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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.


      
        Solving the riddle of the sphingolipids in coronary artery disease
        Investigators have uncovered a way to unleash in blood vessels the protective effects of a type of fat-related molecule known as a sphingolipid, suggesting a promising new strategy for the treatment of coronary artery disease.

      

      
        Human activities have an intense impact on Earth's deep subsurface fluid flow
        Hydrologists predict human-induced underground fluid fluxes to rise with climate change mitigation strategies like carbon sequestration.

      

      
        Artificial intelligence helps scientists engineer plants to fight climate change
        Scientists are using artificial intelligence software to analyze plant root systems, laying out a protocol that can be applied to gather data on crop and model plant phenotypes (physical characteristics) more efficiently and with equal or greater accuracy than existing methods.

      

      
        How light can vaporize water without the need for heat
        Researchers discovered that light can cause evaporation of water from a surface without the need for heat. This 'photomolecular effect' could be important for understanding climate change and for improving some industrial processes.

      

      
        Positive perceptions of solar projects
        A new survey has found that for residents living within three miles of a large-scale solar development, positive attitudes outnumbered negative attitudes by almost a 3-to-1 margin. Researchers surveyed almost 1,000 residents living near solar projects.

      

      
        Tumor cells evade the immune system early on: Newly discovered mechanism could significantly improve cancer immunotherapies
        Tumors actively prevent the formation of immune responses by so-called cytotoxic T cells, which are essential in combating cancer. Researchers have now uncovered for the first time how this exactly happens. The study provides rationales for new cancer immunotherapies and could make existing treatments more effective.

      

      
        Hurricanes jeopardize carbon-storing New England forests
        Many American companies are relying on carbon offsets to reduce their carbon footprint, especially those who have pledged to achieve 'net-zero emissions.' Sequestering carbon in forests is an example of a nature-based solution that is being used to address climate change, but a new study suggests that hurricanes could pose a risk. The results show that a single hurricane may wipe out 5% to 10% of total above-ground forest carbon, through tree damage, in New England.

      

      
        Rubber-like stretchable energy storage device fabricated with laser precision
        Scientists use laser ablation technology to develop a deformable micro-supercapacitor.

      

      
        Social media can be used to increase fruit and vegetable intake in young people
        Researchers have found that people following healthy eating accounts on social media for as little as two weeks ate more fruit and vegetables and less junk food.

      

      
        Low intensity exercise linked to reduced depression
        New research has found a significant association between participating in low to moderate intensity exercise and reduced rates of depression.

      

      
        Positive effect of midazolam after cardiac arrest
        If a patient is successfully resuscitated after a cardiac arrest and circulation resumes, they are not out of the woods yet. A number of factors can influence whether and how they survive the trauma in the subsequent phase. The administration of the anaesthetic midazolam has a positive effect, as shown by a multicenter study of 571 patients.

      

      
        Giant viruses infect deadly parasite
        The single-celled organism Naegleria fowleri ranks among the deadliest human parasites. Researchers have now discovered viruses that infect this harmful microbe. Named Naegleriavirus, these belong to the giant viruses, a group known for their unusually large particles and complex genomes.

      

      
        Computer game in school made students better at detecting fake news
        A computer game helped upper secondary school students become better at distinguishing between reliable and misleading news.

      

      
        Researchers unveil PI3K enzyme's dual accelerator and brake mechanisms
        The enzyme PI3K plays a critical role in cell migration. Scientists have long understood this function. But researchers have recently unveiled that a subunit of this enzyme also has the ability to slam on the breaks to this process.

      

      
        Holographic displays offer a glimpse into an immersive future
        Researchers have invented a new optical element that brings us one step closer to mixing the real and virtual worlds in an ordinary pair of eyeglasses using high-definition 3D holographic images.

      

      
        How parasites shape complex food webs
        A new study sheds light on how parasites, often overlooked, can dramatically affect the balance between predator and prey populations. Researchers developed a groundbreaking mathematical framework that predicts when predators, prey, and parasites can coexist, considering factors like random fluctuations and parasite effects on both populations. This research provides a valuable tool for conservation by helping predict how parasites influence ecosystem resilience and informing strategies to protec...

      

      
        This salt battery harvests osmotic energy where the river meets the sea
        Estuaries -- where freshwater rivers meet the salty sea -- are great locations for birdwatching and kayaking. In these areas, waters containing different salt concentrations mix and may be sources of sustainable, 'blue' osmotic energy. Researchers report creating a semipermeable membrane that harvests osmotic energy from salt gradients and converts it to electricity. The new design had an output power density more than two times higher than commercial membranes in lab demonstrations.

      

      
        AI tool recognizes serious ocular disease in horses
        Researchers have developed a deep learning tool that is capable of reliably diagnosing moon blindness in horses based on photos.

      

      
        Modeling broader effects of wildfires in Siberia
        As wildfires in Siberia become more common, global climate modeling estimates significant impacts on climate, air quality, health, and economies in East Asia and across the northern hemisphere.

      

      
        Researchers find oldest undisputed evidence of Earth's magnetic field
        A new study has recovered a 3.7-billion-year-old record of Earth's magnetic field, and found that it appears remarkably similar to the field surrounding Earth today.

      

      
        Biophysics: Testing how well biomarkers work
        Researchers have developed a method to determine how reliably target proteins can be labeled using super-resolution fluorescence microscopy.

      

      
        Shoreline model predicts long-term future of storm protection and sea-level rise
        Researchers have created a coastal evolution model to analyze how coastal management activities on barrier islands, meant to adapt to sea-level rise, can disrupt natural processes that are keeping the barrier islands above water. Replenishing beaches and clearing over-washed roads may not be the best long term strategy.

      

      
        High-resolution lidar sees birth zone of cloud droplets
        Scientists demonstrated the first-ever remote observations of the fine-scale structure at the base of clouds. The results show that the air-cloud interface is a transition zone where aerosol particles suspended in Earth's atmosphere give rise to the droplets that ultimately form clouds. The research will enable scientists to gain insight into how changes in atmospheric aerosol levels could affect clouds and climate.

      

      
        Making diamonds at ambient pressure
        Researchers have grown diamonds under conditions of 1 atmosphere pressure and at 1025 degrees Celsius using a liquid metal alloy composed of gallium, iron, nickel, and silicon, thus breaking the existing paradigm. The discovery of this new growth method opens many possibilities for further basic science studies and for scaling up the growth of diamonds in new ways.

      

      
        Eruption of mega-magnetic star lights up nearby galaxy
        While ESA's satellite INTEGRAL was observing the sky, it spotted a burst of gamma-rays -- high-energy photons -- coming from the nearby galaxy M82. Only a few hours later, ESA's XMM-Newton X-ray space telescope searched for an afterglow from the explosion but found none. An international team realized that the burst must have been an extra-galactic flare from a magnetar, a young neutron star with an exceptionally strong magnetic field.

      

      
        A simple 'twist' improves the engine of clean fuel generation
        Researchers have found a way to super-charge the 'engine' of sustainable fuel generation -- by giving the materials a little twist. The researchers are developing low-cost light-harvesting semiconductors that power devices for converting water into clean hydrogen fuel, using just the power of the sun. These semiconducting materials, known as copper oxides, are cheap, abundant and non-toxic, but their performance does not come close to silicon, which dominates the semiconductor market.

      

      
        A novel universal light-based technique to control valley polarization in bulk materials
        Scientists report a new method that achieves for the first time valley polarization in centrosymmetric bulk materials in a non-material-specific way. This 'universal technique' may have major applications linked to the control and analysis of different properties for 2D and 3D materials, which can in turn enable the advancement of cutting-edge fields such us information processing and quantum computing.

      

      
        Bioluminescence first evolved in animals at least 540 million years ago
        Bioluminescence first evolved in animals at least 540 million years ago in a group of marine invertebrates called octocorals, according to the results of a new study. The study focuses on an ancient group of marine invertebrates that includes soft corals, pushes back the previous oldest dated example of trait by nearly 300 million years.

      

      
        Genetics predict type 2 diabetes risk and disparities in childhood cancer survivors
        Learn how ancestry changes genetic risk variants' impact on type 2 diabetes in childhood cancer survivors & alkylating agent exposure magnifies diabetes risk. Learn how ancestry changes genetic risk variants' impact on type 2 diabetes in childhood cancer survivors & alkylating agent exposure magnifies diabetes risk.

      

      
        Frog species evolved rapidly in response to road salts
        When we think of evolution, we think of a process that happens over hundreds or thousands of years. In research recently published, a species of frog that has evolved over the course of merely 25 years. The adaptation was spurred on by something many assume is innocuous: salt.

      

      
        Critical minerals recovery from electronic waste
        A nontoxic separation process recovers critical minerals from electronic scrap waste.

      

      
        Chemical tool illuminates pathways used by dopamine, opioids and other neuronal signals
        Researchers have developed a new tool to better understand how chemicals like dopamine and epinephrine interact with neurons.

      

      
        Asian monsoon lofts ozone-depleting substances to stratosphere
        Powerful monsoon winds, strengthened by a warming climate, are lofting unexpectedly large quantities of ozone-depleting substances high into the atmosphere over East Asia, according to new research. The study found that the East Asian Monsoon delivers more than twice the concentration of very short-lived ozone-depleting substances into the upper troposphere and lower stratosphere than previously reported.

      

      
        World's chocolate supply threatened by devastating virus
        A rapidly spreading virus threatens the health of the cacao tree and the dried seeds from which chocolate is made, jeopardizing the global supply of the world's most popular treat. Researchers have developed a new strategy: using mathematical data to determine how far apart farmers can plant vaccinated trees to prevent mealybugs from jumping from one tree to another and spreading the virus.

      

      
        This tiny chip can safeguard user data while enabling efficient computing on a smartphone
        A new chip can efficiently accelerate machine-learning workloads on edge devices like smartphones while protecting sensitive user data from two common types of attacks -- side-channel attacks and bus-probing attacks.

      

      
        Livestock abortion surveillance could protect livelihoods and detect emerging global pathogens
        A study suggests timely reporting and investigating of livestock abortions is feasible in rural areas and can provide insights into emerging infectious diseases.

      

      
        Warming climate is putting more metals into Colorado's mountain streams
        Warming temperatures are causing a steady rise in copper, zinc and sulfate in the waters of Colorado mountain streams affected by acid rock drainage. Concentrations of these metals have roughly doubled in these alpine streams over the past 30 years, presenting a concern for ecosystems, downstream water quality and mining remediation, according to a new study. Natural chemical weathering of bedrock is the source of the rising acidity and metals, but the ultimate driver of the trend is climate chan...

      

      
        Don't be a stranger -- study finds rekindling old friendships as scary as making new ones
        Psychologists have found that people are as hesitant to reach out to an old friend as they are to strike up a conversation with a stranger, even when they had the capacity and desire to do so.

      

      
        Super Mario hackers' tricks could protect software from bugs
        Video gamers who exploit glitches in games can help experts better understand buggy software, students suggest.

      

      
        Infected: Understanding the spread of behavior
        A team of researchers found that long-tie connections accelerate the speed of social contagion.

      

      
        Researchers create artificial cells that act like living cells
        Researchers describe the steps they took to manipulate DNA and proteins -- essential building blocks of life -- to create cells that look and act like cells from the body. This accomplishment, a first in the field, has implications for efforts in regenerative medicine, drug delivery systems and diagnostic tools.

      

      
        Marginalized communities developed 'disaster subculture' when living through extreme climate events
        An assistant professor conducted a study in which he lived among one of the poorest, most marginalized communities in Seoul, South Korea. In the ethnographic study, he asked residents how they dealt with extreme heat. He found they tended to accept the conditions, stating there was not much that could be done. That shows people accepted extreme climate events, despite evidence showing this should not be normal, which bodes the argument social work as a field has much to do to help address climate...

      

      
        New study uncovers lasting financial hardship associated with cancer diagnosis for working-age adults in the U.S.
        A new study highlights the lasting financial impact of a cancer diagnosis for many working-age adults and their families in the United States. It shows a cancer diagnosis and the time required for its treatment can result in employment disruptions, loss of household income and loss of employment-based health insurance coverage, leading to financial hardship.

      

      
        Innovative microscopy demystifies metabolism of Alzheimer's
        Using state-of-the-art microscopy techniques, researchers have shed new light on the underlying mechanisms driving Alzheimer's disease.

      

      
        'Sunny day flooding' increases fecal contamination of coastal waters
        A new study finds that 'sunny day flooding,' which occurs during high tides, increases the levels of fecal bacteria in coastal waters. While the elevated bacteria levels in the coastal waters tend to dissipate quickly, the findings suggest policymakers and public health officials should be aware of potential risks associated with tidal flooding.

      

      
        Toward unification of turbulence framework -- weak-to-strong transition discovered in turbulence
        Astrophysicists have made a significant step toward solving the last puzzle in magnetohydrodynamic turbulence theory by observing the weak to strong transition in the space plasma turbulence surrounding Earth with newly developed multi-spacecraft analysis methods.

      

      
        Study compares salmonella rates in backyard, commercial poultry farm samples
        Researchers find less Salmonella on backyard poultry farms. But concerns remain about the prevalance of multidrug-resistant bacteria on both large and small farms.

      

      
        In the brain, bursts of beta rhythms implement cognitive control
        Bursts of brain rhythms with 'beta' frequencies control where and when neurons in the cortex process sensory information and plan responses. Studying these bursts would improve understanding of cognition and clinical disorders, researchers argue in a new review.

      

      
        Major milestone reached for key weapons component
        Scientists have completed a crucial weapons component development milestone, prior to full rate production.

      

      
        Magnetic microcoils unlock targeted single-neuron therapies for neurodegenerative disorders
        Researchers deploy an array of microscopic coils to create a magnetic field and stimulate individual neurons. The magnetic field can induce an electric field in any nearby neurons, the same effect created by an electrode but much more precise. They used an array of eight coils, which combined can induce electric fields using much less current per coil, and employed soft magnetic materials, which boost the magnetic strength of the coils. The researchers constructed a prototype of their coil array,...
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Solving the riddle of the sphingolipids in coronary artery disease | ScienceDaily
Weill Cornell Medicine investigators have uncovered a way to unleash in blood vessels the protective effects of a type of fat-related molecule known as a sphingolipid, suggesting a promising new strategy for the treatment of coronary artery disease.


						
In the study, published March 8 in Circulation Research, the researchers showed that boosting levels of a sphingolipid called S1P in artery-lining endothelial cells slows the development and progression of coronary artery disease in an animal model. The lead author was Dr. Onorina Laura Manzo, a postdoctoral researcher in the laboratory of Dr. Annarita Di Lorenzo, an associate professor of pathology and laboratory medicine at Weill Cornell Medicine.

Sphingolipids are named for the enigmatic sphinx of ancient mythology because their functions in biology traditionally have been somewhat mysterious. In recent years, there has been increasing evidence of their relevance in coronary artery disease; bloodstream levels of S1P, for example, are lower in patients with this condition. But the precise roles of these lipids have remained unclear.

In the new study, the researchers sought a better understanding of those roles -- and of sphingolipids' potential as therapeutic targets. Despite the availability of cholesterol-lowering drugs and other interventions, coronary artery disease -- the underlying cause of most heart attacks and many strokes -- continues to be the world's leading cause of mortality, affecting more than 20 million people in the United States alone.

Using a novel mouse model developed by the same group, the researchers found that blood pressure-related stress on arteries -- which eventually will induce coronary artery disease -- triggers an increase in S1P production in endothelial cells, as part of a protective response. This response normally is only temporary, but deleting a protein called NOGO-B, which inhibits S1P production, allows the rise in endothelial S1P production to be sustained -- and made the animals much more resistant to coronary artery disease and associated mortality.

Another key finding is related to a different group of sphingolipids called ceramides. Prior studies have linked coronary artery disease to high bloodstream levels of some ceramides, and their causative role in the disease has been widely assumed. In their model, however, the researchers observed that while ceramide levels were high in the bloodstream, levels in artery-lining endothelial cells remained about the same regardless of coronary artery disease status. This suggests that the current view of ceramides' role in the disease should be revised.

All in all, the findings lay the foundation for the development of drugs that boost S1P to treat or prevent coronary artery disease, the researchers concluded.

