenger versus driving a passenger to their drop-off location) and various locations in the city. Additional analyses suggested that these brain regions represent a broad range of facing directions by keeping track of direction relative to the north-south axis of the environment.

According to the researchers, these findings suggest that these brain regions may serve as a neural compass. Says Epstein, "Losing your sense of direction is something that can happen in neurodegenerative diseases, so continuing to explore the function of these two brain regions may help with early detection or monitoring progression of these diseases. We're also interested in understanding how people navigate using both visual and internal cues -- this would relate to the challenges faced by people with impaired vision."
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Genetic evidence confirms early puberty accelerates aging and disease | ScienceDaily
Reproductive timing matters when it comes to aging and age-related disease. In a study now online at eLife  Buck researchers determine that girls who go through puberty (the onset of menstruation) before the age of 11 or women who give birth before the age of 21 have double the risk of developing type 2 diabetes, heart failure and obesity and quadruple the risk of developing severe metabolic disorders. The study also reveals that later puberty and childbirth are genetically associated with longer lifespan, lower frailty, slower epigenetic aging and reduced risk of age-related diseases, including type 2 diabetes and Alzheimer's.


						
Buck professor Pankaj Kapahi, PhD, senior author of the study says the public health implications of the research are significant. "Even though women are routinely asked about their menstrual and childbirth history when they receive medical care, this information has rarely factored into the care they receive outside of OB/GYN," he says. "These risk factors, whether positive or negative, clearly have significant influence on a variety of age-related diseases and should be considered in the larger context of overall health."

The research was based on one of the most comprehensive analyses to date, using regression analysis on nearly 200,000 women in the UK Biobank to confirm genetic associations. "We identified 126 genetic markers that mediate the effects of early puberty and childbirth on aging," said postdoctoral fellow Yifan Xiang, MD, who led the research. "Many of these markers are involved in well-known longevity pathways, such as IGF-1, growth hormone, AMPK and mTOR signaling, key regulators of metabolism and aging."

Genetic associations for antagonistic pleiotropy in humans

Evolution is based on natural selection acting on traits early in life to encourage reproduction and survival of the species. The antagonistic pleiotropy theory of aging suggests that traits beneficial in the young can have negative effects later in life. "Our study provides some of the strongest human evidence for this theory," Kapahi says. "We show that genetic factors favoring early reproduction come with the significant cost later in life including accelerated aging and disease. It makes sense that the very factors that help enhance survival of the offspring may lead to detrimental consequences for the mother."

The role of BMI in aging and disease risk

Kapahi says the study highlights the role of Body Mass Index (BMI) as a critical mediator of this process, finding that early reproductive events contribute to a higher BMI, which in turn increases the risk of metabolic disease. "One can envisage that enhancing the ability to absorb nutrients would benefit the offspring but if nutrients are plentiful then it can enhance the risk of obesity and diabetes."

Implications for public health and basic science




Kapahi says understanding the long-term impact of reproductive timing allows for the development of personalized healthcare strategies that could help mitigate the risks associated with early puberty and early childbirth, adding that lifestyle modifications, metabolic screenings and tailored dietary recommendations could improve long-term health in women. He says taking reproductive timing into account is currently relevant based on research that shows the age at which girls in the US begin menstruating has dropped by about three months per decade since the 1970s. No specific causes for the phenomena have been identified, but research suggests obesity may play a role.

While updated research guidelines call for the use of both sexes in preclinical research in mice, Kapahi says this current study still challenges traditional experimental design, noting that most disease models use virgin female mice, which may not accurately represent real-world aging patterns.

"If evolution has shaped us to prioritize early reproduction at the cost of aging, how can we leverage this knowledge to extend healthspan in modern society? Kapahi asks. "While we cannot change our genetic inheritance, understanding these genetic tradeoffs empowers us to make informed choices about health, lifestyle and medical care." The study also identifies several genetic pathways that can be manipulated to optimize health for mothers as well as her offspring Kapahi says.

Other Buck researchers involved in the study include: Vineeta Tanwar, Parminder Singh, and Lizellen La Follette.

Acknowledgments: This research was supported by Hevolution Foundation (PK), National Institute of Health grant R01AG068288 and R01AG045835 (PK), Larry L. Hillblom Foundation (PK), and Larry L. Hillblom Foundation (PS).
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Scientists uncover sugar pathway driving aggressive childhood cancer | ScienceDaily
A new study delving into the genetic drivers of a rare and aggressive childhood cancer called Malignant Peripheral Nerve Sheath Tumor (MPNST) has revealed metabolic frailties in the cancer cells that might be exploited to improved treatments for patients.


						
MPNST is a rare and deadly childhood cancer, which mainly affects teenagers and young adults. These tumors grow quickly, spread easily, and don't respond well to current treatments. Metastasis is the leading cause of death in MPNST and there currently are no targeted treatments for metastatic disease.

The study, led by University of Iowa researchers Eric Taylor, PhD, professor of molecular physiology and biophysics, and Rebecca Dodd, PhD, associate professor of internal medicine, identifies a specific metabolic pathway that is critical for MPNST cells' survival and growth, which could potentially be targeted with future therapies.

Targeting cancer metabolism to slow tumor progression 

To better understand these tumors, the UI researchers used gene editing to create new research models that closely match the cancer-driving mutations found in patients. Using these models, they then applied state-of-the-art genomic and metabolomic tools to map the metabolic pathways that fuel tumor growth in MPNST.

The study, published in Science Advances, found that these cancers rely on a key metabolic pathway to help them survive oxidative stress and drive tumor growth. This pathway, known as the Pentose Phosphate Pathway (PPP), metabolizes sugar to produce a critical antioxidant molecule that the cancer cells require to combat oxidative stress. When the researchers blocked the PPP, the tumors grew more slowly and were more vulnerable to chemotherapy.

"This is the first time this specific metabolic pathway has been linked to MPNST tumor growth, making it a completely new target for therapy in this cancer type," Dodd says. "It opens the door to treatment strategies that haven't been explored before and could lead to more effective treatments and better outcomes for patients who urgently need new options."

The highly collaborative study combined Dodd's expertise in cancer biology with Taylor's expertise in metabolism. The lead author was UI graduate student Gavin McGivney, PhD, from Bayard in Guthrie County, Iowa, who was co-mentored by Dodd and Taylor. McGivney graduated from the UI Cancer Biology graduate program in 2024, and is now a postdoctoral scholar at University of Chicago. Dodd and Taylor are both members of UI Health Care Holden Comprehensive Cancer Center, and Taylor is a member of the UI Fraternal Order of Eagles Diabetes Research Center.

In addition to Dodd, Taylor, and McGivney, the research team also included UI researchers in the Departments of Internal Medicine, Molecular Physiology and Biophysics, and Radiation Oncology at the UI Roy J. and Lucille A. Carver College of Medicine. Researchers at Washington University School of Medicine, University of Texas MD Anderson Cancer Center, and the University of Toronto, were also part of the team.

The research was funded in part by grants from the Children's Tumor Foundation, the National Institutes of Health, the American Heart Association, the U.S. Department of Defense, and the American Cancer Society through Holden Comprehensive Cancer Center.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250820000752.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Tiny microbes may secretly rewire the brain before birth | ScienceDaily
    	Microbes, or microorganisms, are all around us and play an important role in bodily functions. MSU researchers found that microbes can also impact brain development. 
    	This work is significant because modern obstetric practices like peripartum antibiotic use and Cesarean delivery disturb the microbiome of mothers and newborns.

New research from Michigan State University finds that microbes play an important role in shaping early brain development, specifically in a key brain region that controls stress, social behavior, and vital body functions.

The study, published in Hormones and Behavior, used a mouse model to highlight how natural microbial exposure not only impacts brain structure immediately after birth but may even begin influencing development while still in the womb. A mouse model was chosen because mice share significant biological and behavioral similarities with humans and there are no other alternatives to study the role of microbes on brain development.

This work is of significance because modern obstetric practices, like peripartum antibiotic use and Cesarean delivery, disrupt maternal microbes. In the United States alone, 40% of women receive antibiotics around childbirth and one-third of all births occur via Cesarean section.

"At birth, a newborn body is colonized by microbes as it travels through the birth canal. Birth also coincides with important developmental events that shape the brain. We wanted to further explore how the arrival of these microbes may affect brain development," said Alexandra Castillo Ruiz, lead author of the study and assistant professor in the MSU Department of Psychology.

The research team focused on a brain region called the paraventricular nucleus of the hypothalamus (PVN), which plays a central role in regulating stress, blood pressure, water balance, and even social behavior. Their previous work had shown that mice raised without microbes, or germ-free mice, had more dying neurons in the PVN during early development. The new study set out to determine whether this increased cell death translated to changes in neuron number in the long run, and if any effects could be caused by the arrival of microbes at birth or if they began in the womb via signals from maternal microbes.

To find out, the researchers used a cross-fostering approach. Germ-free newborn mice were placed with mothers that had microbes and compared them to control groups. When the brains of these mice were examined just three days after birth, results were striking: All mice gestated by germ-free mothers had fewer neurons in the PVN, regardless of whether they received microbes after birth. They also found that germ-free adult mice had fewer neurons in the PVN.

"Our study shows that microbes play an important role in sculpting a brain region that is paramount for body functions and social behavior. In addition, our study indicates that microbial effects start in the womb via signaling from maternal microbes," said Dr. Castillo-Ruiz.

Rather than shunning our microbes, we should recognize them as partners in early life development," said Dr. Castillo-Ruiz. "They're helping build our brains from the very beginning."
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Columbia scientists may have found a universal antiviral | ScienceDaily
For a few dozen people in the world, the downside of living with a rare immune condition comes with a surprising superpower -- the ability to fight off all viruses.


						
Columbia immunologist Dusan Bogunovic discovered the individuals' antiviral powers about 15 years ago, soon after he identified the genetic mutation that causes the condition.

At first, the condition only seemed to increase vulnerability to some bacterial infections. But as more patients were identified, its unexpected antiviral benefits became apparent. Bogunovic, a professor of pediatric immunology at Columbia University's Vagelos College of Physicians and Surgeons, soon learned that everyone with the mutation, which causes a deficiency in an immune regulator called ISG15, has mild, but persistent systemic inflammation.

"The type of inflammation they had was antiviral, and that's when it dawned on me that these individuals could be hiding something," Bogunovic recalls. When he and his colleagues looked at the individuals' immune cells, they could see encounters with all sorts of viruses -- flu, measles, mumps, chickenpox. But the patients had never reported any overt signs of infection or illness.

"In the back of my mind, I kept thinking that if we could produce this type of light immune activation in other people, we could protect them from just about any virus," Bogunovic says.

Today, Bogunovic is closing in on a therapeutic strategy that could provide that broad-spectrum protection against viruses and become an important weapon in next pandemic.

In his latest study, published Aug. 13 in Science Translational Medicine, Bogunovic and his team report that an experimental therapy they've developed temporarily gives recipients (hamsters and mice, so far) the same antiviral superpower as people with ISG15 deficiency. When administered prophylactically into the animals' lungs via a nasal drip, the therapy prevented viral replication of influenza and SARS-CoV-2 viruses and lessened disease severity.




In cell culture, "we have yet to find a virus that can break through the therapy's defenses," Bogunovic says.

Mimicking the immune superpowers of a rare condition 

Bogunovic's therapy is designed to mimic what happens in people with ISG15 deficiency, but only for a short time.

Instead of turning off ISG15 directly -- which leads to the production of more than 60 proteins -- Bogunovic's therapeutic turns on production of 10 proteins that are primarily responsible for the broad antiviral protection.

The current design resembles COVID mRNA vaccines but with a twist: Ten mRNAs encoding the 10 proteins are packaged inside a lipid nanoparticle. Once the nanoparticles are absorbed by the recipient's cells, the cells generate the ten host proteins to produce the antiviral protection.

"We only generate a small amount of these ten proteins, for a very short time, and that leads to much less inflammation than what we see in ISG15-deficient individuals," Bogunovic says. "But that inflammation is enough to prevent antiviral diseases."

Foundation for future therapy 




Bogunovic's team sees their technology as a weapon for the next pandemic -- providing protection for first responders, people in nursing homes, and family members of infected individuals -- regardless of the responsible virus.

"We believe the technology will work even if we don't know the identity of the virus," Bogunovic says. Importantly, the antiviral protection provided by the technology will not prevent people from developing their own immunological memory to the virus for longer-term protection.

But the technology's drug delivery and absorption properties still need optimization. When delivered to animals via nanoparticles, the 10 proteins were produced in the lungs, "but probably not at high enough levels that makes us comfortable going into people immediately," Bogunovic says.

"Once the therapy reaches our cells, it works, but the delivery of any nucleic acid, DNA or RNA, into the part of the body you want to protect is currently the biggest challenge in the field." The researchers also need to determine how long the therapy's antiviral protection will last, currently estimated at three to four days.

"Our findings reinforce the power of research driven by curiosity without preconceived notions," Bogunovic says. "We were not looking for an antiviral when we began studying our rare patients, but the studies have inspired the potential development of a universal antiviral for everyone."

The study, "An mRNA-based broad-spectrum antiviral inspired by ISG15 deficiency protects against viral infections in vitro and in vivo," was published Aug. 13 in Science Translational Medicine.

All authors: Yemsratch T. Akalu (Columbia), Roosheel S. Patel (Columbia and Icahn School of Medicine at Mount Sinai), Justin Taft (Columbia and Mount Sinai), Rodrigo Canas-Arranz (Mount Sinai), Rachel Geltman (Columbia and Mount Sinai), Ashley Richardson (Mount Sinai), Sofija Buta (Columbia), Marta Martin-Fernandez (Columbia and Instituto de Salud Carlos III), Christos Sazeides (Columbia and Mount Sinai), Rebecca L. Pearl (Mount Sinai), Gayatri Mainkar (Mount Sinai), Andrew P. Kurland (Columbia and Mount Sinai), Haylen Rosberger (Mount Sinai), Diana D. Kang (Mount Sinai), Ann Anu Kurian (Mount Sinai), Keerat Kaur (Mount Sinai), Jennie Altman (Mount Sinai), Yizhou Dong (Mount Sinai), Jeffrey R. Johnson (Mount Sinai), Lior Zangi (Mount Sinai), Jean K. Lim (Mount Sinai), Randy A. Albrecht (Mount Sinai), Adolfo Garcia-Sastre (Mount Sinai), Brad R. Rosenberg (Mount Sinai), and Dusan Bogunovic (Columbia).

This research was supported by grants and contracts from the National Institute of Allergy and Infectious Diseases (R01AI151029, R01AI127372, R41AI164999, R21AI134366, R21AI129827, R01AI150837, R01AI124690, T32AI07647, U19AI135972, and 75N93021C00014); the March of Dimes; the Department of Microbiology, Icahn School of Medicine at Mount Sinai Fund; and the Defense Advancement Research Projects Agency (grant HR0011-19-2-319 0020).

Dusan Bogunovic reports ownership in Lab11 Therapeutics.
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A new cancer vaccine just wiped out tumors in mice | ScienceDaily
An experimental mRNA vaccine boosted the tumor-fighting effects of immunotherapy in a mouse-model study, bringing researchers one step closer to their goal of developing a universal vaccine to "wake up" the immune system against cancer.


						
Published recently in Nature Biomedical Engineering, the University of Florida study showed that like a one-two punch, pairing the test vaccine with common anticancer drugs called immune checkpoint inhibitors triggered a strong antitumor response.

A surprising element, researchers said, was that they achieved the promising results not by attacking a specific target protein expressed in the tumor, but by simply revving up the immune system -- spurring it to respond as if fighting a virus. They did this by stimulating the expression of a protein called PD-L1 inside of tumors, making them more receptive to treatment. The research was supported by multiple federal agencies and foundations, including the National Institutes of Health.

Senior author Elias Sayour, M.D., Ph.D., a UF Health pediatric oncologist, said the results reveal a potential new treatment path -- an alternative to surgery, radiation and chemotherapy -- with broad implications for battling many types of treatment-resistant tumors.

"This paper describes a very unexpected and exciting observation: that even a vaccine not specific to any particular tumor or virus -- so long as it is an mRNA vaccine -- could lead to tumor-specific effects," said Sayour, principal investigator at the RNA Engineering Laboratory within UF's Preston A. Wells Jr. Center for Brain Tumor Therapy.

"This finding is a proof of concept that these vaccines potentially could be commercialized as universal cancer vaccines to sensitize the immune system against a patient's individual tumor," said Sayour, a McKnight Brain Institute investigator and co-leader of a program in immuno-oncology and microbiome research.

Until now, there have been two main ideas in cancer-vaccine development: To find a specific target expressed in many people with cancer, or to tailor a vaccine that is specific to targets expressed within a patient's own cancer.




"This study suggests a third emerging paradigm," said Duane Mitchell, M.D., Ph.D., a co-author of the paper. "What we found is by using a vaccine designed not to target cancer specifically but rather to stimulate a strong immunologic response, we could elicit a very strong anticancer reaction. And so this has significant potential to be broadly used across cancer patients -- even possibly leading us to an off-the-shelf cancer vaccine."

For more than eight years, Sayour has pioneered high-tech anticancer vaccines by combining lipid nanoparticles and mRNA. Short for messenger RNA, mRNA is found inside every cell -- including tumor cells -- and serves as a blueprint for protein production.

This new study builds upon a breakthrough last year by Sayour's lab: In a first-ever human clinical trial, an mRNA vaccine quickly reprogrammed the immune system to attack glioblastoma, an aggressive brain tumor with a dismal prognosis. Among the most impressive findings in the four-patient trial was how quickly the new method -- which used a "specific" or personalized vaccine made using a patient's own tumor cells -- spurred a vigorous immune-system response to reject the tumor.

In the latest study, Sayour's research team adapted their technology to test a "generalized" mRNA vaccine -- meaning it was not aimed at a specific virus or mutated cells of cancer but engineered simply to prompt a strong immune system response. The mRNA formulation was made similarly to the COVID-19 vaccines, rooted in similar technology, but wasn't aimed directly at the well-known spike protein of COVID.

In mouse models of melanoma, the team saw promising results in normally treatment-resistant tumors when combining the mRNA formulation with a common immunotherapy drug called a PD-1 inhibitor, a type of monoclonal antibody that attempts to "educate" the immune system that a tumor is foreign, said Sayour, a professor in UF's Lillian S. Wells Department of Neurosurgery and the Department of Pediatrics in the UF College of Medicine.

Taking the research a step further, in mouse models of skin, bone and brain cancers, the investigators found beneficial effects when testing a different mRNA formulation as a solo treatment. In some models, the tumors were eliminated entirely.




Sayour and colleagues observed that using an mRNA vaccine to activate immune responses seemingly unrelated to cancer could prompt T cells that weren't working before to actually multiply and kill the cancer if the response spurred by the vaccine is strong enough.

Taken together, the study's implications are striking, said Mitchell, who directs the UF Clinical and Translational Science Institute and co-directs UF's Preston A. Wells Jr. Center for Brain Tumor Therapy.

"It could potentially be a universal way of waking up a patient's own immune response to cancer," Mitchell said. "And that would be profound if generalizable to human studies."

The results, he said, show potential for a universal cancer vaccine that could activate the immune system and prime it to work in tandem with checkpoint inhibitor drugs to seize upon cancer -- or in some cases, even work on its own to kill cancer.

Now, the research team is working to improve current formulations and move to human clinical trials as rapidly as possible.
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This overlooked trait could explain anxiety and depression in millions | ScienceDaily
The meta-analysis of 33 studies, the first of its kind, looked at the relationship between sensitivity and common mental health problems such as depression and anxiety. Researchers found there was a significant, positive relationship between the two, concluding that highly sensitive people are more likely to experience depression and anxiety compared to those who are less sensitive.


						
In the study, sensitivity was defined as a personality trait that reflects people's capacity to perceive and process environmental stimuli such as bright lights, subtle changes in the environment and other peoples' moods. Often overlooked in mental health studies and clinical practice, which tend to focus on neuroticism and its association with mental health conditions, this research shows that understanding a person's sensitivity level is important and can have therapeutic implications.

For example, people with more sensitive personality traits may be more likely to benefit from treatment plans which involve techniques such as applied relaxation and mindfulness, which can also prevent relapse.

Tom Falkenstein, a psychotherapist and a PhD student at Queen Mary University of London, said: "This is the most extensive systematic review on sensitivity and mental health in adolescents and adults to date, and is the first ever meta-analysis on the topic to estimate the impact of this relationship. We found positive and moderate correlations between sensitivity and various mental health problems such as depression, anxiety, post-traumatic stress disorder, agoraphobia and avoidant personality disorder. Our findings suggest that sensitivity should be considered more in clinical practice which could be used to improve diagnosis of conditions."

"In addition, our findings could help improve treatment for these individuals. Around 31% of the general population are considered highly sensitive, and, as our findings show, are more likely to respond better to some psychological interventions than less sensitive individuals. Therefore, sensitivity should be considered when thinking about treatment plans for mental health conditions. Our work shows it is crucial that the awareness of sensitivity is improved among mental health care professionals, so clinicians and practitioners can recognize the trait in their patients, and tailor treatment to their sensitivity."

Michael Pluess, Professor in Developmental Psychology at University of Surrey and Visiting Professor at Queen Mary University of London said:

"This is the first meta-analysis providing robust evidence that highly sensitive people are more prone to common mental health problems. However, it is important to remember that highly sensitive people are also more responsive to positive experiences, including psychological treatment. Our results provide further evidence that sensitive people are more affected by both negative and positive experiences and that the quality of their environment is particularly important for their well-being."

The systematic review and meta analysis of 33 studies was carried out by an academic team from several universities including Queen Mary University and the University of Surrey.

Authors include Tom Falkenstein (Queen Mary University of London), Luke Satori (Kings College London), Margherita Malanchini, (Queen Mary University of London) Kristin Hadfield (Trinity College Dublin) and Michael Pluess (University of Surrey).
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Even mild Covid may leave blood vessels five years older | ScienceDaily
A Covid infection, particularly in women, may lead to blood vessels aging around five years, according to research published today (August 18) in the European Heart Journal.


						
Blood vessels gradually become stiffer with age, but the new study suggests that Covid could accelerate this process. Researchers say this is important since people with stiffer blood vessels face a higher risk of cardiovascular disease, including stroke and heart attack.

The study was led by Professor Rosa Maria Bruno from Universite Paris Cite, France. She said: "Since the pandemic, we have learned that many people who have had Covid are left with symptoms that can last for months or even years. However, we are still learning what's happening in the body to create these symptoms.

"We know that Covid can directly affect blood vessels. We believe that this may result in what we call early vascular aging, meaning that your blood vessels are older than your chronological age and you are more susceptible to heart disease. If that is happening, we need to identify who is at risk at an early stage to prevent heart attacks and strokes."

The study included 2,390 people from 16 different countries (Austria, Australia, Brazil, Canada, Cyprus, France, Greece, Italy, Mexico, Norway, Turkey, UK and US) who were recruited between September 2020 to February 2022. They were categorized according to whether they had never had Covid, had recent Covid but were not hospitalized, hospitalized for Covid on a general ward or hospitalized for Covid in an intensive care unit.

Researchers assessed each person's vascular age with a device that measures how quickly a wave of blood pressure travels between the carotid artery (in the neck) and femoral arteries (in the legs), a measure called carotid-femoral pulse wave velocity (PWV). The higher this measurement, the stiffer the blood vessels and the higher the vascular age of a person. Measurements were taken six months after Covid infection and again after 12 months.

Researchers also recorded demographic information such as patient's sex, age and other factors that can influence cardiovascular health.




After taking these factors into consideration, researchers found that all three groups of patients who had been infected with Covid, including those with mild Covid, had stiffer arteries, compared to those who had not been infected. The effect was greater in women than in men and in people who experienced the persistent symptoms of long Covid, such as shortness of breath and fatigue.

The average increase in PWV in women who had mild Covid was 0.55 meters per second, 0.60 in women hospitalized with Covid, and 1.09 for women treated in intensive care. Researchers say

an increase of around 0.5 meters per second is "clinically relevant" and equivalent to aging around five years, with a 3% increased risk of cardiovascular disease, in a 60-year-old woman.

People who had been vaccinated against Covid generally had arteries that were less stiff than people who were unvaccinated. Over the longer term, the vascular aging associated with Covid infection seemed to stabilize or improve slightly.

Professor Bruno said: "There are several possible explanations for the vascular effects of Covid. The Covid-19 virus acts on specific receptors in the body, called the angiotensin-converting enzyme 2 receptors, that are present on the lining of the blood vessels. The virus uses these receptors to enter and infect cells. This may result in vascular dysfunction and accelerated vascular aging. Our body's inflammation and immune responses, which defend against infections, may be also involved.

"One of the reasons for the difference between women and men could be differences in the function of the immune system. Women mount a more rapid and robust immune response, which can protect them from infection. However, this same response can also increase damage to blood vessels after the initial infection.




"Vascular aging is easy to measure and can be addressed with widely available treatments, such as lifestyle changes, blood pressure-lowering and cholesterol-lowering drugs. For people with accelerated vascular aging, it is important to do whatever possible to reduce the risk of heart attacks and strokes."

Professor Bruno and her colleagues will continue to follow the participants over the coming years to establish whether the accelerated vascular aging they have found leads to an increased risk of heart attacks and strokes in the future.

In an accompanying editorial  Dr Behnood Bikdeli from Harvard Medical School, Boston, USA and colleagues said: "Although the acute threat of the COVID-19 pandemic has waned, a new challenge emerged in its aftermath: post-acute COVID-19 syndrome. Defined by the World Health Organization as symptoms appearing three months post-infection and lasting at least two months, studies suggest that up to 40% of initial COVID-19 survivors develop this syndrome.

"This large, multicentre, prospective cohort study enrolled 2390 participants from 34 centres to investigate whether arterial stiffness, as measured by PWV, persisted in individuals with recent COVID-19 infection. [...] sex-stratified analyses revealed striking differences: females across all COVID-19-positive groups had significantly elevated PWV, with the highest increase (+1.09 m/s) observed in those requiring ICU admission.

"The CARTESIAN study makes the case that COVID-19 has aged our arteries, especially for female adults. The question is whether we can find modifiable targets to prevent this in future surges of infection, and mitigate adverse outcomes in those afflicted with COVID-19-induced vascular aging."
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Is ketamine the answer for chronic pain? New findings cast doubt | ScienceDaily
The off-label use of ketamine to treat chronic pain is not supported by scientific evidence, a new Cochrane review has found.


						
Ketamine is an anaesthetic commonly used for procedural sedation and short-term pain relief. Ketamine is also frequently prescribed off-label to manage chronic pain conditions such as nerve pain, fibromyalgia and complex regional pain syndrome. It is one of several NMDA receptor antagonists -- a group of drugs thought to reduce pain by blocking certain brain receptors involved in pain signalling.

The review, conducted by researchers from UNSW Sydney, Neuroscience Research Australia (NeuRA), and Brunel University of London, examined 67 trials involving over 2,300 adult participants. It assessed five NMDA receptor antagonists: ketamine, memantine, dextromethorphan, amantadine, and magnesium. Results show no clear evidence of benefit for ketamine in chronic pain and identified an increased risk of adverse effects such as delusions, delirium, paranoia, nausea, and vomiting. Evidence was rated low to very low certainty, due to small study sizes and poor methodological quality.

"We want to be clear - we're not saying ketamine is ineffective, but there's a lot of uncertainty," said Michael Ferraro, Doctoral Candidate at UNSW and NeuRA, first author of the review. "The data could point to a benefit or no effect at all. Right now, we just don't know."

Researchers looked at the effects across various chronic pain conditions and dosing strategies but found no clear evidence of benefit in any specific condition or dose. Side effects were a major concern, particularly with intravenous use.

"The most common adverse events we saw were psychotomimetic effects such as delusions, delirium and paranoia, as well as nausea and vomiting." said Ferraro. "These effects are distressing for many patients. Clinicians often try to balance the dose for pain relief without triggering those symptoms, but this isn't always achieved."

The review also found no studies that reported on two key outcomes: whether ketamine reduced depressive symptoms or opioid use. This is notable, as ketamine is often proposed for patients with depressive symptoms or opioid tolerance.

"This group of drugs, and ketamine in particular, are in relatively common use for chronic pain around the world. Yet we have no convincing evidence that they are delivering meaningful benefits for people with pain, even in the short term," said Neil O'Connell, Professor at Brunel University of London, co-senior author of the review. "That seems a good reason to be cautious in the clinic and clearly indicates an urgent need to undertake high quality trials."

The authors hope the review will help inform patients and clinicians weighing up potential benefits and harms, and guide future research. While more evidence is needed, this review highlights the importance of high-quality trials to understand whether ketamine has a role in chronic pain care.

"We've seen the harm that can come from taking medicines developed for acute pain and applying them to chronic pain, opioids are a prime example. Now we're seeing a similar pattern with ketamine," said co-senior author James McAuley, Professor at UNSW and senior researcher at NeuRA. "As opioid prescribing is slowly reduced, there's a growing demand for alternatives, but we need to be careful not to rush into widespread use without strong evidence."
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Forget LASIK: Safer, cheaper vision correction could be coming soon | ScienceDaily
Millions of Americans have altered vision, ranging from blurriness to blindness. But not everyone wants to wear prescription glasses or contact lenses. Accordingly, hundreds of thousands of people undergo corrective eye surgery each year, including LASIK -- a laser-assisted surgery that reshapes the cornea and corrects vision. The procedure can result in negative side effects, prompting researchers to take the laser out of LASIK by remodeling the cornea, rather than cutting it, in initial animal tissue tests.


						
Michael Hill, a professor of chemistry at Occidental College, will present his team's results at the fall meeting of the American Chemical Society (ACS). ACS Fall 2025 is being held Aug. 17-21; it features about 9,000 presentations on a range of science topics.

Human corneas are dome-shaped, clear structures that sit at the front of the eye, bending light from surroundings and focusing it onto the retina, where it's sent to the brain and interpreted as an image. But if the cornea is misshapen, it doesn't focus light properly, resulting in a blurry image. With LASIK, specialized lasers reshape the cornea by removing precise sections of the tissue. This common procedure is considered safe, but it has some limitations and risks, and cutting the cornea compromises the structural integrity of the eye. Hill explains that "LASIK is just a fancy way of doing traditional surgery. It's still carving tissue -- it's just carving with a laser."

But what if the cornea could be reshaped without the need for any incisions?

This is what Hill and collaborator Brian Wong are exploring through a process known as electromechanical reshaping (EMR). "The whole effect was discovered by accident," explains Wong, a professor and surgeon at the University of California, Irvine. "I was looking at living tissues as moldable materials and discovered this whole process of chemical modification."

In the body, the shapes of many collagen-containing tissues, including corneas, are held in place by attractions of oppositely charged components. These tissues contain a lot of water, so applying an electric potential to them lowers the tissue's pH, making it more acidic. By altering the pH, the rigid attractions within the tissue are loosened and make the shape malleable. When the original pH is restored, the tissue is locked into the new shape.

Previously, the researchers used EMR to reshape cartilage-rich rabbit ears, as well as alter scars and skin in pigs. But one collagen-rich tissue that they were eager to explore was the cornea.




In this work, the team constructed specialized, platinum "contact lenses" that provided a template for the corrected shape of the cornea, then placed each over a rabbit eyeball in a saline solution meant to mimic natural tears. The platinum lens acted as an electrode to generate a precise pH change when the researchers applied a small electric potential to the lens. After about a minute, the cornea's curvature conformed to the shape of the lens -- about the same amount of time LASIK takes, but with fewer steps, less expensive equipment and no incisions.

They repeated this setup on 12 separate rabbit eyeballs, 10 of which were treated as if they had myopia, or nearsightedness. In all the "myopic" eyeballs, the treatment dialed in the targeted focusing power of the eye, which would correspond to improved vision. The cells in the eyeball survived the treatment, because the researchers carefully controlled the pH gradient. Additionally, in other experiments, the team demonstrated that their technique might be able to reverse some chemical-caused cloudiness to the cornea -- a condition that is currently only treatable through a complete corneal transplant.

Though this initial work is promising, the researchers emphasize that it is in its very early stages. Next up is what Wong describes as, "the long march through animal studies that are detailed and precise," including tests on a living rabbit rather than just its eyeball. They also plan to determine the types of vision correction possible with EMR, such as near- and far-sightedness and astigmatism. Though the next steps are planned, uncertainties in the team's scientific funding have put them on hold. "There's a long road between what we've done and the clinic. But, if we get there, this technique is widely applicable, vastly cheaper and potentially even reversible," concludes Hill.

Title Electrochemical corneal refraction

Abstract The cornea is a transparent, highly organized anatomical structure that is responsible for ~2/3 of the refractive power of the eye. The corneal stroma consists of orthogonally stacked collagen- fibril lamellae whose molecular composition and precise macromolecular geometry eliminate backscattered light and maintain the shape of the cornea. Anatomical variation, birth defects, trauma, and various pathologies can alter the shape, structural stability, and transparency of the cornea, thus affecting vision. Surgical interventions to treat myopia, hyperopia, and astigmatism include laser-assisted in situ keratomileusis (LASIK) and photorefractive keratectomy (PRK). Despite their popularity, these procedures are expensive and permanently lower the biomechanical strength of the cornea. Here we report our efforts to apply electromechanical reshaping (EMR) as a molecular- based, non-ablative/non-incisional alternative to laser vision refraction, using ex vivo rabbit globes. EMR relies on short electrochemical pulses to electrolyze interstitial water, with subsequent diffusion of protons into the extracellular matrix of collagenous tissues; protonation of immobilized anions within this matrix disrupts the ionic-bonding network that provides structural integrity. This leaves the tissue transiently responsive to mechanical remodeling; subsequent re-equilibration to physiological pH restores the ionic matrix, resulting in persistent shape change of the tissue. Optical coherence tomography (OCT), second-harmonic generation (SHG), and confocal microscopy suggest that EMR enables control over corneal contouring while maintaining the underlying macromolecular collagen structure and stromal cellular viability.

This research was funded by the National Eye Institute of the National Institutes of Health and the John Stauffer Charitable Trust.
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Stunning galaxy blooms with pink nebulae in Hubble's new image | ScienceDaily
Today's NASA/ESA Hubble Space Telescope Picture of the Week offers a closeup of a nearby spiral galaxy. The subject is NGC 2835, which lies 35 million light-years away in the constellation Hydra (The Water Snake).


						
A previous Hubble image of this galaxy was released in 2020, and the NASA/ESA/CSA James Webb Space Telescope turned its gaze toward NGC 2835 in recent years as well. Do you see anything different between today's image of NGC 2835 and the previously released versions? Overall, NGC 2835 looks quite similar in all of these images, with spiral arms dotted with young blue stars sweeping around an oval-shaped center, where older stars reside.

This image differs from previously released images because it incorporates new data from Hubble that captures a specific wavelength of red light called H-alpha. The regions that are bright in H-alpha emission can be seen along NGC 2835's spiral arms, where dozens of bright pink nebulae appear like flowers in bloom. Astronomers are interested in H-alpha light because it signals the presence of several different types of nebulae that arise during different stages of a star's life. Newborn massive stars create nebulae called H II regions that are particularly brilliant sources of H-alpha light, while dying stars can leave behind supernova remnants or planetary nebulae that can also be identified by their H-alpha emission.

By using Hubble's sensitive instruments to survey 19 nearby galaxies, researchers aim to identify more than 50,000 nebulae. These observations will help to explain how stars affect their birth neighborhoods through intense starlight and winds.
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Trojan horse bacteria sneak cancer-killing viruses into tumors | ScienceDaily
Researchers at Columbia Engineering have built a cancer therapy that makes bacteria and viruses work as a team. In a study published recently in Nature Biomedical Engineering, the Synthetic Biological Systems Lab shows how their system hides a virus inside a tumor-seeking bacterium, smuggles it past the immune system, and unleashes it inside cancerous tumors.


						
The new platform combines the bacteria's tendency to find and attack tumors with the virus's natural preference for infecting and killing cancerous cells. Tal Danino, an associate professor of biomedical engineering at Columbia Engineering, led the team's effort to create the system, which is called CAPPSID (short for Coordinated Activity of Prokaryote and Picornavirus for Safe Intracellular Delivery). Charles M. Rice, an expert in virology at The Rockefeller University, collaborated with the Columbia team.

"We aimed to enhance bacterial cancer therapy by enabling the bacteria to deliver and activate a therapeutic virus directly inside tumor cells, while engineering safeguards to limit viral spread outside the tumor," says co-lead author Jonathan Pabon, an MD/PhD candidate at Columbia.

The researchers believe that this technology -- validated in mice -- represents the first example of directly engineered cooperation between bacteria and cancer-targeting viruses.

The approach combines the bacteria's instinct for homing in on tumors with a virus's knack for infecting and killing cancer cells. "By bridging bacterial engineering with synthetic virology, our goal is to open a path toward multi-organism therapies that can accomplish far more than any single microbe could achieve alone," says Zakary S. Singer, a co-lead author and former postdoctoral researcher in Tal Danino's lab.

"This is probably our most technically advanced and novel platform to date," says Danino, who is also affiliated with the Herbert Irving Comprehensive Cancer Center at Columbia University Irving Medical Center and Columbia's Data Science Institute.

Sneaking past the immune system

One of the biggest hurdles in oncolytic virus therapy is the body's own defense system. If a patient has antibodies against the virus -- from a prior infection or vaccination -- those antibodies can neutralize it before it reaches a tumor. The Columbia team sidestepped that problem by tucking the virus inside tumor-seeking bacteria.




"The bacteria act as an invisibility cloak, hiding the virus from circulating antibodies, and ferrying the virus to where it is needed," Singer says.

Pabon says this strategy is especially important for viruses that people are already exposed to in daily life.

"Our system demonstrates that bacteria can potentially be used to launch an oncolytic virus to treat solid tumors in patients who have developed immunity to these viruses," he says.

Targeting the tumor

The system's bacterial half is Salmonella typhimurium, a species that naturally migrates to the low-oxygen, nutrient-rich environment inside tumors. Once there, the bacteria invade cancer cells and release the virus directly into the tumor's interior.

"We programmed the bacteria to act as a Trojan horse by shuttling the viral RNA into tumors and then lyse themselves directly inside of cancer cells to release the viral genome, which could then spread between cancer cells," Singer says.




By exploiting the bacteria's tumor-homing instincts and the virus's ability to replicate inside cancer cells, the researchers created a delivery system that can penetrate the tumor and spread throughout it -- a challenge that has limited both bacteria- and virus-only approaches.

Safeguarding against runaway infections

A key concern with any live virus therapy is controlling its spread beyond the tumor. The team's system solved that problem with a molecular trick: making sure the virus couldn't spread without a molecule it can only get from the bacteria. Since the bacteria stay put in the tumor, this vital component (called a protease) isn't available anywhere else in the body.

"Spreadable viral particles could only form in the vicinity of bacteria, which are needed to provide special machinery essential for viral maturation in the engineered virus, providing a synthetic dependence between microbes," Singer says. That safeguard adds a second layer of control: even if the virus escapes the tumor, it won't spread in healthy tissue.

"It is systems like these -- specifically oriented towards enhancing the safety of these living therapies -- that will be essential for translating these advances into the clinic," Singer says.

Further research and clinical applications

This publication marks a significant step toward making this type of bacteria-virus system available for future clinical applications.

"As a physician-scientist, my goal is to bring living medicines into the clinic," Pabon says. "Efforts toward clinical translation are currently underway to translate our technology out of the lab."

Danino, Rice, Singer, and Pabon have filed a patent application (WO2024254419A2) with the U.S. Patent and Trademark Office related to this work.

Looking ahead, the team is testing the approach in a wider range of cancers, using different tumor types, mouse models, viruses, and payloads, with an eye to developing a "toolkit" of viral therapies that can sense and respond to specific conditions inside a cell. They are also evaluating how this system can be combined with strains of bacteria that have already demonstrated safety in clinical trials.
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One small walking adjustment could delay knee surgery for years | ScienceDaily
Nearly a quarter of people over the age of 40 experience painful osteoarthritis, making it a leading cause of disability in adults. Osteoarthritis degrades joint-cushioning cartilage, and there is currently no way of reversing this damage: the only option is to manage pain with medication, and eventually, joint replacement.


						
Researchers from the University of Utah, New York University and Stanford University are now demonstrating the potential for another option: gait retraining.

By making a small adjustment to the angle of their foot while walking, participants in a year-long randomized control trial experienced pain relief equivalent to medication. Critically, those participants also showed less knee cartilage degradation over that period as compared to a group that received a placebo treatment.

Published in The Lancet Rheumatologyand co-led by Scott Uhlrich of Utah's John and Marcia Price College of Engineering, these findings come from the first placebo-controlled study to demonstrate the effectiveness of a biomechanical intervention for osteoarthritis.

"We've known that for people with osteoarthritis, higher loads in their knee accelerate progression, and that changing the foot angle can reduce knee load," said Uhlrich, an assistant professor of mechanical engineering. "So the idea of a biomechanical intervention is not new, but there have not been randomized, placebo-controlled studies to show that they're effective."

With support from the National Institutes of Health and other federal agencies, the researchers were specifically looking at patients with mild-to-moderate osteoarthritis in the medial compartment of the knee -- on the inside of the leg -- which tends to bear more weight than the lateral, outside, compartment. This form of osteoarthritis is the most common, but the ideal foot angle for reducing load in the medial side of the knee differs from person to person depending on their natural gait and how it changes when they adopt the new walking pattern.

"Previous trials prescribed the same intervention to all individuals, resulting in some individuals not reducing, or even increasing, their joint loading," Uhlrich said. "We used a personalized approach to selecting each individual's new walking pattern, which improved how much individuals could offload their knee and likely contributed to the positive effect on pain and cartilage that we saw."

In their first two visits, participants received a baseline MRI and practiced walking on a pressure-sensitive treadmill while motion-capture cameras recorded the mechanics of their gait. This allowed the researchers to determine whether turning the patient's toe inward or outward would reduce load more, and whether a 5deg or 10deg adjustment would be ideal.




This personalized analysis also screened out potential participants who could not benefit from the intervention, as none of the foot angle changes could decrease loading in their knees. These participants were included in previous studies, which may have contributed to those studies' inconclusive pain results.

Moreover, after their initial intake sessions, half of the 68 participants were assigned to a sham treatment group to control for the placebo effect. These participants were prescribed foot angles that were actually identical to their natural gait. Conversely, participants in the intervention group were prescribed the change in foot angle that maximally reduced their knee loading.

Participants from both groups returned to the lab for six weekly training sessions, where they received biofeedback -- vibrations from a device worn on the shin -- that helped them maintain the prescribed foot angle while walking on the lab's treadmill. After the six-week training period, participants were encouraged to practice their new gait for at least 20 minutes a day, to the point where it became natural. Periodic check-in visits showed that participants were adhering to their prescribed foot angle within a degree on average.

After a year, all participants self-reported their experience of knee pain and had a second MRI to quantitatively assess the damage to their knee cartilage.

"The reported decrease in pain over the placebo group was somewhere between what you'd expect from an over-the-counter medication, like ibuprofen, and a narcotic, like oxycontin," Uhlrich said. "With the MRIs, we also saw slower degradation of a marker of cartilage health in the intervention group, which was quite exciting."