The work reported in this story was supported by the National Heart, Lung, and Blood Institute, part of the National Institutes of Health, through grant numbers R01HL126913 and R01HL152195 and a Harold S. Geneen Charitable Trust Award for Coronary Heart Disease Research.
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Human activities have an intense impact on Earth's deep subsurface fluid flow | ScienceDaily
The impact of human activities -- such as greenhouse gas emissions and deforestation -- on Earth's surface have been well-studied. Now, hydrology researchers from the University of Arizona have investigated how humans impact Earth's deep subsurface, a zone that lies hundreds of meters to several kilometers beneath the planet's surface.


						
"We looked at how the rates of fluid production with oil and gas compare to natural background circulation of water and showed how humans have made a big impact on the circulation of fluids in the subsurface," said Jennifer McIntosh, a professor in the UArizona Department of Hydrology and Atmospheric Sciences and senior author of a paper in the journal Earth's Future detailing the findings.

"The deep subsurface is out of sight and out of mind for most people, and we thought it was important to provide some context to these proposed activities, especially when it comes to our environmental impacts," said lead study author Grant Ferguson, an adjunct professor in the UArizona Department of Hydrology and Atmospheric Sciences and a professor in the University of Saskatchewan's School of Environment and Sustainability.

In the future, these human-induced fluid fluxes are projected to increase with strategies that are proposed as solutions for climate change, according the study. Such strategies include: geologic carbon sequestration, which is capturing and storing atmospheric carbon dioxide in underground porous rocks; geothermal energy production, which involves circulating water through hot rocks for generating electricity; and lithium extraction from underground mineral-rich brine for powering electric vehicles. The study was done in collaboration with researchers from the University of Saskatchewan in Canada, Harvard University, Northwestern University, the Korea Institute of Geosciences and Mineral Resources, and Linnaeus University in Sweden.

"Responsible management of the subsurface is central to any hope for a green transition, sustainable future and keeping warming below a few degrees," said Peter Reiners, a professor in the UArizona Department of Geosciences and a co-author of the study.

With oil and natural gas production, there is always some amount of water, typically saline, that comes from the deep subsurface, McIntosh said. The underground water is often millions of years old and acquires its salinity either from evaporation of ancient seawater or from reaction with rocks and minerals. For more efficient oil recovery, more water from near-surface sources is added to the salt water to make up for the amount of oil removed and to maintain reservoir pressures. The blended saline water then gets reinjected into the subsurface. This becomes a cycle of producing fluid and reinjecting it to the deep subsurface.

The same process happens in lithium extraction, geothermal energy production and geologic carbon sequestration, the operations of which involve leftover saline water from the underground that is reinjected.




"We show that the fluid injection rates or recharge rates from those oil and gas activities is greater than what naturally occurs," McIntosh said.

Using existing data from various sources, including measurements of fluid movements related to oil and gas extraction and water injections for geothermal energy, the team found that the current fluid movement rates induced by human activities are higher compared to how fluids moved before human intervention.

As human activities like carbon capture and sequestration and lithium extraction ramp up, the researchers also predicted how these activities might be recorded in the geological record, which is the history of Earth as recorded in the rocks that make up its crust.

Human activities have the potential to alter not just the deep subsurface fluids but also the microbes that live down there, McIntosh said. As fluids move around, microbial environments may be altered by changes in water chemistry or by bringing new microbial communities from Earth's surface to the underground.

For example, with hydraulic fracturing, a technique that is used to break underground rocks with pressurized liquids for extracting oil and gas, a deep rock formation that previously didn't have any detectable number of microbes might have a sudden bloom of microbial activity.

There remain a lot of unknowns about Earth's deep subsurface and how it is impacted by human activities, and it's important to continue working on those questions, McIntosh said.

"We need to use the deep subsurface as part of the solution for the climate crisis," McIntosh said. "Yet, we know more about the surface of Mars than we do about water, rocks and life deep beneath our feet."
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Artificial intelligence helps scientists engineer plants to fight climate change | ScienceDaily
The Intergovernmental Panel on Climate Change (IPCC) declared that removing carbon from the atmosphere is now essential to fighting climate change and limiting global temperature rise. To support these efforts, Salk scientists are harnessing plants' natural ability to draw carbon dioxide out of the air by optimizing their root systems to store more carbon for a longer period of time.


						
To design these climate-saving plants, scientists in Salk's Harnessing Plants Initiative are using a sophisticated new research tool called SLEAP -- an easy-to-use artificial intelligence (AI) software that tracks multiple features of root growth. Created by Salk Fellow Talmo Pereira, SLEAP was initially designed to track animal movement in the lab. Now, Pereira has teamed up with plant scientist and Salk colleague Professor Wolfgang Busch to apply SLEAP to plants.

In a study published in Plant Phenomics on April 12, 2024, Busch and Pereira debut a new protocol for using SLEAP to analyze plant root phenotypes -- how deep and wide they grow, how massive their root systems become, and other physical qualities that, prior to SLEAP, were tedious to measure. The application of SLEAP to plants has already enabled researchers to establish the most extensive catalog of plant root system phenotypes to date.

What's more, tracking these physical root system characteristics helps scientists find genes affiliated with those characteristics, as well as whether multiple root characteristics are determined by the same genes or independently. This allows the Salk team to determine what genes are most beneficial to their plant designs.

"This collaboration is truly a testament to what makes Salk science so special and impactful," says Pereira. "We're not just 'borrowing' from different disciplines -- we're really putting them on equal footing in order to create something greater than the sum of its parts."

Prior to using SLEAP, tracking the physical characteristics of both plants and animals required a lot of labor that slowed the scientific process. If researchers wanted to analyze an image of a plant, they would need to manually flag the parts of the image that were and weren't plant -- frame-by-frame, part-by-part, pixel-by-pixel. Only then could older AI models be applied to process the image and gather data about the plant's structure.

What sets SLEAP apart is its unique use of both computer vision (the ability for computers to understand images) and deep learning (an AI approach for training a computer to learn and work like the human brain). This combination allows researchers to process images without moving pixel-by-pixel, instead skipping this intermediate labor-intensive step to jump straight from image input to defined plant features.




"We created a robust protocol validated in multiple plant types that cuts down on analysis time and human error, while emphasizing accessibility and ease-of-use -- and it required no changes to the actual SLEAP software," says first author Elizabeth Berrigan, a bioinformatics analyst in Busch's lab.

Without modifying the baseline technology of SLEAP, the researchers developed a downloadable toolkit for SLEAP called sleap-roots (available as open-source software here). With sleap-roots, SLEAP can process biological traits of root systems like depth, mass, and angle of growth. The Salk team tested the sleap-roots package in a variety of plants, including crop plants like soybeans, rice, and canola, as well as the model plant species Arabidopsis thaliana -- a flowering weed in the mustard family. Across the variety of plants trialed, they found the novel SLEAP-based method outperformed existing practices by annotating 1.5 times faster, training the AI model 10 times faster, and predicting plant structure on new data 10 times faster, all with the same or better accuracy than before.

Together with massive genome sequencing efforts for elucidating the genotype data in large numbers of crop varieties, these phenotypic data, such as a plant's root system growing especially deep in soil, can be extrapolated to understand the genes responsible for creating that especially deep root system.

This step -- connecting phenotype and genotype -- is crucial in Salk's mission to create plants that hold on to more carbon and for longer, as those plants will need root systems designed to be deeper and more robust. Implementing this accurate and efficient software will allow the Harnessing Plants Initiative to connect desirable phenotypes to targetable genes with groundbreaking ease and speed.

"We have already been able to create the most extensive catalogue of plant root system phenotypes to date, which is really accelerating our research to create carbon-capturing plants that fight climate change," says Busch, the Hess Chair in Plant Science at Salk. "SLEAP has been so easy to apply and use, thanks to Talmo's professional software design, and it's going to be an indispensable tool in my lab moving forward."

Accessibility and reproducibility were at the forefront of Pereira's mind when creating both SLEAP and sleap-roots. Because the software and sleap-roots toolkit are free to use, the researchers are excited to see how sleap-roots will be used around the world. Already, they have begun discussions with NASA scientists hoping to utilize the tool not only to help guide carbon-sequestering plants on Earth, but also to study plants in space.

At Salk, the collaborative team is not yet ready to disband -- they are already embarking on a new challenge of analyzing 3D data with SLEAP. Efforts to refine, expand, and share SLEAP and sleap-roots will continue for years to come, but its use in Salk's Harnessing Plants Initiative is already accelerating plant designs and helping the Institute make an impact on climate change.

Other authors include Lin Wang, Hannah Carrillo, Kimberly Echegoyen, Mikayla Kappes, Jorge Torres, Angel Ai-Perreira, Erica McCoy, Emily Shane, Charles Copeland, Lauren Ragel, Charidimos Georgousakis, Sanghwa Lee, Dawn Reynolds, Avery Talgo, Juan Gonzalez, Ling Zhang, Ashish Rajurkar, Michel Ruiz, Erin Daniels, Liezl Maree, and Shree Pariyar of Salk.

The work was supported by the Bezos Earth Fund, the Hess Corporation, the TED Audacious Project, and the National Institutes of Health (RF1MH132653).
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How light can vaporize water without the need for heat | ScienceDaily
It's the most fundamental of processes -- the evaporation of water from the surfaces of oceans and lakes, the burning off of fog in the morning sun, and the drying of briny ponds that leaves solid salt behind. Evaporation is all around us, and humans have been observing it and making use of it for as long as we have existed.


						
And yet, it turns out, we've been missing a major part of the picture all along.

In a series of painstakingly precise experiments, a team of researchers at MIT has demonstrated that heat isn't alone in causing water to evaporate. Light, striking the water's surface where air and water meet, can break water molecules away and float them into the air, causing evaporation in the absence of any source of heat.

The astonishing new discovery could have a wide range of significant implications. It could help explain mysterious measurements over the years of how sunlight affects clouds, and therefore affect calculations of the effects of climate change on cloud cover and precipitation. It could also lead to new ways of designing industrial processes such as solar-powered desalination or drying of materials.

The findings, and the many different lines of evidence that demonstrate the reality of the phenomenon and the details of how it works, are described in the journal PNAS, in a paper by Carl Richard Soderberg Professor of Power Engineering Gang Chen, postdocs Guangxin Lv and Yaodong Tu, and graduate student James Zhang.

The authors say their study suggests that the effect should happen widely in nature -- everywhere from clouds to fogs to the surfaces of oceans, soils, and plants -- and that it could also lead to new practical applications, including in energy and clean water production. "I think this has a lot of applications," Chen says. "We're exploring all these different directions. And of course, it also affects the basic science, like the effects of clouds on climate, because clouds are the most uncertain aspect of climate models."

A newfound phenomenon

The new work builds on research reported last year, which described this new "photomolecular effect" but only under very specialized conditions: on the surface of specially prepared hydrogels soaked with water. In the new study, the researchers demonstrate that the hydrogel is not necessary for the process; it occurs at any water surface exposed to light, whether it's a flat surface like a body of water or a curved surface like a droplet of cloud vapor.




Because the effect was so unexpected, the team worked to prove its existence with as many different lines of evidence as possible. In this study, they report 14 different kinds of tests and measurements they carried out to establish that water was indeed evaporating -- that is, molecules of water were being knocked loose from the water's surface and wafted into the air -- due to the light alone, not by heat, which was long assumed to be the only mechanism involved.

One key indicator, which showed up consistently in four different kinds of experiments under different conditions, was that as the water began to evaporate from a test container under visible light, the air temperature measured above the water's surface cooled down and then leveled off, showing that thermal energy was not the driving force behind the effect.

Other key indicators that showed up included the way the evaporation effect varied depending on the angle of the light, the exact color of the light, and its polarization. None of these varying characteristics should happen because at these wavelengths, water hardly absorbs light at all -- and yet the researchers observed them.

The effect is strongest when light hits the water surface at an angle of 45 degrees. It is also strongest with a certain type of polarization, called transverse magnetic polarization. And it peaks in green light -- which, oddly, is the color for which water is most transparent and thus interacts the least.

Chen and his co-researchers have proposed a physical mechanism that can explain the angle and polarization dependence of the effect, showing that the photons of light can impart a net force on water molecules at the water surface that is sufficient to knock them loose from the body of water. But they cannot yet account for the color dependence, which they say will require further study.

They have named this the photomolecular effect, by analogy with the photoelectric effect that was discovered by Heinrich Hertz in 1887 and finally explained by Albert Einstein in 1905. That effect was one of the first demonstrations that light also has particle characteristics, which had major implications in physics and led to a wide variety of applications, including LEDs. Just as the photoelectric effect liberates electrons from atoms in a material in response to being hit by a photon of light, the photomolecular effect shows that photons can liberate entire molecules from a liquid surface, the researchers say.




"The finding of evaporation caused by light instead of heat provides new disruptive knowledge of light-water interaction," says Xiulin Ruan, professor of mechanical engineering at Purdue University, who was not involved in the study. "It could help us gain new understanding of how sunlight interacts with cloud, fog, oceans, and other natural water bodies to affect weather and climate. It has significant potential practical applications such as high-performance water desalination driven by solar energy. This research is among the rare group of truly revolutionary discoveries which are not widely accepted by the community right away but take time, sometimes a long time, to be confirmed."

Solving a cloud conundrum

The finding may solve an 80-year-old mystery in climate science. Measurements of how clouds absorb sunlight have often shown that they are absorbing more sunlight than conventional physics dictates possible. The additional evaporation caused by this effect could account for the longstanding discrepancy, which has been a subject of dispute since such measurements are difficult to make.

"Those experiments are based on satellite data and flight data," Chen explains. "They fly an airplane on top of and below the clouds, and there are also data based on the ocean temperature and radiation balance. And they all conclude that there is more absorption by clouds than theory could calculate. However, due to the complexity of clouds and the difficulties of making such measurements, researchers have been debating whether such discrepancies are real or not. And what we discovered suggests that hey, there's another mechanism for cloud absorption, which was not accounted for, and this mechanism might explain the discrepancies."

Chen says he recently spoke about the phenomenon at an American Physical Society conference, and one physicist there who studies clouds and climate said they had never thought about this possibility, which could affect calculations of the complex effects of clouds on climate. The team conducted experiments using LEDs shining on an artificial cloud chamber, and they observed heating of the fog, which was not supposed to happen since water does not absorb in the visible spectrum. "Such heating can be explained based on the photomolecular effect more easily," he says.

Lv says that of the many lines of evidence, "the flat region in the air-side temperature distribution above hot water will be the easiest for people to reproduce." That temperature profile "is a signature" that demonstrates the effect clearly, he says.

Zhang adds: "It is quite hard to explain how this kind of flat temperature profile comes about without invoking some other mechanism" beyond the accepted theories of thermal evaporation. "It ties together what a whole lot of people are reporting in their solar desalination devices," which again show evaporation rates that cannot be explained by the thermal input.

The effect can be substantial. Under the optimum conditions of color, angle, and polarization, Lv says, "the evaporation rate is four times the thermal limit."

Already, since publication of the first paper, the team has been approached by companies that hope to harness the effect, Chen says, including for evaporating syrup and drying paper in a paper mill. The likeliest first applications will come in the areas of solar desalinization systems or other industrial drying processes, he says. "Drying consumes 20 percent of all industrial energy usage," he points out.

Because the effect is so new and unexpected, Chen says, "This phenomenon should be very general, and our experiment is really just the beginning." The experiments needed to demonstrate and quantify the effect are very time-consuming. "There are many variables, from understanding water itself, to extending to other materials, other liquids and even solids," he says.

The work was partly supported by an MIT Bose Award.
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Positive perceptions of solar projects | ScienceDaily
As solar energy development accelerates, how do Americans actually feel about those large scale solar, or LSS, farms they see along the highway or near their neighborhood? A new survey has found that for residents living within three miles of a large-scale solar development, positive attitudes outnumbered negative attitudes by almost a 3-to-1 margin.


						
Researchers at Lawrence Berkeley National Laboratory, Michigan State University and the University of Michigan surveyed almost 1,000 residents living near solar projects -- the first time a representative survey of this kind has been deployed nationally.

Among these respondents, 42% support additional development in their community, compared to 18% who would oppose further projects. At the same time, more than 80% of the respondents were unaware of the project prior to construction and a third did not know until completing the survey.

Doug Bessette, associate professor for energy systems in the Department of Community Sustainability at Michigan State University's College of Agriculture and Natural Resources, was one of the leads on the project.

"The responses from residents were generally positive, which is good to see considering the amount of solar that is likely to be developed in the coming years," Bessette said. "At the same time, we saw more negative attitudes associated with larger projects and somewhat less support amongst neighbors living really close, within a quarter mile of projects, so there's a lot of work to be done."

Positive attitudes were indeed more common among residents living farther from LSS projects than for those living closer to them. The largest projects tend to provoke negative attitudes, while projects under 100 megawatts -- those requiring less than roughly 600 acres or one square mile -- tend to receive mostly positive responses. Factors like aesthetics, economics and perceptions of fairness in the planning process strongly influence attitudes.

Residents largely oppose increased state-level decision-making on future LSS siting, preferring increased opportunities for community participation and feedback. They also expressed a preference for local hiring, procurement and ownership. For reliable information about what impact a proposed project might have on their community, residents trust existing energy project neighbors, community organizations and university staff.




Jake White, a doctoral student, who contributed to the survey, said, "Our findings show that LSS neighbors want to be engaged more, with respondents strongly supporting increased opportunities for participation in planning processes. This demonstrates a big opportunity for improvement in LSS planning processes -- hopefully leading to better outcomes for all."

When it comes to future LSS projects, respondents favored disturbed sites, such as landfills, as opposed to farmland. There is also a need for communications efforts to increase awareness and engage neighbors when projects come to communities.

So while there is more work to be done, this survey's results indicate moderate support for solar going forward, with further analysis planned to gauge influencing factors and address equity concerns.

"We were happy to see this last one," Bessette notes.
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Tumor cells evade the immune system early on: Newly discovered mechanism could significantly improve cancer immunotherapies | ScienceDaily
Tumors actively prevent the formation of immune responses by so-called cytotoxic T cells, which are essential in combating cancer. Researchers at the Technical University of Munich (TUM) and the Ludwig-Maximilians-Universitat Munchen (LMU) Hospital have now uncovered for the first time how this exactly happens. The study in the journal Nature provides rationales for new cancer immunotherapies and could make existing treatments more effective. A second paper in Nature confirms the findings.


						
In cancer, tumors often impair the body's immune response. For example, they can prevent immune cells from perceiving cancer cells as a threat or render them inactive. Immunotherapies aim to overcome these mechanisms and stimulate the immune system, in particular the T cells. However, such therapies do not work for a large number of cancer patients. Researchers around the world are looking for the causes and new counter-strategies.

Messenger substance stops effector development of T cells in tumors

A team led by Dr. Jan Bottcher, research group leader at the Institute of Molecular Immunology at TUM, and Prof. Sebastian Kobold, Deputy Director of the Department of Clinical Pharmacology at LMU Klinikum Munchen, has now discovered that tumors use a messenger substance to influence immune cells in an early phase of the immune response. Many cancer cells show increased secretion of the messenger substance prostaglandin E2. The researchers were able to show that prostaglandin E2 binds to EP2 and EP4, two receptors on the surface of certain immune cells.

These so-called stem-like T cells migrate from other areas of the body into the tumor. If the immune response is successful, they multiply in the tumor and develop into cytotoxic T cells that attack the cancer. "This whole process is strongly limited when tumors secrete prostaglandin E2 and this factor binds to EP2 and EP4 receptors," says Jan Bottcher. "The T cell response collapses and the tumor can progress." If the researchers prevented the interaction of messenger substance and receptor in tumor models, the immune system was able to fight tumors effectively.

Current therapies address a later point of the immune response

"We have discovered a mechanism that influences the body's immune response in a crucial phase," says Jan Bottcher. "Many tumors prevent the stem-like T cells from generating cytotoxic T cells in the tumor that could attack the cancer."

Current immunotherapies aim to prevent the cancer from switching off immune responses at a later phase. Checkpoint inhibitor therapies, for example, aim to release the blockade of fully differentiated cytotoxic T cells and "switch them back on." Before the dreaded T cell exhaustion sets in, which other researchers are trying to prevent, differentiated T cells must also be present.




Increase the effectiveness of existing therapies

"Current treatment approaches would probably be more effective if the effects of prostaglandin E2 on stem-like T cells is blocked to enable their unhindered differentiation within tumor tissue," says Sebastian Kobold.

This similarly applies to recent approaches that rely on the protein IL-2 to stimulate T cells. The current study shows that as soon as the prostaglandin E2 binds to the two receptors, T cells can no longer respond to IL-2. "We suspect that even the body's own IL-2 signals may be sufficient to enable T cells to successfully fight cancer once the effects of prostaglandin E2 have been stopped," says Sebastian Kobold.

Second study in "Nature" confirms results

A second research publication in Nature investigates the effects of prostaglandin E2 on the immune system. For this study, the authors, researchers from the University Hospital of Lausanne, collaborated with the Munich team. In their laboratory, they among other things examined T cells from human tumor tissue. When they blocked the release of prostaglandin E2 in cancer tissue, the T cells showed better expansion and were thus able to fight human cancer cells more effectively.

Search for counter-strategies begins

"We now have a concrete starting point for significantly improving immunotherapies," says Jan Bottcher. "Researchers around the world must now develop strategies to overcome the tumors' defense. We need to stop the effects of prostaglandin E2 -- either by preventing tumors from producing the molecule or by making immune cells resistant to it."
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Hurricanes jeopardize carbon-storing New England forests | ScienceDaily
As American companies and public policies strive to mitigate their carbon dioxide emissions, many are relying on carbon offsets to reduce their carbon footprint, especially those who have pledged to achieve "net-zero emissions."


						
Sequestering carbon in forests is an example of a nature-based solution that is being used to address climate change, but a new study suggests that hurricanes could pose a risk.

Offset programs involve investments organizations or individuals can make in projects that cut carbon emissions, such as solar energy, or that can store carbon, such as preserving and enhancing forests.

As it happens, New England is one of the most heavily forested regions in the U.S. with Maine at 83%, New Hampshire at 80%, and Vermont at 74%.

In the California carbon market, the largest regulatory U.S. carbon market, 3% of a carbon offset project is reserved for catastrophic risks such as hurricanes and other storm events.

Wildfires, which comprise their own separate risk category, can also deplete forests that store carbon, known as "carbon stocks," and have typically been the focus of prior research on disturbances to such stocks.

The study finds that a single hurricane may wipe out 5% to 10% of total aboveground forest carbon, through tree damage, in New England. The results are published in Global Change Biology.




"Our results reveal that carbon offset programs in the U.S. do not adequately account for the risk of hurricanes, as a single storm could wipe out everything the program has set aside to ensure against risk," says lead author Shersingh Joseph Tumber-Davila, an assistant professor of environmental studies at Dartmouth and investigator at Harvard Forest where he conducted this work.

While New England hasn't experienced many severe hurricanes in recent decades, they are an important driver of long-term ecosystem change. The Hurricane of 1938, for example, caused widespread tree damage in New England, leading to the salvaging of 500 million board feet of lumber in the Granite State alone, according to the Society for the Protection of New Hampshire Forests.

Hurricanes obtain their energy from the ocean and typically impact the southeastern coastal regions of the U.S.; however, they are a dominant disturbance agent in the Northeast as well.

"As the climate warms and sea surface temperatures continue to rise, hurricanes could get stronger and will have the capacity to stay on land longer, with the potential to move inland and northward into the heavily forested regions of the Northeast," says Tumber-Davila.

For the study, the research team examined the 10 most powerful hurricanes that had an impact on land in New England over the past century, including Hurricane Bob in August 1991, and analyzed how the region's forests would be impacted if one of those storms were to hit today.

They mapped the trees -- the aboveground forest carbon in New England -- using USDA Forest Service Forest Inventory and Analysis Program data and mapped the hurricanes using tracking and wind speed data to simulate a storm's path and strength in a geographic area. They determined how susceptible a forest was to wind damage based on the height and type of the trees. The team applied meteorological predictions to estimate the potential future strength of hurricanes.




The study finds that a projected 8% and 16% increase in hurricane wind speeds leads to a nearly 11- and 25-fold increase in high-severity impacts that would likely cause widespread tree death.

"In the context of climate change mitigation, the forest sector is unique in that carbon moves both into and out of the system," says senior author Jonathan Thompson, a senior ecologist and research director at Harvard Forest, which is based in Petersham, Massachusetts. "When mitigation programs look to forests, they often focus only on carbon moving into the forest through sequestration but our research shows the potential for carbon to move back into the atmosphere via hurricanes."

To estimate how long it would take for the forest carbon to be emitted from the downed trees due to the given hurricane, the researchers took into account wood decay rates and estimated the timber products that could be made from the salvaged wood based on regional timber product reports.

The results show that it takes nearly 19 years for trees knocked over by a hurricane to become a net emission and 100 years for most of the downed carbon (90%) to be emitted.

One hurricane however, can lead to the release of the 10-year equivalent of carbon sequestered in New England's forests.

Tumber-Davila says the study suggests that future hurricanes need to be considered as using New England forests to capture and store carbon from the atmosphere becomes more popular.

"If forest carbon stocks are going to continue to be used as a nature-based climate solution, we have to be critical about evaluating its longevity and risks, to make sure that we're doing something that actually has an impact," says Tumber-Davila.
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Rubber-like stretchable energy storage device fabricated with laser precision | ScienceDaily
Professor Jin Kon Kim and Dr. Keon-Woo Kim from the Department of Chemical Engineering at Pohang University of Science and Technology (POSTECH), in collaboration with Dr. Chanwoo Yang and Researcher Seong Ju Park from the Korea Institute of Industrial Technology (KITECH), have achieved a significant breakthrough in developing a small-scale energy storage device capable of stretching, twisting, folding, and wrinkling. Their research has been published in the electronic engineering journal, npj Flexible Electronics.


						
The advent of wearable technology has brought with it a pressing need for energy storage solutions that can keep pace with the flexibility and stretchability of soft electronic devices. Micro supercapacitors(MSCs) have emerged as a promising candidate for deformable energy storage, due to high-power density, rapid charging, and long cycle life. However, the fabrication of interdigitated electrode patterns capable of maintaining the energy storage performance under repeated stretching and twisting has remained a great challenge, because brittle materials like gold (Au) have been commonly used as an electrode. Meanwhile, though eutectic gallium-indium liquid metal (EGaIn) has high conductivity and deformability, a fine patterning of EGaIn is extremely difficult due to very high surface tension of EGaIn.

The research team successfully fabricated fine patterning, by using laser, of both EGaIn and graphene (serving as an active material) layers as on a stretchable polystyrene-block-poly(ethylene-co-butylene)-block-polystyrene copolymer (SEBS) substrate. During laser ablation of EGaIn and graphene layers, the underlying stretchable SEBS substrate was not damaged, which maintained the flexibility of MSC device. The areal capacitance of the resulting MSC retains its original value even after stretching up to 1,000 cycles. Also, the fabricated MSCs operate stably under various mechanical deformations, including stretching, folding, twisting, and wrinkling (see the attached images).

Professor Jin Kon Kim of POSTECH remarked, "the use of laser-patterned liquid metal electrodes represents a significant step forward in the development of truly deformable energy storage solutions. As wearable technologies continue to advance, innovations like these will play a vital role in ensuring that our devices can adapt to the demands of our dynamic lifestyles."

This research was granted financial resources (National Creative Research Initiative Program) from the Ministry of Economy and Finance, Republic of Korea, and supported by the Industry-leading Core Production Technology Development Project of the Korea Institute of Industrial Technology.
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Social media can be used to increase fruit and vegetable intake in young people | ScienceDaily
Researchers from Aston University have found that people following healthy eating accounts on social media for as little as two weeks ate more fruit and vegetables and less junk food.


						
Previous research has shown that positive social norms about fruit and vegetables increases individuals' consumption. The research team sought to investigate whether positive representation of healthier food on social media would have the same effect. The research was led by Dr Lily Hawkins, whose PhD study it was, supervised by Dr Jason Thomas and Professor Claire Farrow in the School of Psychology.

The researchers recruited 52 volunteers, all social media users, with a mean age of 22, and split them into two groups. Volunteers in the first group, known as the intervention group, were asked to follow healthy eating Instagram accounts in addition to their usual accounts. Volunteers in the second group, known as the control group, were asked to follow interior design accounts. The experiment lasted two weeks, and the volunteers recorded what they ate and drank during the time period.

Overall, participants following the healthy eating accounts ate an extra 1.4 portions of fruit and vegetables per day and 0.8 fewer energy dense items, such as high-calorie snacks and sugar-sweetened drinks, per day. This is a substantial improvement compared to previous educational and social media-based interventions attempting to improve diets.

Dr Thomas and the team believe affiliation is a key component of the change in eating behaviour. For example, the effect was more pronounced amongst participants who felt affiliated with other Instagram users.

The 2018 NHS Health Survey for England study showed that only 28% of the UK population consumed the recommended five portions of fruit and vegetables per day. Low consumption of such food is linked to heart disease, cancer and stroke, so identifying ways to encourage higher consumption is vital. Exposing people to positive social norms, using posters in canteens encouraging vegetable consumption, or in bars to discourage dangerous levels of drinking, have been shown to work. Social media is so prevalent now that the researchers believe it could be an ideal way to spread positive social norms around high fruit and vegetable consumption, particularly amongst younger people.

Dr Thomas said:

"This is only a pilot intervention study at the moment, but it's quite an exciting suite of findings, as it suggests that even some minor tweaks to our social media accounts might lead to substantial improvements in diet, at zero cost! Our future work will examine whether such interventions actually do change our perceptions of what others are consuming, and also, whether these interventions produce effects that are sustained over time."

Dr Hawkins, who is now at the University of Exeter, said:

"Our previous research has demonstrated that social norms on social media may nudge food consumption, but this pilot demonstrates that this translates to the real world. Of course, we would like to now understand whether this can be replicated in a larger, community sample."
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Low intensity exercise linked to reduced depression | ScienceDaily
New research has found a significant association between participating in low to moderate intensity exercise and reduced rates of depression.


						
Researchers from Anglia Ruskin University (ARU) carried out an umbrella review of studies carried out across the world to examine the potential of physical activity as a mental health intervention.

The analysis, published in the journal Neuroscience and Biobehavioural Reviews, found that physical activity reduced the risk of depression by 23% and anxiety by 26%. A particularly strong association was found between low and moderate physical activity, which included activities such as gardening, golf and walking, and reduced risk of depression. However, this was not strongly observed for high intensity exercise.

Physical activity was also significantly associated with reduced risk of severe mental health conditions, including a reduction in psychosis/schizophrenia by 27%.

The results were consistent in both men and women, and across different age groups and across the world.

Lead author Lee Smith, Professor of Public Health at Anglia Ruskin University (ARU), said: "Preventing mental health complications effectively has emerged as a major challenge, and an area of paramount importance in the realm of public health. These conditions can be complex and necessitate a multi-pronged approach to treatment, which may encompass pharmacological interventions, psychotherapy, and lifestyle changes.

"These effects of physical activity intensity on depression highlight the need for precise exercise guidelines. Moderate exercise can improve mental health through biochemical reactions, whereas high-intensity exercise may worsen stress-related responses in some individuals.

"Acknowledging differences in people's response to exercise is vital for effective mental health strategies, suggesting any activity recommendations should be tailored for the individual.

"The fact that even low to moderate levels of physical activity can be beneficial for mental health is particularly important, given that these levels of activity may be more achievable for people who can make smaller lifestyle changes without feeling they need to commit to a high-intensity exercise programme."
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Positive effect of midazolam after cardiac arrest | ScienceDaily
If a patient is successfully resuscitated after a cardiac arrest and circulation resumes, they are not out of the woods yet. A number of factors can influence whether and how they survive the trauma in the subsequent phase. The administration of the anaesthetic midazolam has a positive effect, as shown by a multicenter study of 571 patients conducted by the Research Association for Emergency Medicine Ostwestfalen-Lippe led by the University Clinic for Anaesthesiology, Intensive Care and Emergency Medicine at the Johannes Wesling clinic in Minden, hospital of Ruhr University Bochum, Germany, at the Chair of Emergency Medicine headed by Professor Jochen Hinkelbein.