Beyond the quantitative measures of effectiveness, participants in the study expressed enthusiasm for both the approach and the results. One participant said: "I don't have to take a drug or wear a device...it's just a part of my body now that will be with me for the rest of my days, so that I'm thrilled with."

Participants' ability to adhere to the intervention over long periods of time is one of its potential advantages.




"Especially for people in their 30's, 40's, or 50's, osteoarthritis could mean decades of pain management before they're recommended for a joint replacement," Uhrlich said. "This intervention could help fill that large treatment gap."

Before this intervention can be clinically deployed, the gait retraining process will need to be streamlined. The motion-capture technique used to make the original foot angle prescription is expensive and time-consuming; the researchers envision this intervention to eventually be prescribed in a physical therapy clinic and retraining can happen while people go for a walk around their neighborhood.

"We and others have developed technology that could be used to both personalize and deliver this intervention in a clinical setting using mobile sensors, like smartphone video and a 'smart shoe'," Uhlrich said. Future studies of this approach are needed before the intervention can be made widely available to the public.
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A $2 gold nanotech test that detects deadly diseases in minutes | ScienceDaily
Researchers at Arizona State University have developed a breakthrough diagnostic tool that could transform how quickly and reliably we detect illnesses like COVID-19, Ebola, AIDS or Lyme disease. The test uses just a single drop of blood, costs a couple of dollars and delivers results in only 15 minutes.


						
In a new study, the researchers show the test can detect the virus that causes COVID-19 with pinpoint accuracy, clearly distinguishing it from other infections.

The new diagnostic device, called NasRED (Nanoparticle-Supported Rapid Electronic Detection), is simple and portable enough to be used almost anywhere -- from remote rural clinics to busy urban hospitals. The tool provides lab-quality accuracy without expensive equipment and does not require specialized training, giving it the potential to become a public health game changer.

"We have the speed and ease of use of a rapid antigen test with sensitivity that's even better than lab-based tests," says Chao Wang, lead author of the new study. "This is very difficult to achieve."

Wang is an associate professor with the Biodesign Center for Molecular Design and Biomimetics and ASU's School of Electrical, Computer and Energy Engineering. He is joined by ASU researchers Yeji Choi, Seyedsina Mirjalili, Ashif Ikbal, Sean McClure, Maziyar Kalateh Mohammadi, Scott Clemens, Jose Solano, John Heggland, Tingting Zhang and Jiawei Zuo.

The research appears in the current issue of the journal ACS Nano.

Halting the spread of infectious diseases

Infectious diseases are one of humanity's deadliest threats, causing immense suffering and economic damage worldwide. Collectively, infectious diseases cause over 10 million deaths around the world each year, and they are the leading cause of death in low-income countries.




Nearly 800,000 Americans die or are permanently disabled every year due to diagnostic errors, according to a study published in BMJ Quality & Safety. Many of these cases involve infections or vascular events that might have been treatable if caught early.

In many low- and middle-income countries, access to reliable diagnostic testing is limited or nonexistent. Expensive equipment, shortages of trained personnel and long turnaround times all contribute to delayed or missed diagnoses -- often with deadly consequences.

A fast, affordable and portable test like NasRED would enable frontline health workers globally to detect infections early and respond before outbreaks spiral out of control.

"In many parts of the world, including the U.S., diseases are spreading, but people often don't get tested -- even for something like HIV. Ideally, you'd want to test them regularly, to catch infections early," Wang says. "For example, people who use injection drugs are at higher risk for HIV or HCV, but they may be living in the streets and hard to reach. If we don't test them consistently over time, we may miss the chance to intervene -- until they develop serious complications like cancer or liver disease, when it's much harder to treat."

Striking diagnostic gold

At the core of the new test are tiny gold nanoparticles, engineered to detect extremely small amounts of disease-related proteins. Researchers coat these nanoparticles with special molecules designed to detect specific diseases.




Some nanoparticles carry antibodies, tiny molecules that act like magnets. Antibodies stick to proteins released by viruses or bacteria when they infect the body. Other nanoparticles carry antigens, fragments of proteins taken directly from viruses or bacteria themselves. These naturally attract antibodies produced by the body to fight infections.

Once coated, these nanoparticles are combined with a tiny sample of bodily fluid, such as a drop of blood, saliva or nasal fluid. If a disease is present, most nanoparticles will sink to the bottom of the tube. If there is no disease, they will remain suspended throughout the liquid.

The NasRED device shines a small beam of LED light through the liquid at the top of the tube. The team built a custom electronic detector that senses how much light gets through the tube. More light means the nanoparticles have sunk to the bottom, leaving the top fluid clearer, meaning that the disease is present.

Accurate, accessible and affordable

The device is so sensitive it can detect disease even when only a few hundred molecules are present in a tiny fluid sample -- just a fraction of a single drop. This is a concentration nearly 100,000 times lower than what standard laboratory tests require.

Adding to its promise is NasRED's portability and affordability. The current gold standards for testing, like PCR or ELISA, require expensive equipment and trained technicians. NasRED is compact and user-friendly. The researchers estimate each test costs $2, making it ideal for use in low-resource or remote locations.

NasRED has the potential to fill a critical diagnostic gap, especially for diseases that are difficult to detect early, such as hepatitis C, HIV or Lyme disease. It is also promising for emerging outbreaks with low prevalence but high risk. Such diseases often go undiagnosed because running a lab test for just one or two patients isn't cost effective. NasRED bridges that gap by offering a highly sensitive test that works immediately and economically at the point of care.

While NasRED currently requires small, benchtop machines for spinning and mixing samples, the researchers are working to further miniaturize and automate the process. With continued development, the technology might one day become a convenient home test, similar to existing rapid COVID-19 tests. However, it would have vastly superior sensitivity and broader applications.

Significant leap forward in diagnostics

NasRED dramatically surpasses existing diagnostic standards. The new study shows that NasRED is roughly 3,000 times more sensitive than ELISA, requires 16 times less sample volume, and delivers results approximately 30 times faster.

An earlier version of the technology detected Ebola in a tiny sample of blood. "For the new technology, we pushed the sensitivity down to the attomolar range," Wang says. That's like detecting a single drop of ink in 20 Olympic swimming pools.

The technology holds promise for detecting viral loads directly from bodily fluids without the complicated sample preparation used in PCR-based methods. In preliminary tests with actual coronavirus particles, NasRED achieved sensitivities comparable to Abbott ID NOW, a popular molecular test for many diseases such as COVID-19.

"One of the strengths of our sensor is that it's highly modular," Wang says. "The nanoparticles are designed so that we can easily swap in different proteins, allowing the same platform to be adapted for many different diseases. We've already demonstrated this approach in our research on Shiga toxin-producing E. coli, as well as cancer biomarkers, Alzheimer's-related proteins, Lyme disease and African swine fever."

Wang recently received the Bay Area Lyme Foundation Emerging Leader Award and will make use of the high sensitivity and portability of this new technology to detect early Lyme infection.

As the technology evolves, its range of applications may extend beyond infectious diseases. Early detection of cancers, real-time monitoring of chronic illnesses and improved surveillance of public health threats are all within reach.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250814094651.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists may have found the tiny DNA switch that made us human | ScienceDaily
Research from scientists at University of California San Diego School of Medicine have shed new light on an age-old question: what makes the human brain unique?


						
The team's discovery comes from their investigation of human-accelerated regions (HARs) -- sections of the human genome that have accumulated an unusually high level of mutations as humans have evolved. There is a lot of scientific interest in HARs, as they are hypothesized to play an essential role in conferring human-specific traits, and also have links to neurodevelopmental disorders, such as autism.

One reason why scientists think that HARs confer human-specific traits is because they have undergone rapid changes in their genetic sequences since we split from our closest living relative -- the chimpanzee -- approximately 5 million years ago.

Now, UC San Diego researchers have identified one particular HAR -- called HAR123 -- that appears to be instrumental in shaping the human brain.

The researchers found:
    	HAR123 itself is not a gene, but is instead a type of molecular "volume control" known as a transcriptional enhancer. Transcriptional enhancers control which genes are activated, how much they are activated, and at what times they are activated during an organism's development.
    	Through its role as a transcriptional enhancer, HAR123 promotes the development of neural progenitor cells, the cells that give rise to the two main types of brain cells -- neurons and glial cells.
    	HAR123 also influences the ratio of neurons and glial cells that form from neural progenitor cells.

Ultimately, HAR123 promotes a particularly advanced human trait called cognitive flexibility, or the ability to unlearn and replace previous knowledge.

In addition to providing new insights into the biology of the human brain, the results also offer a molecular explanation for some of the radical changes that have occurred in the human brain over the course of our evolution. This is supported, for example, by the authors' finding that the human version of HAR123 exerts different molecular and cellular effects than the chimpanzee version in both stem cells and neuron precursor cells in a petri dish.

Further research is needed to more fully understand the molecular action of HAR123 and whether the human version of HAR123 does indeed confer human-specific neural traits. This line of research could lead us to a better understanding of the molecular mechanisms underlying many neurodevelopmental disorders, such as autism.

The study, published online in Science Advances, was led by Miles Wilkinson, Ph.D., distinguished professor, and Kun Tan, Ph.D., assistant professor, both within the Department of Obstetrics, Gynecology, & Reproductive Sciences at UC San Diego School of Medicine. Wilkinson is also affiliate faculty of the UC San Diego Institute for Genomic Medicine. The study was funded, in part, by grants from the National Institutes of Health and 10x Genomics. The authors declare no competing interests.
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        Astronomers uncover enormous bubble bigger than our Solar System
        A giant bubble of gas and dust surrounds the red supergiant DFK 52, likely created in a powerful outburst 4,000 years ago. Astronomers are baffled at how the star survived without going supernova, and suspect a hidden companion may have played a role. This discovery could reveal clues about the final stages of massive stars.

      

      
        Ancient solar system crash may explain Bennu and Ryugu's origin
        Scientists from the Southwest Research Institute have found strong evidence that near-Earth asteroids Bennu and Ryugu share a common origin with Polana, a much larger asteroid in the main belt. By comparing James Webb Telescope observations with samples from NASA's OSIRIS-REx and Japan's Hayabusa2 missions, researchers discovered spectral similarities suggesting all three were once fragments of the same parent body, shattered in an ancient collision.

      

      
        Voyager missed it, but James Webb Just Found Uranus' hidden moon
        Astronomers using the James Webb Space Telescope have uncovered a tiny new moon orbiting Uranus, increasing the planet's moon tally to 29. The object, only about six miles wide, escaped Voyager 2's detection during its 1986 flyby, hiding between the orbits of Ophelia and Bianca.

      

      
        Astronomers stunned by the strangest supernova ever seen
        Scientists have identified a never-before-seen supernova, SN2021yfj, which exploded after losing nearly all of its outer layers. Instead of light elements, it revealed silicon and sulfur from deep within the star--direct proof of a layered stellar structure. The discovery challenges existing theories and suggests stars may die in more exotic ways than textbooks predict.

      

      
        How hidden cosmic highways feed the Universe's biggest stars
        Massive stars have always puzzled scientists--how do they grow so quickly despite fierce radiation pushing material away? New high-resolution ALMA observations suggest that instead of relying solely on accretion disks, young stars may be fueled by colossal gas "streamers." These vast cosmic highways carry matter across thousands of astronomical units, potentially overwhelming feedback effects and sustaining stellar growth.

      

      
        After 70 years, the Sun's explosive mystery is finally solved
        NASA's Parker Solar Probe has directly observed magnetic reconnection in the Sun's atmosphere for the first time, confirming decades-old theories about solar explosions. This discovery bridges small-scale events near Earth with massive solar eruptions that shape space weather. The data provides crucial insights to improve predictions of solar storms that can impact our technology.

      

      
        Scientists may have finally found the Universe's missing sulfur
        For decades, scientists have puzzled over why so little sulfur appears in space, even though it is one of the most common elements in the universe and vital to life. A new study suggests that the missing sulfur may be locked away in icy dust grains, forming unusual molecular shapes like crown-like rings and hydrogen-linked chains. These hidden forms make sulfur difficult to detect with telescopes, helping explain why its presence has been underestimated for so long. Researchers now believe they m...

      

      
        Why recycling 'dead' batteries could save billions and slash pollution
        Lithium battery recycling offers a powerful solution to rising demand, with discarded batteries still holding most of their valuable materials. Compared to mining, recycling slashes emissions and resource use while unlocking major economic potential. Yet infrastructure, policy, and technology hurdles must still be overcome.

      

      
        One atom, endless power: Scientists create a shape-shifting catalyst for green chemistry
        A team in Milan has developed a first-of-its-kind single-atom catalyst that acts like a molecular switch, enabling cleaner, more adaptable chemical reactions. Stable, recyclable, and eco-friendly, it marks a major step toward programmable sustainable chemistry.

      

      
        Stunning galaxy blooms with pink nebulae in Hubble's new image
        Hubble's newest view of the spiral galaxy NGC 2835 adds a stunning twist to a familiar sight. By capturing light in a special wavelength called H-alpha, astronomers have revealed glowing pink nebulae that mark where stars are born and where they fade away.

      

      
        Astronomers discover a hidden engine inside space's "Eye of Sauron"
        A mysterious blazar that baffled scientists for years has been unraveled. VLBA imaging revealed a toroidal magnetic field powering a jet aimed at Earth, explaining how it can unleash neutrinos and gamma rays despite its sluggish appearance.

      

      
        Hubble just snapped the clearest-ever picture of a rare interstellar comet
        Hubble has taken the clearest image to date of the interstellar comet 3I/ATLAS, which is racing through our solar system at 130,000 miles per hour. Astronomers are using Hubble and other telescopes to better understand its icy nucleus and chemical composition.

      

      
        Strange new shapes may rewrite the laws of physics
        By exploring positive geometry, mathematicians are revealing hidden shapes that may unify particle physics and cosmology, offering new ways to understand both collisions in accelerators and the origins of the universe.

      

      
        NASA's PREFIRE satellites reveal a secret glow escaping from our planet
        With its two tiny CubeSats, NASA's PREFIRE mission is capturing invisible heat escaping from Earth, offering clues to how ice, clouds, and storms influence the climate system. The insights could lead to better weather forecasts and a deeper understanding of global change.

      

      
        A record-breaking antenna just deployed in space. Here's what it will see
        NASA and ISRO s NISAR satellite has just reached a major milestone: the successful deployment of its enormous 39-foot antenna reflector in orbit. Folded up like an umbrella during launch, the reflector is now fully extended and ready to support NISAR s groundbreaking radar systems. This record-breaking satellite will monitor everything from shifting ice sheets and glaciers to the subtle movement of land caused by earthquakes, volcanoes, and landslides.

      

      
        The surprising way rising CO2 could supercharge space storms
        Rising CO2 levels will make the upper atmosphere colder and thinner, altering how geomagnetic storms impact satellites. Future storms could cause sharper density spikes despite lower overall density, increasing drag-related challenges.

      

      
        Scientists finally tame the impossible 48-atom carbon ring
        Researchers have synthesized a stable cyclo[48]carbon, a unique 48-carbon ring that can be studied in solution at room temperature, a feat never achieved before.

      

      
        Scientists just proved a fundamental quantum rule for the first time
        Scientists have, for the first time, experimentally proven that angular momentum is conserved even when a single photon splits into two, pushing quantum physics to its most fundamental limits. Using ultra-precise equipment, the team captured this elusive process--comparable to finding a needle in a haystack--confirming a cornerstone law of nature at the photon level.

      

      
        Scientists stunned by record-breaking, watermelon-shaped nucleus
        Scientists in Finland have measured the heaviest known nucleus to undergo proton emission, discovering the rare isotope 188-astatine. It exhibits a unique shape and may reveal a new kind of nuclear interaction.

      

      
        This simple magnetic trick could change quantum computing forever
        Researchers have unveiled a new quantum material that could make quantum computers much more stable by using magnetism to protect delicate qubits from environmental disturbances. Unlike traditional approaches that rely on rare spin-orbit interactions, this method uses magnetic interactions--common in many materials--to create robust topological excitations. Combined with a new computational tool for finding such materials, this breakthrough could pave the way for practical, disturbance-resistant qu...

      

      
        Clearest Mars images yet reveal mystery rock and ancient terrain in stunning detail
        Captured at a location called "Falbreen," this 360-degree view mosaic was stitched together 96 images that were acquired May 26, 2025. In the upper image, the enhanced-color mosaic features deceptively blue skies and the 43rd rock abrasion (the white patch at center-left) of the NASA Perseverance rover's mission at Mars. Below, in the natural-color version of the "Falbreen" panorama, colors have not been enhanced and the sky appears more reddish. Credit: NASA/JPL-Caltech/ASU/MSSS

      

      
        Scientists just made vibrations so precise they can spot a single molecule
        Rice University scientists have discovered a way to make tiny vibrations, called phonons, interfere with each other more strongly than ever before. Using a special sandwich of silver, graphene, and silicon carbide, they created a record-breaking effect so sensitive it can detect a single molecule without labels or complex equipment. This breakthrough could open new possibilities for powerful sensors, quantum devices, and technologies that control heat and energy at the smallest scales.

      

      
        Strange spotted rock on Mars could reveal signs of ancient life
        A curious red Martian rock nicknamed Sapphire Canyon has scientists excited, as its spotted appearance hints at possible organic origins. On Earth, researchers tested a powerful laser technique, O-PTIR, on a similar rock found by chance in Arizona, proving it can rapidly and precisely reveal a material's chemical makeup. This high-resolution method could play a key role in analyzing Mars samples once they arrive, adding to its growing track record in NASA missions like Europa Clipper.

      

      
        How scientists made quantum dots smarter and cheaper
        Researchers have found a clever way to make quantum dots, tiny light-emitting crystals, produce streams of perfectly controlled photons without relying on expensive, complex electronics. By using a precise sequence of laser pulses, the team can "tell" the quantum dots exactly how to emit light, making the process faster, cheaper, and more efficient. This advance could open the door to more practical quantum technologies, from ultra-secure communications to experiments that probe the limits of phy...

      

      
        Hubble spots a nearly invisible galaxy hiding in plain sight
        Hubble has captured the faint beauty of NGC 45, a spiral galaxy in Cetus whose glowing pink star-forming clouds reveal hidden activity. It belongs to the rare class of low surface brightness galaxies, dimmer than the night sky yet rich in gas and dark matter.

      

      
        NASA's Curiosity Mars rover just learned how to multitask
        Thirteen years after landing on Mars, NASA's Curiosity rover is running smarter and more efficiently than ever. With new autonomy and multitasking capabilities, it's maximizing the output from its long-lasting nuclear power source while exploring a striking region of boxwork formations that may hold clues to ancient water and possible microbial life. As it navigates the towering slopes of Mount Sharp, Curiosity's upgrades help it conserve power, conduct more science, and continue unraveling how M...

      

      
        Gold refuses to melt at temperatures hotter than the Sun's surface
        For the first time, researchers have measured atomic temperatures in extreme matter and found gold surviving at 19,000 kelvins, more than 14 times its melting point. The result dismantles a 40-year-old theory of heat limits.

      

      
        Room-temperature quantum breakthrough freezes motion without cooling
        ETH Zurich scientists have levitated a tower of three nano glass spheres using optical tweezers, suppressing almost all classical motion to observe quantum zero-point fluctuations with unprecedented precision. Achieving 92% quantum purity at room temperature, a feat usually requiring near absolute zero, they have opened the door to advanced quantum sensors without costly cooling.
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Astronomers uncover enormous bubble bigger than our Solar System | ScienceDaily
Astronomers from Chalmers University of Technology, Sweden, have discovered a vast and expanding bubble of gas and dust surrounding a red supergiant star - the largest structure of its kind ever seen in the Milky Way. The bubble, which contains as much mass as the Sun, was blown out in a mysterious stellar eruption around 4000 years ago. Why the star survived such a powerful event is a puzzle, the scientists say.


						
The new results are published in the scientific journal Astronomy and Astrophysics, and the team was led by Mark Siebert, Chalmers, Sweden. Using the ALMA radio telescope in Chile, the researchers observed the star DFK 52 - a red supergiant similar to the well-known star Betelgeuse.

"We got a big surprise when we saw what ALMA was showing us. The star is more or less a twin of Betelgeuse, but it's surrounded by a vast, messy bubble of material," says Mark Siebert at Chalmers.

The bubble, a complex of clouds of gas and dust, weighs as much as the Sun, and extends out 1.4 light years from the star. That's thousands of times wider than our own solar system.

If the star was as close to us as Betelgeuse is, the bubble would appear to span a third of the full Moon's width in the sky.

ALMA's radio observations let astronomers measure the motion of molecules in the cloud, revealing that the bubble is expanding. They believe it was formed when the star suddenly ejected part of its outer layers in a powerful explosion just a few thousand years ago.

"The bubble is made of material that used to be part of the star. It must have been ejected in a dramatic event, an explosion, that happened about four thousand years ago. In cosmic terms, that's just a moment ago," says Elvire De Beck, astronomer at Chalmers.




The galaxy's next supernova?

Why DFK 52 shed so much mass without exploding as a supernova is still unclear. One possibility is that the star has a hidden companion that helped it cast off its outer layers.

"To us, it's a mystery as to how the star managed to expel so much material in such a short timeframe. Maybe, like Betelgeuse seems to, it has a companion star that's still to be discovered," says Mark Siebert.

Red supergiants like DFK 52 are nearing the ends of their lives and are expected to eventually explode as supernovae. Could this star be next?

"We're planning more observations to understand what's happening - and to find out whether this might be the Milky Way's next supernova. If this is a typical red supergiant, it could explode sometime in the next million years," says Elvire De Beck.

More about the research:

The research is presented in the paper "Stephenson 2 DFK 52: Discovery of an exotic red supergiant in the massive stellar cluster RSGC2," published in the journal Astronomy and Astrophysics. The image has been featured as ESO's Picture of the Week.




The researchers involved in the study are Mark Siebert, Elvire De Beck and Wouter Vlemmings from Chalmers University of Technology, Sweden, and Guillermo Quintana Lacaci from Instituto de Fisica Fundamental, Spain.

Red supergiants are some of the rarest, brightest stars in the sky. They are the final stage of evolution of stars born much more massive than the Sun (more than eight times the Sun's mass). For astronomers, they are keys to understanding the life stories of all stars and planets. The most massive stars create and spread newly-formed elements throughout interstellar space, energising gas and dust, and helping new generations of stars to form.

The closest red supergiants in our galaxy, the Milky Way, are easily visible for anyone with a clear view of a dark night sky. Betelgeuse, in the constellation Orion, and Antares, in Scorpius, are both well-known examples of red supergiant stars.

More about the ALMA telescope:

The Atacama Large Millimeter/submillimeter Array (ALMA), an international astronomy facility in Chile, is a partnership of ESO, the U.S. National Science Foundation (NSF) and the National Institutes of Natural Sciences (NINS) of Japan in cooperation with the Republic of Chile.

In Sweden, Onsala Space Observatory at Chalmers University of Technology, has been involved in ALMA since its inception; receivers for the telescope are one of many contributions. Onsala Space Observatory is host to the Nordic ALMA Regional Centre, which provides technical expertise to the ALMA project and supports astronomers in the Nordic countries in using ALMA.
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Ancient solar system crash may explain Bennu and Ryugu's origin | ScienceDaily
A Southwest Research Institute (SwRI) review of data collected from near-Earth asteroids Bennu and Ryugu supports the hypothesis that they were originally part of the Polana collisional family in the main asteroid belt between the orbits of Mars and Jupiter.


						
The study compared spectroscopy data from Polana with spacecraft and laboratory data from Bennu and Ryugu samples, discovering similarities in their near-infrared spectrum sufficient to support the theory that they originate from the same parent asteroid.

"Very early in the formation of the solar system, we believe large asteroids collided and broke into pieces to form an 'asteroid family' with Polana as the largest remaining body," said SwRI's Dr. Anicia Arredondo, lead author of the study. "Theories suggest that remnants of that collision not only created Polana, but also Bennu and Ryugu as well. To test that theory, we started looking at spectra of all three bodies and comparing them to one another."

Arredondo and her team applied for time on the James Webb Space Telescope to observe Polana using two different spectral instruments focusing on the near-infrared and mid-infrared wavelengths. She then compared that data with the spectral data from physical samples of Ryugu and Bennu collected by two different space missions. The Japan Aerospace Exploration Agency's Hayabusa2 spacecraft rendezvoused with Ryugu in 2018 and collected samples returned to Earth in late 2020. NASA's OSIRIS-REx spacecraft encountered Bennu in 2020 and collected samples returned to Earth in late 2023.

Bennu and Ryugu are considered near-Earth asteroids because they orbit the Sun within the orbit of Mars; however, they are not considered a danger to Earth, having a closest approach of about 1.9 and 1 million miles, respectively. Both Bennu and Ryugu are relatively small compared to Polana. Bennu is about one third of a mile in diameter, or about the size of the Empire State Building. Ryugu is twice as large, but Polana dwarfs them both, measuring roughly 33 miles wide. Scientists believe Jupiter's gravity pushed Bennu and Ryugu out of their orbit close to Polana.

"They are similar enough that we feel confident that all three asteroids could have come from the same parent body," Arredondo said.

The team noted that the spectral data from the asteroids had variances and differences, but not enough to disprove the hypothesis that they all share a common origin.

"Polana, Bennu and Ryugu have all had their own journeys through our solar system since the impact that may have formed them," said SwRI's Dr. Tracy Becker, a co-author of the paper. "Bennu and Ryugu are now much closer to the Sun than Polana, so their surfaces may be more affected by solar radiation and solar particles.

"Likewise, Polana is possibly older than Bennu and Ryugu and thus would have been exposed to micrometeoroid impacts for a longer period," Becker added. "That could also change aspects of its surface, including its composition."
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Voyager missed it, but James Webb Just Found Uranus' hidden moon | ScienceDaily
Southwest Research Institute led a James Webb Space Telescope (JWST) survey, discovering a previously unknown tiny moon orbiting Uranus. A team led by SwRI's Dr. Maryame El Moutamid discovered the small object in a series of images taken on Feb. 2, 2025, bringing Uranus' total moon count to 29.


						
"As part of JWST's guest observer program, we found a previously unknown satellite of the ice giant, which has been provisionally designated S/2025 U 1," said El Moutamid, a lead scientist in SwRI's Solar System Science and Exploration Division in Boulder, Colorado. "This object, by far the smallest object discovered to date, was detected in a series of 10 long exposures obtained by the Near-Infrared Camera."

Located in the outer solar system, Uranus is the seventh planet from the Sun. Known as "the sideways planet" for its extreme axial tilt, the cyan-colored ice giant has a deep atmosphere composed of hydrogen, helium and methane. Scientists think Uranus' larger moons are roughly equal parts water ice and silicate rock.

"Assuming that the new moon has an albedo comparable to other nearby satellites, this object is probably around six miles (10 km) in diameter," El Moutamid said. "It is well below the detection threshold for the Voyager 2 cameras."

Voyager 2 is the only spacecraft to visit Uranus so far, coming within 50,000 miles of its cloud tops on Jan. 24, 1986. The spacecraft collected thousands of images, discovering rings and small satellites, including 10 of its named moons.

Uranus' 28 moons include five major moons -- Titania, Oberon, Umbriel, Ariel and Miranda -- discovered between 1787 and 1948. Known as "the literary moons," Uranus satellites are named for characters in Shakespeare and the works of Alexander Pope.

The new moon is at the edge of Uranus' inner rings. It is located about 35,000 miles (56,250 km) from its center in the planet's equatorial plane, between the orbits of Ophelia and Bianca. Ophelia is about 13 miles (43 km) in diameter, while Bianca is an elongated object around 40 by 29 miles (64 by 46 km) in dimension.

"With so many of Uranus' moons named for Shakespearean characters, our team is getting a lot of culture trying to figure out what to name our new discovery," El Moutamid said.
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Astronomers stunned by the strangest supernova ever seen | ScienceDaily
An international team of scientists, led by Northwestern University astrophysicists, has detected a never-before-seen type of exploding star, or supernova, that is rich with silicon, sulfur and argon.


						
When massive stars explode, astrophysicists typically find strong signatures of light elements, such as hydrogen and helium. But the newly discovered supernova, dubbed SN2021yfj, displayed a startling different chemical signature.

Astronomers long have theorized that massive stars have a layered structure, similar to an onion. The outermost layers predominantly comprise the lightest elements. As the layers move inward, the elements become heavier and heavier until reaching the innermost iron core.

The observations of SN2021yfj suggest the massive star somehow lost its outer hydrogen, helium and carbon layers -- exposing the inner silicon and sulfur-rich layers -- before exploding. This finding offers direct evidence of the long-theorized inner layered structure of stellar giants and provides an unprecedented glimpse inside a massive star's deep interior -- moments before its explosive death.

The study was published on Aug. 20 in the journal Nature.

"This is the first time we have seen a star that was essentially stripped to the bone," said Northwestern's Steve Schulze, who led the study. "It shows us how stars are structured and proves that stars can lose a lot of material before they explode. Not only can they lose their outermost layers, but they can be completely stripped all the way down and still produce a brilliant explosion that we can observe from very, very far distances."

"This event quite literally looks like nothing anyone has ever seen before," added Northwestern's Adam Miller, a senior author on the study. "It was almost so weird that we thought maybe we didn't observe the correct object. This star is telling us that our ideas and theories for how stars evolve are too narrow. It's not that our textbooks are incorrect, but they clearly do not fully capture everything produced in nature. There must be more exotic pathways for a massive star to end its life that we hadn't considered."

An expert on astronomy's most extreme transient objects, Schulze is a research associate at Northwestern's Center for Interdisciplinary Exploration and Research in Astrophysics (CIERA). Miller is an assistant professor of physics and astronomy at Northwestern's Weinberg College of Arts and Sciences and a leading member of CIERA and the NSF-Simons AI Institute for the Sky.




A hot, burning onion

Weighing in at 10 to 100 times heavier than our sun, massive stars are powered by nuclear fusion. In that process, intense pressure and extreme heat in the stellar core cause lighter elements to fuse together, generating heavier elements. When the temperature and density increase in the core, burning begins in the outer layers. As the star evolves over time, successively heavier elements are burned in the core, while lighter elements are burned in a series of shells surrounding the core. This process continues, eventually leading to a core of iron. When the iron core collapses, it triggers a supernova or forms a black hole.

Although massive stars typically shed layers before exploding, SN2021yfj ejected far more material than scientists had ever previously detected. Other observations of "stripped stars" have revealed layers of helium or carbon and oxygen -- exposed after the outer hydrogen envelope was lost. But astrophysicists had never glimpsed anything deeper than that -- hinting that something extremely violent and extraordinary must be at play.

Chasing down a cosmic oddity

Schulze and their team discovered SN2021yfj in September 2021, using Northwestern's access to the Zwicky Transient Facility (ZTF). Located just east of San Diego, ZTF uses a wide-field camera to scan the entire visible night sky. Since its launch, ZTF has become the world's primary discovery engine for astronomical transients -- fleeting phenomena like supernovae that flare up suddenly and then quickly fade.

After looking through ZTF data, Schulze spotted an extremely luminous object in a star-forming region located 2.2 billion light-years from Earth.




To gain more information about the mysterious object, the team wanted to obtain its spectrum, which breaks down dispersed light into component colors. Each color represents a different element. So, by analyzing a supernova's spectrum, scientists can uncover which elements are present in the explosion.

Although Schulze immediately leapt into action, their spectrum search hit multiple dead ends. Telescopes around the globe were either unavailable or could not see through the clouds to obtain a clear image. Luckily, the team received a surprise from an astronomy colleague, who gathered a spectrum using instruments at the W.M. Keck Observatory in Hawai'i.

"We thought we had fully lost our opportunity to obtain these observations," said Miller. "So, we went to bed disappointed. But the next morning, a colleague at UC Berkeley unexpectedly provided a spectrum. Without that spectrum we may have never realized that this was a strange and unusual explosion."

"We saw an interesting explosion, but we had no idea what it was," Schulze said of SN2021yfj. "Almost instantly, we realized it was something we had never seen before, so we needed to study it with all available resources."

'Something very violent must have happened'

Instead of typical helium, carbon, nitrogen and oxygen -- found in other stripped supernovae -- the spectrum was dominated by strong signals of silicon, sulfur and argon. Nuclear fusion produces these heavier elements within a massive star's deep interior during its final stages of life.

"This star lost most of the material that it produced throughout its lifetime," Schulze said. "So, we could only see the material formed during the months right before its explosion. Something very violent must have happened to cause that."

While the precise cause of this phenomenon remains an open question, Schulze and Miller propose a rare and powerful process was at play. They are exploring multiple scenarios, including interactions with a potential companion star, a massive pre-supernova eruption or even unusually strong stellar winds.

But, most likely, the team posits this mysterious supernova is the result of a massive star literally tearing itself apart. As the star's core squeezes inward under its own gravity, it becomes even hotter and denser. The extreme heat and density then reignite nuclear fusion with such incredible intensity that it causes a powerful burst of energy that pushes away the star's outer layers. Each time the star undergoes a new pair-instability episode, the corresponding pulse sheds more material.

"One of the most recent shell ejections collided with a pre-existing shell, which produced the brilliant emission that we saw as SN2021yfj," Schulze said.

"While we have a theory for how nature created this particular explosion," Miller said, "I wouldn't bet my life that it's correct, because we still only have one discovered example. This star really underscores the need to uncover more of these rare supernovae to better understand their nature and how they form."

The study, "Extremely stripped supernova reveals a silicon and sulphur formation site," was supported by the National Science Foundation. Support from CIERA provided access to ZTF telescope data.
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How hidden cosmic highways feed the Universe's biggest stars | ScienceDaily
The size of our universe and the bodies within it is incomprehensible for us lowly humans. The sun has a mass that is more than 330,000 that of our Earth, and yet there are stars in the universe that completely dwarf our sun.


						
Stars with masses more than eight times that of the sun are considered high mass stars. These form rapidly in a process that gives off stellar wind and radiation, which could not result in stars of such high mass without somehow overcoming this loss of mass, or feedback. Something is feeding these stars, but how exactly they can accumulate so much mass so quickly has remained a mystery.

Observations of enormous disk-like structures that form around a star -- accretion disks -- had been proposed as the chief way of rapidly feeding young stars. However, a team of researchers from several institutions including Kyoto University and the University of Tokyo, has discovered another possibility.

"Our work seems to show that these structures are being fed by streamers, which are flows of gas that bring matter from scales larger than a thousand astronomical units, essentially acting as massive gas highways," says corresponding author Fernando Olguin.

Following on previous research, the team required a higher angular resolution to observe this system in detail, since regions forming high-mass stars are more distant than those with lower mass. The researchers utilized the Atacama Large Millimeter/submillimeter Array, or ALMA, a powerful telescope in Chile composed of an array of antennae that can observe dust and molecular line emissions at millimeter wavelengths.

Their observations revealed a young star feeding from potentially two streamers. One such streamer was connected to the central region of the star, with a velocity gradient indicative of rotation and possibly infall. This suggests that the streamer carries enough matter at a high rate to quench feedback effects from the young star, eventually contributing to the overly dense region observed around the central massive star.

The research team expected to see a dust disk or torus of several hundreds astronomical units in size, but they did not expect the spiral arms to reach far closer to the central source.

"We found streamers feeding what at that time was thought to be a disk, but to our surprise, there is either no disk or it is extremely small," says Olguin.

These results suggest that, independent of the presence of a disk around the central star, streamers can transport large amounts of gas to feed star-forming regions, even in the presence of feedback from the central star.

Next, the team plans to expand their research by studying other regions to see if this is a common mode of accretion that results in the formation of massive stars. They also plan to explore the gas close to the star to determine whether they can confirm, or rule out, the presence of small disks.
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After 70 years, the Sun's explosive mystery is finally solved | ScienceDaily
New research led by Southwest Research Institute (SwRI) has confirmed decades-old theoretical models about magnetic reconnection, the process that releases stored magnetic energy to drive solar flares, coronal mass ejections and other space weather phenomena. The data was captured by NASA's Parker Solar Probe (PSP), which is the only spacecraft to have flown through the Sun's upper atmosphere.


						
Magnetic reconnection occurs when magnetic field lines in plasma sever and reconnect in a new configuration, releasing large amounts of stored energy. On the Sun, this energy release often results in solar activity that can affect technology on Earth, a phenomenon known as space weather. Modeling solar magnetic reconnection accurately may help predict coronal mass ejections, solar flares and other space weather events that can impact satellites, communication systems and even power grids on Earth.

"Reconnection operates at different spatial and temporal scales, in space plasmas ranging from the Sun to Earth's magnetosphere to laboratory settings to cosmic scales," said Dr. Ritesh Patel, a research scientist in SwRI's Solar System Science and Exploration Division in Boulder, Colorado, and lead author of a new paper published in Nature Astronomy. "Since the late 1990s, we have been able to identify reconnection in the solar corona through imaging and spectroscopy. In-situ detection was possible in Earth's magnetosphere with the launch of missions like NASA's Magnetospheric Multiscale (MMS) mission. Similar studies in the solar corona, however, only became possible when NASA's Parker Solar Probe launched in 2018."

PSP's record-breaking proximity to the Sun has enabled new opportunities for study. A Sept. 6, 2022, approach revealed a huge eruption, providing an opportunity to image and sample the plasma and magnetic field properties in detail for the first time. Using a combination of imaging and in-situ diagnostic techniques as well as complementary observations from the European Space Agency's Solar Orbiter, the SwRI-led team confirmed that PSP had flown through a reconnection region in the solar atmosphere for the very first time.

"We've been developing the theory of magnetic reconnection for almost 70 years, so we had a basic idea of how different parameters would behave," Patel said. "The measurements and observations received from the encounter have validated numerical simulation models that have existed for decades within some degree of uncertainty. The data will serve as strong constraints for future models and provide a path to understand PSP's solar measurements from other timeframes and events."

NASA's MMS mission, led by SwRI, provided researchers with an idea of how reconnection occurs in the near-Earth environment on a smaller scale. The 2022 PSP observations now provide researchers with the missing piece connecting Earth scale to solar scale reconnection. SwRI will next work to identify whether reconnection mechanisms accompanied with turbulence or fluctuations and waves of the magnetic fields are present in the solar regions PSP identified as having active reconnection.

"Ongoing work provides discoveries at different scales, which allows us to see how energy is transferred and how particles are accelerated," Patel said. "Understanding these processes at the Sun can help better predict solar activity and improve our understanding of the near-Earth environment."

The Parker Solar Probe was developed as part of NASA's Living with a Star program to explore aspects of the Sun-Earth system that directly affect life and society. The Living with a Star program is managed by the agency's Goddard Space Flight Center in Greenbelt, Maryland, for NASA's Science Mission Directorate in Washington. Johns Hopkins University Applied Physics Laboratory designed, built and currently operates the spacecraft and manages the mission for NASA.
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Scientists may have finally found the Universe's missing sulfur | ScienceDaily
For decades, astrochemists have been looking for sulfur atoms in space and finding surprisingly little of the element that is a key ingredient to life. A new study could point to where it has been hiding.


						
An international team of researchers including Ryan Fortenberry, an astrochemist at the University of Mississippi, and Ralf Kaiser, professor of chemistry at the University of Hawaii at Manoa and Samer Gozem, computational chemist at Georgia State University, published their research in the journal Nature Communications.

"Hydrogen sulfide is everywhere: it's a product of coal-fired power plants, it has an effect on acid rain, it changes the pH levels of oceans and it comes out of volcanoes," Fortenberry said. "If we gain a better understanding of what the chemistry of sulfur can do, the technological commercialization that can come from that can only be realized with a foundation of fundamental knowledge."

Sulfur is the 10th most abundant element in the universe and is considered a vital chemical element for planets, stars and life. The lack of molecular sulfur in space has been a mystery for years.

"The observed amount of sulfur in dense molecular clouds is less - compared to predicted gas-phase abundances- by three orders of magnitude," Kaiser said.

The answer might lie in interstellar ice.

In cold regions of space, sulfur can form two distinct, stable configurations: octasulfur crowns, which are a group of eight sulfur atoms configured in ring-like crowns, and polysulfanes, chains of sulfur atoms that are bonded by hydrogen. These molecules can form on icy dust grains, locking sulfur into solid forms.




"If you use, for instance, the James Webb Space Telescope, you get a specific signature at specific wavelengths for oxygen and carbon and nitrogen and so forth," Fortenberry said. "But when you do that for sulfur, it's out of whack, and we don't know why there isn't enough molecular sulfur.

"What this work is showing is that the most common forms of sulfur that we already know about are probably where the sulfur is hiding."

Kaiser and Fortenberry's research showed that these sulfur-rich molecules may be abundant in icy regions of interstellar space, giving astronomers a potential road map to solving the sulfur puzzle.

"Laboratory simulations of interstellar conditions such as this study discover possible inventories of sulfur-containing molecules that can be formed on interstellar ices," Kaiser said. "Astronomers can then utilize the results and look for these polysulfane molecules in the interstellar medium via radio telescopes once sublimed into the gas-phase in star forming regions."

The reason sulfur has been so difficult to find is that the bonds it forms are always changing, going from crowns to chains and a variety of other formulations.

"It never maintains the same shape," Fortenberry said. "It's kind of like a virus - as it moves, it changes."

The researchers' work identifies possible stable configurations that astronomers can search for in the universe.

"The thing that I love about astrochemistry is that it forces you to ask hard questions, then forces you to come up with creative solutions," Fortenberry said. "And those hard questions and creative solutions can have significant, unintended positive consequences."
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Why recycling 'dead' batteries could save billions and slash pollution | ScienceDaily
Increased demand for electric vehicles, portable electronics, and renewable energy storage has resulted in lithium becoming a truly critical mineral. As the world races toward a clean energy future, the recycling of lithium batteries has become crucial.


						
New research from Edith Cowan University (ECU) has highlighted that tapping into used batteries as a secondary source of lithium not only helps reduce environmental impact but also secures access to this valuable resource, supporting a circular economy and ensuring long-term sustainability in the energy sector.

PhD student Ms Sadia Afrin has pointed out that the global lithium-ion battery market size is projected to expand at a compound annual growth rate of 13 per cent, reaching $87.5 billion by 2027, with lithium consumption forecast to increase from 390 kilotons in 2020 to approximately 1,600 kilotons by 2026.

However, only around 20 per cent of a lithium-ion battery's capacity is used before the battery is no longer fit for use in electric vehicles, meaning those batteries ending up in storage or on the landfill retain nearly 80 per cent of their lithium capacity.

The Australian Department of Industry, Science and Resources has previously estimated that by 2035, Australia could be generating 137,000 t of lithium battery waste annually.

For the end-of-life batteries, the obvious answer is recycling, said first author Mr Asad Ali quoting figures from the government which estimates that the recycling industry could be worth between $603 million and $3.1 billion annually in just over a decade.

"By recycling these batteries, you can access not only the remaining lithium - which already purified to near 99 per cent - but you can also retrieve the nickel and the cobalt from these batteries."

While the lithium retrieved through the recycling process is unlikely to impact the lithium extraction or downstream sectors, Mr Ali noted that the recycling process offered significant environmental benefits when compared with the mining industry.




"Recycling processes can significantly reduce the extensive use of land, soil contamination, ecological footprint, water footprint, carbon footprint and harmful chemical release into the environment, thereby lowering greenhouse gas emissions and minimising waste.