						
In cases where the patient required anesthesia after successful resuscitation, midazolam improved the chances of optimal oxygen saturation and CO2 levels in the blood. The risk of a renewed drop in blood pressure or a renewed circulatory arrest didn't increase. "This specific group of patients who have been successfully resuscitated should definitely be included in the guidelines for pre-hospital anesthesia. Midazolam has proven to have a particularly positive effect in this group," concludes Dr. Gerrit Jansen, lead author of the study, which was published in the journal Deutsches Arzteblatt International on April 8, 2024.

In the event of a cardiac arrest, rapid intervention is essential: If first aiders carry out resuscitation measures in good time, the patient's circulation can be restarted in the best-case scenario. "However, it's often the case that the patient hasn't yet regained consciousness," explains Gerrit Jansen. In this phase, there are various factors that can affect the chances of survival and subsequent permanent limitations due to the circulatory arrest.

"Some patients display protective reflexes after resuscitation, such as coughing or defensive movements, which make the emergency responders' work more difficult. They often have to perform extended airway management, for example by intubating the patient in the same way as during surgery. This frequently requires sedation or anesthesia," explains Jansen. Until now, there has been concern that anaesthetic drugs could have a negative impact on the circulatory system, which has only just been restored. According to the study, however, this is not the case.

Of the 571 people included in the study who survived a cardiac arrest and were admitted to hospital, 395 were sedated, 249 of them with midazolam. The chance that their blood oxygen saturation levels were in the optimal range following a cardiac arrest increased twofold when midazolam was administered. The chance that carbon dioxide was effectively exhaled increased by a factor of 1.6 with the drug. "Our statistical methods confirmed a correlation between these results and the administration of midazolam, without any indication of negative circulatory effects," says Gerrit Jansen.

"The European guidelines of the European Resuscitation Council don't yet set out any specific recommendations for possible anesthetic drugs," explains Jansen. "The German guideline for pre-hospital anesthesia for patients with cardiovascular risk doesn't mention patients in cardiac arrest. We've therefore carried out pioneering research in this field, the results of which should be incorporated into the recommendations for the benefit of the patients."
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Giant viruses infect deadly parasite | ScienceDaily

Naegleri species are single-celled amoebae, found globally in water bodies. Notably, one species, Naegleria fowleri, thrives in warm waters above 30degC and causes primary amoebic meningoencephalitis (PAM), a rare but almost invariably fatal brain infection. A research team led by Patrick Arthofer and Matthias Horn from the University of Vienna's Center for Microbiology and Environmental Systems Science (CeMESS) has now isolated giant viruses that infect various Naegleria species.

Giant viruses, scientifically termed Nucleocytoviricota, are a virus group identified just two decades ago, primarily infecting single-celled organisms. These viruses rival bacteria in size, boasting unique structures and genetic traits previously thought exclusive to cellular life. Their discovery sparked debates over the definition of viruses and the origins of life.

"The newly discovered Naegleriaviruses were isolated from a waste water treatment plant in Klosterneuburg near Vienna and represent only the fourth isolate from a group called Klosneuviruses," says Patrick Arthofer. This discovery and the characterization of Naegleriaviruses were made possible through international collaboration with researchers from the universities in Poitiers, the Canary Islands, and the US-based Joint Genome Institute.

Naegleriaviruses are taken up mistakenly as a food source but destroy their amoeba hosts within just few hours. They exhibit a structure familiar in giant viruses, infecting host cells via a so-called stargate structure that facilitates DNA entry. Within hours, a structure known as a virus factory forms inside the amoeba cell, replicating viral genetic material outside the nucleus and assembling hundreds of new virus particles. To keep the host cell alive during this process, Naegleriaviruses likely use special proteins that suppress the cell's natural immune response, preventing premature cell death. Only after successful viral replication does cell destruction and virus release occur.

Viruses are employed in phage therapy to combat bacterial pathogens. "The newly identified Naegleriaviruses may not be suitable to treat Naegleria infections, given the challenging accessibility of the brain, where infections occur. However, this discovery opens the door to the possibility of preventative treatment of at-risk water bodies, such as during swimming pool water treatment, but this would first require further research. Regardless, the discovery of these viruses will enhance our understanding of both Naegleria biology and the viruses that infect them," says Matthias Horn.
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Computer game in school made students better at detecting fake news | ScienceDaily
A computer game helped upper secondary school students become better at distinguishing between reliable and misleading news. This is shown by a study conducted by researchers at Uppsala University and elsewhere.


						
"This is an important step towards equipping young people with the tools they need to navigate in a world full of disinformation. We all need to become better at identifying manipulative strategies -- prebunking, as it is known -- since it is virtually impossible to discern deep fakes, for example, and other AI-generated disinformation with the naked eye," says Thomas Nygren, Professor of Education at Uppsala University.

Along with three other researchers, he conducted a study involving 516 Swedish upper secondary school students in different programmes at four schools. The study, published in the Journal of Research on Technology in Education, investigated the effect of the game Bad News in a classroom setting -- this is the first time the game has been scientifically tested in a normal classroom. The game has been created for research and teaching, and the participants assume the role of spreader of misleading news. The students in the study either played the game individually, in pairs or in whole class groups with a shared scorecard -- all three methods had positive effects. This surprised the researchers, who believed students would learn more by working at the computer together.

"The students improved their ability to identify manipulative techniques in social media posts and to distinguish between reliable and misleading news," Nygren comments.

The study also showed that students who already had a positive attitude towards trustworthy news sources were better at distinguishing disinformation, and this attitude became significantly more positive after playing the game. Moreover, many students improved their assessments of credibility and were able to explain how they could identify manipulative techniques in a more sophisticated way.

The researchers noted that competitive elements in the game made for greater interest and enhanced its benefit. They therefore conclude that the study contributes insights for teachers into how serious games can be used in formal instruction to promote media and information literacy.

"Some people believe that gamification can enhance learning in school. However, our results show that more gamification in the form of competitive elements does not necessarily mean that students learn more -- though it can be perceived as more fun and interesting," Nygren says.

Participating researchers: Carl-Anton Werner Axelsson (Malardalen and Uppsala), Thomas Nygren (Uppsala), Jon Roozenbeek (Cambridge) and Sander van der Linden (Cambridge).
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Researchers unveil PI3K enzyme's dual accelerator and brake mechanisms | ScienceDaily
A group of researchers have expanded conventional knowledge on a critical enzyme that controls cell migration. In a recent publication in the journal Nature Communications, they reported that phosphoinositide 3-kinase (PI3K) not only acts as an accelerator to prompt cell motility, but it also has a built-in brake mechanism that impedes migration.


						
"PI3K is a major signaling enzyme that has been extensively studied for over 30 years due to its roles in fundamental cellular functions like growth, survival, movement and metabolism," points out Hideaki Matsubayashi, lead author of the study and assistant professor at Tohoku University's Frontier Research Institute for Interdisciplinary Sciences (FRIS). "It plays a critical part in cell migration and invasion, something that, when dysregulated, can cause many pathologies. Our work revealed that PI3K can also actively restrain these same migratory processes through a separate non-catalytic endocytic mechanism originating from its p85b subunit."

Using a combination of bioinformatics, molecular modeling, biochemical binding assays and live-cell imaging, Matsubayashi and his colleagues demonstrated that a disordered region within p85b's inter-SH2 domain directly binds to the endocytic protein AP2. This part of PI3K can activate a cellular process that pulls certain molecules into the cell, and it does so without needing the enzyme's typical lipid-modification function.

When the researchers disrupted the binding, the mutated p85b did not function as it should. Instead of regulating cell movement through its brake mechanism, it built up in specific sites within the cell. This leads to cells moving faster and more persistently, indicating a loss of the brake mechanism's control over cell migration.

"Remarkably, this single PI3K enzyme has opposing accelerator and brake pedals built into its molecular framework," added Matsubayashi. "The endocytic mechanism helps regulate PI3K's activity to ensure that cell movement is controlled at the right times and in the right places for important biological processes."

This braking role was found to be specific to just the p85b subunit. And since the p85b subunit of PI3K is linked to cancer-promoting properties, deeper understanding of PI3K regulation and its isoform specificity could lead to novel therapeutic strategies, such that selectively inhibit the cancerous aspect of PI3K, while preserving the normal functions of PI3K in healthy cells.
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Holographic displays offer a glimpse into an immersive future | ScienceDaily
Setting the stage for a new era of immersive displays, researchers are one step closer to mixing the real and virtual worlds in an ordinary pair of eyeglasses using high-definition 3D holographic images, according to a study led by Princeton University researchers.


						
Holographic images have real depth because they are three dimensional, whereas monitors merely simulate depth on a 2D screen. Because we see in three dimensions, holographic images could be integrated seamlessly into our normal view of the everyday world.

The result is a virtual and augmented reality display that has the potential to be truly immersive, the kind where you can move your head normally and never lose the holographic images from view. "To get a similar experience using a monitor, you would need to sit right in front of a cinema screen," said Felix Heide, assistant professor of computer science and senior author on a paper published April 22 in Nature Communications.

And you wouldn't need to wear a screen in front of your eyes to get this immersive experience. Optical elements required to create these images are tiny and could potentially fit on a regular pair of glasses. Virtual reality displays that use a monitor, as current displays do, require a full headset. And they tend to be bulky because they need to accommodate a screen and the hardware necessary to operate it.

"Holography could make virtual and augmented reality displays easily usable, wearable and ultrathin," said Heide. They could transform how we interact with our environments, everything from getting directions while driving, to monitoring a patient during surgery, to accessing plumbing instructions while doing a home repair.

One of the most important challenges is quality. Holographic images are created by a small chip-like device called a spatial light modulator. Until now, these modulators could only create images that are either small and clear or large and fuzzy. This tradeoff between image size and clarity results in a narrow field of view, too narrow to give the user an immersive experience. "If you look towards the corners of the display, the whole image may disappear," said Nathan Matsuda, research scientist at Meta and co-author on the paper.

Heide, Matsuda and Ethan Tseng, doctoral student in computer science, have created a device to improve image quality and potentially solve this problem. Along with their collaborators, they built a second optical element to work in tandem with the spatial light modulator. Their device filters the light from the spatial light modulator to expand the field of view while preserving the stability and fidelity of the image. It creates a larger image with only a minimal drop in quality.

Image quality has been a core challenge preventing the practical applications of holographic displays, said Matsuda. "The research brings us one step closer to resolving this challenge," he said.

The new optical element is like a very small custom-built piece of frosted glass, said Heide. The pattern etched into the frosted glass is the key. Designed using AI and optical techniques, the etched surface scatters light created by the spatial light modulator in a very precise way, pushing some elements of an image into frequency bands that are not easily perceived by the human eye. This improves the quality of the holographic image and expands the field of view.

Still, hurdles to making a working holographic display remain. The image quality isn't yet perfect, said Heide, and the fabrication process for the optical elements needs to be improved. "A lot of technology has to come together to make this feasible," said Heide. "But this research shows a path forward."
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How parasites shape complex food webs | ScienceDaily

"Food webs are intricate networks where species interact with each other," says Dr Weini Huang Reader in Mathematical Biology. "Parasites, a massive but often overlooked component of these webs, can significantly impact their stability by affecting both predator and prey populations."

The research team is a new interdisciplinary collaboration between the group of Professor Christophe Eizaguirre, Professor of Evolutionary and Conservation Genetics in the school of Biological and Behavioural Sciences and Dr Weini Huang, Reader in Mathematical Biology in the School of Mathematical Sciences. Together with two earlier career researchers, Ana C. Hijar Islas and Amy Milne, they thoughtfully investigated this complex system through mathematical analysis and stochastic simulations, which considers microscopic events like reproduction, death, competition, infection, and predation at the individual level.

The study revealed that stochasticity, random fluctuations in population sizes, plays a significant role in determining whether species coexist or go extinct, particularly at the boundary between these states.

Dr Weini Huang and Amy Milne played a crucial role in developing the model's mathematical framework. Dr Huang explains: "We found that the relative abundance of infected and uninfected individuals can be reversed between the prey and predator populations. This counterintuitive finding suggests that the interplay of direct and indirect parasite effects plays a significant role in shaping infection prevalence throughout the food web."

Professor Eizaguirre emphasises the importance of this research: "Understanding how parasites influence food web dynamics is crucial for predicting the impact of environmental changes on ecosystem health but also risks of spread of invasive diseases. Our findings provide a valuable framework for exploring risks of certain parasites to become invasive as they are move with their hosts"

"Our findings provide a valuable foundation for understanding how these systems evolve over time," concludes Dr Weini Huang. The team have developed a further study built upon this framework by incorporating the evolution of key parameters, such as reproduction costs and infection probability, under the combined influence of ecological and evolutionary pressures."

This research has the potential to inform conservation efforts by providing a deeper understanding of how parasites can influence the resilience of ecosystems. By incorporating parasite dynamics into ecological models, conservation biologists can develop more effective strategies to protect vulnerable species and maintain healthy ecosystems.
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This salt battery harvests osmotic energy where the river meets the sea | ScienceDaily
Estuaries -- where freshwater rivers meet the salty sea -- are great locations for birdwatching and kayaking. In these areas, waters containing different salt concentrations mix and may be sources of sustainable, "blue" osmotic energy. Researchers in ACS Energy Letters report creating a semipermeable membrane that harvests osmotic energy from salt gradients and converts it to electricity. The new design had an output power density more than two times higher than commercial membranes in lab demonstrations.


						
Osmotic energy can be generated anywhere salt gradients are found, but the available technologies to capture this renewable energy have room for improvement. One method uses an array of reverse electrodialysis (RED) membranes that act as a sort of "salt battery," generating electricity from pressure differences caused by the salt gradient. To even out that gradient, positively charged ions from seawater, such as sodium, flow through the system to the freshwater, increasing the pressure on the membrane. To further increase its harvesting power, the membrane also needs to keep a low internal electrical resistance by allowing electrons to easily flow in the opposite direction of the ions. Previous research suggests that improving both the flow of ions across the RED membrane and the efficiency of electron transport would likely increase the amount of electricity captured from osmotic energy. So, Dongdong Ye, Xingzhen Qin and colleagues designed a semipermeable membrane from environmentally friendly materials that would theoretically minimize internal resistance and maximize output power.

The researchers' RED membrane prototype contained separate (i.e., decoupled) channels for ion transport and electron transport. They created this by sandwiching a negatively charged cellulose hydrogel (for ion transport) between layers of an organic, electrically conductive polymer called polyaniline (for electron transport). Initial tests confirmed their theory that decoupled transport channels resulted in higher ion conductivity and lower resistivity compared to homogenous membranes made from the same materials. In a water tank that simulated an estuary environment, their prototype achieved an output power density 2.34 times higher than a commercial RED membrane and maintained performance during 16 days of non-stop operation, demonstrating its long-term, stable performance underwater. In a final test, the team created a salt battery array from 20 of their RED membranes and generated enough electricity to individually power a calculator, LED light and stopwatch.

Ye, Qin and their team members say their findings expand the range of ecological materials that could be used to make RED membranes and improve osmotic energy-harvesting performance, making these systems more feasible for real-world use.

The authors acknowledge funding from the National Natural Science Foundation of China.
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AI tool recognizes serious ocular disease in horses | ScienceDaily
Researchers at the LMU Equine Clinic have developed a deep learning tool that is capable of reliably diagnosing moon blindness in horses based on photos.


						
Colloquially known as moon blindness, equine recurrent uveitis (ERU) is an inflammatory ocular disease in horses, which can lead to blindness or loss of the affected eye. It is one of the most common eye diseases in horses and has a major economic impact. Correct and swift diagnosis is very important to minimize lasting damage. A team led by Professor Anna May from the LMU Equine Clinic has developed and trained a deep learning tool that reliably recognizes the disease and can support veterinary doctors in the making of diagnoses, as the researchers report in a current study.

In an online survey, the researchers asked some 150 veterinarians to evaluate 40 photos. The pictures showed a mixture of healthy eyes, eyes with ERU, and eyes with other diseases. Working on the basis of image analyses, the deep learning tool was given the task of evaluating the same photos. Subsequently, May compared the results of the veterinarians against those of the AI. She discovered that veterinary doctors specialized in horses interpreted the pictures correctly 76 percent of the time, while the remaining vets from small animal or mixed practices were right 67 percent of the time. "With the deep learning tool, the probability of getting a correct answer was 93 percent," says May. "Although the differences were not statistically significant, they nonetheless show that the AI reliably recognizes an ERU and has great potential as a tool for supporting veterinary doctors."

The tool is web-app-based and simple to use. All you need is a smartphone. "It's not meant to replace veterinarians, but can help them reach the correct diagnosis. It is particularly valuable for less experienced professionals or for horse owners in regions where vets are few and far between," emphasizes May. Through the early detection of ERU, affected horses can receive appropriate treatment more quickly, which can be decisive in slowing down the progress of the disease and saving the afflicted eyes.
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Modeling broader effects of wildfires in Siberia | ScienceDaily
As wildfires in Siberia become more common, global climate modeling estimates significant impacts on climate, air quality, health, and economies in East Asia and across the northern hemisphere.


						
The global effects of increasing wildfires in Siberia have been modeled by researchers at Hokkaido University and colleagues at the University of Tokyo and Kyushu University. The results, published in the journal Earth's Future, suggest significant and widespread effects on air quality, climate, health, and economics under the most extreme wildfire scenarios.

The authors performed global numerical simulation experiments to evaluate how the increased intensity of wildfires in Siberia would affect air quality, premature mortality, and economy through increased atmospheric aerosols (air pollution particles) under the present climate and near-future global warming scenarios.

"Our modeling reveals a cooling effect broadly across the northern hemisphere and worsened air quality in extensive downwind regions," says Associate Professor Teppei Yasunari of the Hokkaido team.

A major impact of wildfires on the atmosphere is their emission of atmospheric aerosols -- mixtures of tiny particles suspended in the air. These aerosols affect air quality and can have wide-ranging effects on climate.

This research focused on the Siberian wildfires using a Japanese global climate modeling system called the Model for Interdisciplinary Research on Climate version 5 (MIROC5), combined with other models, such as the aerosol model SPRINTARS. The analysis combined atmospheric effects with exploring coupled influences between the atmosphere and the oceans.

The simulated atmospheric cooling effect across broad areas throughout the northern hemisphere is likely linked to the reflection of sunlight from the aerosol particles. The research suggests this may induce a partial suppression of warming under the near-future global warming conditions near the Siberian wildfire areas.




Under the most extreme wildfire scenario, another significant impact will be worsened air quality due to particulate and gas (aerosol precursor) pollution emissions, not only in the local regions but also across large areas of East Asia that are generally downwind of the wildfires.

"Our results suggest that increased efforts are needed to limit the effects of the Siberian wildfires somehow to prevent excess deaths, respiratory and other illnesses, and economic losses because it is hard to prevent the occurrence of Siberian wildfires in such large areas," Yasunari says.

The modeling suggests that the estimated direct impact of increased deaths due to air pollution could incur health-related costs in the order of 10 billion US dollars annually. However, this study did not consider substantial further costs and secondary social effects that could result from non-fatal illnesses, leading to workplace absences and reduced educational opportunities. Therefore, a greater level of costs may be possible in reality.

The surprisingly broad significance of wildfires in Siberia assessed by the global sensitivity simulations with the global climate model suggests that the model's performance should be further refined to allow quantitatively improved estimated impacts that will assist efforts to understand and mitigate the effects.

"Our findings send a critical message about the broad effect of increased particulate matter due to massive wildfires in the atmosphere on climate and air quality, which will become ever more significant as the worldwide changes due to global warming proceed," Yasunari concludes.
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Researchers find oldest undisputed evidence of Earth's magnetic field | ScienceDaily
A new study, led by the University of Oxford and MIT, has recovered a 3.7-billion-year-old record of Earth's magnetic field, and found that it appears remarkably similar to the field surrounding Earth today. The findings have been published today in the Journal of Geophysical Research.


						
Without its magnetic field, life on Earth would not be possible since this shields us from harmful cosmic radiation and charged particles emitted by the Sun (the 'solar wind'). But up to now, there has been no reliable date for when the modern magnetic field was first established.

In the new study, the researchers examined an ancient sequence of iron-containing rocks from Isua, Greenland. Iron particles effectively act as tiny magnets that can record both magnetic field strength and direction when the process of crystallization locks them in place. The researchers found that rocks dating from 3.7 billion years ago captured a magnetic field strength of at least 15 microtesla comparable to the modern magnetic field (30 microtesla).

These results provide the oldest estimate of the strength of Earth's magnetic field derived from whole rock samples, which provide a more accurate and reliable assessment than previous studies which used individual crystals.

Lead researcher Professor Claire Nichols (Department of Earth Sciences, University of Oxford) said: 'Extracting reliable records from rocks this old is extremely challenging, and it was really exciting to see primary magnetic signals begin to emerge when we analysed these samples in the lab. This is a really important step forward as we try and determine the role of the ancient magnetic field when life on Earth was first emerging.'

Whilst the magnetic field strength appears to have remained relatively constant, the solar wind is known to have been significantly stronger in the past. This suggests that the protection of Earth's surface from the solar wind has increased over time, which may have allowed life to move onto the continents and leave the protection of the oceans.

Earth's magnetic field is generated by mixing of the molten iron in the fluid outer core, driven by buoyancy forces as the inner core solidifies, which create a dynamo. During Earth's early formation, the solid inner core had not yet formed, leaving open questions about how the early magnetic field was sustained. These new results suggest the mechanism driving Earth's early dynamo was similarly efficient to the solidification process that generates Earth's magnetic field today.




Understanding how Earth's magnetic field strength has varied over time is also key for determining when Earth's inner, solid core began to form. This will help us to understand how rapidly heat is escaping from Earth's deep interior, which is key for understanding processes such as plate tectonics.

A significant challenge in reconstructing Earth's magnetic field so far back in time is that any event which heats the rock can alter preserved signals. Rocks in the Earth's crust often have long and complex geological histories which erase previous magnetic field information. However, the Isua Supracrustal Belt has a unique geology, sitting on top of thick continental crust which protects it from extensive tectonic activity and deformation. This allowed the researchers to build a clear body of evidence supporting the existence of the magnetic field 3.7 billion years ago.

The results may also provide new insights into the role of our magnetic field in shaping the development of Earth's atmosphere as we know it, particularly regarding atmospheric escape of gases. A currently unexplained phenomenon is the loss of the unreactive gas xenon from our atmosphere more than 2.5 billion years ago. Xenon is relatively heavy and therefore unlikely to have simply drifted out of our atmosphere. Recently, scientists have begun to investigate the possibility that charged xenon particles were removed from the atmosphere by the magnetic field.

In the future, researchers hope to expand our knowledge of Earth's magnetic field prior to the rise of oxygen in Earth's atmosphere around 2.5 billion years ago by examining other ancient rock sequences in Canada, Australia, and South Africa. A better understanding of the ancient strength and variability of Earth's magnetic field will help us to determine whether planetary magnetic fields are critical for hosting life on a planetary surface and their role in atmospheric evolution.
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Biophysics: Testing how well biomarkers work | ScienceDaily
LMU researchers have developed a method to determine how reliably target proteins can be labeled using super-resolution fluorescence microscopy.


						
Modern microscopy techniques make it possible to examine the inner workings of cells in astonishing detail. "We can now observe the arrangement and interaction of individual proteins under the microscope," says Professor Ralf Jungmann, Chair of Molecular Physics of Life at LMU and Max Planck Fellow at the MPI of Biochemistry. The biophysicist's team recently developed the revolutionary RESI (Resolution Enhancement by Sequential Imaging) method. This technique can be used to improve the resolution of fluorescence microscopy down to the Angstrom scale -- far below the classical diffraction limit of light. DNA-conjugated marker molecules, which the researchers attach precisely to the molecules they want to understand better, are crucial for this.

Jungmann's team has now presented a technique in the journal Nature Methods that can be used to quantify how well biomarker molecules bind to the target proteins. "This is absolutely crucial if you want to make quantitatively reliable statements," explains the physicist. If you know the labeling efficiency, you can carry out spatially resolved proteomics in this way. This allows you to find out not only what individual proteins do in a cell, but also to what extent they are present and how their quantity and behavior change under certain circumstances. "But this is only possible if we can assess how well the labeling has worked." This is because only labeled proteins emit flashes of light under the microscope and thus become visible.

Reliable and versatile

The method developed by Jungmann's team makes this assessment possible by adding a reference biomarker to the target proteins. This marker "glows" in a different color during microscopy, so that successfully marked proteins appear in two colors. Jungmann's team demonstrated this using the membrane protein CD86, among others: The reference produces a pink fluorescence, the actual marker a bluish one. This creates a pattern of innumerable pink and blue points of light. Where the marking did not work, only the reference lights up individually. The marking efficiency is calculated from the ratio of double and single illuminated molecules.

The method offers several advantages compared to previous methods for determining binding efficiency: "It works not only in vitro, but also in vivo, i.e. in the context of intact cells," explains Jungmann. "The technique can also be applied to a variety of different target molecules, biomarkers, and samples and is compatible with a whole range of super-resolution methods." A reliable and widely applicable means of assessing marker efficiency is crucial to ensure accurate data evaluation and enable reliable comparisons between different binders, labeling conditions, and research laboratories.

The authors of the study are certain that the new quantification method has paved the way for significantly expanding the potential of their super-resolution microscope method: "Now we can also consider specific biomedical applications in which the quantitative detection of proteins and processes is of great importance," says Jungmann. This includes cancer research, for example, where information about interactions between proteins on the cell surface and drugs with molecular resolution is essential for the development of new types of medication.
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Shoreline model predicts long-term future of storm protection and sea-level rise | ScienceDaily
Researchers in North Carolina have created a simulation model to analyze how coastal management activities meant to protect barrier islands from sea-level rise can disrupt the natural processes that are keeping barrier islands above water.


						
"Coastal management strategies intended to protect people, property and infrastructure from storm impacts can, over decades, increase vulnerability, even leading to the loss of barrier islands, especially as sea-level rise rates increase," said A. Brad Murray, professor of geomorphology and coastal processes at Duke University's Nicholas School of the Environment.

He and other researchers in North Carolina created a computer model that simulates dynamics of barrier island systems over the next two centuries, showing how natural processes that create and maintain these systems affect communities and infrastructure, and how human efforts to protect communities and infrastructure, in turn, affect those natural processes. They published a pair of studies on the work April 9, 2024 in Earth Futures.

Barrier islands are narrow offshore landforms that run parallel to the mainland coastline. These are dynamic features, naturally gaining elevation and migrating landward as sea level rises or sediment supply dwindles. Barrier islands absorb wave energy before waves hit the mainland, which can lessen coastal storm surge and flooding. The United States has the greatest extent of barriers worldwide, stretching across much of the Southeast and Gulf of Mexico.

Coastal communities on barrier islands, which have long grappled with eroding shorelines and coastal storms, now face substantial sea-level rise due to climate change. They are already encountering increased risks of coastal flooding and threats to critical infrastructure.

Many of these coastal communities rely on federally subsidized "beach nourishment" -- the artificial widening of beaches with sand -- or engineered solutions, such as the construction of artificially high dunes, to adapt to changing climate threats.

Some of these solutions, however, interrupt natural processes that have kept barriers above sea level.




Sand deposited on these islands when storm waves knock down dunes is essential to maintain barriers' width and elevation. But on developed barriers, storm fallout -- including overwashed sand on roads -- are hazards.

"Counterintuitively, the more successful humans are in preventing storm impacts, the less resilient the barrier system becomes in the long term," said co-author, Laura Moore, professor of coastal geomorphology at the University of North Carolina at Chapel Hill. "Difficult tradeoffs are going to be inevitable when it comes to managing the coast with the hope of preserving coastal living as we know it."

The researchers' modelling demonstrates that how long a barrier remains habitable varies with different coastal management strategies and climate scenarios.

For example, the model showed that shifting away from the practices of protecting roads with tall dunes and bulldozing overwashed sand off paved surfaces may allow barriers that would have become uninhabitable to rebound and keep up with sea level rise longer.

Adopting management strategies that allow one segment of the shoreline to evolve naturally -- such as building a long bridge to replace part of a highway -- can increase the barrier system's resilience in that area. However, management strategies in one area affect erosion rates in adjacent areas.

Increasing long-term resilience in one area can come at the cost of higher shoreline stabilization costs for neighboring communities. Given these connections along the shore, stakeholders in neighboring coastal areas may benefit from collaborating, the authors noted.

"There's no perfect solution," said the study's lead author, Katherine Anarde, assistant professor of coastal engineering at North Carolina State University. "Understanding an entire barrier system and how it responds to different coastal management decisions is critical to assessing the sustainability of coastal development over the coming decades. The model helps us consider several factors in managing coastal areas to ensure we're not unintentionally making things worse in the long run, and to weigh the tradeoffs."

The National Science Foundation, University of Virginia, and the Gulf Research Program Early-Career Research Fellowship co-funded this study.
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High-resolution lidar sees birth zone of cloud droplets | ScienceDaily
A team led by atmospheric scientists at the U.S. Department of Energy's Brookhaven National Laboratory has demonstrated the first-ever remote observations of the fine-scale structure at the base of clouds. The results, just published in the Nature publication NPJ Climate and Atmospheric Science, show that the air-cloud interface is not a perfect boundary but rather is a transition zone where aerosol particles suspended in Earth's atmosphere give rise to the droplets that ultimately form clouds.


						
"We are interested in this 'droplet activation zone,' where most cloud droplets are initially formed at the cloud base, because the number of droplets formed there will affect the later stages and properties of the cloud -- including how much sunlight a cloud reflects and the likelihood of precipitation," said Brookhaven atmospheric scientist Fan Yang, the first author on the paper.

"If there are more aerosols in the atmosphere, clouds tend to have more droplets, but the droplets will each be smaller, which means they can reflect more sunlight," Yang said. "This might help to cool our warming Earth," he noted.

But to accurately predict the impacts of these aerosol-cloud interactions on the climate system, scientists need a way to measure cloud droplet number concentrations -- without having to fly up into lots of clouds to collect samples.

"This remains one of the biggest challenges in our field," Yang said.

The new remote-sensing measurements and method provide a novel way to estimate droplet concentration, which will enable scientists to gain insight into how changes in atmospheric aerosol levels could affect clouds and climate.

Seeing clouds in finer detail

Atmospheric lidars -- which send laser beams into the atmosphere and measure the signals of light backscattered from molecules, aerosols, and cloud droplets in the atmosphere -- have been widely used to measure the distance to the cloud base. But traditional lidars can't resolve detailed structures within the cloud base because they typically have a resolution of 10 meters or more.




"Ten meters is like the height of a building," said Yang, noting the ability of this scale to detect large objects. "But to know how many floors or windows that building has, you'd need much finer resolution."

To see details within the cloud base, the Brookhaven team worked with colleagues at Stevens Institute of Technology (SIT) and Raymetrics S.A. to build a new kind of lidar. Their device, described in an earlier publication, is a time-gated, time-correlated, single-photon counting lidar (T2 lidar) with a resolution down to 10 centimeters. That's two orders of magnitude higher resolution than traditional atmospheric lidars.

"With such a high resolution, the T2 lidar observations reveal the transition zone where aerosol particles absorb water vapor to be transformed into cloud droplets," Yang said.

"We used our unprecedented fine-scale T2 observations of the cloud base region to develop a theoretical model to estimate cloud droplet concentration based on T2-measured backscatter signals," he added.

One unique feature of the T2 lidar is the application of the time-gating technique -- forcing the detector to open its "eye" to make measurements in a narrow observational window in the atmosphere.

"This time gating allows us to 'look' at a specific region of interest within the cloud. This is different from a conventional lidar, where the lidar's 'eye' is generally open, being ready to capture back-scattered photons nearly all the time," Yang said.




By setting the time delay between the T2 lidar's laser pulse and the eye opening to different time intervals, the scientists can sample signals at different regions through the cloud.

The device also has a very high repetition rate, firing 20,000 laser pulses per second.

"We can learn about cloud properties from how the back-scattered signals are distributed within the observational window," Yang said.

Application for cloud chamber observations

To make the technique truly useful for accurate remote real-world measurements, the T2 lidar will have to be properly calibrated. That is, scientists need to fully understand how the measured light signals match up with the real-world cloud properties so they can fine-tune the computational algorithms they've written to relate one to the other.