"Mining emits up to 37% tons of CO2 per ton of lithium. Recycling processes produce up to 61 per cent less carbon emissions compared with mining and uses 83 per cent less energy and 79 per cent less water as compared to mining. Hydrometallurgical recycling can generate profit up to $27.70 per kilogram of lithium recovered. And again, the lithium produced through the recycling process is already purified to 99 per cent, which means all of the energy, water and emissions are saved from the downstream process."

ECU lecturer and corresponding author Dr Muhammad Azhar said that while Australia holds one of the largest hard rock lithium reserves in the world, the recovery of lithium from end-of-life batteries could provide socio-economic benefits and fulfils environmental sustainability.

"The mining industry actually offers another source of retired and potentially end-of-life batteries, as the electrification of the mining industry gains momentum. ECU is exploring the second life of these retired lithium batteries," he added.

While the benefits of lithium-ion battery recycling seem obvious, Ms Afrin noted that there were still some challenges to be addressed.

"The rate of innovation significantly outstrips policy development, and the chemical make-up of the batteries also continuously evolve, which makes the recycling of these batteries more complicated," she said.

"There is a definite need for investment into the right infrastructure in order to create this circular economy, but there are several Australian companies that are looking at the best ways to approach this."
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One atom, endless power: Scientists create a shape-shifting catalyst for green chemistry | ScienceDaily
A research team at the Politecnico di Milano has developed an innovative single-atom catalyst capable of selectively adapting its chemical activity. This is a crucial step forward in sustainable chemistry and the design of more efficient and programmable industrial processes.


						
The study was published in the Journal of the American Chemical Society, one of the world's most authoritative scientific journals in chemistry.

This achievement is a breakthrough in the field of single-atom catalysts. For the first time, scientists have demonstrated the possibility of designing a material that can selectively change its catalytic function depending on the chemical environment. It involves a sort of 'molecular switch' that allows complex reactions to be performed more cleanly and efficiently, using less energy than conventional processes.

The research focuses on a palladium-based catalyst in atomic form encapsulated in a specially designed organic structure. This structure allows the material to 'switch' between two key reactions in organic chemistry -- bioreaction and carbon-carbon coupling -- simply by varying the reaction conditions.

"We have created a system that can modulate catalytic reactivity in a controlled manner, paving the way for more intelligent, selective and sustainable chemical transformations," explains Gianvito Vile, lecturer in the 'Giulio Natta' Department of Chemistry, Materials and Chemical Engineering at the Politecnico di Milano and coordinator of the study.

In addition to its reaction flexibility, the new catalyst stands out for its stability, recyclability and reduced environmental impact. The 'green' analyses conducted by the team show a significant decrease in waste and hazardous reagents.

The study results from an international collaboration with the University of Milan-Bicocca, the University of Ostrava (Czech Republic), the University of Graz (Austria) and Kunsan National University (South Korea).
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Stunning galaxy blooms with pink nebulae in Hubble's new image | ScienceDaily
Today's NASA/ESA Hubble Space Telescope Picture of the Week offers a closeup of a nearby spiral galaxy. The subject is NGC 2835, which lies 35 million light-years away in the constellation Hydra (The Water Snake).


						
A previous Hubble image of this galaxy was released in 2020, and the NASA/ESA/CSA James Webb Space Telescope turned its gaze toward NGC 2835 in recent years as well. Do you see anything different between today's image of NGC 2835 and the previously released versions? Overall, NGC 2835 looks quite similar in all of these images, with spiral arms dotted with young blue stars sweeping around an oval-shaped center, where older stars reside.

This image differs from previously released images because it incorporates new data from Hubble that captures a specific wavelength of red light called H-alpha. The regions that are bright in H-alpha emission can be seen along NGC 2835's spiral arms, where dozens of bright pink nebulae appear like flowers in bloom. Astronomers are interested in H-alpha light because it signals the presence of several different types of nebulae that arise during different stages of a star's life. Newborn massive stars create nebulae called H II regions that are particularly brilliant sources of H-alpha light, while dying stars can leave behind supernova remnants or planetary nebulae that can also be identified by their H-alpha emission.

By using Hubble's sensitive instruments to survey 19 nearby galaxies, researchers aim to identify more than 50,000 nebulae. These observations will help to explain how stars affect their birth neighborhoods through intense starlight and winds.
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Astronomers discover a hidden engine inside space's "Eye of Sauron" | ScienceDaily
A look into the throat of an active galaxy reveals a ring-shaped magnetic field that may explain extreme gamma radiation and neutrinos.


						
Key Points
    	A look into the heart of an active galaxy: Astronomers have captured an image of the origin of a cosmic jet. The image and its artificial coloring remind of the Eye of Sauron.
    	The question of the origin of neutrinos: PKS 1424240 is the brightest neutrino-emitting object of its kind. However, the concentrated mass flow is too slow to explain the emission of neutrinos.
    	Spiral magnetic fields accelerate particles: 15 years of precise observations with the Very Long Baseline Array have enabled a detailed analysis of the jet's origin. The radio image could solve this problem, as it shows ring-shaped magnetic fields, an environment that acts like a spring and can accelerate particles to high energies. This in turn explains neutrinos and high-energy gamma radiation.

Located billions of light-years away, the blazar PKS 1424+240 had long baffled astronomers. It stood out as the brightest known neutrino-emitting blazar in the sky -- as identified by the IceCube Neutrino Observatory -- and was also glowing in very high-energy gamma rays ob-served by ground-based Cherenkov telescopes. Yet, oddly, its radio jet appeared to move sluggishly, contradicting expectations that only the fastest jets can power such intense high-energy emissions.

Now, thanks to 15 years of ultra-precise radio observations from the Very Long Baseline Ar-ray (VLBA), researchers have stitched together a deep image of this jet at unparalleled resolution.

"When we reconstructed the image, it looked absolutely stunning," says Yuri Kovalev, lead author of the study and Principal Investigator of the ERC-funded MuSES project at the Max Planck Institute for Radio Astronomy (MPIfR). "We have never seen anything quite like it -- a near-perfect toroidal magnetic field with a jet, pointing straight at us."

Because the jet is aligned almost exactly in the direction of Earth, its high-energy emission is dramatically amplified by the effects of special relativity. "This alignment causes a boost in brightness by a factor of 30 or more," explains Jack Livingston, a co-author at MPIfR. "At the same time, the jet appears to move slowly due to projection effects -- a classic optical illusion."

This head-on geometry allowed scientists to peer directly into the heart of the blazar's jet -- an extremely rare opportunity. Polarized radio signals helped the team map out the structure of the jet's magnetic field, revealing its likely helical or toroidal shape. This structure plays a key role in launching and collimating the plasma flow, and may be essential for accelerating particles to extreme energies.




"Solving this puzzle confirms that active galactic nuclei with supermassive black holes are not only powerful accelerators of electrons, but also of protons -- the origin of the observed high-energy neutrinos," concludes Kovalev.

The discovery is a triumph for the MOJAVE program, a decades-long effort to monitor relativistic jets in active galaxies using the Very Long Baseline Array (VLBA). Scientists employ the technique of Very Long Baseline Interferometry (VLBI), which connects radio telescopes across the globe to form a virtual telescope the size of the Earth. This provides the highest resolution available in astronomy, allowing them to study the fine details of distant cosmic jets.

"When we started MOJAVE, the idea of one day directly connecting distant black hole jets to cosmic neutrinos felt like science fiction. Today, our observations are making it real," says Anton Zensus, Director at MPIfR and co-founder of the program.

This result strengthens the link between relativistic jets, high-energy neutrinos, and the role of magnetic fields in shaping cosmic accelerators -- marking a milestone in multimessenger astronomy.

Background Information

A blazar is a type of active galactic nucleus powered by a supermassive black hole that launches a jet of plasma moving at nearly the speed of light. What makes a blazar special is its orientation: one of its jets is pointed within about 10 degrees of Earth. This alignment makes blazars appear bright across the electromagnetic spectrum and allows scientists to study extreme physical processes -- including the acceleration of particles to energies far beyond those achieved in human-made accelerators.




The VLBA (Very Long Baseline Array) is an array of ten antennas, at locations across the continental United States and in Hawaii and St Croix, which operates in the very long baseline interferometry (VLBI) mode. Spacings between the antennas vary up to approximately ten thousand kilometers, providing angular resolution on the sky as fine as 50 micro-arcseconds.

MOJAVE (Monitoring Of Jets in Active galactic nuclei with VLBA Experiments) is a long-term program to monitor radio brightness and polarization variations in jets associated with active galaxies visible in the northern sky. The observations are made with the Very Long Baseline Array, which enables us to make full polarization images with an angular resolution better than 1 milliarcsecond (the apparent separation of your car's headlights, as seen by an astronaut on the Moon). We are using these data to better understand the complex evolution and magnetic field structures of jets on light-year scales, close to where they originate in the active nucleus, and how this activity is correlated with a high energy electromagnetic and neutrino emission.

MuSES, which stands for Multi-messenger Studies of Energetic Sources, is a pioneering initiative in astrophysics. It is dedicated to the study of Active Galactic Nuclei, which are among the most powerful particle accelerators known in the cosmos. These celestial bodies harness the gravitational energy of matter accreted by supermassive black holes and convert it into electromagnetic and kinetic energy, resulting in the production of highly relativistic electrons and protons. The acceleration of protons and its relation to neutrino production is not well understood, posing a formidable challenge to researchers. MuSES aims to address these fundamental questions by exploiting recent advances in multi-messenger astronomy.

The MuSES project has received funding from the European Union (ERC grant agreement No 101142396). Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or European Research Council Executive Agency (ERCEA). Neither the European Union nor the granting authority can be held responsible for them.
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Hubble just snapped the clearest-ever picture of a rare interstellar comet | ScienceDaily
A team of astronomers has taken the sharpest-ever picture of the unexpected interstellar comet 3I/ATLAS using the crisp vision of NASA's Hubble Space Telescope. Hubble is one of many missions across NASA's fleet of space telescopes slated to observe this comet, together providing more information about its size and physical properties. While the comet poses no threat to Earth, NASA's space telescopes help support the agency's ongoing mission to find, track, and better understand near-Earth objects.


						
Hubble's observations allow astronomers to more accurately estimate the size of the comet's solid, icy nucleus. The upper limit on the diameter of the nucleus is 3.5 miles (5.6 kilometers), though it could be as small as 1,000 feet (320 meters) across, researchers report. Though the Hubble images put tighter constraints on the size of the nucleus compared to previous ground-based estimates, the solid heart of the comet presently cannot be directly seen, even by Hubble. Observations from other NASA missions including the James Webb Space Telescope, TESS (Transiting Exoplanet Survey Satellite), and the Neil Gehrels Swift Observatory, as well as NASA's partnership with the W.M. Keck Observatory, will help further refine our knowledge about the comet, including its chemical makeup.

Hubble also captured a dust plume ejected from the Sun-warmed side of the comet, and the hint of a dust tail streaming away from the nucleus. Hubble's data yields a dust-loss rate consistent with comets that are first detected around 300 million miles from the Sun. This behavior is much like the signature of previously seen Sun-bound comets originating within our solar system.

The big difference is that this interstellar visitor originated in some other solar system elsewhere in our Milky Way galaxy.

3I/ATLAS is traveling through our solar system at a staggering 130,000 miles (209,000 kilometers) per hour, the highest velocity ever recorded for a solar system visitor. This breathtaking sprint is evidence that the comet has been drifting through interstellar space for many billions of years. The gravitational slingshot effect from innumerable stars and nebulae the comet passed added momentum, ratcheting up its speed. The longer 3I/ATLAS was out in space, the higher its speed grew.

"No one knows where the comet came from. It's like glimpsing a rifle bullet for a thousandth of a second. You can't project that back with any accuracy to figure out where it started on its path," said David Jewitt of the University of California, Los Angeles, science team leader for the Hubble observations.

The paper will be published in The Astrophysical Journal Letters. It is already available on Astro-ph.




New Evidence for Population of Wandering Space Relics

"This latest interstellar tourist is one of a previously undetected population of objects bursting onto the scene that will gradually emerge," said Jewitt. "This is now possible because we have powerful sky survey capabilities that we didn't have before. We've crossed a threshold."

This comet was discovered by the NASA-funded Asteroid Terrestrial-impact Last Alert System (ATLAS) on July 1, 2025, at a distance of 420 million miles from the Sun. ATLAS is an asteroid impact early warning system developed by the University of Hawai'i.

In the meantime, other NASA missions will provide new insight into this third interstellar interloper, helping refine our understanding of these objects for the benefit of all. 3I/ATLAS should remain visible to ground-based telescopes through September, after which it will pass too close to the Sun to observe, and is expected to reappear on the other side of the Sun by early December.
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Strange new shapes may rewrite the laws of physics | ScienceDaily
How can the behavior of elementary particles and the structure of the entire universe be described using the same mathematical concepts? This question is at the heart of recent work by the mathematicians Claudia Fevola from Inria Saclay and Anna-Laura Sattelberger from the Max Planck Institute for Mathematics in the Sciences, recently published in the Notices of the American Mathematical Society.


						
To the point:
    	Bridging mathematics and physics: The study explores how algebraic and one of the key players in the flourishing field of positive geometry unify physics from subatomic particles to galaxies.
    	Beyond Feynman diagrams: Positive geometry offers a complementary perspective to traditional quantum field theory methods -- providing a geometric framework for describing particle interactions alongside Feynman diagrams.
    	From particle collisions to the Big Bang: Tools from algebraic geometry, D-module theory, and combinatorics drive this interdisciplinary progress -- helping to decode the fundamental structures of particle interactions and the universe's earliest states.

Mathematics and physics share a close, reciprocal relationship. Mathematics offers the language and tools to describe physical phenomena, while physics drives the development of new mathematical ideas. This interplay remains vital in areas such as quantum field theory and cosmology, where advanced mathematical structures and physical theory evolve together.

In their article, the authors explore how algebraic structures and geometric shapes can help us understand phenomena ranging from particle collisions such as happens, for instance, in particle accelerators to the large-scale architecture of the cosmos. Their research is centered around algebraic geometry. Their recent undertakings also connect to a field called positive geometry - an interdisciplinary and novel subject in mathematics driven by new ideas in particle physics and cosmology. This field was inspired by the geometrical concept of positive geometry which expands the standard Feynman diagram approach in particle physics by representing interactions as volumes of high-dimensional geometric objects, such as the amplituhedron, as introduced by the theoretical physicists Nima Arkani-Hamed and Jaroslav Trnka in 2013. It carries a rich combinatorial structure and offers an alternative, potentially simpler way to compute scattering amplitudes, from which one can derive probabilities of scattering events.

This approach has far-reaching implications that go beyond particle physics. In cosmology, scientists are using the faint light of the cosmic microwave background and the distribution of galaxies to infer what shaped the early universe. Similar mathematical tools are now being applied. For instance, cosmological polytopes, which are themselves positive geometries, can represent correlations in the universe's first light and help reconstruct the physical laws that governed the birth of the cosmos.

A Geometry for the Universe

The article highlights that positive geometry is not a niche mathematical curiosity but a potential unifying language for form branches of theoretical physics. These geometric frameworks naturally encode the transfer of information between physical systems, for example, by mapping concrete, sensory-based concepts to abstract structures, a process that mirrors how humans metaphorically understand the world.




The mathematics behind this is sophisticated and spans multiple disciplines. The authors draw on algebraic geometry, which defines shapes and spaces through solutions to systems of polynomial equations, algebraic analysis, which studies differential equations through mathematical objects called D-modules, and combinatorics, which describes the arrangements and interactions within these structures.

The formal objects under consideration, such as Feynman integrals, generalized Euler integrals, or canonical forms of positive geometries, are not merely mathematical abstractions. They correspond to observable phenomena in high-energy physics and cosmology, enabling precision computations of particle behavior and cosmic structures alike.

Bridging Scales with Mathematics

The study presents an approach with broad applicability and scalability. Scattering processes are often illustrated using Feynman diagrams. Feynman's approach in the study of scattering amplitudes boils down to the study of intricate integrals associated to such diagrams. Algebraic geometry provides a range of tools for systematically investigating these integrals.

The graph polynomial of a Feynman diagram is defined in terms of the spanning trees and forests of the underlying graph. The associated Feynman integral can be expressed as a Mellin transform of a power of this graph polynomial, interpreted as a function of its coefficients. These coefficients, however, are constrained by the underlying physical conditions. Feynman integrals are therefore closely connected to generalized Euler integrals, specifically through restrictions to the relevant geometric subspaces. One way to study these holonomic functions is via the linear differential equations they satisfy, which are D-module inverse images of hypergeometric D-modules. Constructing these differential equations explicitly, however, remains challenging. In theoretical cosmology, correlation functions in toy models also take the form of such integrals, with integrands arising from hyperplane arrangements.

The complement of the algebraic variety defined by the graph polynomial in an algebraic torus is a very affine variety, and the Feynman integral can be viewed as the pairing of a twisted cycle and cocycle of this variety. Its geometric and (co-)homological properties reflect physical concepts such as the number of master integrals. These master integrals form a basis for the space of integrals when the kinematic parameters vary, and the size of this basis is, at least generically, equal to the signed topological Euler characteristic of the variety.

A Field in Motion

Fevola and Sattelberger's work reflects a growing international effort, supported by the ERC synergy grant UNIVERSE+ of Nima Arkani-Hamed, Daniel Baumann, and Johannes Henn, Bernd Sturmfels. It brings together mathematics, particle physics, and cosmology focusing on precisely these connections between algebra, geometry, and theoretical physics. "Positive geometry is still a young field, but it has the potential to significantly influence fundamental research in both physics and mathematics," the authors emphasize. "It is now up to the scientific community to work out the details of these emerging mathematical objects and theories and to validate them. Encouragingly, several successful collaborations have already laid important groundwork."

The recent developments are not only advancing our understanding of the physical world but also pushing the boundaries of mathematics itself. Positive geometry is more than a tool. It is a language. One that might unify our understanding of nature at all scales.
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NASA's PREFIRE satellites reveal a secret glow escaping from our planet | ScienceDaily
The twin cube satellites will operate through at least September 2026, expanding focus from the poles to the whole planet to improve modelling and weather forecasts.


						
NASA's PREFIRE (Polar Radiant Energy in the Far-InfraRed Experiment) mission has been extended through September 2026 and is broadening its focus from Earth's poles to the entire globe. The mission's two shoebox-size CubeSats gauge the capacity of water vapor, clouds, and other elements of Earth's system to trap heat and keep it from radiating into space. This information can help improve forecasts, including weather severity and storm frequency.

Launched in spring 2024, PREFIRE has been measuring how much heat the planet emits into space from the Arctic and Antarctic. Earth absorbs a significant amount of the Sun's energy in the tropics. Winds, weather, and ocean currents transport that heat toward the poles, which receive much less sunlight. Ice, snow, and clouds, among other parts of the polar environment, emit some of that heat into space, much of it as far-infrared radiation. The difference between the amount of heat Earth absorbs at the tropics and radiates out from the Arctic and Antarctic is a key influence on the planet's temperature, helping to drive dynamic systems of climate and weather.

At the core of the mission is a pair of advanced spectrometers designed by NASA's Jet Propulsion Laboratory in Southern California. They measure wavelengths of light in the far-infrared range of the electromagnetic spectrum and are sensitive to 10 times more far-infrared wavelengths than any similar instrument. This information gives researchers insight into processes associated with surface ice melt and formation, snowmelt and accumulation, and changes in cloud cover.

"The PREFIRE satellites show that at these longer wavelengths, the amount of radiation going into space can differ from one type of ice to another by as much as 5%," said Brian Drouin, PREFIRE's project scientist at JPL. "Measurements that look at the same areas but with shorter wavelengths do not show this difference."

Although the PREFIRE CubeSats have been gathering data on the entire globe, the science team has concentrated their analysis on Earth's polar regions for its prime mission. Going forward, they will expand their work to include data from the rest of the world.

"We have the capacity to collect data for the whole world, not just the poles. What we'll be able to do is look at the size of ice particles in clouds that affect energy exchange between Earth and space," said PREFIRE's principal investigator, Tristan L'Ecuyer of the University of Wisconsin-Madison. "We'll be able to incorporate the data into weather prediction models to improve forecasts and improve our understanding of how moisture circulates, which affects where storms form and how precipitation moves around the world."

The satellites are in what's called an asynchronous near-polar orbit, traveling near the poles with each pass but hours apart from one another. This provides two snapshots of the same area over time, enabling the mission to capture phenomena that occur on short timescales, such as cloud cover's temporary effects on the temperature of the area beneath it.

More About PREFIRE

NASA's Jet Propulsion Laboratory manages PREFIRE for the agency's Science Mission Directorate and provided the spectrometers. Blue Canyon Technologies built the CubeSats and the University of Wisconsin-Madison processes the data the instruments collect. The launch services provider, Rocket Lab USA Inc. of Long Beach, California, launched both PREFIRE CubeSats from Rocket Lab Launch Complex 1 in New Zealand in May and June 2024.
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A record-breaking antenna just deployed in space. Here's what it will see | ScienceDaily
Seventeen days after NISAR's launch from southeastern India, an essential piece of science hardware has unfurled in orbit.


						
Spanning 39 feet (12 meters), the drum-shaped antenna reflector on the NISAR (NASA-ISRO Synthetic Aperture Radar) satellite mission from NASA and the Indian Space Research Organisation (ISRO) successfully unfurled in low Earth orbit. The reflector had been stowed, umbrella-like, until the 30-foot (9-meter) boom that supports it could be deployed and locked in place.

Launched by ISRO on July 30 from the Satish Dhawan Space Centre on India's southeastern coast, NISAR will track the motion of ice sheets and glaciers, the deformation of land due to earthquakes, volcanoes, and landslides, and changes in forest and wetland ecosystems down to fractions of an inch. It also will aid decision-makers in fields as diverse as disaster response, infrastructure monitoring, and agriculture.

"The successful deployment of NISAR's reflector marks a significant milestone in the capabilities of the satellite," said Karen St. Germain, director, Earth Science Division at NASA Headquarters in Washington. "From innovative technology to research and modeling to delivering science to help inform decisions, the data NISAR is poised to gather will have a major impact on how global communities and stakeholders improve infrastructure, prepare for and recover from natural disasters, and maintain food security."

The mission carries the most sophisticated radar systems ever launched as part of a NASA mission. In a first, the satellite combines two synthetic aperture radar (SAR) systems: an L-band system that can see through clouds and forest canopy, and an S-band system that can see through clouds as well but is more sensitive to light vegetation and moisture in snow. The reflector plays a key role for both systems, which is why the successful deployment of the hardware is such a significant milestone.

"This is the largest antenna reflector ever deployed for a NASA mission, and we were of course eager to see the deployment go well. It's a critical part of the NISAR Earth science mission and has taken years to design, develop, and test to be ready for this big day," said Phil Barela, NISAR project manager at NASA's Jet Propulsion Laboratory in Southern California, which managed the U.S. portion of the mission and provided one of the two radar systems aboard NISAR. "Now that we've launched, we are focusing on fine-tuning it to begin delivering transformative science by late fall of this year."

<See link to video at bottom of page.>

How Bloom Works




Weighing about 142 pounds (64 kilograms), the reflector features a cylindrical frame made of 123 composite struts and a gold-plated wire mesh. On Aug. 9, the satellite's boom, which had been tucked close to its main body, started unfolding one joint at a time until it was fully extended about four days later. The reflector assembly is mounted at the end of the boom.

Then, on Aug. 15, small explosive bolts that held the reflector assembly in place were fired, enabling the antenna to begin a process called the "bloom" -- its unfurling by the release of tension stored in its flexible frame while stowed like an umbrella. Subsequent activation of motors and cables then pulled the antenna into its final, locked position.

To image Earth's surface down to pixels about 30 feet (10 meters) across, the reflector was designed with a diameter about as wide as a school bus is long. Using SAR processing, NISAR's reflector simulates a traditional radar antenna that for the mission's L-band instrument would have to be 12 miles (19 kilometers) long to achieve the same resolution.

"Synthetic aperture radar, in principle, works like the lens of a camera, which focuses light to make a sharp image. The size of the lens, called the aperture, determines the sharpness of the image," said Paul Rosen, NISAR's project scientist at JPL. "Without SAR, spaceborne radars could generate data, but the resolution would be too rough to be useful. With SAR, NISAR will be able to generate high-resolution imagery. Using special interferometric techniques that compare images over time, NISAR enables researchers and data users to create 3D movies of changes happening on Earth's surface."

The NISAR satellite is the culmination of decades of space-based radar development at JPL. Starting in the in the 1970s, JPL managed the first Earth-observing SAR satellite, Seasat, which launched in 1978, as well as Magellan, which used SAR to map the cloud-shrouded surface of Venus in the 1990s.

More About NISAR

The NISAR mission is a partnership between NASA and ISRO spanning years of technical and programmatic collaboration. The successful launch and deployment of NISAR builds upon a strong heritage of cooperation between the United States and India in space. The data produced by NISAR's two radar systems, one provided by NASA and one by ISRO, will be a testament to what can be achieved when countries unite around a shared vision of innovation and discovery.




The ISRO Space Applications Centre provided the mission's S-band SAR. The U R Rao Satellite Centre provided the spacecraft bus. Launch services were through Satish Dhawan Space Centre. After launch, key operations, including boom and radar antenna reflector deployment, are being executed and monitored by the ISRO Telemetry, Tracking and Command Network's global system of ground stations.

Managed by Caltech in Pasadena, JPL leads the U.S. component of the project. In addition to the L-band SAR, reflector, and boom, JPL also provided the high-rate communication subsystem for science data, a solid-state data recorder, and payload data subsystem. NASA's Goddard Space Flight Center in Greenbelt, Maryland, manages the Near Space Network, which receives NISAR's L-band data.
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The surprising way rising CO2 could supercharge space storms | ScienceDaily
Rising concentrations of carbon dioxide in the upper atmosphere will change the way geomagnetic storms impact Earth, with potential implications for thousands of orbiting satellites, according to new research led by scientists at the US. National Science Foundation National Center for Atmospheric Research (NSF NCAR).


						
Geomagnetic storms, caused by massive eruptions of charged particles from the surface of the Sun that buffet Earth's atmosphere, are a growing challenge for our technologically dependent society. The storms temporarily increase the density of the upper atmosphere and therefore the drag on satellites, which impacts their speed, altitude, and how long they remain operational.

The new study used an advanced computer model to determine that the upper atmosphere's density will be lower during a future geomagnetic storm compared with a present-day storm of the same intensity. That's because the baseline density will be lower, and future storms won't increase it to levels as high as what occurs with storms currently.

However, the relative magnitude of the density increase -- the rise from baseline to peak during a multiday storm -- will be greater with future storms.

"The way that energy from the Sun affects the atmosphere will change in the future because the background density of the atmosphere is different and that creates a different response," said NSF NCAR scientist Nicolas Pedatella, the lead author. "For the satellite industry, this is an especially important question because of the need to design satellites for specific atmospheric conditions."

The study, a collaboration with Japan's Kyushu University, was published in Geophysical Research Letters.

Colder and thinner air

Earth's upper atmosphere has become increasingly important in recent decades because of society's dependence on advanced navigation systems, online data transmission, national security applications, and other technologies that rely on satellite operations.




Unlike the lower atmosphere, which warms with emissions of carbon dioxide, the upper atmosphere becomes colder. This has to do with the varying impacts of carbon dioxide: instead of absorbing and reemitting heat to nearby molecules in the relatively dense air near Earth's surface, carbon dioxide reemits the heat out into space at high altitudes where the air is much thinner.

Previous studies have estimated the extent to which increasing levels of carbon dioxide and other greenhouse gases will lead to a decrease in the upper atmosphere's neutral density, or its concentration of non-ionized particles such as oxygen and nitrogen. But Pedatella and his colleagues posed a somewhat different question: how will future atmospheric density change during powerful geomagnetic storms?

The researchers homed in on the geomagnetic superstorm of May 10-11, 2024, when a series of powerful solar disturbances known as coronal mass ejections buffeted Earth's atmosphere. They analyzed how the atmosphere would have responded to the same storm in 2016 and in three future years that will each occur around the minimum of the 11-year solar cycle (2040, 2061, and 2084).

To perform the analysis, they turned to an NSF NCAR-based modeling system, the Community Earth System Model Whole Atmosphere Community Climate Model with thermosphere-ionosphere eXtension, that simulates the entire atmosphere from Earth's surface to the upper thermosphere, 500-700 kilometers (about 310-435 miles) above the surface. This enables scientists to determine how changes in the lower atmosphere, such as higher concentrations of greenhouse gases, can affect remote regions of the atmosphere far aloft.

They ran the simulations on the Derecho supercomputer at the NSF NCAR-Wyoming Supercomputing Center.

The researchers found that, later this century, various regions of the upper atmosphere will be 20-50% less dense at the peak of a storm comparable to the one that occurred last year, assuming significantly higher carbon dioxide levels. However, compared with the atmosphere's density just before and after the storm, the relative change in density will be greater. Whereas such a storm now more than doubles the density at its peak, it may nearly triple it in the future. This is because the same storm will have a proportionately larger impact on a less dense atmosphere.




Pedatella said more research is needed to better understand how space weather will change, including studying different types of geomagnetic storms and whether their impacts will vary at various times in the 11-year solar cycle, when the atmosphere's density changes.

"We now have the capability with our models to explore the very complex interconnections between the lower and upper atmosphere," he said. "It's critical to know how these changes will occur because they have profound ramifications for our atmosphere."

This material is based upon work supported by the NSF National Center for Atmospheric Research, a major facility sponsored by the U.S. National Science Foundation and managed by the University Corporation for Atmospheric Research. Any opinions, findings and conclusions or recommendations expressed in this material do not necessarily reflect the views of NSF.
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Scientists finally tame the impossible 48-atom carbon ring | ScienceDaily
In a new study led by Oxford University's Department of Chemistry, chemists have demonstrated the synthesis of a cyclocarbon that is stable enough for spectroscopic characterisation in solution at room temperature.


						nough to be studied in liquid solution form at room temperature.    
	The study - only the second example of a new type of molecular carbon allotrope that can be studied under normal laboratory conditions - was published on August 14 in Science.
In a new study led by Oxford University's Department of Chemistry, chemists have demonstrated the synthesis of a cyclocarbon that is stable enough for spectroscopic characterisation in solution at room temperature.

The synthesis of a new type of molecular carbon allotrope that can be studied under normal laboratory conditions is a rare achievement. The only previous example was the synthesis of fullerenes by Kratschmer et al. in 1990 (Nature 1990).

In the new study, the molecule cyclo[48]carbon was synthesised as a [4]catenane, i.e. with the C48 ring threaded through three other macrocycles. These threaded macrocycles increase the stability of C48 by preventing access to the protected cyclocarbon.

Previously, molecular rings consisting purely of carbon atoms have only been studied in the gas phase or at very low temperatures (4 to 10 K). Now, the team have synthesised a cyclocarbon that is stable in solution at 20degC (half-life 92 hours). This has been achieved by using threaded macrocycles, choosing a large cyclocarbon with a low level of strain, and developing mild reaction conditions for the unmasking step in the reaction (where a precursor molecule is transformed into the final product).

The cyclocarbon catenane was characterised by mass spectrometry, NMR, UV-visible and Raman spectroscopy. The observation of a single intense 13C NMR resonance for all 48 sp1 carbon atoms indicates that all of the carbons are in equivalent environments, which provides strong evidence for the cyclocarbon catenane structure.

Lead author Dr Yueze Gao (Department of Chemistry, University of Oxford) said: "Achieving stable cyclocarbons in a vial at ambient conditions is a fundamental step. This will make it easier to study their reactivity and properties under normal laboratory conditions."

Study senior author Professor Harry Andersen (Department of Chemistry, University of Oxford) said: "This achievement marks the culmination of a long endeavour to synthesise cyclocarbon catenanes, based on the hope that they might be stable enough to study at room temperature. The original grant proposal was written in 2016, based on preliminary results from 2012-2015. It is satisfying to have reached this point, because there were many times when the goal seemed unrealistic and unachievable. This work would not have been possible without the outstanding facilities for NMR spectroscopy in the Department of Chemistry at Oxford."

The study also involved researchers from the University of Manchester, the University of Bristol and the Central Laser Facility, Rutherford Appleton Laboratory.
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Scientists just proved a fundamental quantum rule for the first time | ScienceDaily
Researchers at Tampere University and their collaborators from Germany and India have experimentally confirmed that angular momentum is conserved when a single photon is converted into a pair - validating a key principle of physics at the quantum level for the first time. This breakthrough opens new possibilities for creating complex quantum states useful in computing, communication, and sensing.


						
Conservation laws are the heart of our natural scientific understanding as they govern which processes are allowed or forbidden. A simple example is that of colliding billiard balls, where the motion - and with it, their linear momentum - is transferred from one ball to another.A similar conservation rule also exists for rotating objects, which have angular momentum. Interestingly, light can also have an angular momentum, e.g., orbital angular momentum (OAM), which is connected to the light's spatial structure.

In the quantum realm, this implies that single particles of light, so-called photons, have well-defined quanta of OAM, which need to be conserved in light-matter interactions. In a recent study in Physical Review Letters, researchers from Tampere University and their collaborators, have now pushed the test of these conservation laws to absolute quantum limit. They explore if the conservation of OAM quanta holds when a single photon is split into a photon pair.

One minus one equals zero

The conservation rule dictates, e.g., that when a photon with zero OAM is split into two photons, the OAM quanta of both photons must add to zero. Hence, if one of the newly generated photons is found to have one OAM quanta, its partner photon must have the opposite, i.e., negative OAM quanta. Or in other words, the simple formula 1 + (-1) = 0 needs to hold. While these conservation rules have been tested and utilized in a myriad of optics experiments with a laser, they have never been tested for a single photon.

"Our experiments show that the OAM is indeed conserved even when the process is driven by a single photon. This confirms a key conservation law at the most fundamental level, which is ultimately based on the symmetry of the process," explains Dr. Lea Kopf, who is the lead author of the study.

Finding the photonic needle in the laboratory haystack

The team's experiments rely on delicate measurements as the required nonlinear optical processes are very inefficient. Only every billionth photon is converted to a photon pair, such that measuring the conservation of OAM for single photons resembles the proverbial search for the needle in the haystack.




An extremely stable optical setup, low background noise, a detections scheme with the highest possible efficiency, and a lot of experimental endurance enabled the researchers to record enough successful conversions such that they could confirm the fundamental conservation law.

In addition to confirming OAM conservation, the team observed first indications of quantum entanglement in the generated photon pairs, which suggests that the technique can be extended to create more complex photonic quantum states.

"This work is not only of fundamental importance, but it also takes us a significant step closer to generating novel quantum states, where the photons are entangled in all possible ways, i.e., in space, time, and polarization," adds Prof. Robert Fickler, who leads the Experimental Quantum Optics group where the experiment was performed.

Looking forward, the researchers plan to improve the overall efficiency of their scheme and develop better strategies for measuring the generated quantum state such that in the future these photonic needles can be found easier in the laboratory haystack. Moreover, the researchers aim at leveraging the generated multi-photon quantum states for novel fundamental quantum tests and quantum photonics applications such as quantum communication and network schemes.
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Scientists stunned by record-breaking, watermelon-shaped nucleus | ScienceDaily
For the first time in more than thirty years, the heaviest nucleus decaying via proton emission has been measured. The previous similar breakthrough was achieved in 1996.


						
The radioactive decay of atomic nuclei has been one of the keystones of nuclear physics since the beginning of nuclear research. Now the heaviest nucleus decaying via proton emission has been measured in the Accelerator Laboratory of the University of Jyvaskyla, Finland.

"Proton emission is a rare form of radioactive decay, in which the nucleus emits a proton to take a step towards stability," says Doctoral Researcher Henna Kokkonen from the University of Jyvaskyla.

Studying exotic nuclei is difficult, but not impossible

The new nucleus is so far the lightest known isotope of astatine, 188At, consisting of 85 protons and 103 neutrons. Exotic nuclei of this kind are extremely challenging to study due to their short lifetimes and low production cross sections, so precise techniques are needed.

"The nucleus was produced in a fusion-evaporation reaction by irradiating natural silver target with 84Sr ion beam," says Academy Research Fellow Kalle Auranen from the University of Jyvaskyla. "The new isotope was identified using the detector setup of the RITU recoil separator."

Study reveals new findings on heavy nuclei 

In addition to the experimental results, the study expanded a theoretical model to interpret the measured data. Through the model, the nucleus can be interpreted as strongly prolate, i.e. "watermelon shaped."




"The properties of the nucleus suggests a trend change in the binding energy of the valence proton," says Kokkonen. "This is possibly explained by an interaction unprecedented in heavy nuclei."

The study is a follow-up to the master's thesis 

The study is part of Kokkonen's doctoral thesis and a direct scientific follow-up to her master's thesis, in which she discovered a new type of atomic nucleus, the 190-astatatine. The thesis article was published in the Physical Review C journal in 2023.

"Isotope discoveries are rare worldwide, and this is the second time I have had the opportunity to be part of making history," Kokkonen rejoices. "Every experiment is challenging, and it feels great to do research that improves understanding of the limits of matter and the structure of atomic nuclei."

The research article was written as part of an international research collaboration involving experts in theoretical nuclear physics. The study was published in the renowned Nature Communications.
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This simple magnetic trick could change quantum computing forever | ScienceDaily
The entry of quantum computers into society is currently hindered by their sensitivity to disturbances in the environment. Researchers from Chalmers University of Technology in Sweden, and Aalto University and the University of Helsinki in Finland, now present a new type of exotic quantum material, and a method that uses magnetism to create stability. This breakthrough can make quantum computers significantly more resilient - paving the way for them to be robust enough to tackle quantum calculations in practice.


						
At the atomic scale, the laws of physics deviate from those in our ordinary large-scale world. There, particles adhere to the laws of quantum physics, which means they can exist in multiple states simultaneously and influence each other in ways that are not possible within classical physics. These peculiar but powerful phenomena hold the key to quantum computing and quantum computers, which have the potential to solve problems that no conventional supercomputer can handle today.

But before quantum calculations can benefit society in practice, physicists need to solve a major challenge. Qubits, the basic units of a quantum computer, are extremely delicate. The slightest change in temperature, magnetic field, or even microscopic vibrations causes the qubits to lose their quantum states - and thus also their ability to perform complex calculations reliably.

To solve the problem, researchers in recent years have begun exploring the possibility of creating materials that can provide better protection against these types of disturbances and noise in their fundamental structure - their topology. Quantum states that arise and are maintained through the structure of the material used in qubits are called topological excitations and are significantly more stable and resilient than others. However, the challenge remains to find materials that naturally support such robust quantum states.

Newly developed material protects against disturbances 

Now, a research team from Chalmers University of Technology, Aalto University, and the University of Helsinki has developed a new quantum material for qubits that exhibits robust topological excitations. The breakthrough is an important step towards realising practical topological quantum computing by constructing stability directly into the material's design.

"This is a completely new type of exotic quantum material that can maintain its quantum properties when exposed to external disturbances. It can contribute to the development of quantum computers robust enough to tackle quantum calculations in practice," says Guangze Chen, postdoctoral researcher in applied quantum physics at Chalmers and lead author of the study published in Physical Review Letters.




'Exotic quantum materials' is an umbrella term for several novel classes of solids with extreme quantum properties. The search for such materials, with special resilient properties, has been a long-standing challenge.

Magnetism is the key in the new strategy

Traditionally, researchers have followed a well-established 'recipe' based on spin-orbit coupling, a quantum interaction that links the electron's spin to its movement orbit around the atomic nucleus to create topological excitations. However, this 'ingredient' is relatively rare, and the method can therefore only be used on a limited number of materials.

In the study, the research team presents a completely new method that uses magnetism - a much more common and accessible ingredient - to achieve the same effect. By harnessing magnetic interactions, the researchers were able to engineer the robust topological excitations required for topological quantum computing.

"The advantage of our method is that magnetism exists naturally in many materials. You can compare it to baking with everyday ingredients rather than using rare spices," explains Guangze Chen. "This means that we can now search for topological properties in a much broader spectrum of materials, including those that have previously been overlooked."

Paving the way for next-generation quantum computer platforms 

To accelerate the discovery of new materials with useful topological properties, the research team has also developed a new computational tool. The tool can directly calculate how strongly a material exhibits topological behaviour.

"Our hope is that this approach can help guide the discovery of many more exotic materials," says Guangze Chen. "Ultimately, this can lead to next-generation quantum computer platforms, built on materials that are naturally resistant to the kind of disturbances that plague current systems."
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Clearest Mars images yet reveal mystery rock and ancient terrain in stunning detail | ScienceDaily
'Float rocks,' sand ripples, and vast distances are among the sights to see in the latest high-resolution panorama by the six-wheeled scientist.


						
The imaging team of NASA's Perseverance Mars rover took advantage of clear skies on the Red Planet to capture one of the sharpest panoramas of its mission so far. Visible in the mosaic, which was stitched together from 96 images taken at a location the science team calls "Falbreen," are a rock that appears to lie on top of a sand ripple, a boundary line between two geologic units, and hills as distant as 40 miles (65 kilometers) away. The enhanced-color version shows the Martian sky to be remarkably clear and deceptively blue, while in the natural-color version, it's reddish.

"Our bold push for human space exploration will send astronauts back to the Moon," said Sean Duffy, acting NASA administrator. "Stunning vistas like that of Falbreen, captured by our Perseverance rover, are just a glimpse of what we'll soon witness with our own eyes. NASA's groundbreaking missions, starting with Artemis, will propel our unstoppable journey to take human space exploration to the Martian surface. NASA is continuing to get bolder and stronger."

The rover's Mastcam-Z instrument captured the images on May 26, 2025, the 1,516th Martian day, or sol, of Perseverance's mission, which began in February 2021 on the floor of Jezero Crater. Perseverance reached the top of the crater rim late last year.

"The relatively dust-free skies provide a clear view of the surrounding terrain," said Jim Bell, Mastcam-Z's principal investigator at Arizona State University in Tempe. "And in this particular mosaic, we have enhanced the color contrast, which accentuates the differences in the terrain and sky."

Buoyant Boulder

One detail that caught the science team's attention is a large rock that appears to sit atop a dark, crescent-shaped sand ripple to the right of the mosaic's center, about 14 feet (4.4 meters) from the rover. Geologists call this type of rock a "float rock" because it was more than likely formed someplace else and transported to its current location. Whether this one arrived by a landslide, water, or wind is unknown, but the science team suspects it got here before the sand ripple formed.




The bright white circle just left of center and near the bottom of the image is an abrasion patch. This is the 43rd rock Perseverance has abraded since it landed on Mars. Two inches (5 centimeters) wide, the shallow patch is made with the rover's drill and enables the science team to see what's beneath the weathered, dusty surface of a rock before deciding to drill a core sample that would be stored in one of the mission's titanium sample tubes.

The rover made this abrasion on May 22 and performed proximity science (a detailed analysis of Martian rocks and soil) with its arm-mounted instruments two days later. The science team wanted to learn about Falbreen because it's situated within what may be some of the oldest terrain Perseverance has ever explored -- perhaps even older than Jezero Crater.

Tracks from the rover's journey to the location can be seen toward the mosaic's right edge. About 300 feet (90 meters) away, they veer to the left, disappearing from sight at a previous geologic stop the science team calls "Kenmore."

A little more than halfway up the mosaic, sweeping from one edge to the other, is the transition from lighter-toned to darker-toned rocks. This is the boundary line, or contact, between two geologic units. The flat, lighter-colored rocks nearer to the rover are rich in the mineral olivine, while the darker rocks farther away are believed to be much older clay-bearing rocks.