Traditional lidar measurements of atmospheric clouds are sometimes cross-checked and calibrated by flying an aircraft through clouds to capture droplet samples. Scientists try to calibrate the lidar readings with the "true" properties of droplets from the in-situ aircraft measurements.

"The problem is, the remote sensing and in-situ measurements are usually not co-located," Yang said. That is, it's highly unlikely that an upward pointing lidar with a coarse resolution and a plane flying horizontally to collect a thin sample stream are gathering data on the same part of the cloud at the same time.

To improve on this situation, the Brookhaven and SIT team is using a technique similar to what they used in the T2 lidar to build a lidar with even finer resolution -- down to one centimeter. By using this higher-resolution lidar to make observations in a lab-based cloud chamber, they'll be able to match up backscattering signals with in-situ measurements of cloud physical properties taken at the same time and in the same location.

"Then we can take the lidar back out into the real atmosphere and be more confident in how our lidar measurements relate to cloud properties such as droplet number, concentration, and distribution," Yang said.

"This is just a start," Yang noted. "Our study highlights the benefits of applying advanced technologies to observe atmospheric clouds at submeter scales, which can open up new avenues for advancing our understanding of cloud microphysical properties and processes that are crucial to weather and climate."

The development of the T2 lidar was supported by Brookhaven National Laboratory Program Development and Laboratory Directed Research and Development funding. Collaborators received additional support from the National Science Foundation and the DOE Office of Science (BER).
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Making diamonds at ambient pressure | ScienceDaily
Did you know that 99% of synthetic diamonds are currently produced using high-pressure and high-temperature (HPHT) methods?[2] A prevailing paradigm is that diamonds can only be grown using liquid metal catalysts in the gigapascal pressure range (typically 5-6 GPa, where 1 GPa is about 10,000 atm), and typically within the temperature range of 1300-1600 degC. However, the diamonds produced using HPHT are always limited to sizes of approximately one cubic centimeter due to the components involved. That is -- achieving such high pressures can only be done at a relatively small length scale. Discovering alternative methods to make diamonds in liquid metal under milder conditions (particularly at lower pressure) is an intriguing basic science challenge that if achieved could revolutionize diamond manufacturing. Could the prevailing paradigm be challenged?


						
A team of researchers led by Director Rod RUOFF at the Center for Multidimensional Carbon Materials (CMCM) within the Institute for Basic Science (IBS), including graduate students at the Ulsan National Institute of Science and Technology (UNIST), have grown diamonds under conditions of 1 atmosphere pressure and at 1025 degC using a liquid metal alloy composed of gallium, iron, nickel, and silicon, thus breaking the existing paradigm. The discovery of this new growth method opens many possibilities for further basic science studies and for scaling up the growth of diamonds in new ways.

Director Ruoff, who is also a UNIST Distinguished Professor notes, "This pioneering breakthrough was the result of human ingenuity, unremitting efforts, and the concerted cooperation of many collaborators." Researchers led by Ruoff conducted a series of experiments, involving several hundred parameter adjustments and a variety of experimental approaches before they finally succeeded in growing diamonds using a 'home-built' cold-wall vacuum system.

Ruoff notes "We had been running our parametric studies in a large chamber (named RSR-A with an interior volume of 100 liters) and our search for parameters that would yield growth of diamond was slowed due to the time needed to pump out air (about 3 minutes), purge with inert gas (90 minutes), followed by pumping down again to vacuum level (3 minutes) so that the chamber could then be filled with 1 atmosphere pressure of quite pure hydrogen/methane mixture (again 90 minutes); that is over 3 hours before the experiment could be started! I asked Dr. Won Kyung SEONG to design & build a much smaller chamber to greatly reduce the time needed to start (and finish!) the experiment with the liquid metal exposed to the mixture of methane and hydrogen." Seong adds, "Our new homebuilt system (named RSR-S, with an interior volume of only 9 liters) can be pumped out, purged, pumped out, and filled with methane/hydrogen mixture, in a total time of 15 minutes. Parametric studies were greatly accelerated, and this helped us discover the parameters for which diamond grows in the liquid metal!"

The team discovered that diamond grows in the sub-surface of a liquid metal alloy consisting of a 77.75/11.00/11.00/0.25 mix (atomic percentages) of gallium/nickel/iron/silicon when exposed to methane and hydrogen under 1 atm pressure at ~1025 degC.

Yan GONG, UNIST graduate student and first author, explains "One day with the RSR-S system when I ran the experiment and then cooled down the graphite crucible to solidify the liquid metal, and removed the solidified liquid metal piece, I noticed a 'rainbow pattern' spread over a few millimeters on the bottom surface of this piece. We found out that the rainbow colors were due to diamonds! This allowed us to to identify parameters that favored the reproducible growth of diamond."

The initial formation occurs without the need for diamond or other seed particles commonly used in conventional HPHT and chemical vapor deposition synthesis methods. Once formed, the diamond particles merge to form a film, which can be easily detached and transferred to other substrates, for further studies and potential applications.




The synchrotron two-dimensional X-ray diffraction measurements confirmed that the synthesized diamond film has a very high purity of the diamond phase. Another intriguing aspect is the presence of silicon-vacancy color centers in the diamond structure, as an intense zero-phonon line at 738.5 nm in the photoluminescence spectrum excited by using a 532 nm laser was found.

Coauthor Dr. Meihui WANG notes, "This synthesized diamond with silicon-vacancy color centers may find applications in magnetic sensing and quantum computing."

The research team delved deeply into possible mechanisms for diamonds to nucleate and grow under these new conditions. High-resolution transmission electron microscope (TEM) imaging on cross-sections of the samples showed about 30-40 nm thick amorphous subsurface region in the solidified liquid metal that was directly in contact with the diamonds. Coauthor Dr. Myeonggi CHOE notes, "Approximately 27 percent of atoms that were present at the top surface of this amorphous region were carbon atoms, with the carbon concentration decreasing with depth."

Ruoff elaborates, "The presence of such a high concentration of carbon 'dissolved' in a gallium-rich alloy could be unexpected, as carbon is reported to be not soluble in gallium. This may explain why this region is amorphous -- while all other regions of the solidified liquid metal are crystalline. This sub-surface region is where our diamonds nucleate and grow and we thus focused on it."

Researchers exposed the Ga-Fe-Ni-Si liquid metal to the methane/hydrogen for short periods of time to try to understand the early growth stage -- well prior to the formation of a continuous diamond film. They then analyzed the concentrations of carbon in the subsurface regions using time-of-flight secondary ion mass spectrometry depth profiling. After a 10-minute run, no diamond particles were evident but there were ~65 at% carbon atoms present in the region where the diamond typically grows. Diamond particles began to be found after a 15-minute run, and there was a lower subsurface C atom concentration of ~27 at%.

Ruoff explains, "The concentration of subsurface carbon atoms is so high at around 10 minutes that this time exposure is close to or at supersaturation, leading to the nucleation of diamonds either at 10 minutes or sometime between 10 and 15 minutes. The growth of diamond particles is expected to occur very rapidly after nucleation, at some time between about 10 minutes and 15 minutes."

The temperature in 27 different locations in the liquid metal was measured with an attachment to the growth chamber having an array of nine thermocouples that was designed and built by Seong. The central region of the liquid metal was found to be at a lower temperature compared to the corners and sides of the chamber. It is thought that this temperature gradient is what drives carbon diffusion towards the central region, facilitating diamond growth.




The team also discovered that silicon plays a critical role in this new growth of diamond. The size of the grown diamonds becomes smaller and their density higher as the concentration of silicon in the alloy was increased from the optimal value. Diamonds could not be grown at all without the addition of silicon, which suggests that silicon may be involved in the initial nucleation of diamond.

This was supported by the various theoretical calculations conducted to uncover the factors that may be responsible for the growth of diamonds in this new liquid metal environment. Researchers found that silicon promotes the formation and stabilization of certain carbon clusters by predominantly forming sp3 bonds like carbon. It is thought that small carbon clusters containing Si atoms might serve as the 'pre-nuclei', which can then grow further to nucleate a diamond. It is predicted that the likely size range for an initial nucleus is around 20 to 50 C atoms.

Ruoff states, "Our discovery of nucleation and growth of diamond in this liquid metal is fascinating and offers many exciting opportunities for more basic science. We are now exploring when nucleation, and thus the rapid subsequent growth of diamond, happens. Also 'temperature drop' experiments where we first achieve supersaturation of carbon and other needed elements, followed by rapidly lowering the temperature to trigger nucleation -- are some studies that seem promising to us."

The team discovered their growth method offers significant flexibility in the composition of liquid metals. Researcher Dr. Da LUO remarks, "Our optimized growth was achieved using the gallium/nickel/iron/silicon liquid alloy. However, we also found that high-quality diamond can be grown by substituting nickel with cobalt or by replacing gallium with a gallium-indium mixture."

Ruoff concludes, "Diamond might be grown in a wide variety of relatively low melting point liquid metal alloys such as containing one or more of indium, tin, lead, bismuth, gallium, and potentially antimony and tellurium -- and including in the molten alloy other elements such as manganese, iron, nickel, cobalt and so on as catalysts, and others as dopants that yield color centers. And there is a wide range of carbon precursors available besides methane (various gases, and also solid carbons). New designs and methods for introducing carbon atoms and/or small carbon clusters into liquid metals for diamond growth will surely be important, and the creativity and technical ingenuity of the worldwide research community seem likely to me, based on our discovery, to rapidly lead to other related approaches and experimental configurations. There are numerous intriguing avenues to explore!"

This research was supported by the Institute for Basic Science and has been published in the journal Nature.
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Eruption of mega-magnetic star lights up nearby galaxy | ScienceDaily
While ESA's satellite INTEGRAL was observing the sky, it spotted a burst of gamma-rays -- high-energy photons -- coming from the nearby galaxy M82. Only a few hours later, ESA's XMM-Newton X-ray space telescope searched for an afterglow from the explosion but found none. An international team, including researchers from the University of Geneva (UNIGE), realised that the burst must have been an extra-galactic flare from a magnetar, a young neutron star with an exceptionally strong magnetic field. The discovery is published in the journal Nature.


						
On 15 November 2023, ESA's satellite INTEGRAL spotted a sudden explosion from a rare object. For only a tenth of a second, a short burst of energetic gamma-rays appeared in the sky. "The satellite data were received in the INTEGRAL Science Data Centre (ISDC), based on the Ecogia site of the UNIGE Astronomy Department, from where a gamma-ray burst alert was sent out to astronomers worldwide, only 13 seconds after its detection," explains Carlo Ferrigno, senior research associate in the Astronomy Department at UNIGE Faculty of Science, PI of the ISDC and co-author of the publication.

The IBAS (Integral Burst Alert System) software gave an automatic localisation coinciding with the galaxy M82, 12 million light-years away. This alert system was developed and is operated by scientists and engineers from the UNIGE in collaboration with international colleagues.

A curious signal from a nearby galaxy? 

"We immediately realised that this was a special alert. Gamma-ray bursts come from far-away and anywhere in the sky, but this burst came from a bright nearby galaxy," explains Sandro Mereghetti of the National Institute for Astrophysics (INAF-IASF) in Milan, Italy, lead author of the publication and contributor of IBAS. The team immediately requested ESA's XMM-Newton space telescope to perform a follow-up observation of the burst's location as soon as possible. If this had been a short gamma-ray burst, caused by two colliding neutron stars, the collision would have created gravitational waves and have an afterglow in X-rays and visible light.

However, XMM-Newton's observations only showed the hot gas and stars in the galaxy. Using ground-based optical telescopes, including the Italian Telescopio Nazionale Galileo and the French Observatoire de Haute-Provence, they also looked for a signal in visible light, starting only a few hours after the explosion, but again did not find anything. With no signal in X-rays and visible light, and no gravitational waves measured by detectors on Earth (LIGO/VIRGO/KAGRA), the most certain explanation is that the signal came from a magnetar.

Magnetars: mega-magnetic stars, recently dead 

"When stars more massive than eight times the Sun die, they explode in a supernova that leaves a black hole or neutron star behind. Neutron stars are very compact stellar remnants with more than the mass of the Sun packed into a sphere with the size of the Canton of Geneva. They rotate quickly and have strong magnetic fields." explains Volodymyr Savchenko, senior research associate in the Astronomy Department at UNIGE Faculty of Science, and co-author of the publication. Some young neutron stars have extra strong magnetic fields, more than 10,000 times that of typical neutron stars. These are called magnetars. They emit energy away in flares, and occasionally these flares are gigantic.




However, in the past 50 years of gamma-ray observations, only three giant flares have been identified as coming from magnetars in our galaxy. These outbursts are very strong: one that was detected in December 2004, came from 30,000 light-years from us but was still powerful enough to affect the upper layers of Earth's atmosphere, like the Solar flares, coming from much closer to us, do.

The flare detected by INTEGRAL is the first firm confirmation of a magnetar flare outside of the Milky Way. M82 is a bright galaxy where star formation takes place. In these regions, massive stars are born, live short turbulent lives and leave behind a neutron star. "The discovery of a magnetar in this region confirms that magnetars are likely young neutron stars," adds Volodymyr Savchenko. The search for more magnetars will continue in other extra-galactic star-forming regions, to?understand these extraordinary astronomical objects. If astronomers can find many more, they can start to understand how often these flares happen and how neutron stars lose energy in the process.

INTEGRAL, a key instrument in a race against time

Outbursts of such short duration can only be captured serendipitously when an observatory is already pointing in the right direction. This makes INTEGRAL with its large field of view, more than 3000 times greater than the sky area covered by the Moon, so important for these detections.

Carlo Ferrigno explains: "Our automatic data processing system is highly reliable and enables us to alert the community immediately." When unexpected observations like this are picked up, INTEGRAL and XMM-Newton can be flexible in their schedules, which is essential in time-crucial discoveries. In this case, had the observations been performed even just a day later, there would not have been such strong proof that this was indeed a magnetar and not a gamma-ray burst.
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A simple 'twist' improves the engine of clean fuel generation | ScienceDaily
Researchers have found a way to super-charge the 'engine' of sustainable fuel generation -- by giving the materials a little twist.


						
The researchers, led by the University of Cambridge, are developing low-cost light-harvesting semiconductors that power devices for converting water into clean hydrogen fuel, using just the power of the sun. These semiconducting materials, known as copper oxides, are cheap, abundant and non-toxic, but their performance does not come close to silicon, which dominates the semiconductor market.

However, the researchers found that by growing the copper oxide crystals in a specific orientation so that electric charges move through the crystals at a diagonal, the charges move much faster and further, greatly improving performance. Tests of a copper oxide light harvester, or photocathode, based on this fabrication technique showed a 70% improvement over existing state-of-the-art oxide photocathodes, while also showing greatly improved stability.

The researchers say their results, reported in the journal Nature, show how low-cost materials could be fine-tuned to power the transition away from fossil fuels and toward clean, sustainable fuels that can be stored and used with existing energy infrastructure.

Copper (I) oxide, or cuprous oxide, has been touted as a cheap potential replacement for silicon for years, since it is reasonably effective at capturing sunlight and converting it into electric charge. However, much of that charge tends to get lost, limiting the material's performance.

"Like other oxide semiconductors, cuprous oxide has its intrinsic challenges," said co-first author Dr Linfeng Pan from Cambridge's Department of Chemical Engineering and Biotechnology. "One of those challenges is the mismatch between how deep light is absorbed and how far the charges travel within the material, so most of the oxide below the top layer of material is essentially dead space."

"For most solar cell materials, it's defects on the surface of the material that cause a reduction in performance, but with these oxide materials, it's the other way round: the surface is largely fine, but something about the bulk leads to losses," said Professor Sam Stranks, who led the research. "This means the way the crystals are grown is vital to their performance."

To develop cuprous oxides to the point where they can be a credible contender to established photovoltaic materials, they need to be optimised so they can efficiently generate and move electric charges -- made of an electron and a positively-charged electron 'hole' -- when sunlight hits them.




One potential optimisation approach is single-crystal thin films -- very thin slices of material with a highly-ordered crystal structure, which are often used in electronics. However, making these films is normally a complex and time-consuming process.

Using thin film deposition techniques, the researchers were able to grow high-quality cuprous oxide films at ambient pressure and room temperature. By precisely controlling growth and flow rates in the chamber, they were able to 'shift' the crystals into a particular orientation. Then, using high temporal resolution spectroscopic techniques, they were able to observe how the orientation of the crystals affected how efficiently electric charges moved through the material.

"These crystals are basically cubes, and we found that when the electrons move through the cube at a body diagonal, rather than along the face or edge of the cube, they move an order of magnitude further," said Pan. "The further the electrons move, the better the performance."

"Something about that diagonal direction in these materials is magic," said Stranks. "We need to carry out further work to fully understand why and optimise it further, but it has so far resulted in a huge jump in performance." Tests of a cuprous oxide photocathode made using this technique showed an increase in performance of more than 70% over existing state-of-the-art electrodeposited oxide photocathodes.

"In addition to the improved performance, we found that the orientation makes the films much more stable, but factors beyond the bulk properties may be at play," said Pan.

The researchers say that much more research and development is still needed, but this and related families of materials could have a vital role in the energy transition.

"There's still a long way to go, but we're on an exciting trajectory," said Stranks. "There's a lot of interesting science to come from these materials, and it's interesting for me to connect the physics of these materials with their growth, how they form, and ultimately how they perform."

The research was a collaboration with Ecole Polytechnique Federale de Lausanne, Nankai University and Uppsala University. The research was supported in part by the European Research Council, the Swiss National Science Foundation, and the Engineering and Physical Sciences Research Council (EPSRC), part of UK Research and Innovation (UKRI). Sam Stranks is Professor of Optoelectronics in the Department of Chemical Engineering and Biotechnology, and a Fellow of Clare College, Cambridge.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240424111459.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A novel universal light-based technique to control valley polarization in bulk materials | ScienceDaily

This "universal technique" may have major applications linked to the control and analysis of different properties for 2D and 3D materials, which can in turn enable the advancement of cutting-edge fields such us information processing and quantum computing.

Electrons inside solid materials can only take certain values of energy. The allowed energy ranges are called "bands" and the space between them, the forbidden energies, are known as "band-gaps." Both of them together constitute the "band structure" of the material, which is a unique characteristic of each specific material.

When physicists plot the band structure, they usually see that the resulting curves resemble mountains and valleys. In fact, the technical term for a local energy maximum or minimum in the bands is called a "valley," and the field which studies and exploits how electrons in the material switch from one valley to the other is coined "valleytronics."

In standard semiconductor electronics, the electric charge of the electrons is the most used property exploited to encode and manipulate information. But these particles have other properties that could also be used for the same purpose, such as the valley they are in. In the past decade, the main aim of valleytronics has been to reach the control of valley population (also known as valley polarization) in materials. Such an achievement could be used to create classical and quantum gates and bits, something that could really drive the development of computing and quantum information processing.

Previous attempts presented several drawbacks. For example, the light used to manipulate and change valley polarization had to be resonant, that is, the energy of its photons (the particles that constitute light) had to correspond exactly to the energy of the band-gap of that particular material. Any small deviation reduced the efficiency of the method so, provided that each material has their own band-gaps, generalizing the proposed mechanism seemed something out of reach. Moreover, this process had only been achieved for monolayer structures (2D materials, just one-atom-thick). This requirement hindered its practical implementation, as monolayers are usually limited in size, quality and difficult to engineer.

Now, ICFO researchers Igor Tyulnev, Julita Poborska, Dr. Lenard Vamos, led by Prof. ICREA Jens Biegert, in collaboration with researchers from the Max-Born-Institute, the Max-Planck Institute for the Science of Light, and Instituto de Ciencia de Materiales de Madrid have found a new universal method to induce valley polarization in centrosymmetric bulk materials. The discovery, published in Nature, unlocks the possibility to control and manipulate valley population without being restricted by the specific chosen material. At the same time, the method can be used to obtain a more detailed characterization of crystals and 2D materials.




Valley polarization in bulk materials is possible

The adventure began with the experimental group led by ICREA Prof. at ICFO Jens Biegert who initially wanted to experimentally produce valley polarization using their particular method in 2D materials, following the lines of what had been theoretically proved in a previous theoretical paper by Alvaro Jimenez, Rui Silva and Misha Ivanov. To set up the experiment, the initial measurement was tried on bulk MoS2 (a bulk material is made of many monolayers stacked together) with the surprising result that they saw the signature of valley polarization. "When we started working on this project, we were told by our theory collaborators that showing valley polarization in bulk materials was rather impossible," explains Julita Poborska.

The theoretical team remarks as well how, at the very beginning, their model was only suitable for single 2D layers. "At a first glance, it seemed that adding more layers would hinder the selection of specific valleys in the sample. But after the first experimental results, we adjusted the simulation to bulk materials and it validated the observations surprisingly well. We did not even try to fit anything. It is just the way it came out," adds Prof. Misha Ivanov, the theorist leader. In the end, "it turned out that yes, you can actually valley polarize bulk materials that are central symmetric, because of the symmetry conditions," concludes Poborska.

As Igor Tyulnev, first author of the article, explains, "our experiment consisted in creating an intense light pulse with a polarization that fitted this internal structure. The result was the so-called "trefoil field," whose symmetry matched the triangular sub-lattices that constitute hetero-atomic hexagonal materials."

This symmetry-matched strong field breaks the space and time symmetry within the material, and, more importantly, the resulting configuration depends on the orientation of the trefoil field with respect to the material. Therefore, "by simply rotating the incident light field, we were able to modulate the valley polarization," concludes Tyulnev, a major achievement in the field and a confirmation of a novel universal technique that can control and manipulate the electron valleys in bulk materials.

The experimental process

The experiment can be explained in three main steps: First, the synthesis of the trefoil field; then its characterization; and finally, the actual production of valley polarization.




The researchers emphasize the incredibly high precision that the characterization process required, as the trefoil field is made of not just one, but two coherently combined optical fields. One of them had to be circularly polarized in one direction, and the other needed to be the second harmonic of the first beam, polarized with the opposite handedness. They superimposed these fields onto each other, so that the total polarization in time traced the desired trefoil shape.

Three years after the initial experimental attempts, Igor Tyulnev is thrilled by the recent Nature publication.

The new universal method he states, "can be used not only to control the properties of a wide variety of chemical species, but also to characterize crystals and 2D materials."

As Prof. ICREA at ICFO Jens Biegert remarks: "Our method may provide an important ingredient to engineer energy efficient materials for efficient information storage and fast switching. This addresses the pressing need for low-energy consumption devices and increased computational speed. I cannot promise that what we have provided is THE solution, but it is probably one solution on this big challenge."
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Bioluminescence first evolved in animals at least 540 million years ago | ScienceDaily
Bioluminescence first evolved in animals at least 540 million years ago in a group of marine invertebrates called octocorals, according to the results of a new study from scientists with the Smithsonian's National Museum of Natural History.


						
The results, published today, April 23, in the Proceedings of the Royal Society B, push back the previous record for the luminous trait's oldest dated emergence in animals by nearly 300 million years, and could one day help scientists decode why the ability to produce light evolved in the first place.

Bioluminescence -- the ability of living things to produce light via chemical reactions -- has independently evolved at least 94 times in nature and is involved in a huge range of behaviors including camouflage, courtship, communication and hunting. Until now, the earliest dated origin of bioluminescence in animals was thought to be around 267 million years ago in small marine crustaceans called ostracods.

But for a trait that is literally illuminating, bioluminescence's origins have remained shadowy.

"Nobody quite knows why it first evolved in animals," said Andrea Quattrini, the museum's curator of corals and senior author on the study.

But for Quattrini and lead author Danielle DeLeo, a museum research associate and former postdoctoral fellow, to eventually tackle the larger question of why bioluminescence evolved, they needed to know when the ability first appeared in animals.

In search of the trait's earliest origins, the researchers decided to peer back into the evolutionary history of the octocorals, an evolutionarily ancient and frequently bioluminescent group of animals that includes soft corals, sea fans and sea pens. Like hard corals, octocorals are tiny colonial polyps that secrete a framework that becomes their refuge, but unlike their stony relatives, that structure is usually soft. Octocorals that glow typically only do so when bumped or otherwise disturbed, leaving the precise function of their ability to produce light a bit mysterious.




"We wanted to figure out the timing of the origin of bioluminescence, and octocorals are one of the oldest groups of animals on the planet known to bioluminesce," DeLeo said. "So, the question was when did they develop this ability?"

Not coincidentally, Quattrini and Catherine McFadden with Harvey Mudd College had completed an extremely detailed, well-supported evolutionary tree of the octocorals in 2022. Quattrini and her collaborators created this map of evolutionary relationships, or phylogeny, using genetic data from 185 species of octocorals.

With this evolutionary tree grounded in genetic evidence, DeLeo and Quattrini then situated two octocoral fossils of known ages within the tree according to their physical features. The scientists were able to use the fossils' ages and their respective positions in the octocoral evolutionary tree to date to figure out roughly when octocoral lineages split apart to become two or more branches. Next, the team mapped out the branches of the phylogeny that featured living bioluminescent species.

With the evolutionary tree dated and the branches that contained luminous species labeled, the team then used a series of statistical techniques to perform an analysis called ancestral state reconstruction.

"If we know these species of octocorals living today are bioluminescent, we can use statistics to infer whether their ancestors were highly probable to be bioluminescent or not," Quattrini said. "The more living species with the shared trait, the higher the probability that as you move back in time that those ancestors likely had that trait as well."

The researchers used numerous different statistical methods for their ancestral state reconstruction, but all arrived at the same result: Some 540 million years ago, the common ancestor of all octocorals were very likely bioluminescent. That is 273 million years earlier than the glowing ostracod crustaceans that previously held the title of earliest evolution of bioluminescence in animals.




DeLeo and Quattrini said that the octocorals' thousands of living representatives and relatively high incidence of bioluminescence suggests the trait has played a role in the group's evolutionary success. While this further begs the question of what exactly octocorals are using bioluminescence for, the researchers said the fact that it has been retained for so long highlights how important this form of communication has become for their fitness and survival.

Now that the researchers know the common ancestor of all octocorals likely already had the ability to produce its own light, they are interested in a more thorough accounting of which of the group's more than 3,000 living species can still light up and which have lost the trait. This could help zero in on a set of ecological circumstances that correlate with the ability to bioluminesce and potentially illuminate its function.

To this end, DeLeo said she and some of her co-authors are working on creating a genetic test to determine if an octocoral species has functional copies of the genes underlying luciferase, an enzyme involved in bioluminescence. For species of unknown luminosity, such a test would enable researchers to get an answer one way or the other more rapidly and more easily.

Aside from shedding light on the origins of bioluminescence, this study also offers evolutionary context and insight that can inform monitoring and management of these corals today. Octocorals are threatened by climate change and resource-extraction activities, particularly fishing, oil and gas extraction and spills, and more recently by marine mineral mining.

This research supports the museum's Ocean Science Center, which aims to advance and share knowledge of the ocean with the world. DeLeo and Quattrini said there is still much more to learn before scientists can understand why the ability to produce light first evolved, and though their results place its origins deep in evolutionary time, the possibility remains that future studies will discover that bioluminescence is even more ancient.

This study includes authors affiliated with Florida International University, the Monterey Bay Aquarium Research Institute, Nagoya University, Harvey Mudd College and University of California, Santa Cruz.

The research was supported by the Smithsonian, the David and Lucile Packard Foundation, Japan Science and Technology Agency and the U.S. National Science Foundation.
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Genetics predict type 2 diabetes risk and disparities in childhood cancer survivors | ScienceDaily
Survivors of childhood cancer are at increased risk for cardiovascular disease, for which a risk factor is their greater prevalence of type 2 diabetes, with a disproportionate impact on those of non-European heritage. St. Jude Children's Research Hospital scientists have identified four previously unknown genetic variants associated with diabetes risk in all survivors. Published in the Journal of Clinical Oncology, their work also found an association between a previously reported genetic risk score for type 2 diabetes developed in the general population with diabetes risk in survivors. The findings also provide novel insights into differences in risk between individuals of varying ancestries.


						
The work relied on the St. Jude Lifetime cohort study (St. Jude LIFE), a long-term follow-up study for individuals treated for cancer as children. This cohort enabled the researchers to identify the four previously unknown genetic variants. Those variants were more frequent in people of African descent than those of European ancestry. They also determined that compared to a polygenic risk score for type 2 diabetes derived in the general population of European ancestry, polygenic risk scores generated from diverse ancestry datasets were more informative in assessing diabetes risk in survivors of both European and African ancestries. All genetic risks appeared magnified by childhood exposure to alkylating agents, a common class of chemotherapeutics.

"We found DNA variants in survivors that increase the risk of type 2 diabetes," said co-senior and corresponding author Yadav Sapkota, PhD, St. Jude Department of Epidemiology and Cancer Control. "Among survivors exposed to alkylating agents, these variants are conferring differential risk based on the ancestry, which may partially explain some of the disparity in type 2 diabetes burden in survivors."

Childhood cancer survivors are at a three times increased risk of developing type 2 diabetes than their siblings. However, non-Hispanic Black survivors experience three times more risk than non-Hispanic white survivors. To understand those differences, the researchers performed whole genome sequencing on the patients from the St. Jude LIFE cohort involved in this study, comparing the DNA of survivors that had type 2 diabetes to those that did not, divided by ancestry. Through this work, the team created a rich and rare trove of combined clinical and genetic data.

Ancestry affects type 2 diabetes risk in childhood cancer survivors

"The genetic risk disproportionately affected survivors of African or African American ancestry previously treated with alkylating agents," Sapkota said. "The same variant is implicated in both European and African-ancestry groups, but the amount of risk conferred by carrying the variant differs."

To address that disparity in greater detail, the scientists compared previously reported polygenic risk scores for diabetes in the general population. Earlier research used many genetic variants, considered as a group, to assess disease risk. However, these risk scores were traditionally derived from those of European descent. The researchers compared three risk scores, a traditional score based only on those of European descent and two others developed by including people of different ancestries. The more inclusive scores both performed better in survivors of both European and African ancestries.




"The two risk scores derived from multiple ancestries were strongly associated with type 2 diabetes risk in survivors of diverse ancestries compared to the score developed in European-only ancestry," Sapkota said.

Genetics amplify diabetes risk from alkylating agents in survivors

The research also suggested that another contributor to increased type 2 diabetes risk is exposure to alkylating agents, a class of chemotherapy commonly used in childhood cancer treatments.

"We saw very consistently, in three out of our four identified variants, and all of our polygenic risk scores, a significant increase in diabetes risk when survivors were exposed to alkylating agents during their initial treatment," Sapkota said. "So genetic factors in the presence of alkylating agents can significantly enhance type 2 diabetes risk."

The alkylating agent effect also had a greater impact on those of African ancestry. While the reasons for these differences in risk remain unclear, the study is a step in the right direction toward addressing them.

"We hope this information will help reduce disparities in the type 2 diabetes burden," Sapkota said. "Now we know how to identify childhood cancer survivors most at risk of type 2 diabetes so we can provide more personalized opportunities for interventions and prevent cardiovascular complications down the road."

Authors and funding

The study's first author is Cindy Im, University of Minnesota. The study's other co-senior author is Carmen Wilson, St. Jude. The study's other authors are Eric Chow, Fred Hutchinson Research Center; Sogol Mostoufi-Moab, Children's Hospital of Philadelphia; Tianzhong Yang, University of Minnesota; Melissa Richard, M. Monica Gramatges and Philip Lupo, Baylor College of Medicine; Noha Sharafeldin and Smita Bhatia, University of Alabama at Birmingham; Achal Neupane, Jessica Baedke, Brian Lenny, Angela Delaney, Stephanie Dixon, Gregory Armstrong, Melissa Hudson, Kirsten Ness, Leslie Robison and Yutaka Yasui, all of St. Jude.