More About Perseverance

NASA's Jet Propulsion Laboratory, which is managed for the agency by Caltech, built and manages operations of the Perseverance rover on behalf of NASA's Science Mission Directorate in Washington, as part of NASA's Mars Exploration Program portfolio. Arizona State University leads the operations of the Mastcam-Z instrument, working in collaboration with Malin Space Science Systems in San Diego, on the design, fabrication, testing, and operation of the cameras.
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Scientists just made vibrations so precise they can spot a single molecule | ScienceDaily
Just as overlapping ripples on a pond can amplify or cancel each other out, waves of many kinds -- including light, sound and atomic vibrations -- can interfere with one another. At the quantum level, this kind of interference powers high-precision sensors and could be harnessed for quantum computing.


						
In a new study published in Science Advances, researchers at Rice University and collaborators have demonstrated a strong form of interference between phonons -- the vibrations in a material's structure that constitute the tiniest units, or quanta, of heat or sound in that system. The phenomenon where two phonons with different frequency distributions interfere with each other, known as Fano resonance, was two orders of magnitude greater than any previously reported.

"While this phenomenon is well-studied for particles like electrons and photons, interference between phonons has been much less explored," said Kunyan Zhang, a former postdoctoral researcher at Rice and first author on the study. "That is a missed opportunity, since phonons can maintain their wave behavior for a long time, making them promising for stable, high-performance devices."

By showing that phonons can be harnessed as effectively as light or electrons, the study paves the way for a new generation of phonon-based technologies. The team's breakthrough hinges on the use of a two-dimensional metal on top of a silicon carbide base. Using a technique called confinement heteroepitaxy, the researchers intercalated just a few layers of silver atoms between a layer of graphene and silicon carbide, producing a tightly bound interface with remarkable quantum properties.

"The 2D metal triggers and strengthens the interference between different vibrational modes in silicon carbide, reaching record levels," Zhang said.

The research team studied how phonons interfere with each other by looking at the shape of their signal in Raman spectroscopy, a technique that measures the vibrational modes of a material. The spectrum revealed a sharply asymmetric line shape and in some cases showed a complete dip, forming an antiresonance pattern characteristic of intense interference.

The effect proved highly sensitive to the specificities of the silicon carbide surface. The comparison between three different surface terminations of silicon carbide revealed a clear link between each surface and its unique Raman line shape. Moreover, when the researchers introduced a single dye molecule to the surface, the spectral line shape changed dramatically.




"This interference is so sensitive that it can detect the presence of a single molecule," Zhang said. "It enables label-free single-molecule detection with a simple and scalable setup. Our results open up a new path for using phonons in quantum sensing and next-generation molecular detection."

Exploring the dynamic of the effect at low temperatures, the researchers confirmed that the interference stemmed purely from phonon interactions and not electrons, marking a rare case of phonon-only quantum interference. The effect has only been observed in the particular 2D metal/silicon carbide system used in the study and is absent in regular bulk metals. This is due to the special transition pathways and surface configurations enabled by the atomically thin metal layer.

The study also explored the possibility of using other 2D metals, such as gallium or indium, to induce similar effects. By fine-tuning the chemical composition of these intercalated layers, researchers could design custom interfaces with tailored quantum properties.

"Compared to conventional sensors, our method offers high sensitivity without the need for special chemical labels or complicated device setup," said Shengxi Huang, associate professor of electrical and computer engineering and materials science and nanoengineering at Rice and corresponding author on the study. "This phonon-based approach not only advances molecular sensing but also opens up exciting possibilities in energy harvesting, thermal management and quantum technologies, where controlling vibrations is key."

The research was supported by the National Science Foundation (2011839, 2246564, 1943895, 2230400), Air Force Office of Scientific Research (FA9550-22-1-0408), Welch Foundation (C-2144) and the University of North Texas.
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Strange spotted rock on Mars could reveal signs of ancient life | ScienceDaily
In 2024, NASA's Mars rover Perseverance collected an unusual rock sample. The rock, named Sapphire Canyon, features white, leopardlike spots with black borders within a red mudstone and might hold clues about sources of organic molecules within Mars.


						
Here on Earth, in Review of Scientific Instruments, by AIP Publishing, researchers from Jet Propulsion Laboratory and the California Institute of Technology used a technique called optical photothermal infrared spectroscopy (O-PTIR) to study a visually similar rock. They wanted to determine if O-PTIR can be applied to the Sapphire Canyon sample when it is eventually brought here for study.

O-PTIR uses two lasers to study a material: The first heats up the material and causes small thermal vibrations on its surface proportional to the laser's wavelength, and the second measures the extent of these changes. Together, this creates the material's unique chemical fingerprint.

The researchers tested O-PTIR on a basalt rock with dark inclusions of similar size to the Sapphire Canyon sample's -- which, in contrast to Perseverance's sophisticated sample selection process, author Nicholas Heinz found purely by coincidence.

"I was hiking in Arizona, in Sedona, when I saw this rock that just didn't look like it belonged," he said. "I put it in my backpack and brought it back to look at."

They aimed to see if O-PTIR could differentiate between the rock's primary material and its dark inclusions and found it was extremely effective because of the enhanced spatial resolution of O-PTIR. Moreover, O-PTIR is a rapid technique. Each spectrum can be collected in minutes, allowing scientists to go in with a more sensitive technique to study potential areas of interest identified in more detail, such as regions containing organics.

"I hope this capability will be considered for any future material returned from Mars, an asteroid, or any other planetary surface," said Heinz.

The team's O-PTIR capabilities are the only of their kind available at NASA's Jet Propulsion Laboratory and have already been used by other NASA missions -- in 2024, they helped confirm the cleanliness of Europa Clipper, a mission to study one of Jupiter's moons, prior to its launch. Heinz said that now that they've shown its additional benefits in applications related to Mars samples, and geology more widely, they are working with NASA's Mars science team to test the algal microfossils typically used as Mars analogs for the rovers.
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How scientists made quantum dots smarter and cheaper | ScienceDaily
Quantum dots - semiconductor nanostructures that can emit single photons on demand - are considered among the most promising sources for photonic quantum computing. However, every quantum dot is slightly different and may emit a slightly different color. This means that, to produce multi-photon states we cannot use multiple quantum dots. Usually, researchers use a single quantum dot and multiplex the emission into different spatial and temporal modes, using a fast electro-optic modulator. Now here comes the technological challenge: faster electro-optic modulators are expensive and often require very customized engineering. To add to that, it may not be very efficient, which introduces unwanted losses in the system.


						
The international research team, led by Vikas Remesh from the Photonics Group at the Department of Experimental Physics of the University of Innsbruck and involving researchers from the University of Cambridge, Johannes Kepler University Linz, and other institutions, has now demonstrated an elegant solution that sidesteps these limitations. Their approach uses a purely optical technique called stimulated two-photon excitation to generate streams of photons in different polarization states directly from a quantum dot without requiring any active switching components. The team demonstrated their technique by generating high-quality two-photon states with excellent single-photon properties.

"The method works by first exciting the quantum dot with precisely timed laser pulses to create a biexciton state, followed by polarization-controlled stimulation pulses that deterministically trigger photon emission in the desired polarization," explain Yusuf Karli and Iker Avila Arenas, the study's first authors. "It was a fantastic experience for me to work in the photonics group for my master's thesis, remembers Iker Avila Arenas, who was part of 2022-2024 cohort of the Erasmus Mundus Joint Master's program in Photonics for Security Reliability and Safety and spent 6 months in Innsbruck.

"What makes this approach particularly elegant is that we have moved the complexity from expensive, loss-inducing electronic components after the single photon emission to the optical excitation stage, and it is a significant step forward in making quantum dot sources more practical for real-world applications," notes Vikas Remesh, the study's lead researcher. Looking ahead, the researchers envision extending the technique to generate photons with arbitrary linear polarization states using specially engineered quantum dots.

"The study has immediate applications in secure quantum key distribution protocols, where multiple independent photon streams can enable simultaneous secure communication with different parties, and in multi-photon interference experiments which are very important to test even the fundamental principles of quantum mechanics," explains Gregor Weihs, head of the photonics research group in Innsbruck.

The research, published in npj Quantum Information, represents a collaborative effort involving expertise in quantum optics, semiconductor physics, and photonic engineering. The work was supported by the Austrian Science Fund (FWF), the Austrian Research Promotion Agency (FFG), and the European Union's research programs.
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Hubble spots a nearly invisible galaxy hiding in plain sight | ScienceDaily
This NASA/ESA Hubble Space Telescope Picture of the Week zooms in on the feathery spiral arms of the galaxy NGC 45, which lies just 22 million light-years away in the constellation Cetus (The Whale).


						
The data used to create this portrait were drawn from two complementary observing programs. The first took a broad view of 50 nearby galaxies, leveraging Hubble's ability to observe light from the ultraviolet to the near-infrared in order to study star formation in these galaxies. The second program examined many of the same nearby galaxies as the first, narrowing in on a particular wavelength of red light called H-alpha. Star-forming nebulae are powerful producers of H-alpha light, and several of these regions can be identified across NGC 45 by their bright pink-red color.

These observing programs aimed to study star formation in galaxies of different sizes, structures, and degrees of isolation -- and NGC 45 makes for a particularly interesting target. Though it may appear to be a regular spiral galaxy, NGC 45 is actually a remarkable type called a low surface brightness galaxy.

Low surface brightness galaxies are fainter than the night sky itself, making them incredibly difficult to detect. They appear unexpectedly faint because they have relatively few stars for the amount of gas and dark matter they carry. In the decades since the first low surface brightness galaxy was serendipitously discovered in 1986, researchers have learned that 30-60% of all galaxies may fall into this category. Studying these hard-to-detect galaxies is key to understanding how galaxies form and evolve, and Hubble's sensitive instruments are equal to the task.
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NASA's Curiosity Mars rover just learned how to multitask | ScienceDaily
New capabilities allow the rover to do science with less energy from its batteries.


						
Thirteen years since Curiosity landed on Mars, engineers are finding ways to make the NASA rover even more productive. The six-wheeled robot has been given more autonomy and the ability to multitask -- improvements designed to make the most of Curiosity's energy source, a multi-mission radioisotope thermoelectric generator (MMRTG). Increased efficiency means the rover has ample power as it continues to decipher how the ancient Martian climate changed, transforming a world of lakes and rivers into the chilly desert it is today.

Curiosity recently rolled into a region filled with boxwork formations. These hardened ridges are believed to have been created by underground water billions of years ago. Stretching for miles on this part of Mount Sharp, a 3-mile-tall (5-kilometer-tall) mountain, the formations might reveal whether microbial life could have survived in the Martian subsurface eons ago, extending the period of habitability farther into when the planet was drying out.

Carrying out this detective work involves a lot of energy. Besides driving and extending a robotic arm to study rocks and cliffsides, Curiosity has a radio, cameras, and 10 science instruments that all need power. So do the multiple heaters that keep electronics, mechanical parts, and instruments operating at their best. Past missions like the Spirit and Opportunity rovers and the InSight lander relied on solar panels to recharge their batteries, but that technology always runs the risk of not receiving enough sunlight to provide power.

Instead, Curiosity and its younger sibling Perseverance each use their MMRTG nuclear power source, which relies on decaying plutonium pellets to create energy and recharge the rover's batteries. Providing ample power for the rovers' many science instruments, MMRTGs are known for their longevity (the twin Voyager spacecraft have relied on RTGs since 1977). But as the plutonium decays over time, it takes longer to recharge Curiosity's batteries, leaving less energy for science each day.

The team carefully manages the rover's daily power budget, factoring in every device that draws on the batteries. While these components were all tested extensively before launch, they are part of complex systems that reveal their quirks only after years in the extreme Martian environment. Dust, radiation, and sharp temperature swings bring out edge cases that engineers couldn't have expected.

"We were more like cautious parents earlier in the mission," said Reidar Larsen of NASA's Jet Propulsion Laboratory in Southern California, which built and operates the rover. Larsen led a group of engineers who developed the new capabilities. "It's as if our teenage rover is maturing, and we're trusting it to take on more responsibility. As a kid, you might do one thing at a time, but as you become an adult, you learn to multitask."

More Efficient Science




Generally, JPL engineers send Curiosity a list of tasks to complete one by one before the rover ends its day with a nap to recharge. In 2021, the team began studying whether two or three rover tasks could be safely combined, reducing the amount of time Curiosity is active.

For example, Curiosity's radio regularly sends data and images to a passing orbiter, which relays them to Earth. Could the rover talk to an orbiter while driving, moving its robotic arm, or snapping images? Consolidating tasks could shorten each day's plan, requiring less time with heaters on and instruments in a ready-to-use state, reducing the energy used. Testing showed Curiosity safely could, and all of these have now been successfully demonstrated on Mars.

Another trick involves letting Curiosity decide to nap if it finishes its tasks early. Engineers always pad their estimates for how long a day's activity will take just in case hiccups arise. Now, if Curiosity completes those activities ahead of the time allotted, it will go to sleep early.

By letting the rover manage when it naps, there is less recharging to do before the next day's plan. Even actions that trim just 10 or 20 minutes from a single activity add up over the long haul, maximizing the life of the MMRTG for more science and exploration down the road.

Miles to Go

In fact, the team has been implementing other new capabilities on Curiosity for years. Several mechanical issues required a rework of how the robotic arm's rock-pulverizing drill collects samples, and driving capabilities have been enhanced with software updates. When a color filter wheel stopped turning on one of the two cameras mounted on Mastcam, Curiosity's swiveling "head," the team developed a workaround allowing them to capture the same beautiful panoramas.




JPL also developed an algorithm to reduce wear on Curiosity's rock-battered wheels. And while engineers closely monitor any new damage, they aren't worried: After 22 miles (35 kilometers) and extensive research, it's clear that, despite some punctures, the wheels have years' worth of travel in them. (And in a worst-case scenario, Curiosity could remove the damaged part of the wheel's "tread" and still drive on the remaining part.)

Together, these measures are doing their job to keep Curiosity as busy as ever.

More About Curiosity

Curiosity was built by NASA's Jet Propulsion Laboratory, which is managed by Caltech in Pasadena, California. JPL leads the mission on behalf of NASA's Science Mission Directorate in Washington as part of NASA's Mars Exploration Program portfolio. Malin Space Science Systems in San Diego built and operates Mastcam.
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Gold refuses to melt at temperatures hotter than the Sun's surface | ScienceDaily
Researchers taking the first-ever direct measurement of atom temperature in extremely hot materials inadvertently disproved a decades-old theory and upended our understanding of superheating.


						
It's notoriously difficult to take the temperature of really hot things. Whether it's the roiling plasma in our Sun, the extreme conditions at the core of planets or the crushing forces at play inside a fusion reactor, what scientists call "warm dense matter" can reach hundreds of thousands of degrees kelvin.

Knowing precisely how hot these materials are is crucial for researchers to fully understand such complex systems, but taking these measurements has been, until now, virtually impossible.

"We have good techniques for measuring density and pressure of these systems, but not temperature," said Bob Nagler, staff scientist at the Department of Energy's SLAC National Accelerator Laboratory. "In these studies, the temperatures are always estimates with huge error bars, which really holds up our theoretical models. It's been a decades-long problem."

Now, for the first time, a team of researchers report in the journal Nature that they have directly measured the temperature of atoms in warm dense matter. While other methods rely on complex and hard-to-validate models, this new method directly measures the speed of atoms, and therefore the temperature of the system. Already, their innovative method is changing our understanding of the world: In an experimental debut, the team superheated solid gold far beyond the theoretical limit, unexpectedly overturning four decades of established theory.
"This wasn't our original goal, but that's what science is about - discovering new things you didn't know existed."  Tom White Associate Professor of Physics at University of Nevada, Reno
Nagler and researchers at SLAC's Matter in Extreme Conditions (MEC) instrument co-led this study with Tom White, associate professor of physics at University of Nevada, Reno. The group includes researchers from Queen's University Belfast, the European XFEL (X-ray Free-Electron Laser), Columbia University, Princeton University, University of Oxford, University of California, Merced, and the University of Warwick, Coventry.

Taking the temperature 

For nearly a decade, this team has worked to develop a method that circumvents the usual challenges of measuring extreme temperatures - specifically, the brief duration of the conditions that create those temperatures in the lab and the difficulty of calibrating how these complex systems affect other materials.




"Finally, we've directly and unambiguously taken a direct measurement, demonstrating a method that can be applied throughout the field," White said.

At SLAC's MEC instrument, the team used a laser to superheat a sample of gold. As heat flashed through the nanometer-thin sample, its atoms began to vibrate at a speed directly related to their rising temperature. The team then sent a pulse of ultrabright X-rays from the Linac Coherent Light Source (LCLS) through the superheated sample. As they scattered off the vibrating atoms, the X-rays' frequency shifted slightly, revealing the atoms' speed and thus their temperature.

"The novel temperature measurement technique developed in this study demonstrates that LCLS is at the frontier of laser-heated matter research," said Siegfried Glenzer, director of the High Energy Density Science division at SLAC and co-author on the paper. "LCLS, paired with these innovative techniques, play an important role in advancing high energy density science and transformative applications like inertial fusion."

The team was thrilled to have successfully demonstrated this technique - and as they took a deeper look at the data, they discovered something even more exciting.

"We were surprised to find a much higher temperature in these superheated solids than we initially expected, which disproves a long-standing theory from the 1980s," White said. "This wasn't our original goal, but that's what science is about - discovering new things you didn't know existed."

Surviving the entropy catastrophe 

Every material has specific melting and boiling points, marking the transition from solid to liquid and liquid to gas, respectively. However, there are exceptions. For instance, when water is heated rapidly in very smooth containers - such as a glass of water in a microwave - it can become "superheated," reaching temperatures above 212 degrees Fahrenheit (100 degrees Celsius) without actually boiling. This occurs because there are no rough surfaces or impurities to trigger bubble formation.




But this trick of nature comes with an increased risk: The further a system strays from its normal melting and boiling points, the more vulnerable it is to what scientists call a catastrophe - a sudden onset of melting or boiling triggered by slight environmental change. For example, water that has been superheated in a microwave will boil explosively when disturbed, potentially causing serious burns.

While some experiments have shown it is possible to bypass these intermediary limits by rapidly heating materials, "the entropy catastrophe was still viewed as the ultimate boundary," White explained.

In their recent study, the team discovered that the gold had been superheated to an astonishing 19,000 kelvins (33,740 degrees Fahrenheit) - more than 14 times its melting point and well beyond the proposed entropy catastrophe limit - all while maintaining its solid crystalline structure.
"If our first experiment using this technique led to a major challenge to established science, I can't wait to see what other discoveries lie ahead."  Bob Nagler SLAC Staff Scientist
"It's important to clarify that we did not violate the Second Law of Thermodynamics," White said with a chuckle. "What we demonstrated is that these catastrophes can be avoided if materials are heated extremely quickly - in our case, within trillionths of a second."

The researchers believe that the rapid heating prevented the gold from expanding, enabling it to retain its solid state. The findings suggest that there may not be an upper limit for superheated materials, if heated quickly enough.

Fusion and beyond 

Nagler noted that researchers who study warm dense matter have likely been surpassing the entropy catastrophe limit for years without realizing it, due to the absence of a reliable method for directly measuring temperature.

"If our first experiment using this technique led to a major challenge to established science, I can't wait to see what other discoveries lie ahead," Nagler said.

As just one example, White and Nagler's teams used this method again this summer to study the temperature of materials that have been shock-compressed to replicate the conditions deep inside planets.

Nagler is also eager to apply the new technique - which can pinpoint atom temperatures from 1,000 to 500,000 kelvins - to ongoing inertial fusion energy research at SLAC. "When a fusion fuel target implodes in a fusion reactor, the targets are in a warm dense state," Nagler explained. "To design useful targets, we need to know at what temperatures they will undergo important state changes. Now, we finally have a way to make those measurements."

This work was funded in part by the DOE National Nuclear Security Administration and Office of Science Fusion Energy Sciences. LCLS is a DOE Office of Science user facilities.
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Room-temperature quantum breakthrough freezes motion without cooling | ScienceDaily
Three nano glass spheres cling to one another. They form a tower-like cluster, similar to when you pile three scoops of ice cream on top of one another - only much smaller. The diameter of the nano cluster is ten times smaller than that of a human hair. With the help of an optical device and laser beams, researchers at ETH Zurich have succeeded in keeping such objects almost completely motionless in levitation. This is significant when it comes to the future development of quantum sensors, which, together with quantum computers, constitute the most promising applications of quantum research.


						
As part of their levitation experiment, the researchers, led by adjunct professor of photonics Martin Frimmer, were able to eliminate the gravitational force acting on the glass spheres. However, the elongated nano object still trembled, similar to how the needle on a compass moves when settling into position. In the case of the nano cluster, the trembling motion was very fast but weak: the object made around one million deflections per second, each measuring only a few thousandths of a degree. This tiny rotational oscillation is a fundamental quantum motion exhibited by all objects and which physicists call zero-point fluctuation. "According to the principles of quantum mechanics, no object can ever remain perfectly still," explains Lorenzo Dania, a postdoc in Frimmer's group and first author of the study. "The larger an object is, the smaller these zero-point fluctuations are and the more difficult it is to observe them."

Multiple records

To date, no one has been successful in detecting these tiny movements for an object of this size as precisely as the ETH researchers have now done. They achieved this because they were able to largely eliminate all motions that originate from the field of classical physics and obscure the observation of quantum movements. The ETH researchers attribute 92 percent of the cluster's movements in their experiment to quantum physics and 8 percent to classical physics; they therefore refer to a high level of quantum purity. "Beforehand, we didn't expect to achieve such a high level of quantum purity," explains Dania.

And the records do not stop there: the researchers accomplished all of this at room temperature. Quantum researchers usually have to cool their objects to a temperature close to absolute zero (-273 degrees Celsius) using special equipment. This was not required here. Frimmer draws an analogy: "It's like we've built a new vehicle that transports more cargo than traditional lorries and at the same time consumes less fuel."

Tiny and enormous at the same time

While many researchers investigate quantum effects in individual or small groups of atoms, Frimmer and his group are among those working with relatively large objects. Their nanosphere cluster may be tiny in everyday terms, but it consists of several hundred million atoms, making it enormous from a quantum physicist's perspective. The interest in objects of this size is partly driven by hopes for future quantum technology applications, for example. Such applications require larger systems to be controlled using the principles of quantum mechanics.




The researchers were able to levitate their nano particles using what is known as an optical tweezer. In this process, the particle is placed in a vacuum in a transparent container. A lens is used to focus polarised laser light at a point inside this container. At this focal point, the particle aligns with the electric field of the polarised laser and thus remains stable.

"A perfect start"

"What we've achieved is a perfect start for further research that one day could feed into applications," says Frimmer. For such applications, you first need a system with high quantum purity in which all external interference can be successfully suppressed and movements controlled in the manner desired, he states, adding that this has now been achieved. It would then be possible to detect quantum mechanical effects, to measure these and to use the system for quantum technological applications.

Possible applications include basic research in physics to design experiments to investigate the relationship between gravity and quantum mechanics. The development of sensors to measure tiny forces such as those of gas molecules or even elementary particles that act on the sensor is also conceivable. This would be useful in the search for dark matter. "We now have a system that is relatively simple, cost-effective and well-suited for this purpose," says Frimmer.

Applications in navigation and medicine

In the distant future, quantum sensors could also be used in medical imaging. It is hoped that they will be able to detect weak signals in environments where measuring devices otherwise mainly pick up background noise. Another potential application could be motion sensors that could facilitate vehicle navigation even when there is no contact with a GPS satellite.

For the majority of these applications, the quantum system would need to be miniaturised. According to the ETH researchers, this is possible in principle. In any case, they have found a way to achieve the desired controllable quantum state without time-consuming, costly and energy-intensive cooling.
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        Scientists finally crack the secret to perfect chocolate flavor
        Scientists have decoded the microbial and environmental factors behind cacao fermentation, the critical process that defines chocolate's taste. By recreating the fermentation with controlled microbial communities, they've paved the way for more consistent, high-quality chocolate.

      

      
        The surprising reason timber plantations explode into megafires
        Industrial forests, packed with evenly spaced trees, face nearly 50% higher odds of megafires than public lands. A lidar-powered study of California's Sierra Nevada reveals how dense plantations feed fire severity, but also shows that proactive thinning could prevent forests from collapsing into shrubland ecosystems.

      

      
        This is where tree planting has the biggest climate impact
        Planting more trees can help cool the planet and reduce fire risk--but where they are planted matters. According to UC Riverside researchers, tropical regions provide the most powerful climate benefits because trees there grow year-round, absorb more carbon dioxide, and cool the air through processes like evapotranspiration, or "tree sweating."

      

      
        Protected seas help kelp forests bounce back from heatwaves
        Kelp forests bounce back faster from marine heatwaves when shielded inside Marine Protected Areas. UCLA researchers found that fishing restrictions and predator protection strengthen ecosystem resilience, though results vary by location.

      

      
        Scientists unlock the gene that lets bearded dragons switch sex
        Two independent research teams have unveiled near-complete reference genomes of the central bearded dragon, a reptile with the rare ability to change sex depending on both chromosomes and nest temperature. Using next-generation sequencing technologies from China and Australia, the projects uncovered the long-sought genetic basis of sex determination in this lizard.

      

      
        Tiny microbes may secretly rewire the brain before birth
        MSU researchers discovered that microbes begin shaping the brain while still in the womb, influencing neurons in a region critical for stress and social behavior. Their findings suggest modern birth practices that alter the microbiome may have hidden impacts on brain development.

      

      
        Scientists reveal how just two human decisions rewired the Great Salt Lake forever
        Scientists found that Great Salt Lake's chemistry and water balance were stable for thousands of years, until human settlement. Irrigation and farming in the 1800s and a railroad causeway in 1959 created dramatic, lasting changes. The lake now behaves in ways unseen for at least 2,000 years.

      

      
        NASA's PREFIRE satellites reveal a secret glow escaping from our planet
        With its two tiny CubeSats, NASA's PREFIRE mission is capturing invisible heat escaping from Earth, offering clues to how ice, clouds, and storms influence the climate system. The insights could lead to better weather forecasts and a deeper understanding of global change.

      

      
        A record-breaking antenna just deployed in space. Here's what it will see
        NASA and ISRO s NISAR satellite has just reached a major milestone: the successful deployment of its enormous 39-foot antenna reflector in orbit. Folded up like an umbrella during launch, the reflector is now fully extended and ready to support NISAR s groundbreaking radar systems. This record-breaking satellite will monitor everything from shifting ice sheets and glaciers to the subtle movement of land caused by earthquakes, volcanoes, and landslides.

      

      
        Myanmar's massive quake hints at bigger earthquakes to come
        The massive 2025 Myanmar earthquake revealed that strike slip faults can behave in surprising ways. Using satellite data, Caltech researchers found the Sagaing Fault ruptured more dramatically than expected, suggesting faults like the San Andreas could unleash even larger quakes than history shows.

      

      
        Scientists just found a hidden factor behind Earth's methane surge
        Roughly two-thirds of all atmospheric methane, a potent greenhouse gas, comes from methanogens. Tracking down which methanogens in which environment produce methane with a specific isotope signature is difficult, however. UC Berkeley researchers have for the first time CRISPRed the key enzyme involved in microbial methane production to understand the unique isotopic fingerprints of different environments to better understand Earth's methane budget.

      

      
        Scientists uncover the lost shelduck that chose walking over flight
        Scientists have uncovered an extinct shelduck from the Chatham Islands that evolved shorter wings and stronger legs, adapting to a predator-free, windy environment. It vanished before the 19th century, likely due to hunting and predation.

      

      
        The surprising way rising CO2 could supercharge space storms
        Rising CO2 levels will make the upper atmosphere colder and thinner, altering how geomagnetic storms impact satellites. Future storms could cause sharper density spikes despite lower overall density, increasing drag-related challenges.

      

      
        Trojan horse bacteria sneak cancer-killing viruses into tumors
        Scientists have engineered a groundbreaking cancer treatment that uses bacteria to smuggle viruses directly into tumors, bypassing the immune system and delivering a powerful one-two punch against cancer cells. The bacteria act like Trojan horses, carrying viral payloads to cancer's core, where the virus can spread and destroy malignant cells. Built-in safety features ensure the virus can't multiply outside the tumor, offering a promising pathway for safe, targeted therapy.

      

      
        One gene completely changed how these flies fall in love
        By flipping a single genetic switch, researchers made one fruit fly species adopt the gift-giving courtship of another, showing how tiny brain rewiring can drive evolutionary change.

      

      
        Great white sharks have a DNA mystery science still can't explain
        Once on the brink during the last ice age, great white sharks made a remarkable recovery globally, but their DNA reveals a baffling story. Classic migration explanations fail, leaving scientists with a mystery that defies reproductive and evolutionary logic.

      

      
        Greenland's glacial runoff is powering explosions of ocean life
        NASA-backed simulations reveal that meltwater from Greenland's Jakobshavn Glacier lifts deep-ocean nutrients to the surface, sparking large summer blooms of phytoplankton that feed the Arctic food web.

      

      
        NASA's SWOT satellite captures Kamchatka megaquake tsunami in striking detail
        When a massive 8.8 magnitude earthquake struck off Russia's Kamchatka Peninsula, NASA and CNES's SWOT satellite captured a rare and detailed picture of the tsunami that followed. Recorded just over an hour after the quake, the satellite revealed the wave's height, shape, and path, offering scientists an unprecedented multidimensional view from space.

      

      
        The surprising ant strategy that could transform robotics
        Weaver ants have cracked a teamwork puzzle that humans have struggled with for over a century -- instead of slacking off as their group grows, they work harder. These tiny architects not only build elaborate leaf nests but also double their pulling power when more ants join in. Using a "force ratchet" system where some pull while others anchor, they outperform the efficiency of human teams and could inspire revolutionary advances in robotics cooperation.

      

      
        The ocean's fragile fortresses are crumbling under climate pressure
        Mediterranean bryozoans, including the "false coral," are showing alarming changes in structure and microbiomes under acidification and warming. Field studies at volcanic CO2 vents reveal that these stressors combined sharply reduce survival, posing risks to marine ecosystems.

      

      
        Mexican cave stalagmites reveal the deadly droughts behind the Maya collapse
        Chemical evidence from a stalagmite in Mexico has revealed that the Classic Maya civilization's decline coincided with repeated severe wet-season droughts, including one that lasted 13 years. These prolonged droughts corresponded with halted monument construction and political disruption at key Maya sites, suggesting that climate stress played a major role in the collapse. The findings demonstrate how stalagmites offer unmatched precision for linking environmental change to historical events.

      

      
        Scientists may have found the tiny DNA switch that made us human
        Scientists at UC San Diego have discovered a small but powerful section of DNA, called HAR123, that could help explain what makes the human brain so unique. Instead of being a gene, HAR123 acts like a "volume control" for brain development, guiding how brain cells form and in what proportions. The human version of HAR123 behaves differently from the chimpanzee version, possibly giving us greater flexibility in how we think and learn. This finding could also help researchers understand the roots o...

      

      
        Strange spotted rock on Mars could reveal signs of ancient life
        A curious red Martian rock nicknamed Sapphire Canyon has scientists excited, as its spotted appearance hints at possible organic origins. On Earth, researchers tested a powerful laser technique, O-PTIR, on a similar rock found by chance in Arizona, proving it can rapidly and precisely reveal a material's chemical makeup. This high-resolution method could play a key role in analyzing Mars samples once they arrive, adding to its growing track record in NASA missions like Europa Clipper.

      

      
        Predator fly unleashes chaotic ant wars that could save coffee
        In a Puerto Rican coffee farm, researchers uncovered a web of chaotic interactions between three ant species and a predator fly, revealing how shifting dominance patterns make pest management unpredictable. By combining theories of cyclic dominance and predator-mediated coexistence, they showed how ecological forces oscillate and intertwine, creating patterns too complex for simple forecasting. This deep dive into ant behavior underscores both the potential and the challenges of replacing pestici...

      

      
        Could this new earthquake system give Alaska 50 seconds to prepare?
        A new study reveals that an earthquake early warning system, similar to the USGS ShakeAlert used in California, Oregon, and Washington, could give Alaskan communities precious seconds to prepare before strong shaking hits. Modeling shows that towns like Sand Point, King Cove, and Chignik might receive between 10 and 50 seconds of warning during major quakes, while a simulated magnitude 8.3 event could provide up to half a minute in some areas.
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Scientists finally crack the secret to perfect chocolate flavor | ScienceDaily
Researchers have identified key factors that influence the flavor of chocolate during the cocoa bean fermentation process, a discovery that could offer chocolate producers a powerful tool to craft consistently high-quality, flavor-rich chocolate.


						
Scientists from the University of Nottingham's School of Biosciences examined how cacao bean temperature, pH, and microbial communities interact during fermentation and how these factors shape chocolate flavor. The team identified key microbial species and metabolic traits associated with fine-flavor chocolate and found that both abiotic factors (such as temperature and pH) and biotic factors (the microbial communities) are strong,consistent indicators of flavor development. The study was published on August 18 in Nature Microbiology.

The quality and flavor of chocolate begin with the cacao bean, which is profoundly influenced by both pre- and post-harvest factors. Among these, fermentation is the first, and one of the most critical steps after harvest. It lays the foundation for aroma development, flavor complexity, and the reduction of bitterness in the final chocolate product.

Dr David Gopaulchan, the first author of the paper, from the School of Biosciences explains: "Fermentation is a natural, microbe-driven process that typically takes place directly on cocoa farms, where harvested beans are piled in boxes, heaps, or baskets. In these settings, naturally occurring bacteria and fungi from the surrounding environment break down the beans, producing key chemical compounds that underpin chocolate's final taste and aroma. However, this spontaneous fermentation is largely uncontrolled. Farmers have little influence over which microbes dominate or how the fermentation process unfolds. As a result, fermentation, and thus the flavor and quality of the beans, varies widely between harvests, farms, regions, and countries."

The researchers wanted to find out whether this unstable, natural process could be replicated and controlled in the lab. Working with Colombian farmers during the fermentation process they identified the factors that influence flavor. They were then able to use this knowledge to create a lab fermentation process and developed a defined microbial community, a curated mix of bacteria and fungi, capable of replicating the key chemical and sensory outcomes of traditional fermentations. This synthetic community successfully mimicked the dynamics of on-farm fermentations and produced chocolate with the same fine-flavor characteristics.

Dr David Gopaulchan adds: "The discoveries we have made are really important for helping chocolate producers to be able to consistently maximize their cocoa crops as we have shown they can rely on measurable markers such as specific pH, temperature, and microbial dynamics, to reliably predict and achieve consistent flavor outcomes. This research signals a shift from spontaneous, uncontrolled fermentations to a standardized, science-driven process. Just as starter cultures revolutionized beer and cheese production, cocoa fermentation is poised for its own transformation, powered by microbes, guided by data, and tailored for flavor excellence. By effectively domesticating the fermentation process, this work lays the foundation for a new era in chocolate production, where defined starter cultures can standardize fermentation, unlock novel flavor possibilities, and elevate chocolate quality on a global scale."
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The surprising reason timber plantations explode into megafires | ScienceDaily
The odds of high-severity wildfire were nearly one-and-a-half times higher on industrial private land than on publicly owned forests, a new study found. Forests managed by timber companies were more likely to exhibit the conditions that megafires love -- dense stands of regularly spaced trees with continuous vegetation connecting the understory to the canopy.


						
The research, led by the University of Utah, University of California, Berkeley, and the United States Forest Service, is the first to identify how extreme weather conditions and forest management practices jointly impact fire severity.Leveraging a unique lidar dataset, the authors created three-dimensional maps of public and private forests before five wildfires burned 1.1 million acres in the northern Sierra Nevada, California.

In periods of extreme weather, stem density -- the number of trees per acre -- became the most important predictor of a high-severity fire. Even in the face of accelerating climate change, how we manage the land will make a difference.

"That's a really hopeful finding because it means that we can adjust how we manage these landscapes to impact the way fires move through them," said Jacob Levine, postdoctoral researcher at the U and lead author of the study. "Strategies that reduce density by thinning out both small and mature trees will make forests more robust and resilient to fire in the future."

In a 2022 study, Levine and collaborators found that fire severity was typically higher on privately managed forests. They also discovered the risks extended to areas near to, but not owned by, private industry, threatening the wilderness, small landowners and urban areas in their shadow.This new study is the first to identify the underlying forest structures that make high-severity fires more likely in some areas than in others.

The study was published on Aug. 20, 2025, in the journal Global Change Biology.

Lidar unlocks forest structure secrets

Plumas National Forest, the study area in California's northern Sierra Nevada, is emblematic of the wider trend of wildfire occurrence and severity. The region's mixed conifer forests are adapted to periodic, low- to medium-severity fires that cleared vegetation, creating large spaces between clumps of trees. Efforts to increase timber resources led the U.S. government to implement fire suppression policies in the 1800s, including a ban on controlled burns that Indigenous People practiced for millennia. In the absence of natural fire cycles and Indigenous burning, modern forests have more fodder to fuel high-severity fires, defined as a fire that kills more than 95% of overstory trees.




Plumas National Forest is a mosaic of private industrial and public ownership, and 70% of the study area was burned in five massive wildfires between 2019 and 2021, including the largest single fire in California's recorded history, the Dixie Fire. Serendipitously, a unique dataset had been collected a year before the region burned.

In 2018, the U.S. Forest Service, Geological Survey and National Aeronautics and Space Administration surveyed the Plumas National Forest and surrounding private land using airborne light detection and ranging (lidar) flights. The lidar sensors shoot billions of lasers at the landscape below, which bounce off the grass, shrubs, saplings, tree canopies and other structures in the forest with high precision.

"We have a really detailed picture of what the forest looked like immediately before these massive fires. It's an unbelievably valuable thing to have," Levine said. "Understanding the forest structures that lead to high-severity fire allows us to target mitigation strategies to get ahead of this massive fire problem while still producing enough timber to meet market demand."

Private vs public management strategies

Timber companies are focused on maximizing profits and providing a sustainable source of wood, a valuable resource for society and economic engine for rural communities. Most practice plantation forestry -- clear-cutting an area and replanting the trees in a tightly packed grid. After 80 to 100 years, they do it all again, leaving a patchwork of dense stands of trees of similar age and size.

"You can think about stacking a bunch of matches together in a grid -- that's going to burn a lot better than if you have those matches dispersed as smaller clumps," Levine explained. "A bigger fire can easily reach the canopy in dense forests. Then it's ripping through one tree after another, tossing out chunks of burning material miles in advance. It's a different story."

The objectives of public lands are more varied, requiring management for grazing, recreation, restoration, timber production and wildlife corridors. They're also beholden to the public, which stymies their ability to do active management. Environmental organizations often sue to stop proposed projects that would remove trees to thin down density.




Although the study demonstrates that private industrial lands fare worse, both private and public agencies have much room for improvement to protect our nation's forests. Most Sierra Nevada trees lack adaptations to recover from high-severity fires, leading to more and more of our forests turning into shrub and grasslands.

"This has major implications for timber, but also for carbon sequestration, water quality, wildlife habitat and recreation," Levine said. "Shrub and grasslands can be beautiful, but when we think of the Sierra Nevada we picture majestic forests. Without major changes in forest management, future generations could inherit a landscape that looks very different than the one we cherish today."

Other authors include Brandon Collins of the U.S. Forest Service and University of California, Berkeley; Michelle Coppoletta of the U.S. Forest Service; and Scott Stephens of University of California, Berkeley.

The study, "Extreme weather magnifies the effects of forest structure on wildfire, driving increased severity in industrial forests," was published on Aug. 20, 2025, in the journal Global Change Biology.
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This is where tree planting has the biggest climate impact | ScienceDaily
More trees will cool the climate and suppress fires, but mainly if planted in the tropics, according to a new UC Riverside study.


						
The study, published in npj Climate and Atmospheric Science, found that tree planting is generally a net positive for the climate because it helps pull warming carbon out of the atmosphere. However, local effects on temperature not related to carbon varied significantly by region. At higher latitudes, trees could have a slight heating effect, while the opposite is true in the tropics.

"Our study found more cooling from planting in warm, wet regions, where trees grow year-round. Tropical trees not only pull carbon dioxide from the air, they also cool while releasing water vapor," said study first author and UCR graduate student James Gomez. "It's not that planting elsewhere doesn't help - it does - but the tropics offer the strongest returns per tree."

These findings mirror the results of an earlier UCR study that shows planting trees could cool the surface of the planet even more than previously expected. While that study factored in the chemical effects of trees interacting with the atmosphere, this study places more emphasis on understanding the physical effects of tree planting.

These effects include "tree sweating," or evapotranspiration. Tree roots pull water from the soil, which then travels up through the trunk and into the leaves. When pores in the leaves open up so the tree can take in carbon dioxide for photosynthesis, some of the water in the leaves evaporates into the air. This process cools the air on Earth's surface and cools the tree, too.

"It's just like the way sweating cools your body," Gomez said. "In the tropics, there is constantly water available for trees, and that increases transpiration."

Trees can also reduce the amount of sunlight that reaches the planet's surface. As they give off water vapor, the air can become more humid. More humidity can mean more clouds, and water vapor itself can soak up some sun. Both of these effects reduce the amount of sun that reaches the ground, giving a cooling effect.




The physical effects of the added trees yield weak global mean cooling of 0.01deg F, although this cooling does become significant in the tropics at about 0.1deg F, with some tropical regions like central Africa experiencing cooling up to 0.8deg F.

Accounting for the carbon sequestration of the added trees, which here are approximated offline, is expected to amplify these cooling effects by about 0.15deg F globally. The researchers note that better estimates of the carbon sequestration effects will be explored in a future study, where both the physical and carbon cycle effects of establishing new forests are interactively simulated.

"Though the non-CO2 effects are small, it is good news that they are not warming, which prior studies have indicated is likely," Gomez said.

For this study, the researchers also used a relatively realistic scenario, planting trees in places where they have been removed, avoiding deforestation, and limiting new trees to places where they would not displace peopleor too much agricultural land. In addition, the experiment used data from 12 climate models commonly used for international policy analysis, so the results would be more reliable than relying on a single model.

The researchers also found that, in some cases, trees can have a fire suppression effect. "In tropical savannahs, and in other places around the world, trees are much more fire resistant than grasses," Gomez said.

However, the study found that in parts of Canada and the northeastern U.S. trees would likely cause more fires and reduce cooling by absorbing too much sun.

"This is not an invitation to get rid of the trees growing there! They provide multiple benefits for ecosystems and diversity, reducing CO2 and cooling the surrounding areas," Gomez said.

"What we need is a Goldilocks zone of trees in each region. Just the right amount to have the strongest and most positive climate effects."
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Protected seas help kelp forests bounce back from heatwaves | ScienceDaily
New research finds that Marine Protected Areas can boost the recovery of globally important kelp forests following marine heatwaves. The findings are published in the British Ecological Society's Journal of Applied Ecology.


						
Using four decades of satellite images, University of California, Los Angeles (UCLA) researchers have looked at impacts Marine Protected Areas (MPAs) are having on kelp forests along the coast of California.

They found that although the overall effect of MPAs on kelp forest cover was modest, the benefits became clear in the aftermath of marine heatwaves in 2014-2016, when kelp forests within MPAs were able recover more quickly, particularly in southern California.

"We found that kelp forests inside MPAs showed better recovery after a major climate disturbance compared to similar unprotected areas." Explained Emelly Ortiz-Villa, lead author of the study and a PhD researcher at UCLA Department of Geography.

"Places where fishing is restricted and important predators like lobsters and sheephead are protected saw stronger kelp regrowth. This suggests that MPAs can support ecosystem resilience to climate events like marine heatwaves."

Professor Rick Stafford, Chair of the British Ecological Society Policy Committee, who was not involved in the study said: "It's great to see these results and they clearly show that local action to protect biodiversity and ecosystem function can help prevent changes caused by global pressures such as climate change.

"However, it also demonstrates the need for effective MPAs. In this study, all the MPAs examined regulated fishing activity, and this is not the case for many sites which are designated as MPAs worldwide - including many in the UK."

Kelp forests: a globally important and threatened ecosystem




Kelp forests our found around coastlines all over the world, particularly in cool, temperate waters such as the pacific coast of North America, The UK, South Africa, and Australia.

These complex ecosystems are havens for marine wildlife, including commercially important fish, and are one of the most productive habitats on Earth. They're also efficient in capturing carbon and protect coastlines by buffering against wave energy.

However, kelp forests across the west coast of North America have declined in recent years due to pressures such as marine heatwaves, made more frequent and intense with climate change, and predation from increasing numbers of sea urchins, which have benefitted from population collapses of sea stars, which predate them.

Kyle Cavanaugh, a senior author of the study and professor in the UCLA Department of Geography and Institute of the Environment and Sustainability said: "Kelp forests are facing many threats, including ocean warming, overgrazing, and pollution. These forests can be remarkably resilient to individual stressors, but multi-stressor situations can overwhelm their capacity to recover. By mitigating certain stressors, MPAs can help enhance the resilience of kelp."

Marine protected areas as a conservation tool

MPAs are designated areas of the ocean where human activity is limited to support ecosystems and the species living there. However, protections vary widely and while some areas are no-take zones, others have few restrictions or lack comprehensive management and enforcement. Many even allow destructive practices like bottom trawling.




Effective MPAs form a key part of the Kunming-Montreal Global Biodiversity Framework, agreed at COP15 in 2022, which commits nations to protecting at least 30% of oceans and land by 2030.

"Our findings can inform decisions about where to establish new MPAs or implement other spatial protection measures." said Kyle Cavanaugh. "MPAs will be most effective when located in areas that are inherently more resilient to ocean warming, such as regions with localized upwelling or kelp populations with higher thermal tolerance."

Emelly Villa added: "Our findings suggest that kelp forests could be a useful indicator for tracking the ecological health and climate resilience of protected areas and should be included in long-term monitoring strategies."

Measuring the impact of marine protected areas

To understand the effects MPAs were having on kelp, the researchers used of satellite data from 1984-2022 to compare kelp forests inside and outside of 54 MPAs along the California coast.

By matching each MPA with a reference site with similar environmental conditions, they were able to test whether MPAs helped kelp forests resist loss or recover from extreme marine heatwaves which took place in the North pacific between 2014 and 2016.

The researchers warn that while their findings show that MPAs can help kelp recovery after marine heatwaves, the effect was highly variable depending on location.

"On average, kelp within MPAs showed greater recovery than in the reference sites. However, not all MPAs outperformed their corresponding reference sites, suggesting that additional factors are also play a role in determining resilience." said Kyle Cavanaugh.

The researchers say that future work could look to identify these factors to better understand where and when MPAs are most effective at enhancing kelp resilience.
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Scientists unlock the gene that lets bearded dragons switch sex | ScienceDaily
August 19 marks the publication by two different studies presenting the near-complete reference genomes of the central bearded dragon (Pogona vitticeps), a widely distributed species of dragon lizard common in central eastern Australia and popular as pets in Europe, Asia, and North America. This species has an unusual trait for an animal species: whether this lizard grows up to be a male or a female depends not only on genetics but also on the temperature of its nest. This has long made it a useful model to study the biological basis of sex determination, and the advent of huge technological improvements in genomics has finally found a region of the genome and a potential master sex determination gene likely central to male sexual differentiation. The independent verification of this by two different groups using two different approaches making this a much stronger finding.


						
Bearded dragons have an unusual sex determination system which is influenced by both genetics and environmental factors, specifically temperature. Unlike most animals where sex is solely determined by chromosomes, bearded dragons can have their sex reversed from male to female by high incubation temperatures. Meaning a lizard with male chromosomes can develop into a reproductively functional female if the egg is incubated at a warm enough temperature.

Like birds and many reptiles, this species has a ZZ/ZW sex chromosome system where females have a pair of dissimilar ZW chromosomes, and males have two similar ZZ chromosomes. Sex determination in this species is complicated further, as ZZ genotypic males can change to phenotypic females at high incubation temperatures without the help of W chromosome or W-linked genes. New ultra-long nanopore sequencing technology now allows us to generate telomere-to-telomere (T2T) assemblies of the sex chromosomes and identify the non-recombining regions to help narrow the field of candidate sex determining genes in species with chromosomal sex determination. The ability of this technology to better separate out the maternal and paternal halves of the genome now allows much easier comparisons of the Z and W sequences to gauge potential loss or difference in function of key sex gene candidates.

The first paper from researchers from BGI, Chinese Academy of Sciences and Zhejiang University, uses DNBSEQ short-reads combined with long-reads from the new CycloneSEQ nanopore sequencer, this being the first animal genome published using this technology. Generation of the second genome was led by researchers from the University of Canberra with funding from Bioplatforms Australia, the Australian Research Council and PacBio Singapore, and with contributions to analyses from researchers of the Australian National University, Garvan Institute for Medical Research, University of New South Wales and CSIRO alongside Universitat Autonoma de Barcelona (UAB) in Spain. This assembly uses PacBio HiFi, ONT ultralong reads and Hi-C sequencing. Having reference genomes published using these two different technologies allows a like-for-like comparison between the ONT and CycloneSEQ technologies for the first time. Both technologies also complement each other by investigating the sex determination question using different approaches. The first genome sequenced a ZZ male central bearded dragon to characterize the whole Z sex chromosome for the first time while the second assembled the genome of a female ZW individual. The new nanopore sequencer also enabled the recovery of around 124 million base pairs of previously undescribed and missing sequences (nearly 7% of the genome), which included numerous genes and regulatory elements to better elucidate the complicated sex determination system.

Both projects assembled 1.75 Gbp genome assemblies of exceptionally high quality to assemble all but one of the telomeres, and only a few gaps remained mostly located in the microchromosomes. Using this data showed the Z and W specific sex chromosomes were assembled into single scaffolds, and a "pseudo-autosomal region" (PAR) where the sex chromosomes pair and recombine was also detected on chromosome 16. The sequencing of the male dragon by the BGI team looked for genes specific to Z but not the W chromosomes, and Amh and Amhr2 (the Anti-Mullerian hormone gene and its receptor) plus Bmpr1a were determined as strong candidates for the sex determining genes in this species. The sequencing of the female dragon by the Australian-led team pinpointed to the same candidate Sex Determination Region (SDR) of their dragon genome, and also highlighted Amh and Amhr2 as the likely candidate genes. Studying the expression in different developmental stages found Amh had significant male-biased expression patterns making it the most likely candidate as the master sex-determining gene. The differential expression of another sex-related gene Nr5a1 in the PAR suggests that the story may be more complicated, as Nr5a1 encodes a transcription factor with binding sites on the Amh promoter region. Unlike many fish that enlist Amh-like genes in sex determination, the autosomal copies of Amh and its receptor gene Amhr2 remain intact and functional. It could be that sex is determined by some form of caucus among genes on the sex chromosomes of the bearded dragon moderated by their residual autosomal copies.

The main highlight of these assemblies is therefore the discovery of genetic elements central to male sexual differentiation in vertebrates, on the sex chromosomes. The genes Amh and that coding its receptor AMHR2 have been copied to the Z chromosome in the non-recombining region, and so are obvious candidates for the master sex determining gene working via a dosage-based mechanism in this species, a discovery that has eluded discovery for so many years. No master sex determining gene akin to Sry in mammals or Dmrt1 in birds has to date been discovered in any reptile species. This new work provides a clear candidate in Amh, which is present in double dose in the ZZ male and single dose in the ZW female.

Arthur Georges from University of Canberra and senior author on the second paper says on the utility of this work: "We anticipate accelerated research in other areas arising from these newly available assemblies, such as cranial development, brain development, behavioral studies, gene-gene and gene-environment interactions in comparative studies of vertebrate sex determination and in many other areas looking for a well-supported squamate model against which to compare with their model species be it mouse, human or bird."

"I never cease to be amazed by the rapidity of progress of Chinese science. In relatively few years, BGI and its companion enterprises have developed sequencing technologies that deliver outcomes as good, and throughput and cost effectiveness that is better, than competing technologies on the market. These genome assemblies are testimony to that level of achievement."




Qiye Li from BGI and senior author on the first paper Lead author of the Chinese project explains their rationale for using this approach: "We decided to start working on the bearded dragon genome last year as the first animal genome for this new sequencer because it was the Year of the Dragon in China. Benefiting from the unbiased long-reads provided by the CycloneSEQ sequencer, we readily obtained a highly contiguous genome assembly and resolved highly repetitive and high-GC regions that were traditionally challenging for assembly. The two reference genomes, derived from opposite sex and generated by different technologies, are indeed complementary to each other. I am excited that both genomes pinpoint the key role of AMH signaling in sex determination in this species. But how did the sex chromosomes arise? We anticipate that additional high-quality genomes from related species will further elucidate the evolutionary origin of the ZW system and complete the story."

Having two separate projects finding the same key candidate master genes independently of each other greatly increases the confidence in these findings. And openly sharing all of the data allows others to build upon this work, especially as the exact role of some of the other contributing transcription factors linked to sex determination are not yet fully resolved. The generation of these two new high quality genome assemblies however, is a massive step forward towards understanding the complete story of sex determination in this species.

A webinar with the two lead authors is organized for August 26th at 10.00am UTC and provides an opportunity to ask them questions on this work. Sign up here to watch and post questions https://cassyni.com/events/SWHReTL1j8YPEvxnLsyKYq
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Tiny microbes may secretly rewire the brain before birth | ScienceDaily
    	Microbes, or microorganisms, are all around us and play an important role in bodily functions. MSU researchers found that microbes can also impact brain development. 
    	This work is significant because modern obstetric practices like peripartum antibiotic use and Cesarean delivery disturb the microbiome of mothers and newborns.

New research from Michigan State University finds that microbes play an important role in shaping early brain development, specifically in a key brain region that controls stress, social behavior, and vital body functions.

The study, published in Hormones and Behavior, used a mouse model to highlight how natural microbial exposure not only impacts brain structure immediately after birth but may even begin influencing development while still in the womb. A mouse model was chosen because mice share significant biological and behavioral similarities with humans and there are no other alternatives to study the role of microbes on brain development.

This work is of significance because modern obstetric practices, like peripartum antibiotic use and Cesarean delivery, disrupt maternal microbes. In the United States alone, 40% of women receive antibiotics around childbirth and one-third of all births occur via Cesarean section.

"At birth, a newborn body is colonized by microbes as it travels through the birth canal. Birth also coincides with important developmental events that shape the brain. We wanted to further explore how the arrival of these microbes may affect brain development," said Alexandra Castillo Ruiz, lead author of the study and assistant professor in the MSU Department of Psychology.

The research team focused on a brain region called the paraventricular nucleus of the hypothalamus (PVN), which plays a central role in regulating stress, blood pressure, water balance, and even social behavior. Their previous work had shown that mice raised without microbes, or germ-free mice, had more dying neurons in the PVN during early development. The new study set out to determine whether this increased cell death translated to changes in neuron number in the long run, and if any effects could be caused by the arrival of microbes at birth or if they began in the womb via signals from maternal microbes.

To find out, the researchers used a cross-fostering approach. Germ-free newborn mice were placed with mothers that had microbes and compared them to control groups. When the brains of these mice were examined just three days after birth, results were striking: All mice gestated by germ-free mothers had fewer neurons in the PVN, regardless of whether they received microbes after birth. They also found that germ-free adult mice had fewer neurons in the PVN.

"Our study shows that microbes play an important role in sculpting a brain region that is paramount for body functions and social behavior. In addition, our study indicates that microbial effects start in the womb via signaling from maternal microbes," said Dr. Castillo-Ruiz.

Rather than shunning our microbes, we should recognize them as partners in early life development," said Dr. Castillo-Ruiz. "They're helping build our brains from the very beginning."
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Scientists reveal how just two human decisions rewired the Great Salt Lake forever | ScienceDaily
Over the past 8,000 years, Utah's Great Salt Lake has been sensitive to changes in climate and water inflow. Now, new sediment isotope data indicate that human activity over the past 200 years has pushed the lake into a biogeochemical state not seen for at least 2,000 years.


						
A University of Utah geoscientist applied isotope analysis to sediments recovered from the lake's bed to characterize changes to the lake and its surrounding watershed back to the time the lake took its current shape from the vast freshwater Lake Bonneville that once covered much of northern Utah.

"Lakes are great integrators. They're a point of focus for water, for sediments, and also for carbon and nutrients," said Gabriel Bowen, a professor and chairman of the Department of Geology & Geophysics. "We can go to lakes like this and look at their sediments and they tell us a lot about the surrounding landscape."

Sedimentary records provide context for ongoing changes in terminal saline lakes, which support fragile, yet vital ecosystems, and may help define targets for their management, according to Bowen's new study, published last month in Geophysical Research Letters.

This research helps fill critical gaps in the lake's geological and hydrological records, coming at a time when the drought-depleted level of the terminal body has been hovering near its historic low.

"We have all these great observations, so much monitoring, so much information and interest in what's happening today. We also have a legacy of people looking at the huge changes in the lake that happened over tens of thousands and hundreds of thousands of years," Bowen said. "What we've been missing is the scale in the middle."

That is the time spanning the first arrival of white settlers in Utah but after Lake Bonneville receded to become Great Salt Lake.




By analyzing oxygen and carbon isotopes preserved in lake sediments, the study reconstructs the lake's water and carbon budgets through time. Two distinct, human-driven shifts stand out:
    	Mid-19th century - Coinciding with Mormon settlement in 1847, irrigation rapidly greened the landscape around the lake, increasing the flow of organic matter into the lake and altering its carbon cycle.
    	Mid-20th century - Construction of the railroad causeway in 1959 disrupted water flow between the lake's north and south arms, which turned Gilbert Bay from a terminal lake to an open one that partially drained into Gunnison Bay, altering the salinity and water balance to values rarely seen in thousands of years.

The new study examines two sets of sediment cores extracted from the bed of Great Salt Lake, each representing different timescales. The top 10 meters of the first core, drilled in the year 2000 south of Fremont Island, contains sediments washed into the lake up to 8,000 years ago.

[caption id="attachment_100686" align="alignright" width="511"] The view of the Great Salt Lake from Gunnison Island, which has long served as a nesting ground for pelicans. Credit: Brian Maffly[/caption]

The other samples, recovered by the U.S. Geological Survey, represent only the upper 30 centimeters of sediments, deposited in the last few hundred years.

"The first gives us a look at what was happening for the 8,000 years before the settlers showed up here," Bowen said. "The second are these shallower cores that allow us to see how the lake changed after the arrival of the settlers."

Bowen subjected these lakebed sediments at varying depths to an analysis that determines isotope ratios of carbon and oxygen, shedding light on the landscape surrounding the lake and the water in the lake at varying points in the past.




"The carbon tells us about the biogeochemistry, about how the carbon cycles through the lake, and that's affected by things like weathering of rocks that bring carbon to the lake and the vegetation in the watershed, which also contributes carbon that dissolves into the water and flows to the lake," he said.

Bowen's analysis documented a sharp change in carbon, indicating profound changes that coincided with the arrival of Mormon pioneers in the Salt Lake Valley, where they introduced irrigated agriculture to support a rapidly growing community.

"We see a big shift in the carbon isotopes, and it shifts from values that are more indicative of rock weathering, carbon coming into the lake from dissolving limestone, toward more organic sources, more vegetation sources," Bowen said.

The new carbon balance after settlement was unprecedented during the 8,000 years of record following the demise of Lake Bonneville.

Next, Bowen's oxygen isotope analysis reconstructed the lake's water balance over time.

"Essentially, it tells us about the balance of evaporation and water inflow into the lake. As the lake is expanding, the oxygen isotope ratio goes down. As the lake shrinks, it goes up, basically telling us about the rate of change of the lake volume. We see little fluctuations, but nothing major until we get to 1959."

That's the year Union Pacific built a 20-mile causeway to replace a historic rail trestle, dividing the lake's North Arm, which has no tributaries, from its South Arm, also known as Gilbert Bay, which receives inflow from three rivers. Water flows through a gap in the causeway into North Arm, now rendering the South Arm an open system.

"We changed the hydrology of the lake fundamentally and gave it an outflow. We see that really clearly in the oxygen isotopes, which start behaving in a different way," he said. Counterintuitively, the impact of this change was to make Gilbert Bay waters fresher than they would have been otherwise, buying time to deal with falling lake levels and increasing salinity due to other causes.

"If we look at the longer time scale, 8,000 years, the lake has mostly been pinned at a high evaporation state. It's been essentially in a shrinking, consolidating state throughout that time. And that only reversed when we put in the causeway."

The paper, "Multi-millennial context for post-colonial hydroecological change in Great Salt Lake," was posted online July 22 in the journal Geophysical Research Letters. Gabriel Bowen is the sole author and is supported by grants from the National Science Foundation.
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NASA's PREFIRE satellites reveal a secret glow escaping from our planet | ScienceDaily
The twin cube satellites will operate through at least September 2026, expanding focus from the poles to the whole planet to improve modelling and weather forecasts.


						
NASA's PREFIRE (Polar Radiant Energy in the Far-InfraRed Experiment) mission has been extended through September 2026 and is broadening its focus from Earth's poles to the entire globe. The mission's two shoebox-size CubeSats gauge the capacity of water vapor, clouds, and other elements of Earth's system to trap heat and keep it from radiating into space. This information can help improve forecasts, including weather severity and storm frequency.

Launched in spring 2024, PREFIRE has been measuring how much heat the planet emits into space from the Arctic and Antarctic. Earth absorbs a significant amount of the Sun's energy in the tropics. Winds, weather, and ocean currents transport that heat toward the poles, which receive much less sunlight. Ice, snow, and clouds, among other parts of the polar environment, emit some of that heat into space, much of it as far-infrared radiation. The difference between the amount of heat Earth absorbs at the tropics and radiates out from the Arctic and Antarctic is a key influence on the planet's temperature, helping to drive dynamic systems of climate and weather.

At the core of the mission is a pair of advanced spectrometers designed by NASA's Jet Propulsion Laboratory in Southern California. They measure wavelengths of light in the far-infrared range of the electromagnetic spectrum and are sensitive to 10 times more far-infrared wavelengths than any similar instrument. This information gives researchers insight into processes associated with surface ice melt and formation, snowmelt and accumulation, and changes in cloud cover.

"The PREFIRE satellites show that at these longer wavelengths, the amount of radiation going into space can differ from one type of ice to another by as much as 5%," said Brian Drouin, PREFIRE's project scientist at JPL. "Measurements that look at the same areas but with shorter wavelengths do not show this difference."

Although the PREFIRE CubeSats have been gathering data on the entire globe, the science team has concentrated their analysis on Earth's polar regions for its prime mission. Going forward, they will expand their work to include data from the rest of the world.

"We have the capacity to collect data for the whole world, not just the poles. What we'll be able to do is look at the size of ice particles in clouds that affect energy exchange between Earth and space," said PREFIRE's principal investigator, Tristan L'Ecuyer of the University of Wisconsin-Madison. "We'll be able to incorporate the data into weather prediction models to improve forecasts and improve our understanding of how moisture circulates, which affects where storms form and how precipitation moves around the world."

The satellites are in what's called an asynchronous near-polar orbit, traveling near the poles with each pass but hours apart from one another. This provides two snapshots of the same area over time, enabling the mission to capture phenomena that occur on short timescales, such as cloud cover's temporary effects on the temperature of the area beneath it.

More About PREFIRE

NASA's Jet Propulsion Laboratory manages PREFIRE for the agency's Science Mission Directorate and provided the spectrometers. Blue Canyon Technologies built the CubeSats and the University of Wisconsin-Madison processes the data the instruments collect. The launch services provider, Rocket Lab USA Inc. of Long Beach, California, launched both PREFIRE CubeSats from Rocket Lab Launch Complex 1 in New Zealand in May and June 2024.
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A record-breaking antenna just deployed in space. Here's what it will see | ScienceDaily
Seventeen days after NISAR's launch from southeastern India, an essential piece of science hardware has unfurled in orbit.


						
Spanning 39 feet (12 meters), the drum-shaped antenna reflector on the NISAR (NASA-ISRO Synthetic Aperture Radar) satellite mission from NASA and the Indian Space Research Organisation (ISRO) successfully unfurled in low Earth orbit. The reflector had been stowed, umbrella-like, until the 30-foot (9-meter) boom that supports it could be deployed and locked in place.

Launched by ISRO on July 30 from the Satish Dhawan Space Centre on India's southeastern coast, NISAR will track the motion of ice sheets and glaciers, the deformation of land due to earthquakes, volcanoes, and landslides, and changes in forest and wetland ecosystems down to fractions of an inch. It also will aid decision-makers in fields as diverse as disaster response, infrastructure monitoring, and agriculture.

"The successful deployment of NISAR's reflector marks a significant milestone in the capabilities of the satellite," said Karen St. Germain, director, Earth Science Division at NASA Headquarters in Washington. "From innovative technology to research and modeling to delivering science to help inform decisions, the data NISAR is poised to gather will have a major impact on how global communities and stakeholders improve infrastructure, prepare for and recover from natural disasters, and maintain food security."

The mission carries the most sophisticated radar systems ever launched as part of a NASA mission. In a first, the satellite combines two synthetic aperture radar (SAR) systems: an L-band system that can see through clouds and forest canopy, and an S-band system that can see through clouds as well but is more sensitive to light vegetation and moisture in snow. The reflector plays a key role for both systems, which is why the successful deployment of the hardware is such a significant milestone.

"This is the largest antenna reflector ever deployed for a NASA mission, and we were of course eager to see the deployment go well. It's a critical part of the NISAR Earth science mission and has taken years to design, develop, and test to be ready for this big day," said Phil Barela, NISAR project manager at NASA's Jet Propulsion Laboratory in Southern California, which managed the U.S. portion of the mission and provided one of the two radar systems aboard NISAR. "Now that we've launched, we are focusing on fine-tuning it to begin delivering transformative science by late fall of this year."

<See link to video at bottom of page.>

How Bloom Works




Weighing about 142 pounds (64 kilograms), the reflector features a cylindrical frame made of 123 composite struts and a gold-plated wire mesh. On Aug. 9, the satellite's boom, which had been tucked close to its main body, started unfolding one joint at a time until it was fully extended about four days later. The reflector assembly is mounted at the end of the boom.

Then, on Aug. 15, small explosive bolts that held the reflector assembly in place were fired, enabling the antenna to begin a process called the "bloom" -- its unfurling by the release of tension stored in its flexible frame while stowed like an umbrella. Subsequent activation of motors and cables then pulled the antenna into its final, locked position.

To image Earth's surface down to pixels about 30 feet (10 meters) across, the reflector was designed with a diameter about as wide as a school bus is long. Using SAR processing, NISAR's reflector simulates a traditional radar antenna that for the mission's L-band instrument would have to be 12 miles (19 kilometers) long to achieve the same resolution.

"Synthetic aperture radar, in principle, works like the lens of a camera, which focuses light to make a sharp image. The size of the lens, called the aperture, determines the sharpness of the image," said Paul Rosen, NISAR's project scientist at JPL. "Without SAR, spaceborne radars could generate data, but the resolution would be too rough to be useful. With SAR, NISAR will be able to generate high-resolution imagery. Using special interferometric techniques that compare images over time, NISAR enables researchers and data users to create 3D movies of changes happening on Earth's surface."

The NISAR satellite is the culmination of decades of space-based radar development at JPL. Starting in the in the 1970s, JPL managed the first Earth-observing SAR satellite, Seasat, which launched in 1978, as well as Magellan, which used SAR to map the cloud-shrouded surface of Venus in the 1990s.

More About NISAR

The NISAR mission is a partnership between NASA and ISRO spanning years of technical and programmatic collaboration. The successful launch and deployment of NISAR builds upon a strong heritage of cooperation between the United States and India in space. The data produced by NISAR's two radar systems, one provided by NASA and one by ISRO, will be a testament to what can be achieved when countries unite around a shared vision of innovation and discovery.




The ISRO Space Applications Centre provided the mission's S-band SAR. The U R Rao Satellite Centre provided the spacecraft bus. Launch services were through Satish Dhawan Space Centre. After launch, key operations, including boom and radar antenna reflector deployment, are being executed and monitored by the ISRO Telemetry, Tracking and Command Network's global system of ground stations.

Managed by Caltech in Pasadena, JPL leads the U.S. component of the project. In addition to the L-band SAR, reflector, and boom, JPL also provided the high-rate communication subsystem for science data, a solid-state data recorder, and payload data subsystem. NASA's Goddard Space Flight Center in Greenbelt, Maryland, manages the Near Space Network, which receives NISAR's L-band data.
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Myanmar's massive quake hints at bigger earthquakes to come | ScienceDaily
On March 28, 2025, a magnitude 7.7 earthquake struck the Southeast Asia country of Myanmar along the Sagaing Fault, killing thousands and causing widespread damage. A new study from Caltech uses satellite imaging of the Sagaing Fault's motion to improve models of how such faults may behave in the future. The study indicates that strike-slip faults, like the Sagaing and the San Andreas, may be capable of earthquakes that are significantly different from past known earthquakes and potentially much larger.


						
The research was conducted primarily in the laboratory of Jean-Philippe Avouac, the Earle C. Anthony Professor of Geology and Mechanical and Civil Engineering and director of the Center for Geomechanics and the Mitigation of Geohazards. Postdoctoral scholar Solene Antoine is the study's first author. The study is described in a paper appearing in the journal Proceedings of the National Academy of Sciences on August 11.

The Sagaing fault runs in a relatively straight north-to-south line throughout Myanmar. As its two sides slowly move against one another in opposite directions, stress accumulates along the fault. When the stress buildup reaches a breaking point, the fault slips rapidly, causing an earthquake. The Sagaing and San Andreas faults are very similar -- both relatively straight strike-slip faults running hundreds of kilometers -- and the 2025 Myanmar earthquake, therefore, sheds light on possible future earthquakes on the San Andreas fault.

"This earthquake turned out to be an ideal case to apply image correlation methods [techniques to compare images before and after a geological event] that were developed by our research group," Antoine says. "They allow us to measure ground displacements at the fault, where the alternative method, radar interferometry, is blind due to phenomenon like decorrelation [a process to decouple signals] and limited sensitivity to north-south displacements."

Based on studies of historic earthquakes along the Sagaing fault, researchers anticipated that a large earthquake would occur on a 300-kilometer section where no large earthquakes had occurred since 1839. This theory is known as the seismic gap hypothesis: Stuck sections of a fault where there has not been movement are expected to slip to "catch up." While this section did indeed rupture during the 2025 quake, the fault actually slipped along a total of more than 500 kilometers, indicating that the fault did indeed make up the deficit of slip and more.

In the new study, the team used correlation of satellite optical and radar imagery of the fault -- a technique originally developed in the Avouac laboratory and now widely used in seismology -- and its surroundings to determine that the 500-kilometer section shifted a net of 3 meters after the quake, that is, the eastern side moved south by 3 meters relative to the western side.

Current models used for seismic hazard assessment are mostly based on earthquake statistics and are time independent, meaning they can only give probabilities of an earthquake during a chosen timespan. For example, these models might estimate, for any given 30-year period and particular area, the probability that an earthquake would exceed a chosen magnitude. However, in order to make truly informed estimates of potential seismic hazards for specific time periods -- say, the next 30 years -- it is crucial for models to take into account how recently a fault has slipped, where the slip occurred, and by how much.

"The study shows that future earthquakes might not simply repeat past known earthquakes," Avouac says. "Successive ruptures of a given fault, even as simple as the Sagaing or the San Andreas faults, can be very different and can release even more than the deficit of slip since the last event. In addition, historical records are generally far too short for statistical models to represent the full range of possible earthquakes and eventual patterns in earthquake recurrence. Physics-based models provide an alternative approach with the advantage that they could, in principle, be tuned to observations and used for time-dependent forecast."

The paper is titled "The 2025 Mw7.7 Mandalay, Myanmar, earthquake reveals complex earthquake cycle with clustering and variable segmentation on Sagaing fault." In addition to Antoine and Avouac, Caltech co-authors are graduate student Rajani Shrestha, postdoctoral scholar Chris Milliner, and senior research scientist Kyungjae Im. Additional co-authors are Chris Rollins (PhD '18) of GNS Science Te Pu Ao in New Zealand, Kang Wang of EarthScope Consortium Inc., and Kejie Chen of Southern University of Science and Technology in China. Funding was provided by the Center for Geomechanics and Mitigation of Geohazards, the Statewide California Earthquake Center, the National Science Foundation, and the US Geological Survey.
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Scientists just found a hidden factor behind Earth's methane surge | ScienceDaily
Roughly two-thirds of all emissions of atmospheric methane -- a highly potent greenhouse gas that is warming planet Earth -- come from microbes that live in oxygen-free environments like wetlands, rice fields, landfills and the guts of cows.


						
Tracking atmospheric methane to its specific sources and quantifying their importance remains a challenge, however. Scientists are pretty good at tracing the sources of the main greenhouse gas, carbon dioxide, to focus on mitigating these emissions. But to trace methane's origins, scientists often have to measure the isotopic composition of methane's component atoms, carbon and hydrogen, to use as a fingerprint of various environmental sources.

A new paper by researchers at the University of California, Berkeley, reveals how the activity of one of the main microbial enzymes involved in producing methane affects this isotope composition. The finding could change how scientists calculate the contributions of different environmental sources to Earth's total methane budget.

"When we integrate all the sources and sinks of carbon dioxide into the atmosphere, we kind of get the number that we're expecting from direct measurement in the atmosphere. But for methane, large uncertainties in fluxes exist -- within tens of percents for some of the fluxes -- that challenge our ability to precisely quantify the relative importance and changes in time of the sources," said UC Berkeley postdoctoral fellow Jonathan Gropp, who is first author of the paper. "To quantify the actual sources of methane, you need to really understand the isotopic processes that are used to constrain these fluxes."

Gropp teamed up with a molecular biologist and a geochemist at UC Berkeley to, for the first time, employ CRISPR to manipulate the activity of this key enzyme to reveal how these methanogens interact with their food supply to produce methane.

"It is well understood that methane levels are rising, but there is a lot of disagreement on the underlying cause," said co-author Dipti Nayak, UC Berkeley assistant professor of molecular and cell biology. "This study is the first time the disciplines of molecular biology and isotope biogeochemistry have been fused to provide better constraints on how the biology of methanogens controls the isotopic composition of methane."

Many elements have heavier or lighter versions, called isotopes, that are found in small proportions in nature. Humans are about 99% carbon-12 and 1% carbon-13, which is slightly heavier because it has an extra neutron in its nucleus. The hydrogen in water is 99.985% hydrogen-1 and 0.015% deuterium or hydrogen-2, which is twice as heavy because it has a neutron in its nucleus.




The natural abundances of isotopes are reflected in all biologically produced molecules and variations can be used to study and fingerprint various biological metabolisms.

"Over the last 70 years, people have shown that methane produced by different organisms and other processes can have distinctive isotopic fingerprints," said geochemist and co-author Daniel Stolper, UC Berkeley associate professor of earth and planetary science. "Natural gas from oil deposits often looks one way. Methane made by the methanogens within cow guts looks another way. Methane made in deep sea sediments by microorganisms has a different fingerprint. Methanogens can consume or 'eat', if you will, a variety of compounds including methanol, acetate or hydrogen; make methane; and generate energy from the process. Scientists have commonly assumed that the isotopic fingerprint depends on what the organisms are eating, which often varies from environment to environment, creating our ability to link isotopes to methane origins."

"I think what's unique about the paper is, we learned that the isotopic composition of microbial methane isn't just based on what methanogens eat," Nayak said. "What you 'eat' matters, of course, but the amount of these substrates and the environmental conditions matter too, and perhaps more importantly, how microbes react to those changes."

"Microbes respond to the environment by manipulating their gene expression, and then the isotopic compositions change as well," Gropp said. "This should cause us to think more carefully when we analyze data from the environment."

The paper will appear Aug. 14 in the journal Science.

Vinegar- and alcohol-eating microbes

Methanogens -- microorganisms that are archaea, which are on an entirely separate branch of the tree of life from bacteria -- are essential to ridding the world of dead and decaying matter. They ingest simple molecules -- molecular hydrogen, acetate or methanol, for example -- excreted by other organisms and produce methane gas as waste. This natural methane can be observed in the pale Will-o'-the-wisps seen around swamps and marshes at night, but it's also released invisibly in cow burps, bubbles up from rice paddies and natural wetlands and leaks out of landfills. While most of the methane in the natural gas we burn formed in association with hydrocarbon generation, some deposits were originally produced by methanogens eating buried organic matter.




The isotopic fingerprint of methane produced by methanogens growing on different "food" sources has been well established in laboratory studies, but scientists have found that in the complexity of the real world, methanogens don't always produce methane with the same isotopic fingerprint as seen in the lab. For example, when grown in the lab, species of methanogens that eat acetate (essentially vinegar), methanol (the simplest alcohol), or molecular hydrogen (H2) produce methane, CH4, with a ratio of hydrogen and carbon isotopes different from the ratios observed in the environment.

Gropp had earlier created a computer model of the metabolic network in methanogens to understand better how the isotope composition of methane is determined. When he got a fellowship to come to UC Berkeley, Stolper and Nayak proposed that he experimentally test his model. Stolper's laboratory specializes in measuring isotope compositions to explore Earth's history. Nayak studies methanogens and, as a postdoctoral fellow, found a way to use CRISPR gene editing in methanogens. Her group recently altered the expression of the key enzyme in methanogens that produces the methane -- methyl-coenzyme M reductase (MCR) -- so that its activity can be dialed down. Enzymes are proteins that catalyze chemical reactions.

Experimenting with these CRISPR-edited microbes -- in a common methanogen called Methanosarcina acetivorans growing on acetate and methanol -- the researchers looked at how the isotopic composition of methane changed when the enzyme activity was reduced, mimicking what is thought to happen when the microbes are starved for their preferred food.

They found that when MCR is at low concentrations, cells respond by altering the activity of many other enzymes in the cell, causing their inputs and outputs to accumulate and the rate of methane generation to slow so much that enzymes begin running both backwards and forwards. In reverse, these other enzymes remove a hydrogen from carbon atoms; running forward, they add a hydrogen. Together with MCR, they ultimately produce methane (CH4). Each forward and reverse cycle requires one of these enzymes to pull a hydrogen off of the carbon and add a new one ultimately sourced from water. As a result, the isotopic composition of methane's four hydrogen molecules gradually comes to reflect that of the water, and not just their food source, which starts with three hydrogens.

This is different from typical assumptions for growth on acetate and methanol that assume no exchange between hydrogen derived from water and that from the food source.

"This isotope exchange we found changes the fingerprint of methane generated by acetate and methanol consuming methanogens vs. that typically assumed. Given this, it might be that we have underestimated the contribution of the acetate-consuming microbes, and they might be even more dominant than we have thought," Gropp said. "We're proposing that we at least should consider the cellular response of methanogens to their environment when studying isotopic composition of methane."

Beyond this study, the CRISPR technique for tuning production of enzymes in methanogens could be used to manipulate and study isotope effects in other enzyme networks broadly, which could help researchers answer questions about geobiology and the Earth's environment today and in the past.

"This opens up a pathway where modern molecular biology is married with isotope-geochemistry to answer environmental problems," Stolper said. "There are an enormous number of isotopic systems associated with biology and biochemistry that are studied in the environment; I hope we can start looking at them in the way molecular biologists now are looking at these problems in people and other organisms -- by controlling gene expression and looking at how the stable isotopes respond."

For Nayak, the experiments are also a big step in discovering how to alter methanogens to derail production of methane and redirect their energy to producing useful products instead of an environmentally destructive gas.

"By reducing the amount of this enzyme that makes methane and by putting in alternate pathways that the cell can use, we can essentially give them another release valve, if you will, to put those electrons, which they were otherwise putting in carbon to make methane, into something else that would be more useful," she said.

Other co-authors of the paper are Markus Bill of Lawrence Berkeley National Laboratory and former UC Berkeley postdoc Rebekah Stein, and Max Lloyd, who is a professor at Penn State University. Gropp was supported by a fellowship from the European Molecular Biology Organization. Nayak and Stolper were funded, in part, by Alfred B. Sloan Research Fellowships. Nayak also is an investigator with the Chan-Zuckerberg Biohub.
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Scientists uncover the lost shelduck that chose walking over flight | ScienceDaily
The discovery of yet another unique animal species from Rekohu Chatham Islands illustrates how the physical qualities of an animal are influenced by its surroundings.


						
New research led by the University of Otago - Otakou Whakaihu Waka describes a new, extinct shelduck whose ancestors arrived on the islands 390,000 years ago.

While this may seem like a short period of time, co-lead author Associate Professor Nic Rawlence, Director of the Otago Palaeogenetics Laboratory, says it is long enough to impact the species.

"In that time the Rekohu shelduck evolved shorter, more robust wings and longer leg bones indicating it was going down the pathway towards flightlessness," he says.

These changes were due to a range of factors, such as an abundance of food, lack of ground-dwelling predators, and windy conditions, so flying was not the preferred option.

Co-lead author Dr Pascale Lubbe, also of the Otago Palaeogenetics Laboratory, says in a case of "use it or lose it, the wings start to reduce."

"Flight is energetically expensive, so if you don't have to fly, why bother," she says.




"The longer leg bones are more robust to support more muscle and create increased force for take-off - necessary when you have smaller wings."

Researchers used ancient DNA and analysed the shape of the bones to determine the Rekohu shelduck is most closely related to the putangitangi paradise shelduck from Aotearoa New Zealand.

The Rekohu shelduck spent more time on the ground than its cousin and became extinct prior to the 19th century due to over-hunting and predation.

The study is published in the Zoological Journal of the Linnean Society and adds to the islands' rich history as a home to many species of waterfowl before human settlement.

The shelduck's scientific name (Tadorna rekohu) and common name (Rekohu shelduck) were gifted to researchers by the Hokotehi Moriori Trust who are tchieki (guardians) of the plants and animals on Rekohu Chatham Islands, with which they are interconnected through shared hokopapa (genealogy).

Hokotehi Moriori Trust CEO Levi Lanauze says "this discovery is great for Rekohu as a whole and helps connect imi (tribe) Moriori with miheke (treasure) of the past."

The study is an international collaboration between Otago, the Museum of New Zealand Te Papa Tongarewa, The University of Adelaide, and Manaaki Whenua Landcare Research.
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The surprising way rising CO2 could supercharge space storms | ScienceDaily
Rising concentrations of carbon dioxide in the upper atmosphere will change the way geomagnetic storms impact Earth, with potential implications for thousands of orbiting satellites, according to new research led by scientists at the US. National Science Foundation National Center for Atmospheric Research (NSF NCAR).


						
Geomagnetic storms, caused by massive eruptions of charged particles from the surface of the Sun that buffet Earth's atmosphere, are a growing challenge for our technologically dependent society. The storms temporarily increase the density of the upper atmosphere and therefore the drag on satellites, which impacts their speed, altitude, and how long they remain operational.

The new study used an advanced computer model to determine that the upper atmosphere's density will be lower during a future geomagnetic storm compared with a present-day storm of the same intensity. That's because the baseline density will be lower, and future storms won't increase it to levels as high as what occurs with storms currently.

However, the relative magnitude of the density increase -- the rise from baseline to peak during a multiday storm -- will be greater with future storms.

"The way that energy from the Sun affects the atmosphere will change in the future because the background density of the atmosphere is different and that creates a different response," said NSF NCAR scientist Nicolas Pedatella, the lead author. "For the satellite industry, this is an especially important question because of the need to design satellites for specific atmospheric conditions."

The study, a collaboration with Japan's Kyushu University, was published in Geophysical Research Letters.

Colder and thinner air

Earth's upper atmosphere has become increasingly important in recent decades because of society's dependence on advanced navigation systems, online data transmission, national security applications, and other technologies that rely on satellite operations.




Unlike the lower atmosphere, which warms with emissions of carbon dioxide, the upper atmosphere becomes colder. This has to do with the varying impacts of carbon dioxide: instead of absorbing and reemitting heat to nearby molecules in the relatively dense air near Earth's surface, carbon dioxide reemits the heat out into space at high altitudes where the air is much thinner.

Previous studies have estimated the extent to which increasing levels of carbon dioxide and other greenhouse gases will lead to a decrease in the upper atmosphere's neutral density, or its concentration of non-ionized particles such as oxygen and nitrogen. But Pedatella and his colleagues posed a somewhat different question: how will future atmospheric density change during powerful geomagnetic storms?

The researchers homed in on the geomagnetic superstorm of May 10-11, 2024, when a series of powerful solar disturbances known as coronal mass ejections buffeted Earth's atmosphere. They analyzed how the atmosphere would have responded to the same storm in 2016 and in three future years that will each occur around the minimum of the 11-year solar cycle (2040, 2061, and 2084).

To perform the analysis, they turned to an NSF NCAR-based modeling system, the Community Earth System Model Whole Atmosphere Community Climate Model with thermosphere-ionosphere eXtension, that simulates the entire atmosphere from Earth's surface to the upper thermosphere, 500-700 kilometers (about 310-435 miles) above the surface. This enables scientists to determine how changes in the lower atmosphere, such as higher concentrations of greenhouse gases, can affect remote regions of the atmosphere far aloft.

They ran the simulations on the Derecho supercomputer at the NSF NCAR-Wyoming Supercomputing Center.

The researchers found that, later this century, various regions of the upper atmosphere will be 20-50% less dense at the peak of a storm comparable to the one that occurred last year, assuming significantly higher carbon dioxide levels. However, compared with the atmosphere's density just before and after the storm, the relative change in density will be greater. Whereas such a storm now more than doubles the density at its peak, it may nearly triple it in the future. This is because the same storm will have a proportionately larger impact on a less dense atmosphere.




Pedatella said more research is needed to better understand how space weather will change, including studying different types of geomagnetic storms and whether their impacts will vary at various times in the 11-year solar cycle, when the atmosphere's density changes.

"We now have the capability with our models to explore the very complex interconnections between the lower and upper atmosphere," he said. "It's critical to know how these changes will occur because they have profound ramifications for our atmosphere."

This material is based upon work supported by the NSF National Center for Atmospheric Research, a major facility sponsored by the U.S. National Science Foundation and managed by the University Corporation for Atmospheric Research. Any opinions, findings and conclusions or recommendations expressed in this material do not necessarily reflect the views of NSF.
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Trojan horse bacteria sneak cancer-killing viruses into tumors | ScienceDaily
Researchers at Columbia Engineering have built a cancer therapy that makes bacteria and viruses work as a team. In a study published recently in Nature Biomedical Engineering, the Synthetic Biological Systems Lab shows how their system hides a virus inside a tumor-seeking bacterium, smuggles it past the immune system, and unleashes it inside cancerous tumors.


						
The new platform combines the bacteria's tendency to find and attack tumors with the virus's natural preference for infecting and killing cancerous cells. Tal Danino, an associate professor of biomedical engineering at Columbia Engineering, led the team's effort to create the system, which is called CAPPSID (short for Coordinated Activity of Prokaryote and Picornavirus for Safe Intracellular Delivery). Charles M. Rice, an expert in virology at The Rockefeller University, collaborated with the Columbia team.

"We aimed to enhance bacterial cancer therapy by enabling the bacteria to deliver and activate a therapeutic virus directly inside tumor cells, while engineering safeguards to limit viral spread outside the tumor," says co-lead author Jonathan Pabon, an MD/PhD candidate at Columbia.

The researchers believe that this technology -- validated in mice -- represents the first example of directly engineered cooperation between bacteria and cancer-targeting viruses.

The approach combines the bacteria's instinct for homing in on tumors with a virus's knack for infecting and killing cancer cells. "By bridging bacterial engineering with synthetic virology, our goal is to open a path toward multi-organism therapies that can accomplish far more than any single microbe could achieve alone," says Zakary S. Singer, a co-lead author and former postdoctoral researcher in Tal Danino's lab.

"This is probably our most technically advanced and novel platform to date," says Danino, who is also affiliated with the Herbert Irving Comprehensive Cancer Center at Columbia University Irving Medical Center and Columbia's Data Science Institute.

Sneaking past the immune system

One of the biggest hurdles in oncolytic virus therapy is the body's own defense system. If a patient has antibodies against the virus -- from a prior infection or vaccination -- those antibodies can neutralize it before it reaches a tumor. The Columbia team sidestepped that problem by tucking the virus inside tumor-seeking bacteria.




"The bacteria act as an invisibility cloak, hiding the virus from circulating antibodies, and ferrying the virus to where it is needed," Singer says.

Pabon says this strategy is especially important for viruses that people are already exposed to in daily life.

"Our system demonstrates that bacteria can potentially be used to launch an oncolytic virus to treat solid tumors in patients who have developed immunity to these viruses," he says.

Targeting the tumor

The system's bacterial half is Salmonella typhimurium, a species that naturally migrates to the low-oxygen, nutrient-rich environment inside tumors. Once there, the bacteria invade cancer cells and release the virus directly into the tumor's interior.

"We programmed the bacteria to act as a Trojan horse by shuttling the viral RNA into tumors and then lyse themselves directly inside of cancer cells to release the viral genome, which could then spread between cancer cells," Singer says.




By exploiting the bacteria's tumor-homing instincts and the virus's ability to replicate inside cancer cells, the researchers created a delivery system that can penetrate the tumor and spread throughout it -- a challenge that has limited both bacteria- and virus-only approaches.

Safeguarding against runaway infections

A key concern with any live virus therapy is controlling its spread beyond the tumor. The team's system solved that problem with a molecular trick: making sure the virus couldn't spread without a molecule it can only get from the bacteria. Since the bacteria stay put in the tumor, this vital component (called a protease) isn't available anywhere else in the body.

"Spreadable viral particles could only form in the vicinity of bacteria, which are needed to provide special machinery essential for viral maturation in the engineered virus, providing a synthetic dependence between microbes," Singer says. That safeguard adds a second layer of control: even if the virus escapes the tumor, it won't spread in healthy tissue.

"It is systems like these -- specifically oriented towards enhancing the safety of these living therapies -- that will be essential for translating these advances into the clinic," Singer says.

Further research and clinical applications

This publication marks a significant step toward making this type of bacteria-virus system available for future clinical applications.

"As a physician-scientist, my goal is to bring living medicines into the clinic," Pabon says. "Efforts toward clinical translation are currently underway to translate our technology out of the lab."

Danino, Rice, Singer, and Pabon have filed a patent application (WO2024254419A2) with the U.S. Patent and Trademark Office related to this work.

Looking ahead, the team is testing the approach in a wider range of cancers, using different tumor types, mouse models, viruses, and payloads, with an eye to developing a "toolkit" of viral therapies that can sense and respond to specific conditions inside a cell. They are also evaluating how this system can be combined with strains of bacteria that have already demonstrated safety in clinical trials.
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One gene completely changed how these flies fall in love | ScienceDaily
Researchers in Japan have genetically transferred a unique courtship behavior from one fruit fly species to another. By turning on a single gene in insulin-producing neurons, the team successfully made a species of fruit fly (Drosophila melanogaster) perform a gift-giving ritual it had never done before. The study, published in the journal Science, represents the first example of manipulating a single gene to create new neural connections and transfer behavior between species.


						
In nature, most male fruit flies court mates by rapidly vibrating their wings to create sound patterns or "courtship songs." However, Drosophila subobscura has evolved a very different strategy: males regurgitate food and offer it as a gift to females during courtship. This behavior does not exist in closely related species such as D. melanogaster.

These two fruit fly species diverged about 30-35 million years ago. Both have a gene called "fruitless" or "fru" that controls courtship behavior in males, but they use different strategies -- one species sings and the other gives gifts. The researchers found the reason for this difference: in gift-giving flies (D. subobscura) insulin-producing neurons are connected to the courtship control center in the brain, while in singing flies (D. melanogaster) these cells remain disconnected.

"When we activated the fru gene in insulin-producing neurons of singing flies to produce FruM proteins, the cells grew long neural projections and connected to the courtship center in the brain, creating new brain circuits that produce gift-giving behavior in D. melanogaster for the first time," Dr. Ryoya Tanaka, co-lead author and lecturer at Nagoya University's Graduate School of Science, explained.

The researchers inserted DNA into D. subobscura embryos to create flies with heat-activated proteins in specific brain cells. They used heat to activate groups of these cells and compared the brains of flies that did and did not regurgitate food. They identified 16-18 insulin-producing neurons that make the male-specific protein FruM, clustered in a part of the brain called the pars intercerebralis.

"Our findings indicate that the evolution of novel behaviors does not necessarily require the emergence of new neurons; instead, small-scale genetic rewiring in a few preexisting neurons can lead to behavioral diversification and, ultimately, contribute to species differentiation," Dr. Yusuke Hara, co-lead author from the National Institute of Information and Communications Technology (NICT), noted.

"We've shown how we can trace complex behaviors like nuptial gift-giving back to their genetic roots to understand how evolution creates entirely new strategies that help species survive and reproduce," senior author Dr. Daisuke Yamamoto from NICT said.

The study, "Cross-species implementation of an innate courtship behavior by manipulation of the sex-determinant gene" was published in the journal Science, on August 14, 2025, at DOI: 10.1126/science.adp5831. It represents the result of collaborative efforts led by Drs. Yusuke Hara and Daisuke Yamamoto at the National Institute of Information and Communications Technology (NICT), in partnership with researchers at Nagoya University.

Funding: 

This research was conducted with support from KAKENHI Grant-in-Aid for Scientific Research: "Early-Career Scientists (Project Numbers: 19K16186, 21K15137)," "Scientific Research A (Project Number: 21H04790)," "Transformative Research Areas (A): Hierarchical Bio-Navigation Science (Project Numbers: 22H05650, 24H01433)," and "Scientific Research C (Project Number: 23K05846)."
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Great white sharks have a DNA mystery science still can't explain | ScienceDaily
    	White sharks exhibit stark differences between the DNA in their nuclei and the DNA in their mitochondria. Until now, scientists have pointed to the migration patterns of great whites to explain these differences.
    	Scientists tested this theory in a new study by analyzing genetic differences between global white shark populations. In doing so, they discovered that great whites were restricted to a single population in the Indo-Pacific Ocean at the end of the last ice age 10,000 years ago and have since expanded to their current global distribution.
    	The results also invalidate the migration theory, but an alternative explanation remains elusive.

White sharks (Carcharodon carcharias) almost went bottom-up during the last ice age, when sea levels were much lower than they are today and sharks had to get by with less space. The most recent cold snap ended about 10,000 years ago, and the planet has been gradually warming ever since. As temperatures increased, glaciers melted, and sea levels rose, which was good news for great whites.

Results of a study published in the journal Proceedings of the National Academy of Sciences show that white sharks had been reduced to a single, well-mixed population somewhere in the southern Indo-Pacific Ocean. White sharks began genetically diverging about 7,000 years ago, suggesting that they had broken up into two or more isolated populations by this time.

This is new information but not particularly surprising. There are never many white sharks around even at the best of times, as befits their status at the top of the tapered food chain, where a lack of elbow room limits their numbers. Today, there are three genetically distinct white shark populations: one in the southern hemisphere around Australia and South Africa, one in the northern Atlantic and another in the northern Pacific. Though widespread, the number of white sharks still remains low.

"There are probably about 20,000 individuals globally," said study co-author Gavin Naylor, director of the Florida Program for Shark Research at the Florida Museum of Natural History. "There are more fruit flies in any given city than there are great white sharks in the entire world."

Organisms with small populations can be pushed dangerously close to the edge of extinction when times are tough. Mile-high glaciers extended from the poles and locked away so much water that by 25,000 years ago, sea levels had plunged by about 40 meters (131 feet), eliminating habitat and restricting great whites to an oceanic corral.

But something happened to great whites during their big comeback that remains as much of a mystery now as it was when it was first discovered more than 20 years ago. The primary motivation for this study was to lay out a definitive explanation, but despite using one of the largest genetic datasets on white sharks ever compiled, things did not go quite according to plan.




"The honest scientific answer is we have no idea," Naylor said.

Female great white sharks wander off for years to feed but come back home to breed

Scientists first got a whiff of something strange in 2001, when a research team published a paper that opened with the line, "... information about ... great white sharks has been difficult to acquire, not least because of the rarity and huge size of this fish."

The authors of that study compared genetic samples taken from dozens of sharks in Australia, New Zealand and South Africa. They found that though the DNA produced and stored in the nuclei of their cells were mostly the same between individuals, the mitochondrial DNA of sharks from South Africa were distinctly different from those in Australia and New Zealand.

The seemingly obvious explanation was that great whites tend to stick together and rarely make forays into neighboring groups. Over time, unique genetic mutations would have accumulated in each group, which, if it went on long enough, would result in the formation of new species.

This would explain the observed differences in their mitochondrial DNA but not why the nuclear DNA was virtually identical among all three populations. To account for that, the authors suggested that male sharks traveled vast distances throughout the year, but females either never traveled far, or if they did, they most often came back to the same place during the breeding season, a type of migration pattern called philopatry.




This idea was based on the fact that nuclear and mitochondrial DNA are not inherited in equal proportion in plants and animals. The DNA inside nuclei is passed down by both parents to their offspring, but only one -- most often the female -- contributes mitochondria to the next generation. This is a holdover from the days when mitochondria were free-living bacteria, before they were unceremoniously engulfed and repurposed by the ancestor of eukaryotes.

This was a good guess and had the added benefit of later turning out to be mostly accurate. Male and female great whites do travel large distances in search of food throughout the year, and females consistently make the return journey before it's time to mate.

Thus, the nuclear DNA of great whites should have less variation, because itinerant males go around mixing things up, while the mitochondrial DNA in different populations should be distinct because philopatric females ensure all the unique differences stay in one place. This has remained the favored explanation for the last two decades, one that seemed to fit like a well-worn glove. Except, no one ever got around to actually putting it on to test its size. This is primarily because the data needed to do so was hard to get for the same reasons mentioned in the touchstone study: There aren't many great white sharks, and when researchers do manage to find one, taking a DNA sample without losing any appendages in the process can be tricky business.

Shark migration cannot explain nuclear and mitochondrial discordance, so what can?

Naylor and his colleagues began collecting the necessary data back in 2012. "I wanted to get a white shark nuclear genome established to explore its molecular properties," he said. "White sharks have some very peculiar attributes, and we had about 40 or 50 samples that I thought we could use to design probes to look at their population structure."

Over the next few years, they also sequenced DNA from about 150 white shark mitochondrial genomes, which are smaller and less expensive to assemble than their nuclear counterparts. The samples came from all over the world, including the Atlantic, Pacific and Indian oceans.

When they compared the two types of DNA, they found the same pattern as the one discovered in 2001. At the population level, white sharks in the North Atlantic rarely mixed with those from the South Atlantic. The same was true of sharks in the Pacific and Indian oceans. At a molecular level, the nuclear DNA among all white sharks remained fairly consistent, while the mitochondrial DNA showed a surprising amount of variation.

The researchers were aware of the philopatric theory and ran a few tests to see if it held up, first by looking specifically at the nuclear DNA. If the act of returning to the same place to mate really were the cause of the strange mitochondrial patterns, some small signal of that should also show up in the nuclear DNA, of which females contribute half to their offspring.

"But that wasn't reflected in the nuclear data at all," Naylor said.

Next, they concocted a sophisticated test for the mitochondrial genomes. To do this, they first had to reconstruct the recent evolutionary history of white sharks, which is how they discovered the single southern population they'd been reduced to during the last ice age.

"They were really few and far between when sea levels were lowest. Then the population increased and moved northward as the ice melted. We suspect they remained in those northern waters because they found a reliable food source," Naylor said. Specifically, they encountered seals, which are a dietary staple among white sharks and one of the main reasons why they have such a strong fidelity to specific locations.

"These white sharks come along, get a nice blubbery sausage. They fatten up, they breed, and then they move off around the ocean."

Knowing when the sharks split up was key, as each group would have begun genetically diverging from each other at this time. All the researchers had to do was determine whether the 10,000 years between now and the last ice age would have been enough time for the mitochondrial DNA to have accumulated the number of differences observed in the data if philopatry was the primary culprit.

They ran a simulation to find the answer, which came back negative. Philopatry is undoubtedly a behavioral pattern among great whites, but it was not responsible for the large mitochondrial schism.

So Naylor and his colleagues went back to the drawing board to figure out what sort of evolutionary force could account for the differences.

"I came up with the idea that sex ratios might be different -- that just a few females were contributing to the populations from one generation to the next," Naylor said. This type of reproductive skew can be observed in a variety of organisms, including meerkats, cichlid fish and many types of social insects.

But yet another test showed that reproductive skew did not apply to white sharks.

There is a third, albeit less likely, option the team members said they can't rule out at this stage, namely that natural selection is responsible for the differences. The reason why this is far-fetched has to do with the relative strength of evolutionary forces. Natural selection -- the idea that the organisms best suited to leave behind offspring will, in fact, generally be the ones that have the most offspring -- is always active, but it has the strongest effect in large populations. Smaller populations, in contrast, are more susceptible to something called genetic drift, in which random traits -- even harmful ones -- have a much higher chance of being passed down to the next generation.

Florida panthers, for example, are highly endangered, with only a few hundred individuals left in the wild. Most of them have a kink at the end of their tail, likely inherited from a single ancestor. In a large population, subject primarily to natural selection, this trait would have either remained uncommon or disappeared entirely over time. But in a small population, a single cat with a kinked tail can change the world purely by chance through the auspices of genetic drift.

By way of comparison, gravity exerts a force at all scales of matter and energy, but it is by far the weakest of the four fundamental physical forces. At the scale of planets and stars, gravity can hold solar systems and galaxies together, but it has very little influence on the shape or interactions of atoms, which are governed by the three stronger but more localized forces, such as electromagnetism.

According to the study's results, genetic drift cannot explain the differences between mitochondria in great whites. Because it is a completely random process, it cannot selectively target one type of DNA and spare another. If it were the culprit, similar changes would also be evident in the nuclear DNA.

This leaves natural selection as the only other possibility, which seems unlikely because of the small population sizes among white sharks. If it is the causative agent, Naylor said, the selective force "would have to be brutally lethal."

If you collect enough mass in a concentrated space, say on the order of a black hole, the otherwise benign force of gravity becomes powerful enough to devour light.

If natural selection is at play in this case, it would manifest itself in a similarly powerful way. Any deviation from the mitochondrial DNA sequence most common in a given population would likely be fatal, thus ensuring it was not passed on to the next generation.

But this is far from certain, and Naylor has his doubts about the validity of such a conclusion. For now, scientists are left with an open-ended question that can only be resolved with further study.

Additional co-authors of the study are: Romuald Laso-Jadart, Elise Gaya, Pierre Lesturgie and Stefano Mona of the Museum National d'Histoire Naturelle; Shannon L. Corrigan, Lei Yang and Adrian Lee of the Florida Museum of Natural History; Olivier Fedrigo of the The Rockefeller University; Christopher Lowe and Kady Lyons of California State University Long Beach; Greg Skomal of the University of Massachusetts Dartmouth; Geremy Cliff of the University of KwaZulu-Natal; Mauricio Hoyos Padilla of Pelagios-Kakunja Marine Conservation; Charlie Huveneers of Flinders University; Keiichi Sato of the Okinawa Churaumi Aquarium; and James Glancy of the British Museum of Natural History.
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Greenland's glacial runoff is powering explosions of ocean life | ScienceDaily
As Greenland's ice retreats, it's fueling tiny ocean organisms. To test why, scientists turned to a computer model out of JPL and MIT that's been called a laboratory in itself.


						
Runoff from Greenland's ice sheet is kicking nutrients up from the ocean depths and boosting phytoplankton growth, a new NASA-supported study has found. Reporting in Nature Communications: Earth & Environment, the scientists used state-of-the art-computing to simulate marine life and physics colliding in one turbulent fjord. Oceanographers are keen to understand what drives the tiny plantlike organisms, which take up carbon dioxide and power the world's fisheries.

Greenland's mile-thick ice sheet is shedding some 293 billion tons (266 billion metric tons) of ice per year. During peak summer melt, more than 300,000 gallons (1,200 cubic meters) of fresh water drain into the sea every second from beneath Jakobshavn Glacier, also known as Sermeq Kujalleq, the most active glacier on the ice sheet. The waters meet and tumble hundreds of feet below the surface.

The meltwater plume is fresh and more buoyant than the surrounding saltwater. As it rises, scientists have hypothesized, it may be delivering nutrients like iron and nitrate -- a key ingredient in fertilizer -- to phytoplankton floating at the surface.

Researchers track these microscopic organisms because, though smaller by far than a pinhead, they're titans of the ocean food web. Inhabiting every ocean from the tropics to the polar regions, they nourish krill and other grazers that, in turn, support larger animals, including fish and whales.

Previous work using NASA satellite data found that the rate of phytoplankton growth in Arctic waters surged 57% between 1998 and 2018 alone. An infusion of nitrate from the depths would be especially pivotal to Greenland's phytoplankton in summer, after most nutrients been consumed by prior spring blooms. But the hypothesis has been hard to test along the coast, where the remote terrain and icebergs as big as city blocks complicate long-term observations.

"We were faced with this classic problem of trying to understand a system that is so remote and buried beneath ice," said Dustin Carroll, an oceanographer at San Jose State University who is also affiliated with NASA's Jet Propulsion Laboratory in Southern California. "We needed a gem of a computer model to help."

Sea of Data




To re-create what was happening in the waters around Greenland's most active glacier, the team harnessed a model of the ocean developed at JPL and the Massachusetts Institute of Technology in Cambridge. The model ingests nearly all available ocean measurements collected by sea- and satellite-based instruments over the past three decades. That amounts to billions of data points, from water temperature and salinity to pressure at the seafloor. The model is called Estimating the Circulation and Climate of the Ocean-Darwin (ECCO-Darwin for short).

Simulating "biology, chemistry, and physics coming together" in even one pocket along Greenland's 27,000 miles (43,000 kilometers) of coastline is a massive math problem, noted lead author Michael Wood, a computational oceanographer at San Jose State University. To break it down, he said the team built a "model within a model within a model" to zoom in on the details of the fjord at the foot of the glacier.

Using supercomputers at NASA's Ames Research Center in Silicon Valley, they calculated that deepwater nutrients buoyed upward by glacial runoff would be sufficient to boost summertime phytoplankton growth by 15 to 40% in the study area.

More Changes in Store

Could increased phytoplankton be a boon for Greenland's marine animals and fisheries? Carroll said that untangling impacts to the ecosystem will take time. Melt on the Greenland ice sheet is projected to accelerate in coming decades, affecting everything from sea level and land vegetation to the saltiness of coastal waters.

"We reconstructed what's happening in one key system, but there's more than 250 such glaciers around Greenland," Carroll said. He noted that the team plans to extend their simulations to the whole Greenland coast and beyond.

Some changes appear to be impacting the carbon cycle both positively and negatively: The team calculated how runoff from the glacier alters the temperature and chemistry of seawater in the fjord, making it less able to dissolve carbon dioxide. That loss is canceled out, however, by the bigger blooms of phytoplankton taking up more carbon dioxide from the air as they photosynthesize.

Wood added: "We didn't build these tools for one specific application. Our approach is applicable to any region, from the Texas Gulf to Alaska. Like a Swiss Army knife, we can apply it to lots of different scenarios."
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NASA's SWOT satellite captures Kamchatka megaquake tsunami in striking detail | ScienceDaily
Data provided by the water satellite, a joint effort between NASA and the French space agency, is helping to improve tsunami forecast models, benefitting coastal communities.


						
The SWOT (Surface Water and Ocean Topography) satellite captured the tsunami spawned by an 8.8 magnitude earthquake off the coast of Russia's Kamchatka Peninsula on July 30, 11:25 a.m. local time. The satellite, a joint effort between NASA and the French space agency CNES (Centre National d'Etudes Spatiales), recorded the tsunami about 70 minutes after the earthquake struck.

Disturbances like an earthquake or underwater landslide trigger a tsunami when the event is large enough to displace the entire column of seawater from the ocean floor to the surface. This results in waves that ripple out from the disturbance much like dropping a pebble into a pond generates a series of waves.

"The power of SWOT's broad, paintbrush-like strokes over the ocean is in providing crucial real-world validation, unlocking new physics, and marking a leap towards more accurate early warnings and safer futures," said Nadya Vinogradova Shiffer, NASA Earth lead and SWOT program scientist at NASA Headquarters in Washington.

Data from SWOT provided a multidimensional look at the leading edge of the tsunami wave triggered by the Kamchatka earthquake. The measurements included a wave height exceeding 1.5 feet (45 centimeters), shown in red in the highlighted track, as well as a look at the shape and direction of travel of the leading edge of the tsunami. The SWOT data, shown in the highlighted swath running from the southwest to the northeast in the visual, is plotted against a forecast model of the tsunami produced by the U.S. National Oceanic and Atmospheric Administration (NOAA) Center for Tsunami Research. Comparing the observations from SWOT to the model helps forecasters validate their model, ensuring its accuracy.

"A 1.5-foot-tall wave might not seem like much, but tsunamis are waves that extend from the seafloor to the ocean's surface," said Ben Hamlington, an oceanographer at NASA's Jet Propulsion Laboratory in Southern California. "What might only be a foot or two in the open ocean can become a 30-foot wave in shallower water at the coast."

The tsunami measurements SWOT collected are helping scientists at NOAA's Center for Tsunami Research improve their tsunami forecast model. Based on outputs from that model, NOAA sends out alerts to coastal communities potentially in the path of a tsunami. The model uses a set of earthquake-tsunami scenarios based on past observations as well as real-time observations from sensors in the ocean.




The SWOT data on the height, shape, and direction of the tsunami wave is key to improving these types of forecast models. "The satellite observations help researchers to better reverse engineer the cause of a tsunami, and in this case, they also showed us that NOAA's tsunami forecast was right on the money," said Josh Willis, a JPL oceanographer.

The NOAA Center for Tsunami Research tested their model with SWOT's tsunami data, and the results were exciting, said Vasily Titov, the center's chief scientist in Seattle. "It suggests SWOT data could significantly enhance operational tsunami forecasts -- a capability sought since the 2004 Sumatra event." The tsunami generated by that devastating quake killed thousands of people and caused widespread damage in Indonesia.

More About SWOT

The SWOT satellite was jointly developed by NASA and CNES, with contributions from the Canadian Space Agency (CSA) and the UK Space Agency. NASA JPL, managed for the agency by Caltech in Pasadena, California, leads the U.S. component of the project. For the flight system payload, NASA provided the Ka-band radar interferometer (KaRIn) instrument, a GPS science receiver, a laser retroreflector, a two-beam microwave radiometer, and NASA instrument operations. The Doppler Orbitography and Radioposition Integrated by Satellite system, the dual frequency Poseidon altimeter (developed by Thales Alenia Space), the KaRIn radio-frequency subsystem (together with Thales Alenia Space and with support from the UK Space Agency), the satellite platform, and ground operations were provided by CNES. The KaRIn high-power transmitter assembly was provided by CSA.
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The surprising ant strategy that could transform robotics | ScienceDaily
Weaver ants have solved a problem that has plagued human teams for centuries: individuals contribute less to tasks when more people join in. New research published in Current Biology on August 12 shows individual weaver ants instead get stronger as their group grows.


						
"Each individual ant almost doubled their pulling force as team size increased - they actually get better at working together as the group gets bigger," says lead author Madelyne Stewardson from Macquarie University.

The longstanding problem in human teams was first published by French engineer Max Ringelmann in 1913 who measured students pulling on ropes and found that while total force increased as more people joined in, each individual's contribution actually decreased.

The study shows weaver ants form super-efficient teams in which individuals actually increase their contributions as teams grow bigger, defying the declining performance affecting human teams.

These tiny, tree-dwelling ants (Oecophylla smaragdina) found in tropical Africa, Asia and Australia, are known for their nest-building behaviors, forming living chains to roll leaves and glue them with silk from their larvae.

Stewardson and behavioral ecologist Dr Chris Reid from Macquarie's School of Natural Sciences worked with an international team to measure the force different sized ant teams could apply while building nests.

The researchers set up experiments enticing weaver ant colonies to form pulling chains to move an artificial leaf connected to a force meter.




"The ants split their work into two jobs: some actively pull while others act like anchors to store that pulling force," says Stewardson.

How the ant team makes it work

Co-lead author Dr Daniele Carlesso from the University of Konstanz developed a theory called the 'force ratchet' to explain this mechanism.

"Ants at the back of chains stretch out their bodies to resist and store the pulling force, while ants at the front keep actively pulling," says Dr Carlesso.

Dr David Labonte from Imperial College London, co-author on the paper, says the team found this method was key to increasing the contribution per individual as the team got bigger.

"Longer chains of ants have more grip on the ground than single ants, so they can better resist the force of the leaf pulling back," he says.

Dr Reid says the discovery could help scientists design better robot teams. Current robots only output the same force when working in teams as when alone.

"Programming robots to adopt ant-inspired cooperative strategies could allow teams of autonomous robots to work together more efficiently," says Dr Reid.
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The ocean's fragile fortresses are crumbling under climate pressure | ScienceDaily
A research team from the Institut de Ciencies del Mar (ICM-CSIC) has published a study in Communications Biology showing how ocean acidification and warming -- two of the main consequences of global climate change -- can simultaneously affect the structure, mineral composition, and microbiome of bryozoans, colonial invertebrates crucial for forming marine habitats. The findings point to potentially serious ecological consequences under a scenario of accelerated climate change.


						
The "False Coral," One of the Most Affected Species

The study characterizes for the first time the microbiome of Myriapora truncata, a habitat-forming species known as "false coral" and widely distributed throughout the Mediterranean. It also analyzes the response of this and another encrusting bryozoan species under future environmental conditions. False corals form three-dimensional structures that offer shelter to many species, as do other bryozoans that can even form reef-like systems -- although corals usually receive more attention as primary marine habitat builders.

"Despite being a different phylum, very diverse and abundant globally, these small architects of the sea are often overlooked in studies on responses to environmental changes," explains Blanca Figuerola, ICM-CSIC researcher and lead author of the study. She emphasizes that this work opens a new window to better understand how bryozoans may respond to the ocean's rapid changes.

The researcher notes that "bryozoans play a very important ecological role," although little was previously known about their response to the combined effects of ocean acidification and warming. She adds that "their microbiome had been virtually unexplored."

A Natural Laboratory to Predict Future Scenarios

To conduct the study, the team used a "natural laboratory": on the island of Ischia (Italy), volcanic CO2 bubbles from the seabed, which allow simulation of the ocean acidification conditions projected for the end of the century.




"This area offers a unique opportunity to study how marine species respond to acidification under natural conditions," explains Nuria Teixido, researcher at the Stazione Zoologica Anton Dohrn and last author of the article.

Using this approach, the researchers compared the morphology, skeleton mineralogy, and microbiome of colonies of two bryozoan species exposed and unexposed to these conditions. Results show that the species exhibit some acclimation capacity, modifying their skeletal mineralogy to become more resistant and maintaining a relatively stable microbiome composition.

"However, we observed a loss in functional microbial diversity, with a decline in genera potentially involved in key processes such as nutrition, defense, or resistance to environmental stress," Figuerola states.

These microbial shifts may have important long-term consequences, since the microbiome plays a fundamental role in bryozoan health and resilience. "Even if colonies look externally healthy, changes in the microbiome could serve as early bioindicators of environmental stress," adds Javier del Campo, researcher at the Institute of Evolutionary Biology (IBE, CSIC-UPF).

Warming Amplifies the Impacts

Over a five-year monitoring period, the study also considered the effects of rising temperatures -- another key factor in climate change.




"The models used indicate that the combination of these two stressors intensifies the effects observed, significantly reducing the coverage of the encrusting bryozoan and increasing mortality. Although the species show some morphological plasticity, it is not enough to offset the combined impact of acidification and warming," says Pol Capdevila, researcher at the University of Barcelona.

To reach these conclusions, the team used advanced techniques such as modelling and computed microtomography to obtain, for the first time, 3D images of the internal skeleton structure of these species. These images are valuable both for research and for science communication and environmental education. The team is currently preparing a science animation for the general and educational public, in collaboration with the team at Cooked Illustrations, a visual storytelling studio.

Implications for Marine Conservation

The findings have important implications for the management and conservation of Mediterranean marine ecosystems, particularly in the context of climate change. Habitat-forming species like bryozoans are not only vulnerable but their disappearance could trigger cascading effects on many other species that rely on them for shelter or food.

The characterization of the microbiome and preliminary identification of potentially beneficial microorganisms open new research avenues to enhance the resilience of holobionts (host and its associated microbiome) through nature-based approaches.

This research line, initiated under the MedCalRes National Plan project, is now continuing with the HOLOCHANGE consolidation project and the National Plan MedAcidWarm, which aim to deepen understanding of bryozoan-microbiome interactions to anticipate and mitigate climate change impacts.

"The complexity of the issue demands integrated analyses," concludes Figuerola. "This study shows how interdisciplinary approaches can help us anticipate future scenarios and more effectively protect marine ecosystems."
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Mexican cave stalagmites reveal the deadly droughts behind the Maya collapse | ScienceDaily
A drought lasting 13 years and several others that each lasted over three years may have contributed to the collapse of the Classic Maya civilization, chemical fingerprints from a stalagmite in a Mexican cave have revealed.


						
A detailed analysis of oxygen isotopes in the stalagmite allowed a team of researchers, led by the University of Cambridge, to determine rainfall levels for individual wet and dry seasons between 871 and 1021 CE, which overlaps with the Terminal Classic period of Maya civilization. This is the first time it has been possible to isolate rainfall conditions for individual wet and dry seasons during the Terminal Classic, the time of societal decline historically referred to as the Maya collapse.

During the Terminal Classic, limestone Maya cities in the south were abandoned and dynasties were ended, as one of the ancient world's great civilizations shifted north and lost much of its political and economic power.

The data contained within the stalagmite, from a cave in the Yucatan, showed that there were eight wet season droughts that lasted for at least three years during this period, with the longest drought lasting for 13 consecutive years.

This climate data aligns with existing historical and archaeological evidence: construction of monuments and political activity at several major northern Maya sites, including the famous city of Chichen Itza, stopped at different times during this period of climate stress.

The accurately and precisely dated droughts provide a new framework for fine-grained analysis of the timing and dynamics of human-climate interactions in the region. The results are reported in the journal Science Advances.

"This period in Maya history has been a cause of fascination for centuries," said lead author Dr Daniel H. James, who conducted the research while a PhD student at Cambridge's Department of Earth Sciences. "There have been multiple theories as to what caused the collapse, such as changing trade routes, war or severe drought, based on the archaeological evidence the Maya left behind. But in the past few decades, we've started to learn quite a lot about what happened to the Maya and why, by combining the archaeological data with quantifiable climate evidence."

Starting in the 1990s, researchers began to piece together climate records with those left by the Maya, such as the dates they recorded on key monuments, to show that a series of droughts during the Terminal Classic was a likely contributor to the massive socio-political upheaval in Maya society.




Now, James and his co-authors from the UK, US and Mexico have used the chemical fingerprints contained in stalagmites from a cave in the northern Yucatan to bring those droughts into much sharper focus.

Stalagmites form when water drips from the ceiling of a cave, and the minerals contained in the water grow into large deposits on the cave floor. By dating and analyzing the layers of oxygen isotopes within the stalagmite, the researchers extracted highly detailed information about the climate in the Terminal Classic period. Earlier research has measured the oxygen isotopes contained in lake sediment to determine the severity of drought, but lake sediment does not contain enough detail to pinpoint climate conditions in any given year at a particular site.

"It hasn't been possible to directly compare the history of individual Maya sites with what we previously knew about the climate record," said James, who is now a postdoctoral researcher at University College London (UCL). "Lake sediment is great when you want to look at the big picture, but stalagmites allow us to access the fine-grained detail that we've been missing."

Earlier research on stalagmites has determined annual average rainfall amounts during the Terminal Classic, but the Cambridge-led team have now been able to go further, and isolate information from individual wet and dry seasons, thanks to relatively thick (about 1mm) annual layers in the stalagmite used in this study. The specific oxygen isotopes in each layer are a proxy for wet season drought.

"Knowing the annual average rainfall doesn't tell you as much as knowing what each individual wet season was like," said James. "Being able to isolate the wet season allows us to accurately track the duration of wet season drought, which is what determines if crops succeed or fail."

According to the information contained in the stalagmite, there were eight wet season droughts lasting for at least three years between 871 and 1021 CE. The longest drought of the period lasted for 13 years. Even with the water management techniques that the Maya had, a drought that long would have had major impacts on society.




The climate information contained in the stalagmite lines up with the dates inscribed by the Maya on their monuments. In the periods of prolonged and severe drought, date inscription at sites such as Chichen Itza stopped entirely.

"This doesn't necessarily mean that the Maya abandoned Chichen Itza during these periods of severe drought, but it's likely that they had more immediate things to worry about than constructing monuments, such as whether the crops they relied on would succeed or not," said James.

The researchers say that stalagmites from this and other caves in the region could be vital in putting the puzzle of the Terminal Classic period together.

"In addition to what stalagmites can tell us about this period in Maya history, they might also be able to tell us about the frequency and severity of tropical storms, for instance," said James. "As a case study for fine-grained comparisons between climate and historical data, it's exciting being able to apply methods usually associated with the deeper past to relatively recent history."

The research was supported in part by the National Geographic Society and the Leverhulme Trust.
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Scientists may have found the tiny DNA switch that made us human | ScienceDaily
Research from scientists at University of California San Diego School of Medicine have shed new light on an age-old question: what makes the human brain unique?


						
The team's discovery comes from their investigation of human-accelerated regions (HARs) -- sections of the human genome that have accumulated an unusually high level of mutations as humans have evolved. There is a lot of scientific interest in HARs, as they are hypothesized to play an essential role in conferring human-specific traits, and also have links to neurodevelopmental disorders, such as autism.

One reason why scientists think that HARs confer human-specific traits is because they have undergone rapid changes in their genetic sequences since we split from our closest living relative -- the chimpanzee -- approximately 5 million years ago.

Now, UC San Diego researchers have identified one particular HAR -- called HAR123 -- that appears to be instrumental in shaping the human brain.

The researchers found:
    	HAR123 itself is not a gene, but is instead a type of molecular "volume control" known as a transcriptional enhancer. Transcriptional enhancers control which genes are activated, how much they are activated, and at what times they are activated during an organism's development.
    	Through its role as a transcriptional enhancer, HAR123 promotes the development of neural progenitor cells, the cells that give rise to the two main types of brain cells -- neurons and glial cells.
    	HAR123 also influences the ratio of neurons and glial cells that form from neural progenitor cells.

Ultimately, HAR123 promotes a particularly advanced human trait called cognitive flexibility, or the ability to unlearn and replace previous knowledge.

In addition to providing new insights into the biology of the human brain, the results also offer a molecular explanation for some of the radical changes that have occurred in the human brain over the course of our evolution. This is supported, for example, by the authors' finding that the human version of HAR123 exerts different molecular and cellular effects than the chimpanzee version in both stem cells and neuron precursor cells in a petri dish.

Further research is needed to more fully understand the molecular action of HAR123 and whether the human version of HAR123 does indeed confer human-specific neural traits. This line of research could lead us to a better understanding of the molecular mechanisms underlying many neurodevelopmental disorders, such as autism.

The study, published online in Science Advances, was led by Miles Wilkinson, Ph.D., distinguished professor, and Kun Tan, Ph.D., assistant professor, both within the Department of Obstetrics, Gynecology, & Reproductive Sciences at UC San Diego School of Medicine. Wilkinson is also affiliate faculty of the UC San Diego Institute for Genomic Medicine. The study was funded, in part, by grants from the National Institutes of Health and 10x Genomics. The authors declare no competing interests.
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Strange spotted rock on Mars could reveal signs of ancient life | ScienceDaily
In 2024, NASA's Mars rover Perseverance collected an unusual rock sample. The rock, named Sapphire Canyon, features white, leopardlike spots with black borders within a red mudstone and might hold clues about sources of organic molecules within Mars.


						
Here on Earth, in Review of Scientific Instruments, by AIP Publishing, researchers from Jet Propulsion Laboratory and the California Institute of Technology used a technique called optical photothermal infrared spectroscopy (O-PTIR) to study a visually similar rock. They wanted to determine if O-PTIR can be applied to the Sapphire Canyon sample when it is eventually brought here for study.

O-PTIR uses two lasers to study a material: The first heats up the material and causes small thermal vibrations on its surface proportional to the laser's wavelength, and the second measures the extent of these changes. Together, this creates the material's unique chemical fingerprint.

The researchers tested O-PTIR on a basalt rock with dark inclusions of similar size to the Sapphire Canyon sample's -- which, in contrast to Perseverance's sophisticated sample selection process, author Nicholas Heinz found purely by coincidence.

"I was hiking in Arizona, in Sedona, when I saw this rock that just didn't look like it belonged," he said. "I put it in my backpack and brought it back to look at."

They aimed to see if O-PTIR could differentiate between the rock's primary material and its dark inclusions and found it was extremely effective because of the enhanced spatial resolution of O-PTIR. Moreover, O-PTIR is a rapid technique. Each spectrum can be collected in minutes, allowing scientists to go in with a more sensitive technique to study potential areas of interest identified in more detail, such as regions containing organics.

"I hope this capability will be considered for any future material returned from Mars, an asteroid, or any other planetary surface," said Heinz.

The team's O-PTIR capabilities are the only of their kind available at NASA's Jet Propulsion Laboratory and have already been used by other NASA missions -- in 2024, they helped confirm the cleanliness of Europa Clipper, a mission to study one of Jupiter's moons, prior to its launch. Heinz said that now that they've shown its additional benefits in applications related to Mars samples, and geology more widely, they are working with NASA's Mars science team to test the algal microfossils typically used as Mars analogs for the rovers.
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Predator fly unleashes chaotic ant wars that could save coffee | ScienceDaily
To help manage agricultural practices with fewer or no pesticides, University of Michigan researchers say they need to understand how ecological systems work on agricultural lands.


						
Now, U-M researchers John Vandermeer and Ivette Perfecto have used two ecological theories to describe a tangle of interactions between three ant species and a recently introduced fly that preys on one of the ant species. Their work on a coffee farm in Puerto Rico shows that the interaction between the ants and the predator fly creates chaotic patterns -- chaos in the classical sense, in that natural populations are subjected to fluctuations depending on the interactions of organisms within a system.

These chaotic patterns mean that any one of the four insect species could be dominant at any point in time. Understanding which ants may be dominant over time may help farmers use the ants to manage pests on their farms. Their study, supported by the National Science Foundation, is published in the Proceedings of the National Academy of Sciences.

"Two of the three ant species we studied are really important agents of biological control of two of the important pests in coffee," said Vandermeer, U-M professor of ecology and evolutionary biology. "We would like, or a farmer would like, to be able to predict when the ants are going to be there, and when they're not going to be there. And it turns out that that kind of prediction is going to be pretty difficult."

For three decades, Vandermeer and Perfecto, a professor at the U-M School for Environment and Sustainability, have been studying ant interactions in the coffee farm's agricultural setting. Their goal is to help transform how agriculture is done -- but to do so, we need to first understand the ecology of agricultural systems, they say.

"We believe that the current international agricultural system with its use of pesticides and chemicals is not contributing to the welfare of anybody, especially the farmers, and is actually contributing quite a bit to global climate change," Vandermeer said. "We take the position that in order to incorporate the rules of ecology into the development of new forms of agriculture, we need to understand what those rules are and how those rules work."

In the tropics, ants are dominant, Vandermeer says, and often involved in agriculture as agents of controlling pests. But using an ant species to control pests can be complicated: The dominance of the ant being used as a biological control depends on what other species of ants -- as well as other types of insects -- there are in the system.




In this system, Vandermeer and Perfecto examined two types of ecological behavior: intransitive loop cyclic behavior and predator-mediated coexistence. Intransitive loop cyclic behavior means that if there's a group of three ant species, Ant A might be dominant over Ant B, Ant B might dominate Ant C, but Ant C could dominate Ant A.

When a predator is thrown into the mix, these dynamics become even more complicated. Among the three species of ants that Vandermeer and Perfecto study, one species is dominant. But the recently introduced fly preys upon the dominant ant. This predator-prey relationship not only affects the dominant ant, it has downstream effects on the other two ant species, allowing any of the four species to become the dominant species at different points of time. This is an example of predator-mediated coexistence.

The waxing and waning of the predator fly and its ant target, as well as the change of dominance in the ant species, are called oscillations. By overlapping and modeling these two oscillating ecological principles, the researchers could examine how the principles introduce chaos into the system.

The results are ... chaotic. But by plotting both of these oscillating behaviors, the researchers were able to see that at certain times, the whole system looked like a predator-prey cycle, and at other times, the system looked like an intransitive loop oscillation.

This could mean -- in theory -- the researchers could get a window into when each insect species was going to be the dominant species.

"The good news is that the chaotic patterns of the insects are really very interesting from an inherent intellectual sense. The bad news is that it's not really as simple as it might seem to base agricultural practices on ecological principles because the ecological principles themselves are way more complicated than simply finding a poison that kills the pests," Vandermeer said.

"What we're uncovering, we think, over the past 30 years or so are some of those complications that come out if you're serious about putting ecology into the fundamental operations of the agricultural system."
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Could this new earthquake system give Alaska 50 seconds to prepare? | ScienceDaily
A proposed earthquake early warning system could have provided several communities an alert of 10 seconds or more ahead of strong shaking from the magnitude 7.3 quake that occurred south of Sand Point near the tip of the Alaska Peninsula in mid-July.


						
That analysis is provided by Alex Fozkos of the Alaska Earthquake Center's systems team at the University of Alaska Fairbanks Geophysical Institute.

"Individuals in Sand Point could have expected approximately 10 seconds of warning time before shaking increased to its strongest," Fozkos said. "In King Cove, individuals could have expected a warning of approximately 20 seconds."

Sand Point is 55 miles from the epicenter; King Cove is slightly farther away. The community of Chignik, about 140 miles from the epicenter, would have received about 50 seconds of warning.

Fozkos' Sand Point analysis is based on a hypothetical early warning system. The Alaska Earthquake Center and the U.S. Geological Survey earlier this year described the first phase of implementing the proposed USGS ShakeAlert warning system, which operates in California, Oregon and Washington.

The Sand Point analysis was enabled by earthquake early warning modeling by Fozkos. That modeling system was published on August 5 in the Bulletin of the Seismological Society of America. The Sand Point analysis is not part of the research paper, however, as it occurred after the paper was submitted.

Research professor Michael West, the Alaska Earthquake Center's director and state seismologist, is a co-author.




For the research paper, Fozkos ran numerous warning time scenarios in several categories with varying inputs such as locations, magnitudes and fault configurations.

"This lays the groundwork for showing potential stakeholders how an early warning system could benefit Alaskans and why they should be paying attention," said Fozkos, who conducted the research at the UAF Geophysical Institute while a graduate student.

Fozkos and West define warning time as the time difference between when a person receives an alert and the arrival of peak ground motion.

In the research paper's scenario for the Southcentral and Southeast coasts, Fozkos simulated a magnitude 8.3 earthquake that created shaking intensities of 7 to 8. Shaking at those levels can cause moderate to heavy damage to buildings and would be widely felt.

Magnitude and intensity don't always correspond. The earthquake magnitude scale measures the energy released at the quake's source, while the shaking intensity scale describes the strength of ground shaking at specific locations.

Alerts for Southcentral and Southeast residents in that scenario could be issued 10 to 33 seconds after a quake occurs, with an average of 24 seconds, Fozkos writes in the research paper. Alerts would be issued quickest in the Southcentral region, where sensor density is highest.




"Having more stations in an area means an earthquake can be detected faster and a warning can be issued faster," Fozkos said.

An early warning system uses a network of seismic sensors to detect an earthquake's fast-moving primary, or P, waves as soon as they begin. It then calculates the earthquake's location and magnitude to send alerts before the slower, more-damaging secondary, or S, waves arrive.

Alaska's initial ShakeAlert phase, if funded, would focus on the Anchorage, Fairbanks, Kodiak and Prince William Sound regions, which include about 90% of the state's population.

The federal-state system would consist of 450 real-time Advanced National Seismic System stations. Of those, 20 exist in the state, 270 would be new stations and 160 would be upgraded existing stations.

Fozkos' research provides essential information to show how Alaskans could benefit from an earthquake early warning system. His work assumes a generic warning system, but his modeled outcomes are assumed to be comparable with ShakeAlert.

West said the science and support to establish early warning in Alaska has been in the works for several years and that the research paper's goal is to make it "feel real and accessible."

"Alaska has so many types of earthquakes that it can be difficult to explain to people what is possible," he said. "This study takes complicated algorithms and technologies and shows what might happen in real world situations."

Fozkos said Alaska's tectonic environment is vastly different from that of the West Coast states.

"We have crustal earthquakes, we've got the deep earthquakes in the slab, we've got the interface earthquakes, there's strike slip, there's normal faulting."

"If we're going to advocate for an earthquake early warning system, then we owe Alaskans the numbers that are directly tied to Alaska and not to California, Oregon and Washington," he said.
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        The surprising reason timber plantations explode into megafires
        Industrial forests, packed with evenly spaced trees, face nearly 50% higher odds of megafires than public lands. A lidar-powered study of California's Sierra Nevada reveals how dense plantations feed fire severity, but also shows that proactive thinning could prevent forests from collapsing into shrubland ecosystems.

      

      
        Why listening may be the most powerful medicine
        In a health system where speed often replaces empathy, researchers highlight the life-changing power of listening. Beyond simple questions, values-driven listening--marked by presence, curiosity, and compassion--can transform both patients and providers.

      

      
        Scientists reveal how just two human decisions rewired the Great Salt Lake forever
        Scientists found that Great Salt Lake's chemistry and water balance were stable for thousands of years, until human settlement. Irrigation and farming in the 1800s and a railroad causeway in 1959 created dramatic, lasting changes. The lake now behaves in ways unseen for at least 2,000 years.

      

      
        Mexican cave stalagmites reveal the deadly droughts behind the Maya collapse
        Chemical evidence from a stalagmite in Mexico has revealed that the Classic Maya civilization's decline coincided with repeated severe wet-season droughts, including one that lasted 13 years. These prolonged droughts corresponded with halted monument construction and political disruption at key Maya sites, suggesting that climate stress played a major role in the collapse. The findings demonstrate how stalagmites offer unmatched precision for linking environmental change to historical events.

      

      
        Could this new earthquake system give Alaska 50 seconds to prepare?
        A new study reveals that an earthquake early warning system, similar to the USGS ShakeAlert used in California, Oregon, and Washington, could give Alaskan communities precious seconds to prepare before strong shaking hits. Modeling shows that towns like Sand Point, King Cove, and Chignik might receive between 10 and 50 seconds of warning during major quakes, while a simulated magnitude 8.3 event could provide up to half a minute in some areas.
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The surprising reason timber plantations explode into megafires | ScienceDaily
The odds of high-severity wildfire were nearly one-and-a-half times higher on industrial private land than on publicly owned forests, a new study found. Forests managed by timber companies were more likely to exhibit the conditions that megafires love -- dense stands of regularly spaced trees with continuous vegetation connecting the understory to the canopy.


						
The research, led by the University of Utah, University of California, Berkeley, and the United States Forest Service, is the first to identify how extreme weather conditions and forest management practices jointly impact fire severity.Leveraging a unique lidar dataset, the authors created three-dimensional maps of public and private forests before five wildfires burned 1.1 million acres in the northern Sierra Nevada, California.

In periods of extreme weather, stem density -- the number of trees per acre -- became the most important predictor of a high-severity fire. Even in the face of accelerating climate change, how we manage the land will make a difference.

"That's a really hopeful finding because it means that we can adjust how we manage these landscapes to impact the way fires move through them," said Jacob Levine, postdoctoral researcher at the U and lead author of the study. "Strategies that reduce density by thinning out both small and mature trees will make forests more robust and resilient to fire in the future."

In a 2022 study, Levine and collaborators found that fire severity was typically higher on privately managed forests. They also discovered the risks extended to areas near to, but not owned by, private industry, threatening the wilderness, small landowners and urban areas in their shadow.This new study is the first to identify the underlying forest structures that make high-severity fires more likely in some areas than in others.

The study was published on Aug. 20, 2025, in the journal Global Change Biology.

Lidar unlocks forest structure secrets

Plumas National Forest, the study area in California's northern Sierra Nevada, is emblematic of the wider trend of wildfire occurrence and severity. The region's mixed conifer forests are adapted to periodic, low- to medium-severity fires that cleared vegetation, creating large spaces between clumps of trees. Efforts to increase timber resources led the U.S. government to implement fire suppression policies in the 1800s, including a ban on controlled burns that Indigenous People practiced for millennia. In the absence of natural fire cycles and Indigenous burning, modern forests have more fodder to fuel high-severity fires, defined as a fire that kills more than 95% of overstory trees.




Plumas National Forest is a mosaic of private industrial and public ownership, and 70% of the study area was burned in five massive wildfires between 2019 and 2021, including the largest single fire in California's recorded history, the Dixie Fire. Serendipitously, a unique dataset had been collected a year before the region burned.

In 2018, the U.S. Forest Service, Geological Survey and National Aeronautics and Space Administration surveyed the Plumas National Forest and surrounding private land using airborne light detection and ranging (lidar) flights. The lidar sensors shoot billions of lasers at the landscape below, which bounce off the grass, shrubs, saplings, tree canopies and other structures in the forest with high precision.

"We have a really detailed picture of what the forest looked like immediately before these massive fires. It's an unbelievably valuable thing to have," Levine said. "Understanding the forest structures that lead to high-severity fire allows us to target mitigation strategies to get ahead of this massive fire problem while still producing enough timber to meet market demand."

Private vs public management strategies

Timber companies are focused on maximizing profits and providing a sustainable source of wood, a valuable resource for society and economic engine for rural communities. Most practice plantation forestry -- clear-cutting an area and replanting the trees in a tightly packed grid. After 80 to 100 years, they do it all again, leaving a patchwork of dense stands of trees of similar age and size.

"You can think about stacking a bunch of matches together in a grid -- that's going to burn a lot better than if you have those matches dispersed as smaller clumps," Levine explained. "A bigger fire can easily reach the canopy in dense forests. Then it's ripping through one tree after another, tossing out chunks of burning material miles in advance. It's a different story."

The objectives of public lands are more varied, requiring management for grazing, recreation, restoration, timber production and wildlife corridors. They're also beholden to the public, which stymies their ability to do active management. Environmental organizations often sue to stop proposed projects that would remove trees to thin down density.




Although the study demonstrates that private industrial lands fare worse, both private and public agencies have much room for improvement to protect our nation's forests. Most Sierra Nevada trees lack adaptations to recover from high-severity fires, leading to more and more of our forests turning into shrub and grasslands.

"This has major implications for timber, but also for carbon sequestration, water quality, wildlife habitat and recreation," Levine said. "Shrub and grasslands can be beautiful, but when we think of the Sierra Nevada we picture majestic forests. Without major changes in forest management, future generations could inherit a landscape that looks very different than the one we cherish today."

Other authors include Brandon Collins of the U.S. Forest Service and University of California, Berkeley; Michelle Coppoletta of the U.S. Forest Service; and Scott Stephens of University of California, Berkeley.

The study, "Extreme weather magnifies the effects of forest structure on wildfire, driving increased severity in industrial forests," was published on Aug. 20, 2025, in the journal Global Change Biology.
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Why listening may be the most powerful medicine | ScienceDaily
When you visit a doctor, you expect them to listen. But in today's fast-paced health care system, real listening -- the kind that makes you feel seen, heard and understood -- can be the first thing to go.


						
A new article, co-authored by Dr. Leonard Berry of Texas A&M University's Mays Business School, argues that listening isn't just a nice gesture, it's a powerful tool that can improve your care and even help heal the health care system itself.

Berry and colleagues at the Institute for Healthcare Improvement in Boston and Henry Ford Health Detroit published their findings in Mayo Clinic Proceedings.

The Case Of The Norwegian Nurse

The team identified what it calls "values-driven listening." It's about more than asking questions, it's about asking the right questions, being present and showing genuine curiosity and compassion.

"Listening is the gateway to healing," Berry said. "It's how we connect, understand and ultimately serve better."

One story in the article shows just how transformative listening can be. A nurse in a Norwegian nursing home asked a patient, "What would make a good day for you?"

The patient responded: "I want to wear my blue shirt."




"Why the blue one?" the nurse asked.

"That was my wife's favorite shirt," the patient said. "She died two years ago today, and I want to honor her."

The patient shared memories of his wife with the nurse, and afterward, he asked for a wheelchair so that he could tell other patients about her; it was the first time he'd ever asked to interact with other people at the facility.

"That's not a medical breakthrough," Berry said, "it's a human one."

Six Listening Strategies

The authors outline six types of listening that contribute to better care:

Listening That Is Proximate Being physically present matters. Your provider can learn far more from a quiet moment in the exam room than from a rushed message or chart note. When they're close, focused and curious, you're more likely to open up, and that kind of trust is essential for making decisions together about your care. Be sure your provider spends this focused time with you.




Listening That Is Curious Your provider's curiosity can be just as important as their expertise. When they ask open-ended questions and pay attention to your words, body language and emotions, it creates space for honest conversation. That's often when key details emerge informing the plan of care. "What are your concerns about the plan of care we've discussed?" creates a path for open dialogue in a way that "Do you have any questions?" does not.

Listening That Earns And Enables Trust Trust starts when you feel safe to speak candidly, and that happens when your provider listens without judgment, gives you their full attention and treats your input as essential. At Henry Ford Health, some doctors are using AI-powered tools to handle notetaking during appointments, so they can focus entirely on the conversation.

Listening Aided By Design The design of a clinic or hospital can affect how well you're heard. Small, crowded spaces make private conversations harder, but simple changes -- like your provider sitting down during a visit -- can make you feel more cared for and listened to. Some health systems, like Southcentral Foundation in Alaska, have created "talking rooms" that feel less clinical and more personal, showing that listening isn't just a skill, it's something built into the space itself.

Listening That Empowers Listening should lead to action, and that includes listening to the people who care for you. When frontline staff are asked what's wasting time or making care harder, they often have smart, simple fixes. At Hawaii Pacific Health, a program called "Getting Rid of Stupid Stuff" led to hundreds of suggestions, including one that saved nurses 1,700 hours a month by removing a pointless documentation rule. When staff are empowered to speak up, care becomes more efficient, less frustrating and better for everyone.

Listening That Fosters Resilience Caring for others is demanding, and when health care workers are supported, they're better able to support you. Simple acts like sharing meals and stories with colleagues can help reduce burnout and build emotional strength in those who are caring for you. Some hospitals schedule time for these peer connections, creating space for reflection and support. Ask your provider how their health care system supports its workers.

Listening Is Kindness

Berry and his co-authors write that deep listening benefits all parties: clinician-to patient; clinician-to-clinician; leader-to-clinical and non-clinical staff. It's a cultural shift that starts with values. "Do you care enough to listen?" they ask.

For patients, this means you should feel empowered to speak up and expect to be heard.

"Your experiences, concerns and insights are not just helpful, they're essential," Berry said. "And when your care team listens with empathy and curiosity, it leads to better decisions, stronger relationships and more personalized care.

"Kindness is not a luxury in health care, it's a necessity. And true listening is one of its most powerful expressions."
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Scientists reveal how just two human decisions rewired the Great Salt Lake forever | ScienceDaily
Over the past 8,000 years, Utah's Great Salt Lake has been sensitive to changes in climate and water inflow. Now, new sediment isotope data indicate that human activity over the past 200 years has pushed the lake into a biogeochemical state not seen for at least 2,000 years.


						
A University of Utah geoscientist applied isotope analysis to sediments recovered from the lake's bed to characterize changes to the lake and its surrounding watershed back to the time the lake took its current shape from the vast freshwater Lake Bonneville that once covered much of northern Utah.

"Lakes are great integrators. They're a point of focus for water, for sediments, and also for carbon and nutrients," said Gabriel Bowen, a professor and chairman of the Department of Geology & Geophysics. "We can go to lakes like this and look at their sediments and they tell us a lot about the surrounding landscape."

Sedimentary records provide context for ongoing changes in terminal saline lakes, which support fragile, yet vital ecosystems, and may help define targets for their management, according to Bowen's new study, published last month in Geophysical Research Letters.

This research helps fill critical gaps in the lake's geological and hydrological records, coming at a time when the drought-depleted level of the terminal body has been hovering near its historic low.

"We have all these great observations, so much monitoring, so much information and interest in what's happening today. We also have a legacy of people looking at the huge changes in the lake that happened over tens of thousands and hundreds of thousands of years," Bowen said. "What we've been missing is the scale in the middle."

That is the time spanning the first arrival of white settlers in Utah but after Lake Bonneville receded to become Great Salt Lake.




By analyzing oxygen and carbon isotopes preserved in lake sediments, the study reconstructs the lake's water and carbon budgets through time. Two distinct, human-driven shifts stand out:
    	Mid-19th century - Coinciding with Mormon settlement in 1847, irrigation rapidly greened the landscape around the lake, increasing the flow of organic matter into the lake and altering its carbon cycle.
    	Mid-20th century - Construction of the railroad causeway in 1959 disrupted water flow between the lake's north and south arms, which turned Gilbert Bay from a terminal lake to an open one that partially drained into Gunnison Bay, altering the salinity and water balance to values rarely seen in thousands of years.

The new study examines two sets of sediment cores extracted from the bed of Great Salt Lake, each representing different timescales. The top 10 meters of the first core, drilled in the year 2000 south of Fremont Island, contains sediments washed into the lake up to 8,000 years ago.

[caption id="attachment_100686" align="alignright" width="511"] The view of the Great Salt Lake from Gunnison Island, which has long served as a nesting ground for pelicans. Credit: Brian Maffly[/caption]

The other samples, recovered by the U.S. Geological Survey, represent only the upper 30 centimeters of sediments, deposited in the last few hundred years.

"The first gives us a look at what was happening for the 8,000 years before the settlers showed up here," Bowen said. "The second are these shallower cores that allow us to see how the lake changed after the arrival of the settlers."

Bowen subjected these lakebed sediments at varying depths to an analysis that determines isotope ratios of carbon and oxygen, shedding light on the landscape surrounding the lake and the water in the lake at varying points in the past.




"The carbon tells us about the biogeochemistry, about how the carbon cycles through the lake, and that's affected by things like weathering of rocks that bring carbon to the lake and the vegetation in the watershed, which also contributes carbon that dissolves into the water and flows to the lake," he said.

Bowen's analysis documented a sharp change in carbon, indicating profound changes that coincided with the arrival of Mormon pioneers in the Salt Lake Valley, where they introduced irrigated agriculture to support a rapidly growing community.

"We see a big shift in the carbon isotopes, and it shifts from values that are more indicative of rock weathering, carbon coming into the lake from dissolving limestone, toward more organic sources, more vegetation sources," Bowen said.

The new carbon balance after settlement was unprecedented during the 8,000 years of record following the demise of Lake Bonneville.

Next, Bowen's oxygen isotope analysis reconstructed the lake's water balance over time.

"Essentially, it tells us about the balance of evaporation and water inflow into the lake. As the lake is expanding, the oxygen isotope ratio goes down. As the lake shrinks, it goes up, basically telling us about the rate of change of the lake volume. We see little fluctuations, but nothing major until we get to 1959."

That's the year Union Pacific built a 20-mile causeway to replace a historic rail trestle, dividing the lake's North Arm, which has no tributaries, from its South Arm, also known as Gilbert Bay, which receives inflow from three rivers. Water flows through a gap in the causeway into North Arm, now rendering the South Arm an open system.

"We changed the hydrology of the lake fundamentally and gave it an outflow. We see that really clearly in the oxygen isotopes, which start behaving in a different way," he said. Counterintuitively, the impact of this change was to make Gilbert Bay waters fresher than they would have been otherwise, buying time to deal with falling lake levels and increasing salinity due to other causes.

"If we look at the longer time scale, 8,000 years, the lake has mostly been pinned at a high evaporation state. It's been essentially in a shrinking, consolidating state throughout that time. And that only reversed when we put in the causeway."

The paper, "Multi-millennial context for post-colonial hydroecological change in Great Salt Lake," was posted online July 22 in the journal Geophysical Research Letters. Gabriel Bowen is the sole author and is supported by grants from the National Science Foundation.
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Mexican cave stalagmites reveal the deadly droughts behind the Maya collapse | ScienceDaily
A drought lasting 13 years and several others that each lasted over three years may have contributed to the collapse of the Classic Maya civilization, chemical fingerprints from a stalagmite in a Mexican cave have revealed.


						
A detailed analysis of oxygen isotopes in the stalagmite allowed a team of researchers, led by the University of Cambridge, to determine rainfall levels for individual wet and dry seasons between 871 and 1021 CE, which overlaps with the Terminal Classic period of Maya civilization. This is the first time it has been possible to isolate rainfall conditions for individual wet and dry seasons during the Terminal Classic, the time of societal decline historically referred to as the Maya collapse.

During the Terminal Classic, limestone Maya cities in the south were abandoned and dynasties were ended, as one of the ancient world's great civilizations shifted north and lost much of its political and economic power.

The data contained within the stalagmite, from a cave in the Yucatan, showed that there were eight wet season droughts that lasted for at least three years during this period, with the longest drought lasting for 13 consecutive years.

This climate data aligns with existing historical and archaeological evidence: construction of monuments and political activity at several major northern Maya sites, including the famous city of Chichen Itza, stopped at different times during this period of climate stress.

The accurately and precisely dated droughts provide a new framework for fine-grained analysis of the timing and dynamics of human-climate interactions in the region. The results are reported in the journal Science Advances.

"This period in Maya history has been a cause of fascination for centuries," said lead author Dr Daniel H. James, who conducted the research while a PhD student at Cambridge's Department of Earth Sciences. "There have been multiple theories as to what caused the collapse, such as changing trade routes, war or severe drought, based on the archaeological evidence the Maya left behind. But in the past few decades, we've started to learn quite a lot about what happened to the Maya and why, by combining the archaeological data with quantifiable climate evidence."

Starting in the 1990s, researchers began to piece together climate records with those left by the Maya, such as the dates they recorded on key monuments, to show that a series of droughts during the Terminal Classic was a likely contributor to the massive socio-political upheaval in Maya society.




Now, James and his co-authors from the UK, US and Mexico have used the chemical fingerprints contained in stalagmites from a cave in the northern Yucatan to bring those droughts into much sharper focus.

Stalagmites form when water drips from the ceiling of a cave, and the minerals contained in the water grow into large deposits on the cave floor. By dating and analyzing the layers of oxygen isotopes within the stalagmite, the researchers extracted highly detailed information about the climate in the Terminal Classic period. Earlier research has measured the oxygen isotopes contained in lake sediment to determine the severity of drought, but lake sediment does not contain enough detail to pinpoint climate conditions in any given year at a particular site.

"It hasn't been possible to directly compare the history of individual Maya sites with what we previously knew about the climate record," said James, who is now a postdoctoral researcher at University College London (UCL). "Lake sediment is great when you want to look at the big picture, but stalagmites allow us to access the fine-grained detail that we've been missing."

Earlier research on stalagmites has determined annual average rainfall amounts during the Terminal Classic, but the Cambridge-led team have now been able to go further, and isolate information from individual wet and dry seasons, thanks to relatively thick (about 1mm) annual layers in the stalagmite used in this study. The specific oxygen isotopes in each layer are a proxy for wet season drought.

"Knowing the annual average rainfall doesn't tell you as much as knowing what each individual wet season was like," said James. "Being able to isolate the wet season allows us to accurately track the duration of wet season drought, which is what determines if crops succeed or fail."

According to the information contained in the stalagmite, there were eight wet season droughts lasting for at least three years between 871 and 1021 CE. The longest drought of the period lasted for 13 years. Even with the water management techniques that the Maya had, a drought that long would have had major impacts on society.




The climate information contained in the stalagmite lines up with the dates inscribed by the Maya on their monuments. In the periods of prolonged and severe drought, date inscription at sites such as Chichen Itza stopped entirely.

"This doesn't necessarily mean that the Maya abandoned Chichen Itza during these periods of severe drought, but it's likely that they had more immediate things to worry about than constructing monuments, such as whether the crops they relied on would succeed or not," said James.

The researchers say that stalagmites from this and other caves in the region could be vital in putting the puzzle of the Terminal Classic period together.

"In addition to what stalagmites can tell us about this period in Maya history, they might also be able to tell us about the frequency and severity of tropical storms, for instance," said James. "As a case study for fine-grained comparisons between climate and historical data, it's exciting being able to apply methods usually associated with the deeper past to relatively recent history."

The research was supported in part by the National Geographic Society and the Leverhulme Trust.
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Could this new earthquake system give Alaska 50 seconds to prepare? | ScienceDaily
A proposed earthquake early warning system could have provided several communities an alert of 10 seconds or more ahead of strong shaking from the magnitude 7.3 quake that occurred south of Sand Point near the tip of the Alaska Peninsula in mid-July.


						
That analysis is provided by Alex Fozkos of the Alaska Earthquake Center's systems team at the University of Alaska Fairbanks Geophysical Institute.

"Individuals in Sand Point could have expected approximately 10 seconds of warning time before shaking increased to its strongest," Fozkos said. "In King Cove, individuals could have expected a warning of approximately 20 seconds."

Sand Point is 55 miles from the epicenter; King Cove is slightly farther away. The community of Chignik, about 140 miles from the epicenter, would have received about 50 seconds of warning.

Fozkos' Sand Point analysis is based on a hypothetical early warning system. The Alaska Earthquake Center and the U.S. Geological Survey earlier this year described the first phase of implementing the proposed USGS ShakeAlert warning system, which operates in California, Oregon and Washington.

The Sand Point analysis was enabled by earthquake early warning modeling by Fozkos. That modeling system was published on August 5 in the Bulletin of the Seismological Society of America. The Sand Point analysis is not part of the research paper, however, as it occurred after the paper was submitted.

Research professor Michael West, the Alaska Earthquake Center's director and state seismologist, is a co-author.




For the research paper, Fozkos ran numerous warning time scenarios in several categories with varying inputs such as locations, magnitudes and fault configurations.

"This lays the groundwork for showing potential stakeholders how an early warning system could benefit Alaskans and why they should be paying attention," said Fozkos, who conducted the research at the UAF Geophysical Institute while a graduate student.

Fozkos and West define warning time as the time difference between when a person receives an alert and the arrival of peak ground motion.

In the research paper's scenario for the Southcentral and Southeast coasts, Fozkos simulated a magnitude 8.3 earthquake that created shaking intensities of 7 to 8. Shaking at those levels can cause moderate to heavy damage to buildings and would be widely felt.

Magnitude and intensity don't always correspond. The earthquake magnitude scale measures the energy released at the quake's source, while the shaking intensity scale describes the strength of ground shaking at specific locations.

Alerts for Southcentral and Southeast residents in that scenario could be issued 10 to 33 seconds after a quake occurs, with an average of 24 seconds, Fozkos writes in the research paper. Alerts would be issued quickest in the Southcentral region, where sensor density is highest.




"Having more stations in an area means an earthquake can be detected faster and a warning can be issued faster," Fozkos said.

An early warning system uses a network of seismic sensors to detect an earthquake's fast-moving primary, or P, waves as soon as they begin. It then calculates the earthquake's location and magnitude to send alerts before the slower, more-damaging secondary, or S, waves arrive.

Alaska's initial ShakeAlert phase, if funded, would focus on the Anchorage, Fairbanks, Kodiak and Prince William Sound regions, which include about 90% of the state's population.

The federal-state system would consist of 450 real-time Advanced National Seismic System stations. Of those, 20 exist in the state, 270 would be new stations and 160 would be upgraded existing stations.

Fozkos' research provides essential information to show how Alaskans could benefit from an earthquake early warning system. His work assumes a generic warning system, but his modeled outcomes are assumed to be comparable with ShakeAlert.

West said the science and support to establish early warning in Alaska has been in the works for several years and that the research paper's goal is to make it "feel real and accessible."

"Alaska has so many types of earthquakes that it can be difficult to explain to people what is possible," he said. "This study takes complicated algorithms and technologies and shows what might happen in real world situations."

Fozkos said Alaska's tectonic environment is vastly different from that of the West Coast states.

"We have crustal earthquakes, we've got the deep earthquakes in the slab, we've got the interface earthquakes, there's strike slip, there's normal faulting."

"If we're going to advocate for an earthquake early warning system, then we owe Alaskans the numbers that are directly tied to Alaska and not to California, Oregon and Washington," he said.
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        A safe painkiller? New research raises concerns about Tylenol's safety in pregnancy
        A large-scale review finds that acetaminophen use during pregnancy may increase the risk of autism and ADHD in children. The strongest studies showed the clearest links, pointing to biological pathways like oxidative stress and hormone disruption. Experts call for caution, updated guidelines, and safer alternatives.

      

      
        Scientists solve 30-year mystery of a hidden nutrient that shields the brain and fights cancer
        Scientists have finally uncovered the missing link in how our bodies absorb queuosine, a rare micronutrient crucial for brain health, memory, stress response, and cancer defense. For decades, researchers suspected a transporter had to exist, but it remained elusive--until now.

      

      
        Scientists finally crack the secret to perfect chocolate flavor
        Scientists have decoded the microbial and environmental factors behind cacao fermentation, the critical process that defines chocolate's taste. By recreating the fermentation with controlled microbial communities, they've paved the way for more consistent, high-quality chocolate.

      

      
        Scientists just found a protein that reverses brain aging
        Scientists at UCSF have uncovered a surprising culprit behind brain aging: a protein called FTL1. In mice, too much FTL1 caused memory loss, weaker brain connections, and sluggish cells. But when researchers blocked it, the animals regained youthful brain function and sharp memory. The discovery suggests that one protein could be the master switch for aging in the brain -- and targeting it may one day allow us to actually reverse cognitive decline, not just slow it down.

      

      
        Scientists unlock the gene that lets bearded dragons switch sex
        Two independent research teams have unveiled near-complete reference genomes of the central bearded dragon, a reptile with the rare ability to change sex depending on both chromosomes and nest temperature. Using next-generation sequencing technologies from China and Australia, the projects uncovered the long-sought genetic basis of sex determination in this lizard.

      

      
        Tiny microbes may secretly rewire the brain before birth
        MSU researchers discovered that microbes begin shaping the brain while still in the womb, influencing neurons in a region critical for stress and social behavior. Their findings suggest modern birth practices that alter the microbiome may have hidden impacts on brain development.

      

      
        Is ketamine the answer for chronic pain? New findings cast doubt
        A sweeping review of 67 trials has cast doubt on the use of ketamine and similar NMDA receptor antagonists for chronic pain relief. While ketamine is frequently prescribed off-label for conditions like fibromyalgia and nerve pain, researchers found little convincing evidence of real benefit and flagged serious side effects such as delusions and nausea. The lack of data on whether it reduces depression or opioid use adds to the uncertainty.

      

      
        Strange new shapes may rewrite the laws of physics
        By exploring positive geometry, mathematicians are revealing hidden shapes that may unify particle physics and cosmology, offering new ways to understand both collisions in accelerators and the origins of the universe.

      

      
        Trojan horse bacteria sneak cancer-killing viruses into tumors
        Scientists have engineered a groundbreaking cancer treatment that uses bacteria to smuggle viruses directly into tumors, bypassing the immune system and delivering a powerful one-two punch against cancer cells. The bacteria act like Trojan horses, carrying viral payloads to cancer's core, where the virus can spread and destroy malignant cells. Built-in safety features ensure the virus can't multiply outside the tumor, offering a promising pathway for safe, targeted therapy.

      

      
        Great white sharks have a DNA mystery science still can't explain
        Once on the brink during the last ice age, great white sharks made a remarkable recovery globally, but their DNA reveals a baffling story. Classic migration explanations fail, leaving scientists with a mystery that defies reproductive and evolutionary logic.

      

      
        The surprising ant strategy that could transform robotics
        Weaver ants have cracked a teamwork puzzle that humans have struggled with for over a century -- instead of slacking off as their group grows, they work harder. These tiny architects not only build elaborate leaf nests but also double their pulling power when more ants join in. Using a "force ratchet" system where some pull while others anchor, they outperform the efficiency of human teams and could inspire revolutionary advances in robotics cooperation.

      

      
        Scientists just made vibrations so precise they can spot a single molecule
        Rice University scientists have discovered a way to make tiny vibrations, called phonons, interfere with each other more strongly than ever before. Using a special sandwich of silver, graphene, and silicon carbide, they created a record-breaking effect so sensitive it can detect a single molecule without labels or complex equipment. This breakthrough could open new possibilities for powerful sensors, quantum devices, and technologies that control heat and energy at the smallest scales.

      

      
        Scientists may have found the tiny DNA switch that made us human
        Scientists at UC San Diego have discovered a small but powerful section of DNA, called HAR123, that could help explain what makes the human brain so unique. Instead of being a gene, HAR123 acts like a "volume control" for brain development, guiding how brain cells form and in what proportions. The human version of HAR123 behaves differently from the chimpanzee version, possibly giving us greater flexibility in how we think and learn. This finding could also help researchers understand the roots o...

      

      
        Gold refuses to melt at temperatures hotter than the Sun's surface
        For the first time, researchers have measured atomic temperatures in extreme matter and found gold surviving at 19,000 kelvins, more than 14 times its melting point. The result dismantles a 40-year-old theory of heat limits.
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A safe painkiller? New research raises concerns about Tylenol's safety in pregnancy | ScienceDaily
Researchers at the Icahn School of Medicine at Mount Sinai have found that prenatal exposure to acetaminophen may increase the risk of neurodevelopmental disorders, including autism spectrum disorder and attention-deficit/hyperactivity disorder (ADHD), in children. The study, published on August 14 in BMC Environmental Health, is the first to apply the rigorous Navigation Guide methodology to systematically evaluate the rigor and quality of the scientific literature.


						
Acetaminophen (often sold under the brand name Tylenol(r), and known as paracetamol outside the United States and Canada) is the most commonly used over-the-counter pain and fever medication during pregnancy and is used by more than half of pregnant women worldwide. Until now, acetaminophen has been considered the safest option for managing headache, fever, and other pain. Analysis by the Mount Sinai-led team of 46 studies incorporating data from more than 100,000 participants across multiple countries challenges this perception and underscores the need for both caution and further study.

The Navigation Guide Systematic Review methodology is a gold-standard framework for synthesizing and evaluating environmental health data. This approach allows researchers to assess and rate each study's risk of bias, such as selective reporting of the outcomes or incomplete data, as well as the strength of the evidence and the quality of the studies individually and collectively.

"Our findings show that higher-quality studies are more likely to show a link between prenatal acetaminophen exposure and increased risks of autism and ADHD," said Diddier Prada, MD, PhD, Assistant Professor of Population Health Science and Policy, and Environmental Medicine and Climate Science, at the Icahn School of Medicine at Mount Sinai. "Given the widespread use of this medication, even a small increase in risk could have major public health implications."

The paper also explores biological mechanisms that could explain the association between acetaminophen use and these disorders. Acetaminophen is known to cross the placental barrier and may trigger oxidative stress, disrupt hormones, and cause epigenetic changes that interfere with fetal brain development.

While the study does not show that acetaminophen directly causes neurodevelopmental disorders, the research team's findings strengthen the evidence for a connection and raise concerns about current clinical practices.

The researchers call for cautious, time-limited use of acetaminophen during pregnancy under medical supervision; updated clinical guidelines to better balance the benefits and risks; and further research to confirm these findings and identify safer alternatives for managing pain and fever in expectant mothers.




"Pregnant women should not stop taking medication without consulting their doctors," Dr. Prada emphasized. "Untreated pain or fever can also harm the baby. Our study highlights the importance of discussing the safest approach with health care providers and considering non-drug options whenever possible."

With diagnoses of autism and ADHD increasing worldwide, these findings have significant implications for public health policy, clinical guidelines, and patient education. The study also highlights the urgent need for pharmaceutical innovation to provide safer alternatives for pregnant women.

The study was conducted in collaboration with the University of California, Los Angeles; University of Massachusetts Lowell; and Harvard T.H. Chan School of Public Health.

Funding for this study was provided by the National Cancer Institute (U54CA267776), the National Institute of Environmental Health Sciences (R35ES031688), and the National Institute on Aging (U01AG088684).
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Scientists solve 30-year mystery of a hidden nutrient that shields the brain and fights cancer | ScienceDaily
An international team of scientists, co-led by researchers at the University of Florida and Trinity College Dublin, has cracked a decades-old mystery in human biology: how our bodies absorb a micronutrient that we rely on for everything from healthy brain function to cancer defense.


						
Queuosine - pronounced "cue-o-scene" - is a vitamin-like micronutrient that we can't make ourselves but can only get from food and our gut bacteria. It's vital to our health, yet its importance went unnoticed for decades.

Now, in a study published this week in the Proceedings of the National Academy of Sciences, researchers have discovered the gene that allows queuosine to enter the cells, a discovery that opens the door for potential therapies to be created to leverage the micronutrient's role in cancer suppression, memory and how the brain learns new information.

"For over 30 years, scientists have suspected that there had to be a transporter for this nutrient, but no one could find it," said Valerie de Crecy-Lagard, a UF/IFAS microbiology and cell science distinguished professor and department associate chair, as well as one of the study's principal investigators. "We've been hunting for it for a long time. This discovery opens up a whole new chapter in understanding how the microbiome and our diet can influence the translation of our genes."

The study was funded by various nations' health entities, including the National Institutes of Health , Research Ireland (formerly Science Foundation Ireland), and Health and Social Care in Northern Ireland.

Queuosine modifies the molecules that help make proteins, called transfer RNA, which is essential in decoding your body's DNA.

"It's like a nutrient that fine-tunes how your body reads your genes," she said. "The idea that this small compound, which people have barely heard of, plays such an important role, is fascinating."

The gene that allows access to the cell has also been shrouded in medical mystery. The identification of the long-sought gene, SLC35F2, lays the groundwork for future studies that could lead to new medications, given that the gene has previously been studied regarding how viruses and cancer drugs get into cells, but scientists didn't know what the gene did in a healthy body until now, de Crecy-Lagard said.




"We have known for a long time that queuosine influences critical processes like brain health, metabolic regulation, cancer and even responses to stress, but until now we haven't known how it is salvaged from the gut and distributed to the billions of human cells that take it in," said Vincent Kelly, professor in Trinity College Dublin's School of Biochemistry and Immunology, and joint senior author of the article.

Queuosine is a microscopic molecule first discovered in the 1970s, but for years its role in human health flew under the radar until recently, and researchers from across the world involved in this study hope others take notice about this micronutrient's role in the body's bigger health picture.

The research united experts from UF, San Diego State University, the Ohio State University and partner institutions in Ireland and Northern Ireland.

"We don't think we could have cracked it without the full team," de Crecy-Lagard said. "It's a perfect example of what international collaboration can achieve."
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Scientists finally crack the secret to perfect chocolate flavor | ScienceDaily
Researchers have identified key factors that influence the flavor of chocolate during the cocoa bean fermentation process, a discovery that could offer chocolate producers a powerful tool to craft consistently high-quality, flavor-rich chocolate.


						
Scientists from the University of Nottingham's School of Biosciences examined how cacao bean temperature, pH, and microbial communities interact during fermentation and how these factors shape chocolate flavor. The team identified key microbial species and metabolic traits associated with fine-flavor chocolate and found that both abiotic factors (such as temperature and pH) and biotic factors (the microbial communities) are strong,consistent indicators of flavor development. The study was published on August 18 in Nature Microbiology.

The quality and flavor of chocolate begin with the cacao bean, which is profoundly influenced by both pre- and post-harvest factors. Among these, fermentation is the first, and one of the most critical steps after harvest. It lays the foundation for aroma development, flavor complexity, and the reduction of bitterness in the final chocolate product.

Dr David Gopaulchan, the first author of the paper, from the School of Biosciences explains: "Fermentation is a natural, microbe-driven process that typically takes place directly on cocoa farms, where harvested beans are piled in boxes, heaps, or baskets. In these settings, naturally occurring bacteria and fungi from the surrounding environment break down the beans, producing key chemical compounds that underpin chocolate's final taste and aroma. However, this spontaneous fermentation is largely uncontrolled. Farmers have little influence over which microbes dominate or how the fermentation process unfolds. As a result, fermentation, and thus the flavor and quality of the beans, varies widely between harvests, farms, regions, and countries."

The researchers wanted to find out whether this unstable, natural process could be replicated and controlled in the lab. Working with Colombian farmers during the fermentation process they identified the factors that influence flavor. They were then able to use this knowledge to create a lab fermentation process and developed a defined microbial community, a curated mix of bacteria and fungi, capable of replicating the key chemical and sensory outcomes of traditional fermentations. This synthetic community successfully mimicked the dynamics of on-farm fermentations and produced chocolate with the same fine-flavor characteristics.

Dr David Gopaulchan adds: "The discoveries we have made are really important for helping chocolate producers to be able to consistently maximize their cocoa crops as we have shown they can rely on measurable markers such as specific pH, temperature, and microbial dynamics, to reliably predict and achieve consistent flavor outcomes. This research signals a shift from spontaneous, uncontrolled fermentations to a standardized, science-driven process. Just as starter cultures revolutionized beer and cheese production, cocoa fermentation is poised for its own transformation, powered by microbes, guided by data, and tailored for flavor excellence. By effectively domesticating the fermentation process, this work lays the foundation for a new era in chocolate production, where defined starter cultures can standardize fermentation, unlock novel flavor possibilities, and elevate chocolate quality on a global scale."
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Scientists just found a protein that reverses brain aging | ScienceDaily
Aging is particularly harsh on the hippocampus -- the brain region responsible for learning and memory.


						
Now, researchers at UC San Francisco have identified a protein that's at the center of this decline.

They looked at how the genes and proteins in the hippocampus changed over time in mice and found just one that differed between old and young animals. It's called FTL1.

Old mice had more FTL1, as well as fewer connections between brain cells in the hippocampus and diminished cognitive abilities.

When the researchers artificially increased FTL1 levels in young mice, their brains and behavior began to resemble that of old mice.

In experiments in petri dishes, nerve cells engineered to make lots of FTL1 grew simple, one-armed neurites -- rather than the branching neurites that normal cells create.

But once the scientists reduced the amount of FTL1 in the hippocampus of the old mice, they regained their youth. They had more connections between nerve cells, and the mice did better on memory tests.




"It is truly a reversal of impairments," said Saul Villeda, PhD, associate director of the UCSF Bakar Aging Research Institute and senior author of the paper, which appears in Nature Aging on Aug. 19. "It's much more than merely delaying or preventing symptoms."

In old mice, FTL1 also slowed down metabolism in the cells of the hippocampus. But treating the cells with a compound that stimulates metabolism prevented these effects.

Villeda is optimistic the work could lead to therapies that block the effects of FTL1 in the brain.

"We're seeing more opportunities to alleviate the worst consequences of old age," he said. "It's a hopeful time to be working on the biology of aging."

Authors: Other UCSF authors are Laura Remesal, PhD, Juliana Sucharov-Costa, Karishma J.B. Pratt, PhD, Gregor Bieri, PhD, Amber Philp, PhD, Mason Phan, Turan Aghayev, MD, PhD, Charles W. White III, PhD, Elizabeth G. Wheatley, PhD, Brandon R. Desousa, Isha H. Jian, Jason C. Maynard, PhD, and Alma L. Burlingame, PhD. For all authors see the paper.

Funding: This work was funded in part by the Simons Foundation, Bakar Family Foundation, National Science Foundation, Hillblom Foundation, Bakar Aging Research Institute, Marc and Lynne Benioff, and the National Institutes of Health (AG081038, AG067740, AG062357, P30 DK063720). For all funding see the paper.
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Scientists unlock the gene that lets bearded dragons switch sex | ScienceDaily
August 19 marks the publication by two different studies presenting the near-complete reference genomes of the central bearded dragon (Pogona vitticeps), a widely distributed species of dragon lizard common in central eastern Australia and popular as pets in Europe, Asia, and North America. This species has an unusual trait for an animal species: whether this lizard grows up to be a male or a female depends not only on genetics but also on the temperature of its nest. This has long made it a useful model to study the biological basis of sex determination, and the advent of huge technological improvements in genomics has finally found a region of the genome and a potential master sex determination gene likely central to male sexual differentiation. The independent verification of this by two different groups using two different approaches making this a much stronger finding.


						
Bearded dragons have an unusual sex determination system which is influenced by both genetics and environmental factors, specifically temperature. Unlike most animals where sex is solely determined by chromosomes, bearded dragons can have their sex reversed from male to female by high incubation temperatures. Meaning a lizard with male chromosomes can develop into a reproductively functional female if the egg is incubated at a warm enough temperature.

Like birds and many reptiles, this species has a ZZ/ZW sex chromosome system where females have a pair of dissimilar ZW chromosomes, and males have two similar ZZ chromosomes. Sex determination in this species is complicated further, as ZZ genotypic males can change to phenotypic females at high incubation temperatures without the help of W chromosome or W-linked genes. New ultra-long nanopore sequencing technology now allows us to generate telomere-to-telomere (T2T) assemblies of the sex chromosomes and identify the non-recombining regions to help narrow the field of candidate sex determining genes in species with chromosomal sex determination. The ability of this technology to better separate out the maternal and paternal halves of the genome now allows much easier comparisons of the Z and W sequences to gauge potential loss or difference in function of key sex gene candidates.

The first paper from researchers from BGI, Chinese Academy of Sciences and Zhejiang University, uses DNBSEQ short-reads combined with long-reads from the new CycloneSEQ nanopore sequencer, this being the first animal genome published using this technology. Generation of the second genome was led by researchers from the University of Canberra with funding from Bioplatforms Australia, the Australian Research Council and PacBio Singapore, and with contributions to analyses from researchers of the Australian National University, Garvan Institute for Medical Research, University of New South Wales and CSIRO alongside Universitat Autonoma de Barcelona (UAB) in Spain. This assembly uses PacBio HiFi, ONT ultralong reads and Hi-C sequencing. Having reference genomes published using these two different technologies allows a like-for-like comparison between the ONT and CycloneSEQ technologies for the first time. Both technologies also complement each other by investigating the sex determination question using different approaches. The first genome sequenced a ZZ male central bearded dragon to characterize the whole Z sex chromosome for the first time while the second assembled the genome of a female ZW individual. The new nanopore sequencer also enabled the recovery of around 124 million base pairs of previously undescribed and missing sequences (nearly 7% of the genome), which included numerous genes and regulatory elements to better elucidate the complicated sex determination system.

Both projects assembled 1.75 Gbp genome assemblies of exceptionally high quality to assemble all but one of the telomeres, and only a few gaps remained mostly located in the microchromosomes. Using this data showed the Z and W specific sex chromosomes were assembled into single scaffolds, and a "pseudo-autosomal region" (PAR) where the sex chromosomes pair and recombine was also detected on chromosome 16. The sequencing of the male dragon by the BGI team looked for genes specific to Z but not the W chromosomes, and Amh and Amhr2 (the Anti-Mullerian hormone gene and its receptor) plus Bmpr1a were determined as strong candidates for the sex determining genes in this species. The sequencing of the female dragon by the Australian-led team pinpointed to the same candidate Sex Determination Region (SDR) of their dragon genome, and also highlighted Amh and Amhr2 as the likely candidate genes. Studying the expression in different developmental stages found Amh had significant male-biased expression patterns making it the most likely candidate as the master sex-determining gene. The differential expression of another sex-related gene Nr5a1 in the PAR suggests that the story may be more complicated, as Nr5a1 encodes a transcription factor with binding sites on the Amh promoter region. Unlike many fish that enlist Amh-like genes in sex determination, the autosomal copies of Amh and its receptor gene Amhr2 remain intact and functional. It could be that sex is determined by some form of caucus among genes on the sex chromosomes of the bearded dragon moderated by their residual autosomal copies.

The main highlight of these assemblies is therefore the discovery of genetic elements central to male sexual differentiation in vertebrates, on the sex chromosomes. The genes Amh and that coding its receptor AMHR2 have been copied to the Z chromosome in the non-recombining region, and so are obvious candidates for the master sex determining gene working via a dosage-based mechanism in this species, a discovery that has eluded discovery for so many years. No master sex determining gene akin to Sry in mammals or Dmrt1 in birds has to date been discovered in any reptile species. This new work provides a clear candidate in Amh, which is present in double dose in the ZZ male and single dose in the ZW female.

Arthur Georges from University of Canberra and senior author on the second paper says on the utility of this work: "We anticipate accelerated research in other areas arising from these newly available assemblies, such as cranial development, brain development, behavioral studies, gene-gene and gene-environment interactions in comparative studies of vertebrate sex determination and in many other areas looking for a well-supported squamate model against which to compare with their model species be it mouse, human or bird."

"I never cease to be amazed by the rapidity of progress of Chinese science. In relatively few years, BGI and its companion enterprises have developed sequencing technologies that deliver outcomes as good, and throughput and cost effectiveness that is better, than competing technologies on the market. These genome assemblies are testimony to that level of achievement."




Qiye Li from BGI and senior author on the first paper Lead author of the Chinese project explains their rationale for using this approach: "We decided to start working on the bearded dragon genome last year as the first animal genome for this new sequencer because it was the Year of the Dragon in China. Benefiting from the unbiased long-reads provided by the CycloneSEQ sequencer, we readily obtained a highly contiguous genome assembly and resolved highly repetitive and high-GC regions that were traditionally challenging for assembly. The two reference genomes, derived from opposite sex and generated by different technologies, are indeed complementary to each other. I am excited that both genomes pinpoint the key role of AMH signaling in sex determination in this species. But how did the sex chromosomes arise? We anticipate that additional high-quality genomes from related species will further elucidate the evolutionary origin of the ZW system and complete the story."

Having two separate projects finding the same key candidate master genes independently of each other greatly increases the confidence in these findings. And openly sharing all of the data allows others to build upon this work, especially as the exact role of some of the other contributing transcription factors linked to sex determination are not yet fully resolved. The generation of these two new high quality genome assemblies however, is a massive step forward towards understanding the complete story of sex determination in this species.

A webinar with the two lead authors is organized for August 26th at 10.00am UTC and provides an opportunity to ask them questions on this work. Sign up here to watch and post questions https://cassyni.com/events/SWHReTL1j8YPEvxnLsyKYq
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Tiny microbes may secretly rewire the brain before birth | ScienceDaily
    	Microbes, or microorganisms, are all around us and play an important role in bodily functions. MSU researchers found that microbes can also impact brain development. 
    	This work is significant because modern obstetric practices like peripartum antibiotic use and Cesarean delivery disturb the microbiome of mothers and newborns.

New research from Michigan State University finds that microbes play an important role in shaping early brain development, specifically in a key brain region that controls stress, social behavior, and vital body functions.

The study, published in Hormones and Behavior, used a mouse model to highlight how natural microbial exposure not only impacts brain structure immediately after birth but may even begin influencing development while still in the womb. A mouse model was chosen because mice share significant biological and behavioral similarities with humans and there are no other alternatives to study the role of microbes on brain development.

This work is of significance because modern obstetric practices, like peripartum antibiotic use and Cesarean delivery, disrupt maternal microbes. In the United States alone, 40% of women receive antibiotics around childbirth and one-third of all births occur via Cesarean section.

"At birth, a newborn body is colonized by microbes as it travels through the birth canal. Birth also coincides with important developmental events that shape the brain. We wanted to further explore how the arrival of these microbes may affect brain development," said Alexandra Castillo Ruiz, lead author of the study and assistant professor in the MSU Department of Psychology.

The research team focused on a brain region called the paraventricular nucleus of the hypothalamus (PVN), which plays a central role in regulating stress, blood pressure, water balance, and even social behavior. Their previous work had shown that mice raised without microbes, or germ-free mice, had more dying neurons in the PVN during early development. The new study set out to determine whether this increased cell death translated to changes in neuron number in the long run, and if any effects could be caused by the arrival of microbes at birth or if they began in the womb via signals from maternal microbes.

To find out, the researchers used a cross-fostering approach. Germ-free newborn mice were placed with mothers that had microbes and compared them to control groups. When the brains of these mice were examined just three days after birth, results were striking: All mice gestated by germ-free mothers had fewer neurons in the PVN, regardless of whether they received microbes after birth. They also found that germ-free adult mice had fewer neurons in the PVN.

"Our study shows that microbes play an important role in sculpting a brain region that is paramount for body functions and social behavior. In addition, our study indicates that microbial effects start in the womb via signaling from maternal microbes," said Dr. Castillo-Ruiz.

Rather than shunning our microbes, we should recognize them as partners in early life development," said Dr. Castillo-Ruiz. "They're helping build our brains from the very beginning."
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Is ketamine the answer for chronic pain? New findings cast doubt | ScienceDaily
The off-label use of ketamine to treat chronic pain is not supported by scientific evidence, a new Cochrane review has found.


						
Ketamine is an anaesthetic commonly used for procedural sedation and short-term pain relief. Ketamine is also frequently prescribed off-label to manage chronic pain conditions such as nerve pain, fibromyalgia and complex regional pain syndrome. It is one of several NMDA receptor antagonists -- a group of drugs thought to reduce pain by blocking certain brain receptors involved in pain signalling.

The review, conducted by researchers from UNSW Sydney, Neuroscience Research Australia (NeuRA), and Brunel University of London, examined 67 trials involving over 2,300 adult participants. It assessed five NMDA receptor antagonists: ketamine, memantine, dextromethorphan, amantadine, and magnesium. Results show no clear evidence of benefit for ketamine in chronic pain and identified an increased risk of adverse effects such as delusions, delirium, paranoia, nausea, and vomiting. Evidence was rated low to very low certainty, due to small study sizes and poor methodological quality.

"We want to be clear - we're not saying ketamine is ineffective, but there's a lot of uncertainty," said Michael Ferraro, Doctoral Candidate at UNSW and NeuRA, first author of the review. "The data could point to a benefit or no effect at all. Right now, we just don't know."

Researchers looked at the effects across various chronic pain conditions and dosing strategies but found no clear evidence of benefit in any specific condition or dose. Side effects were a major concern, particularly with intravenous use.

"The most common adverse events we saw were psychotomimetic effects such as delusions, delirium and paranoia, as well as nausea and vomiting." said Ferraro. "These effects are distressing for many patients. Clinicians often try to balance the dose for pain relief without triggering those symptoms, but this isn't always achieved."

The review also found no studies that reported on two key outcomes: whether ketamine reduced depressive symptoms or opioid use. This is notable, as ketamine is often proposed for patients with depressive symptoms or opioid tolerance.

"This group of drugs, and ketamine in particular, are in relatively common use for chronic pain around the world. Yet we have no convincing evidence that they are delivering meaningful benefits for people with pain, even in the short term," said Neil O'Connell, Professor at Brunel University of London, co-senior author of the review. "That seems a good reason to be cautious in the clinic and clearly indicates an urgent need to undertake high quality trials."

The authors hope the review will help inform patients and clinicians weighing up potential benefits and harms, and guide future research. While more evidence is needed, this review highlights the importance of high-quality trials to understand whether ketamine has a role in chronic pain care.

"We've seen the harm that can come from taking medicines developed for acute pain and applying them to chronic pain, opioids are a prime example. Now we're seeing a similar pattern with ketamine," said co-senior author James McAuley, Professor at UNSW and senior researcher at NeuRA. "As opioid prescribing is slowly reduced, there's a growing demand for alternatives, but we need to be careful not to rush into widespread use without strong evidence."
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Strange new shapes may rewrite the laws of physics | ScienceDaily
How can the behavior of elementary particles and the structure of the entire universe be described using the same mathematical concepts? This question is at the heart of recent work by the mathematicians Claudia Fevola from Inria Saclay and Anna-Laura Sattelberger from the Max Planck Institute for Mathematics in the Sciences, recently published in the Notices of the American Mathematical Society.


						
To the point:
    	Bridging mathematics and physics: The study explores how algebraic and one of the key players in the flourishing field of positive geometry unify physics from subatomic particles to galaxies.
    	Beyond Feynman diagrams: Positive geometry offers a complementary perspective to traditional quantum field theory methods -- providing a geometric framework for describing particle interactions alongside Feynman diagrams.
    	From particle collisions to the Big Bang: Tools from algebraic geometry, D-module theory, and combinatorics drive this interdisciplinary progress -- helping to decode the fundamental structures of particle interactions and the universe's earliest states.

Mathematics and physics share a close, reciprocal relationship. Mathematics offers the language and tools to describe physical phenomena, while physics drives the development of new mathematical ideas. This interplay remains vital in areas such as quantum field theory and cosmology, where advanced mathematical structures and physical theory evolve together.

In their article, the authors explore how algebraic structures and geometric shapes can help us understand phenomena ranging from particle collisions such as happens, for instance, in particle accelerators to the large-scale architecture of the cosmos. Their research is centered around algebraic geometry. Their recent undertakings also connect to a field called positive geometry - an interdisciplinary and novel subject in mathematics driven by new ideas in particle physics and cosmology. This field was inspired by the geometrical concept of positive geometry which expands the standard Feynman diagram approach in particle physics by representing interactions as volumes of high-dimensional geometric objects, such as the amplituhedron, as introduced by the theoretical physicists Nima Arkani-Hamed and Jaroslav Trnka in 2013. It carries a rich combinatorial structure and offers an alternative, potentially simpler way to compute scattering amplitudes, from which one can derive probabilities of scattering events.

This approach has far-reaching implications that go beyond particle physics. In cosmology, scientists are using the faint light of the cosmic microwave background and the distribution of galaxies to infer what shaped the early universe. Similar mathematical tools are now being applied. For instance, cosmological polytopes, which are themselves positive geometries, can represent correlations in the universe's first light and help reconstruct the physical laws that governed the birth of the cosmos.

A Geometry for the Universe

The article highlights that positive geometry is not a niche mathematical curiosity but a potential unifying language for form branches of theoretical physics. These geometric frameworks naturally encode the transfer of information between physical systems, for example, by mapping concrete, sensory-based concepts to abstract structures, a process that mirrors how humans metaphorically understand the world.




The mathematics behind this is sophisticated and spans multiple disciplines. The authors draw on algebraic geometry, which defines shapes and spaces through solutions to systems of polynomial equations, algebraic analysis, which studies differential equations through mathematical objects called D-modules, and combinatorics, which describes the arrangements and interactions within these structures.

The formal objects under consideration, such as Feynman integrals, generalized Euler integrals, or canonical forms of positive geometries, are not merely mathematical abstractions. They correspond to observable phenomena in high-energy physics and cosmology, enabling precision computations of particle behavior and cosmic structures alike.

Bridging Scales with Mathematics

The study presents an approach with broad applicability and scalability. Scattering processes are often illustrated using Feynman diagrams. Feynman's approach in the study of scattering amplitudes boils down to the study of intricate integrals associated to such diagrams. Algebraic geometry provides a range of tools for systematically investigating these integrals.

The graph polynomial of a Feynman diagram is defined in terms of the spanning trees and forests of the underlying graph. The associated Feynman integral can be expressed as a Mellin transform of a power of this graph polynomial, interpreted as a function of its coefficients. These coefficients, however, are constrained by the underlying physical conditions. Feynman integrals are therefore closely connected to generalized Euler integrals, specifically through restrictions to the relevant geometric subspaces. One way to study these holonomic functions is via the linear differential equations they satisfy, which are D-module inverse images of hypergeometric D-modules. Constructing these differential equations explicitly, however, remains challenging. In theoretical cosmology, correlation functions in toy models also take the form of such integrals, with integrands arising from hyperplane arrangements.

The complement of the algebraic variety defined by the graph polynomial in an algebraic torus is a very affine variety, and the Feynman integral can be viewed as the pairing of a twisted cycle and cocycle of this variety. Its geometric and (co-)homological properties reflect physical concepts such as the number of master integrals. These master integrals form a basis for the space of integrals when the kinematic parameters vary, and the size of this basis is, at least generically, equal to the signed topological Euler characteristic of the variety.

A Field in Motion

Fevola and Sattelberger's work reflects a growing international effort, supported by the ERC synergy grant UNIVERSE+ of Nima Arkani-Hamed, Daniel Baumann, and Johannes Henn, Bernd Sturmfels. It brings together mathematics, particle physics, and cosmology focusing on precisely these connections between algebra, geometry, and theoretical physics. "Positive geometry is still a young field, but it has the potential to significantly influence fundamental research in both physics and mathematics," the authors emphasize. "It is now up to the scientific community to work out the details of these emerging mathematical objects and theories and to validate them. Encouragingly, several successful collaborations have already laid important groundwork."

The recent developments are not only advancing our understanding of the physical world but also pushing the boundaries of mathematics itself. Positive geometry is more than a tool. It is a language. One that might unify our understanding of nature at all scales.
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Trojan horse bacteria sneak cancer-killing viruses into tumors | ScienceDaily
Researchers at Columbia Engineering have built a cancer therapy that makes bacteria and viruses work as a team. In a study published recently in Nature Biomedical Engineering, the Synthetic Biological Systems Lab shows how their system hides a virus inside a tumor-seeking bacterium, smuggles it past the immune system, and unleashes it inside cancerous tumors.


						
The new platform combines the bacteria's tendency to find and attack tumors with the virus's natural preference for infecting and killing cancerous cells. Tal Danino, an associate professor of biomedical engineering at Columbia Engineering, led the team's effort to create the system, which is called CAPPSID (short for Coordinated Activity of Prokaryote and Picornavirus for Safe Intracellular Delivery). Charles M. Rice, an expert in virology at The Rockefeller University, collaborated with the Columbia team.

"We aimed to enhance bacterial cancer therapy by enabling the bacteria to deliver and activate a therapeutic virus directly inside tumor cells, while engineering safeguards to limit viral spread outside the tumor," says co-lead author Jonathan Pabon, an MD/PhD candidate at Columbia.

The researchers believe that this technology -- validated in mice -- represents the first example of directly engineered cooperation between bacteria and cancer-targeting viruses.

The approach combines the bacteria's instinct for homing in on tumors with a virus's knack for infecting and killing cancer cells. "By bridging bacterial engineering with synthetic virology, our goal is to open a path toward multi-organism therapies that can accomplish far more than any single microbe could achieve alone," says Zakary S. Singer, a co-lead author and former postdoctoral researcher in Tal Danino's lab.

"This is probably our most technically advanced and novel platform to date," says Danino, who is also affiliated with the Herbert Irving Comprehensive Cancer Center at Columbia University Irving Medical Center and Columbia's Data Science Institute.

Sneaking past the immune system

One of the biggest hurdles in oncolytic virus therapy is the body's own defense system. If a patient has antibodies against the virus -- from a prior infection or vaccination -- those antibodies can neutralize it before it reaches a tumor. The Columbia team sidestepped that problem by tucking the virus inside tumor-seeking bacteria.




"The bacteria act as an invisibility cloak, hiding the virus from circulating antibodies, and ferrying the virus to where it is needed," Singer says.

Pabon says this strategy is especially important for viruses that people are already exposed to in daily life.

"Our system demonstrates that bacteria can potentially be used to launch an oncolytic virus to treat solid tumors in patients who have developed immunity to these viruses," he says.

Targeting the tumor

The system's bacterial half is Salmonella typhimurium, a species that naturally migrates to the low-oxygen, nutrient-rich environment inside tumors. Once there, the bacteria invade cancer cells and release the virus directly into the tumor's interior.

"We programmed the bacteria to act as a Trojan horse by shuttling the viral RNA into tumors and then lyse themselves directly inside of cancer cells to release the viral genome, which could then spread between cancer cells," Singer says.




By exploiting the bacteria's tumor-homing instincts and the virus's ability to replicate inside cancer cells, the researchers created a delivery system that can penetrate the tumor and spread throughout it -- a challenge that has limited both bacteria- and virus-only approaches.

Safeguarding against runaway infections

A key concern with any live virus therapy is controlling its spread beyond the tumor. The team's system solved that problem with a molecular trick: making sure the virus couldn't spread without a molecule it can only get from the bacteria. Since the bacteria stay put in the tumor, this vital component (called a protease) isn't available anywhere else in the body.

"Spreadable viral particles could only form in the vicinity of bacteria, which are needed to provide special machinery essential for viral maturation in the engineered virus, providing a synthetic dependence between microbes," Singer says. That safeguard adds a second layer of control: even if the virus escapes the tumor, it won't spread in healthy tissue.

"It is systems like these -- specifically oriented towards enhancing the safety of these living therapies -- that will be essential for translating these advances into the clinic," Singer says.

Further research and clinical applications

This publication marks a significant step toward making this type of bacteria-virus system available for future clinical applications.

"As a physician-scientist, my goal is to bring living medicines into the clinic," Pabon says. "Efforts toward clinical translation are currently underway to translate our technology out of the lab."

Danino, Rice, Singer, and Pabon have filed a patent application (WO2024254419A2) with the U.S. Patent and Trademark Office related to this work.

Looking ahead, the team is testing the approach in a wider range of cancers, using different tumor types, mouse models, viruses, and payloads, with an eye to developing a "toolkit" of viral therapies that can sense and respond to specific conditions inside a cell. They are also evaluating how this system can be combined with strains of bacteria that have already demonstrated safety in clinical trials.
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Great white sharks have a DNA mystery science still can't explain | ScienceDaily
    	White sharks exhibit stark differences between the DNA in their nuclei and the DNA in their mitochondria. Until now, scientists have pointed to the migration patterns of great whites to explain these differences.
    	Scientists tested this theory in a new study by analyzing genetic differences between global white shark populations. In doing so, they discovered that great whites were restricted to a single population in the Indo-Pacific Ocean at the end of the last ice age 10,000 years ago and have since expanded to their current global distribution.
    	The results also invalidate the migration theory, but an alternative explanation remains elusive.

White sharks (Carcharodon carcharias) almost went bottom-up during the last ice age, when sea levels were much lower than they are today and sharks had to get by with less space. The most recent cold snap ended about 10,000 years ago, and the planet has been gradually warming ever since. As temperatures increased, glaciers melted, and sea levels rose, which was good news for great whites.

Results of a study published in the journal Proceedings of the National Academy of Sciences show that white sharks had been reduced to a single, well-mixed population somewhere in the southern Indo-Pacific Ocean. White sharks began genetically diverging about 7,000 years ago, suggesting that they had broken up into two or more isolated populations by this time.

This is new information but not particularly surprising. There are never many white sharks around even at the best of times, as befits their status at the top of the tapered food chain, where a lack of elbow room limits their numbers. Today, there are three genetically distinct white shark populations: one in the southern hemisphere around Australia and South Africa, one in the northern Atlantic and another in the northern Pacific. Though widespread, the number of white sharks still remains low.

"There are probably about 20,000 individuals globally," said study co-author Gavin Naylor, director of the Florida Program for Shark Research at the Florida Museum of Natural History. "There are more fruit flies in any given city than there are great white sharks in the entire world."

Organisms with small populations can be pushed dangerously close to the edge of extinction when times are tough. Mile-high glaciers extended from the poles and locked away so much water that by 25,000 years ago, sea levels had plunged by about 40 meters (131 feet), eliminating habitat and restricting great whites to an oceanic corral.

But something happened to great whites during their big comeback that remains as much of a mystery now as it was when it was first discovered more than 20 years ago. The primary motivation for this study was to lay out a definitive explanation, but despite using one of the largest genetic datasets on white sharks ever compiled, things did not go quite according to plan.




"The honest scientific answer is we have no idea," Naylor said.

Female great white sharks wander off for years to feed but come back home to breed

Scientists first got a whiff of something strange in 2001, when a research team published a paper that opened with the line, "... information about ... great white sharks has been difficult to acquire, not least because of the rarity and huge size of this fish."

The authors of that study compared genetic samples taken from dozens of sharks in Australia, New Zealand and South Africa. They found that though the DNA produced and stored in the nuclei of their cells were mostly the same between individuals, the mitochondrial DNA of sharks from South Africa were distinctly different from those in Australia and New Zealand.

The seemingly obvious explanation was that great whites tend to stick together and rarely make forays into neighboring groups. Over time, unique genetic mutations would have accumulated in each group, which, if it went on long enough, would result in the formation of new species.

This would explain the observed differences in their mitochondrial DNA but not why the nuclear DNA was virtually identical among all three populations. To account for that, the authors suggested that male sharks traveled vast distances throughout the year, but females either never traveled far, or if they did, they most often came back to the same place during the breeding season, a type of migration pattern called philopatry.




This idea was based on the fact that nuclear and mitochondrial DNA are not inherited in equal proportion in plants and animals. The DNA inside nuclei is passed down by both parents to their offspring, but only one -- most often the female -- contributes mitochondria to the next generation. This is a holdover from the days when mitochondria were free-living bacteria, before they were unceremoniously engulfed and repurposed by the ancestor of eukaryotes.

This was a good guess and had the added benefit of later turning out to be mostly accurate. Male and female great whites do travel large distances in search of food throughout the year, and females consistently make the return journey before it's time to mate.

Thus, the nuclear DNA of great whites should have less variation, because itinerant males go around mixing things up, while the mitochondrial DNA in different populations should be distinct because philopatric females ensure all the unique differences stay in one place. This has remained the favored explanation for the last two decades, one that seemed to fit like a well-worn glove. Except, no one ever got around to actually putting it on to test its size. This is primarily because the data needed to do so was hard to get for the same reasons mentioned in the touchstone study: There aren't many great white sharks, and when researchers do manage to find one, taking a DNA sample without losing any appendages in the process can be tricky business.

Shark migration cannot explain nuclear and mitochondrial discordance, so what can?

Naylor and his colleagues began collecting the necessary data back in 2012. "I wanted to get a white shark nuclear genome established to explore its molecular properties," he said. "White sharks have some very peculiar attributes, and we had about 40 or 50 samples that I thought we could use to design probes to look at their population structure."

Over the next few years, they also sequenced DNA from about 150 white shark mitochondrial genomes, which are smaller and less expensive to assemble than their nuclear counterparts. The samples came from all over the world, including the Atlantic, Pacific and Indian oceans.

When they compared the two types of DNA, they found the same pattern as the one discovered in 2001. At the population level, white sharks in the North Atlantic rarely mixed with those from the South Atlantic. The same was true of sharks in the Pacific and Indian oceans. At a molecular level, the nuclear DNA among all white sharks remained fairly consistent, while the mitochondrial DNA showed a surprising amount of variation.

The researchers were aware of the philopatric theory and ran a few tests to see if it held up, first by looking specifically at the nuclear DNA. If the act of returning to the same place to mate really were the cause of the strange mitochondrial patterns, some small signal of that should also show up in the nuclear DNA, of which females contribute half to their offspring.

"But that wasn't reflected in the nuclear data at all," Naylor said.

Next, they concocted a sophisticated test for the mitochondrial genomes. To do this, they first had to reconstruct the recent evolutionary history of white sharks, which is how they discovered the single southern population they'd been reduced to during the last ice age.

"They were really few and far between when sea levels were lowest. Then the population increased and moved northward as the ice melted. We suspect they remained in those northern waters because they found a reliable food source," Naylor said. Specifically, they encountered seals, which are a dietary staple among white sharks and one of the main reasons why they have such a strong fidelity to specific locations.

"These white sharks come along, get a nice blubbery sausage. They fatten up, they breed, and then they move off around the ocean."

Knowing when the sharks split up was key, as each group would have begun genetically diverging from each other at this time. All the researchers had to do was determine whether the 10,000 years between now and the last ice age would have been enough time for the mitochondrial DNA to have accumulated the number of differences observed in the data if philopatry was the primary culprit.

They ran a simulation to find the answer, which came back negative. Philopatry is undoubtedly a behavioral pattern among great whites, but it was not responsible for the large mitochondrial schism.

So Naylor and his colleagues went back to the drawing board to figure out what sort of evolutionary force could account for the differences.

"I came up with the idea that sex ratios might be different -- that just a few females were contributing to the populations from one generation to the next," Naylor said. This type of reproductive skew can be observed in a variety of organisms, including meerkats, cichlid fish and many types of social insects.

But yet another test showed that reproductive skew did not apply to white sharks.

There is a third, albeit less likely, option the team members said they can't rule out at this stage, namely that natural selection is responsible for the differences. The reason why this is far-fetched has to do with the relative strength of evolutionary forces. Natural selection -- the idea that the organisms best suited to leave behind offspring will, in fact, generally be the ones that have the most offspring -- is always active, but it has the strongest effect in large populations. Smaller populations, in contrast, are more susceptible to something called genetic drift, in which random traits -- even harmful ones -- have a much higher chance of being passed down to the next generation.

Florida panthers, for example, are highly endangered, with only a few hundred individuals left in the wild. Most of them have a kink at the end of their tail, likely inherited from a single ancestor. In a large population, subject primarily to natural selection, this trait would have either remained uncommon or disappeared entirely over time. But in a small population, a single cat with a kinked tail can change the world purely by chance through the auspices of genetic drift.

By way of comparison, gravity exerts a force at all scales of matter and energy, but it is by far the weakest of the four fundamental physical forces. At the scale of planets and stars, gravity can hold solar systems and galaxies together, but it has very little influence on the shape or interactions of atoms, which are governed by the three stronger but more localized forces, such as electromagnetism.

According to the study's results, genetic drift cannot explain the differences between mitochondria in great whites. Because it is a completely random process, it cannot selectively target one type of DNA and spare another. If it were the culprit, similar changes would also be evident in the nuclear DNA.

This leaves natural selection as the only other possibility, which seems unlikely because of the small population sizes among white sharks. If it is the causative agent, Naylor said, the selective force "would have to be brutally lethal."

If you collect enough mass in a concentrated space, say on the order of a black hole, the otherwise benign force of gravity becomes powerful enough to devour light.

If natural selection is at play in this case, it would manifest itself in a similarly powerful way. Any deviation from the mitochondrial DNA sequence most common in a given population would likely be fatal, thus ensuring it was not passed on to the next generation.

But this is far from certain, and Naylor has his doubts about the validity of such a conclusion. For now, scientists are left with an open-ended question that can only be resolved with further study.

Additional co-authors of the study are: Romuald Laso-Jadart, Elise Gaya, Pierre Lesturgie and Stefano Mona of the Museum National d'Histoire Naturelle; Shannon L. Corrigan, Lei Yang and Adrian Lee of the Florida Museum of Natural History; Olivier Fedrigo of the The Rockefeller University; Christopher Lowe and Kady Lyons of California State University Long Beach; Greg Skomal of the University of Massachusetts Dartmouth; Geremy Cliff of the University of KwaZulu-Natal; Mauricio Hoyos Padilla of Pelagios-Kakunja Marine Conservation; Charlie Huveneers of Flinders University; Keiichi Sato of the Okinawa Churaumi Aquarium; and James Glancy of the British Museum of Natural History.
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The surprising ant strategy that could transform robotics | ScienceDaily
Weaver ants have solved a problem that has plagued human teams for centuries: individuals contribute less to tasks when more people join in. New research published in Current Biology on August 12 shows individual weaver ants instead get stronger as their group grows.


						
"Each individual ant almost doubled their pulling force as team size increased - they actually get better at working together as the group gets bigger," says lead author Madelyne Stewardson from Macquarie University.

The longstanding problem in human teams was first published by French engineer Max Ringelmann in 1913 who measured students pulling on ropes and found that while total force increased as more people joined in, each individual's contribution actually decreased.

The study shows weaver ants form super-efficient teams in which individuals actually increase their contributions as teams grow bigger, defying the declining performance affecting human teams.

These tiny, tree-dwelling ants (Oecophylla smaragdina) found in tropical Africa, Asia and Australia, are known for their nest-building behaviors, forming living chains to roll leaves and glue them with silk from their larvae.

Stewardson and behavioral ecologist Dr Chris Reid from Macquarie's School of Natural Sciences worked with an international team to measure the force different sized ant teams could apply while building nests.

The researchers set up experiments enticing weaver ant colonies to form pulling chains to move an artificial leaf connected to a force meter.




"The ants split their work into two jobs: some actively pull while others act like anchors to store that pulling force," says Stewardson.

How the ant team makes it work

Co-lead author Dr Daniele Carlesso from the University of Konstanz developed a theory called the 'force ratchet' to explain this mechanism.

"Ants at the back of chains stretch out their bodies to resist and store the pulling force, while ants at the front keep actively pulling," says Dr Carlesso.

Dr David Labonte from Imperial College London, co-author on the paper, says the team found this method was key to increasing the contribution per individual as the team got bigger.

"Longer chains of ants have more grip on the ground than single ants, so they can better resist the force of the leaf pulling back," he says.

Dr Reid says the discovery could help scientists design better robot teams. Current robots only output the same force when working in teams as when alone.

"Programming robots to adopt ant-inspired cooperative strategies could allow teams of autonomous robots to work together more efficiently," says Dr Reid.
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Scientists just made vibrations so precise they can spot a single molecule | ScienceDaily
Just as overlapping ripples on a pond can amplify or cancel each other out, waves of many kinds -- including light, sound and atomic vibrations -- can interfere with one another. At the quantum level, this kind of interference powers high-precision sensors and could be harnessed for quantum computing.


						
In a new study published in Science Advances, researchers at Rice University and collaborators have demonstrated a strong form of interference between phonons -- the vibrations in a material's structure that constitute the tiniest units, or quanta, of heat or sound in that system. The phenomenon where two phonons with different frequency distributions interfere with each other, known as Fano resonance, was two orders of magnitude greater than any previously reported.

"While this phenomenon is well-studied for particles like electrons and photons, interference between phonons has been much less explored," said Kunyan Zhang, a former postdoctoral researcher at Rice and first author on the study. "That is a missed opportunity, since phonons can maintain their wave behavior for a long time, making them promising for stable, high-performance devices."

By showing that phonons can be harnessed as effectively as light or electrons, the study paves the way for a new generation of phonon-based technologies. The team's breakthrough hinges on the use of a two-dimensional metal on top of a silicon carbide base. Using a technique called confinement heteroepitaxy, the researchers intercalated just a few layers of silver atoms between a layer of graphene and silicon carbide, producing a tightly bound interface with remarkable quantum properties.

"The 2D metal triggers and strengthens the interference between different vibrational modes in silicon carbide, reaching record levels," Zhang said.

The research team studied how phonons interfere with each other by looking at the shape of their signal in Raman spectroscopy, a technique that measures the vibrational modes of a material. The spectrum revealed a sharply asymmetric line shape and in some cases showed a complete dip, forming an antiresonance pattern characteristic of intense interference.

The effect proved highly sensitive to the specificities of the silicon carbide surface. The comparison between three different surface terminations of silicon carbide revealed a clear link between each surface and its unique Raman line shape. Moreover, when the researchers introduced a single dye molecule to the surface, the spectral line shape changed dramatically.




"This interference is so sensitive that it can detect the presence of a single molecule," Zhang said. "It enables label-free single-molecule detection with a simple and scalable setup. Our results open up a new path for using phonons in quantum sensing and next-generation molecular detection."

Exploring the dynamic of the effect at low temperatures, the researchers confirmed that the interference stemmed purely from phonon interactions and not electrons, marking a rare case of phonon-only quantum interference. The effect has only been observed in the particular 2D metal/silicon carbide system used in the study and is absent in regular bulk metals. This is due to the special transition pathways and surface configurations enabled by the atomically thin metal layer.

The study also explored the possibility of using other 2D metals, such as gallium or indium, to induce similar effects. By fine-tuning the chemical composition of these intercalated layers, researchers could design custom interfaces with tailored quantum properties.

"Compared to conventional sensors, our method offers high sensitivity without the need for special chemical labels or complicated device setup," said Shengxi Huang, associate professor of electrical and computer engineering and materials science and nanoengineering at Rice and corresponding author on the study. "This phonon-based approach not only advances molecular sensing but also opens up exciting possibilities in energy harvesting, thermal management and quantum technologies, where controlling vibrations is key."

The research was supported by the National Science Foundation (2011839, 2246564, 1943895, 2230400), Air Force Office of Scientific Research (FA9550-22-1-0408), Welch Foundation (C-2144) and the University of North Texas.
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Scientists may have found the tiny DNA switch that made us human | ScienceDaily
Research from scientists at University of California San Diego School of Medicine have shed new light on an age-old question: what makes the human brain unique?


						
The team's discovery comes from their investigation of human-accelerated regions (HARs) -- sections of the human genome that have accumulated an unusually high level of mutations as humans have evolved. There is a lot of scientific interest in HARs, as they are hypothesized to play an essential role in conferring human-specific traits, and also have links to neurodevelopmental disorders, such as autism.

One reason why scientists think that HARs confer human-specific traits is because they have undergone rapid changes in their genetic sequences since we split from our closest living relative -- the chimpanzee -- approximately 5 million years ago.

Now, UC San Diego researchers have identified one particular HAR -- called HAR123 -- that appears to be instrumental in shaping the human brain.

The researchers found:
    	HAR123 itself is not a gene, but is instead a type of molecular "volume control" known as a transcriptional enhancer. Transcriptional enhancers control which genes are activated, how much they are activated, and at what times they are activated during an organism's development.
    	Through its role as a transcriptional enhancer, HAR123 promotes the development of neural progenitor cells, the cells that give rise to the two main types of brain cells -- neurons and glial cells.
    	HAR123 also influences the ratio of neurons and glial cells that form from neural progenitor cells.

Ultimately, HAR123 promotes a particularly advanced human trait called cognitive flexibility, or the ability to unlearn and replace previous knowledge.

In addition to providing new insights into the biology of the human brain, the results also offer a molecular explanation for some of the radical changes that have occurred in the human brain over the course of our evolution. This is supported, for example, by the authors' finding that the human version of HAR123 exerts different molecular and cellular effects than the chimpanzee version in both stem cells and neuron precursor cells in a petri dish.

Further research is needed to more fully understand the molecular action of HAR123 and whether the human version of HAR123 does indeed confer human-specific neural traits. This line of research could lead us to a better understanding of the molecular mechanisms underlying many neurodevelopmental disorders, such as autism.

The study, published online in Science Advances, was led by Miles Wilkinson, Ph.D., distinguished professor, and Kun Tan, Ph.D., assistant professor, both within the Department of Obstetrics, Gynecology, & Reproductive Sciences at UC San Diego School of Medicine. Wilkinson is also affiliate faculty of the UC San Diego Institute for Genomic Medicine. The study was funded, in part, by grants from the National Institutes of Health and 10x Genomics. The authors declare no competing interests.
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Gold refuses to melt at temperatures hotter than the Sun's surface | ScienceDaily
Researchers taking the first-ever direct measurement of atom temperature in extremely hot materials inadvertently disproved a decades-old theory and upended our understanding of superheating.


						
It's notoriously difficult to take the temperature of really hot things. Whether it's the roiling plasma in our Sun, the extreme conditions at the core of planets or the crushing forces at play inside a fusion reactor, what scientists call "warm dense matter" can reach hundreds of thousands of degrees kelvin.

Knowing precisely how hot these materials are is crucial for researchers to fully understand such complex systems, but taking these measurements has been, until now, virtually impossible.

"We have good techniques for measuring density and pressure of these systems, but not temperature," said Bob Nagler, staff scientist at the Department of Energy's SLAC National Accelerator Laboratory. "In these studies, the temperatures are always estimates with huge error bars, which really holds up our theoretical models. It's been a decades-long problem."

Now, for the first time, a team of researchers report in the journal Nature that they have directly measured the temperature of atoms in warm dense matter. While other methods rely on complex and hard-to-validate models, this new method directly measures the speed of atoms, and therefore the temperature of the system. Already, their innovative method is changing our understanding of the world: In an experimental debut, the team superheated solid gold far beyond the theoretical limit, unexpectedly overturning four decades of established theory.
"This wasn't our original goal, but that's what science is about - discovering new things you didn't know existed."  Tom White Associate Professor of Physics at University of Nevada, Reno
Nagler and researchers at SLAC's Matter in Extreme Conditions (MEC) instrument co-led this study with Tom White, associate professor of physics at University of Nevada, Reno. The group includes researchers from Queen's University Belfast, the European XFEL (X-ray Free-Electron Laser), Columbia University, Princeton University, University of Oxford, University of California, Merced, and the University of Warwick, Coventry.

Taking the temperature 

For nearly a decade, this team has worked to develop a method that circumvents the usual challenges of measuring extreme temperatures - specifically, the brief duration of the conditions that create those temperatures in the lab and the difficulty of calibrating how these complex systems affect other materials.




"Finally, we've directly and unambiguously taken a direct measurement, demonstrating a method that can be applied throughout the field," White said.

At SLAC's MEC instrument, the team used a laser to superheat a sample of gold. As heat flashed through the nanometer-thin sample, its atoms began to vibrate at a speed directly related to their rising temperature. The team then sent a pulse of ultrabright X-rays from the Linac Coherent Light Source (LCLS) through the superheated sample. As they scattered off the vibrating atoms, the X-rays' frequency shifted slightly, revealing the atoms' speed and thus their temperature.

"The novel temperature measurement technique developed in this study demonstrates that LCLS is at the frontier of laser-heated matter research," said Siegfried Glenzer, director of the High Energy Density Science division at SLAC and co-author on the paper. "LCLS, paired with these innovative techniques, play an important role in advancing high energy density science and transformative applications like inertial fusion."

The team was thrilled to have successfully demonstrated this technique - and as they took a deeper look at the data, they discovered something even more exciting.

"We were surprised to find a much higher temperature in these superheated solids than we initially expected, which disproves a long-standing theory from the 1980s," White said. "This wasn't our original goal, but that's what science is about - discovering new things you didn't know existed."

Surviving the entropy catastrophe 

Every material has specific melting and boiling points, marking the transition from solid to liquid and liquid to gas, respectively. However, there are exceptions. For instance, when water is heated rapidly in very smooth containers - such as a glass of water in a microwave - it can become "superheated," reaching temperatures above 212 degrees Fahrenheit (100 degrees Celsius) without actually boiling. This occurs because there are no rough surfaces or impurities to trigger bubble formation.




But this trick of nature comes with an increased risk: The further a system strays from its normal melting and boiling points, the more vulnerable it is to what scientists call a catastrophe - a sudden onset of melting or boiling triggered by slight environmental change. For example, water that has been superheated in a microwave will boil explosively when disturbed, potentially causing serious burns.

While some experiments have shown it is possible to bypass these intermediary limits by rapidly heating materials, "the entropy catastrophe was still viewed as the ultimate boundary," White explained.

In their recent study, the team discovered that the gold had been superheated to an astonishing 19,000 kelvins (33,740 degrees Fahrenheit) - more than 14 times its melting point and well beyond the proposed entropy catastrophe limit - all while maintaining its solid crystalline structure.
"If our first experiment using this technique led to a major challenge to established science, I can't wait to see what other discoveries lie ahead."  Bob Nagler SLAC Staff Scientist
"It's important to clarify that we did not violate the Second Law of Thermodynamics," White said with a chuckle. "What we demonstrated is that these catastrophes can be avoided if materials are heated extremely quickly - in our case, within trillionths of a second."

The researchers believe that the rapid heating prevented the gold from expanding, enabling it to retain its solid state. The findings suggest that there may not be an upper limit for superheated materials, if heated quickly enough.

Fusion and beyond 

Nagler noted that researchers who study warm dense matter have likely been surpassing the entropy catastrophe limit for years without realizing it, due to the absence of a reliable method for directly measuring temperature.

"If our first experiment using this technique led to a major challenge to established science, I can't wait to see what other discoveries lie ahead," Nagler said.

As just one example, White and Nagler's teams used this method again this summer to study the temperature of materials that have been shock-compressed to replicate the conditions deep inside planets.

Nagler is also eager to apply the new technique - which can pinpoint atom temperatures from 1,000 to 500,000 kelvins - to ongoing inertial fusion energy research at SLAC. "When a fusion fuel target implodes in a fusion reactor, the targets are in a warm dense state," Nagler explained. "To design useful targets, we need to know at what temperatures they will undergo important state changes. Now, we finally have a way to make those measurements."

This work was funded in part by the DOE National Nuclear Security Administration and Office of Science Fusion Energy Sciences. LCLS is a DOE Office of Science user facilities.
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