The study was supported by grants from the National Cancer Institute (R21 CA261833, R01 CA261898, R01 CA216354, U01 CA195547, U24 CA55727, CA21765), Children's Cancer Research Fund and University of Minnesota Foundation Pediatric Scholar Award and ALSAC, the fundraising and awareness organization of St. Jude.
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Frog species evolved rapidly in response to road salts | ScienceDaily
When we think of evolution, we think of a process that happens over hundreds or thousands of years. In research recently published, a team led by Rick Relyea, Ph.D., professor of biological sciences and David M. Darrin '40 Senior Endowed Chair at Rensselaer Polytechnic Institute, found a species of frog that has evolved over the course of merely 25 years. The adaptation was spurred on by something many assume is innocuous: salt.


						
"We've been applying de-icing salts to reduce car accidents in snowy and icy conditions in the United States for 80 years, and we currently apply four times more road salt than we did in the 1970s," said Relyea. "However, the number of studies on its impacts to our environment are relatively few. We're beginning to learn that when salt drains into fresh water, it can kill animals, stunt the growth of fish, cause sex changes in frogs, and make animals more prone to diseases."

"Amphibians like to breed in wetlands, which have smaller water volumes than lakes, so the salt concentrations in wetlands can accumulate to very high levels," said Relyea. "In our study, the highest salt concentration was found in a wetland adjacent to a parking lot that's been there for 25 years, where the salt concentrations are nearly 100 times higher than in pristine wetlands. We found that over the course of just 10 generations, these wood frogs evolved a much higher salt tolerance."

The research team collected frog eggs from nine populations and allowed them to hatch into tadpoles. Then the team examined whether populations of tadpoles from more salt-polluted waters had evolved higher salt tolerance. Tadpoles collected from the saltiest wetland experienced a notably longer time until death when exposed to salt than the eight other populations collected from other areas close to roads and with varying levels of salt, suggesting an evolved tolerance. However, the frogs' ability to adapt does not mean that we should expect them to survive if salt levels increase even more.

Relyea hopes that insights gained from this study will help protect many species of plants and animals that are being exposed to salt pollution.

"The fact that these amphibians rapidly evolved to deal with high salt levels suggests that we have time to avoid extinction, in this species and probably many other species," said Relyea. "Fortunately, cities and towns around the country are learning how they can apply less salt with the same level of safety, by applying it in smarter ways. Everyone across the political spectrum can agree to this win-win proposition: we can apply less salt and protect the environment, while maintaining safe roads and saving money for governments and taxpayers."

"The effects of human activity on our environment must be understood and mitigated," said Curt Breneman, Ph.D., dean of Rensselaer's School of Science. "Thanks to Professor Relyea's research, we have evidence of the effect of road salt on one species. Fortunately, while these results show that certain amphibians can adapt quickly to some environmental toxins, they also provide a warning that scientific and policy solutions must be found to mitigate such pollution."

Relyea was joined in research by Brian Mattes, Candace Schermerhorn, and Isaac Shepard of Rensselaer.
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Critical minerals recovery from electronic waste | ScienceDaily
There's some irony in the fact that devices that seem indispensable to modern life -- mobile phones, personal computers, and anything battery-powered -- depend entirely on minerals extracted from mining, one of the most ancient of human industries. Once their usefulness is spent, we typically return these objects to the Earth in landfills, by the millions.


						
But what if we could "mine" electronic waste (e-waste), recovering the useful minerals contained within them, instead of throwing them away? A clever method of recovering valuable minerals from e-waste, developed by a research team at the Department of Energy's Pacific Northwest National Laboratory, is showing promise to do just that. Materials separation scientist Qingpu Wang will present recent success in selectively recovering manganese, magnesium, dysprosium, and neodymium, minerals critical to modern electronics, at the 2024 Materials Research Society (MRS) Spring Meeting on April 25, 2024, in Seattle, WA.

Go with the flow

Just as a prism splits white light into a dazzling rainbow of colors based on distinct wavelengths, so too can metals be separated from one another using their individual properties. However, current separation methods are slow, as well as chemical- and energy-intensive. These barriers make the recovery of valuable minerals from e-waste streams economically unfeasible.

In contrast, the PNNL research team used a simple mixed-salt water-based solution and their knowledge of metal properties to separate valuable minerals in continuously flowing reaction chambers.

The method, detailed in two complementary research articles and presented this week, is based on the behavior of different metals when placed in a chemical reaction chamber where two different liquids flow together continuously. The research team exploited the tendency of metals to form solids at different rates over time to separate and purify them.

"Our goal is to develop an environmentally friendly and scalable separation process to recover valuable minerals from e-waste," said Wang. "Here we showed that we can spatially separate and recover nearly pure rare earth elements without complex, expensive reagents or time-consuming processes."

The research team, which included materials scientist Chinmayee Subban, who also holds a joint appointment with the University of Washington, first reported in February 2024 successfully separating two essential rare earth elements, neodymium and dysprosium, from a mixed liquid. The two separate and purified solids formed in the reaction chamber in 4 hours, versus the 30 hours typically needed for conventional separation methods. These two critical minerals are used to manufacture permanent magnets found in computer hard drives and wind turbines, among other uses. Until now, separating these two elements with very similar properties has been challenging. The ability to economically recover them from e-waste could open up a new market and source of these key minerals.




Recovering minerals from e-waste is not the only application for this separation technique. The research team is exploring the recovery of magnesium from sea water as well as from mining waste and salt lake brines.

"Next, we are modifying the design of our reactor to recover a larger amount of product efficiently," added Wang.

Recovering manganese from simulated battery waste

Using a complementary technique, Wang and his colleague Elias Nakouzi, a PNNL materials scientist, showed that they can recover nearly pure manganese (>96%) from a solution that mimics dissolved lithium-ion battery waste. Battery-grade manganese is produced by a handful of companies globally and is used primarily in the cathode, or negative pole of the battery.

In this study, the research team used a gel-based system to separate the materials based on the different transport and reactivity rates of the metals in the sample.

"The beauty in this process is its simplicity," Nakouzi said. "Rather than relying on high-cost or specialty materials, we pared things back to thinking about the basics of ion behavior. And that's where we found inspiration."

The team is expanding the scope of the research and will be scaling up the process through a new PNNL initiative, Non-Equilibrium Transport Driven Separations (NETS), which is developing environmentally friendly new separations to provide a robust, domestic supply chain of critical minerals and rare earth elements.




"We expect this approach to be broadly relevant to chemical separations from complex feed streams and diverse chemistries -- enabling more sustainable materials extraction and processing," said Nakouzi.

The research studies reported at MRS received support from a Laboratory Directed Research and Development Program and the NETS initiative at PNNL.
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Chemical tool illuminates pathways used by dopamine, opioids and other neuronal signals | ScienceDaily
University of Michigan researchers have developed a new tool to better understand how chemicals like dopamine and epinephrine interact with neurons.


						
These chemicals are among a wide variety of signals that get processed in the brain through G protein-coupled receptors (GPCRs), proteins that sit on the surface of neurons to receive messages -- in the forms of proteins, sugars, fats, even light -- that inform cellular behavior.

GPCRs are involved in an enormous number of biological functions, making them a prime target for treating diseases; more than one-third of FDA-approved drugs target GPCRs. But to fully understand how various molecules interact with GPCRs, researchers need to be able to detect those molecules across the whole brain with high spatial resolution.

"The challenge in our field has been achieving the right balance between a detailed view and the whole picture across the brain," said Wenjing Wang, a neuroscientist at the U-M Life Sciences Institute.

LSI faculty member Peng Li said most existing tools can detect a neural modulator either in a small part of the brain with high spatial resolution or in the whole brain with very low resolution.

"But we need to identify the cells that respond to the neuromodulators across various brain regions, in high resolution," he said.

In a study published in the Proceedings of the National Academy of Sciences, Wang, Li and colleagues unveiled a new chemical tool that achieves both goals for three chemicals that all target GPCRs.




Wang's lab at LSI uses protein engineering to develop technologies that can detect how signaling molecules travel within the brain to reach and interact with specific neurons. They previously created a tool to reveal the presence of opioids, another GPCR binding partner, at a cellular level.

When the molecule is detected, the tool creates a permanent fluorescent mark in the cells. Thus, researchers can see the specific cells that are highlighted, as well as the whole picture of cells across the brain.

This latest work broadens the utility of that sensor to detect multiple types of GPCR activators, beyond just opioids. So far, the team has tested the tool with opioids and epinephrine in cultured neurons and in mouse models. The team also expanded the tool to use both green and red fluorescence, enabling the tracking of multiple molecules at once.

"Coming from detecting just opioids, we now have a tool that we can begin to easily modulate for various signals that interact with GPCRs," said Wang, who also is an assistant professor of chemistry at the U-M College of Literature, Science, and the Arts. "The goal is eventually to even study the interplays of different signaling pathways simultaneously."

The team cautions that while the tool provides important visualizations of how signals travel across neurons for analysis postmortem, it cannot be used to track chemicals in real time, as it takes several hours for the fluorescence to appear. But it does offer a new path forward for improving understanding of neuronal signaling and the role of GPCRs as drug targets.

"Ideally, we aim to be able to create a brain map for multiple neuromodulators concurrently, offering a comprehensive understanding of the sites of neuromodulation," said Li, who also is an assistant professor at the U-M School of Dentistry.
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Asian monsoon lofts ozone-depleting substances to stratosphere | ScienceDaily
Powerful monsoon winds, strengthened by a warming climate, are lofting unexpectedly large quantities of ozone-depleting substances high into the atmosphere over East Asia, new research shows.


						
The study, led by the U.S. National Science Foundation National Center for Atmospheric Research (NSF NCAR) and NASA, found that the East Asian Monsoon delivers more than twice the concentration of very short-lived ozone-depleting substances into the upper troposphere and lower stratosphere than previously reported.

The research team drew on airborne observations taken during a major 2022 Asian field campaign: the Asian Summer Monsoon Chemistry and Climate Impact Project (ACCLIP). The findings raise questions about the pace of the recovery of the ozone layer, which shields Earth from the Sun's harmful ultraviolet radiation.

"It was a real surprise to fly through a plume with all those very short-lived ozone-depleting substances," said NSF NCAR scientist Laura Pan, the lead author of the study. "These chemicals may have a significant impact on what will happen with the ozone layer, and it's critical to quantify them."

The study was published in the Proceedings of the National Academy of Sciences. It was funded by NSF, NASA, and NOAA, and co-authored by a large team of international scientists.

The role of monsoons

For thousands of years, people have viewed the Asian summer monsoon as important because of its impacts on local communities. Recently, however, scientists analyzing satellite observations have begun discovering that monsoon storms and winds play an additional role: carrying pollutants high in the atmosphere, where they can influence the world's climate system.




ACCLIP investigated the chemical content of air that was borne by the two primary monsoons in the region -- the South and the East Asian Monsoon -- from Earth's surface to as high up as the stratosphere. Once at that altitude, the chemicals can have far-reaching climate impacts because air in the stratosphere spreads out globally and remains for months to years, unlike the lower atmosphere where air masses turn over weekly.

The ACCLIP observations revealed that the East Asian Monsoon delivered higher levels of pollutants to the upper atmosphere than the South Asian Monsoon during 2022. The scientists measured carbon monoxide levels of up to 320 parts per billion -- a remarkably high level to be found at an altitude of 15 kilometers (about 9 miles). Carbon monoxide is often a sign of industrial pollution, and the measurements indicated that the East Asian Monsoon was closely aligned with emissions of pollutants at the surface.

Pan, Elliot Atlas of the University of Miami, and their co-authors looked into a class of chemicals known as very short-lived organic chlorine compounds, which can destroy ozone but persist only for a relatively short time in the atmosphere (months to years). In contrast, ozone-depleting chlorofluorocarbons (CFCs) remain in the atmosphere for decades to centuries or more and are therefore viewed as a far more significant threat to the ozone layer.

For that reason, the landmark 1987 Montreal Protocol on Substances that Deplete the Ozone Layer focused on phasing out CFCs and other long-lived substances. The international treaty and subsequent revisions have enabled stratospheric ozone to begin recovering. A 2022 United Nations assessment concluded that the ozone layer, including an ozone hole over the Antarctic, will be largely restored over the next several decades.

The Montreal Protocol, however, did not limit the continued manufacture and use of very short-lived ozone-depleting substances. Emissions of these chemicals have soared in South and East Asia, including highly industrialized regions of East China.

In an unfortunate coincidence, those regions lie directly under the East Asian Monsoon, which, of the world's eight regional monsoons, is the one that is predicted to strengthen the most with global warming.




The combination of the monsoon's powerful updrafts occurring in the same region as the increasing emissions of short-lived chlorine compounds has resulted in the unexpectedly high quantity of the chemicals being swept into the stratosphere.

The analysis of the aircraft measurements by Pan and her co-authors revealed high levels of five short-lived chlorine compounds: dichloromethane (CH2Cl2), chloroform (CHCl3), 1,2-dichloroethane (C2H4Cl2), tetrachloroethene (C2Cl4), and 1,2-dichloropropane (C3H6Cl2).

Pan said more research is needed to analyze the potential implications for ozone recovery. The paper also notes that scientists will need to incorporate the new findings into climate models, as stratospheric ozone has complex effects on Earth's temperature.

"These new observations are important for identifying that the East Asian Monsoon is a significant pathway for large amounts of pollution to rise from the surface to the stratosphere," Pan said. "Though we expected to observe pollutant impact in the region, the amount of very short-lived ozone-depleting substances we actually observed certainly came as quite a surprise. The potential impacts of the high levels of these chemicals will need to be taken into consideration for projections of both the recovery of stratospheric ozone as well as climate change."
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World's chocolate supply threatened by devastating virus | ScienceDaily
A rapidly spreading virus threatens the health of the cacao tree and the dried seeds from which chocolate is made, jeopardizing the global supply of the world's most popular treat.


						
About 50% of the world's chocolate originates from cacao trees in the West Africa countries of Ivory Coast and Ghana. The damaging virus is attacking cacao trees in Ghana, resulting in harvest losses of between 15 and 50%. Spread by small insects called mealybugs that eat the leaves, buds and flowers of trees, the cacao swollen shoot virus disease (CSSVD) is among the most damaging threats to the root ingredient of chocolate.

"This virus is a real threat to the global supply of chocolate," said Benito Chen-Charpentier, professor of mathematics at The University of Texas at Arlington and an author of "Cacao sustainability: The case of cacao swollen-shoot virus co-infection" in the journal PLoS One. "Pesticides don't work well against mealybugs, leaving farmers to try to prevent the spread of the disease by cutting out infected trees and breeding resistant trees. But despite these efforts, Ghana has lost more than 254 million cacao trees in recent years."

Farmers can combat the mealybugs by giving vaccines to the trees to inoculate them from the virus. But the vaccines are expensive, especially for low-wage farmers, and vaccinated trees produce a smaller harvest of cacao, compounding the devastation of the virus.

Chen-Charpentier and colleagues from the University of Kansas, Prairie View A&M, the University of South Florida and the Cocoa Research Institute of Ghana have developed a new strategy: using mathematical data to determine how far apart farmers can plant vaccinated trees to prevent mealybugs from jumping from one tree to another and spreading the virus.

"Mealybugs have several ways of movement, including moving from canopy to canopy, being carried by ants or blown by the wind," Chen-Charpentier said. "What we needed to do was create a model for cacao growers so they could know how far away they could safely plant vaccinated trees from unvaccinated trees in order to prevent the spread of the virus while keeping costs manageable for these small farmers."

By experimenting with mathematical patterning techniques, the team created two different types of models that allow farmers to create a protective layer of vaccinated cacao trees around unvaccinated trees.

"While still experimental, these models are exciting because they would help farmers protect their crops while helping them achieve a better harvest," Chen-Charpentier said. "This is good for the farmers' bottom line, as well as our global addiction to chocolate."
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This tiny chip can safeguard user data while enabling efficient computing on a smartphone | ScienceDaily
Health-monitoring apps can help people manage chronic diseases or stay on track with fitness goals, using nothing more than a smartphone. However, these apps can be slow and energy-inefficient because the vast machine-learning models that power them must be shuttled between a smartphone and a central memory server.


						
Engineers often speed things up using hardware that reduces the need to move so much data back and forth. While these machine-learning accelerators can streamline computation, they are susceptible to attackers who can steal secret information.

To reduce this vulnerability, researchers from MIT and the MIT-IBM Watson AI Lab created a machine-learning accelerator that is resistant to the two most common types of attacks. Their chip can keep a user's health records, financial information, or other sensitive data private while still enabling huge AI models to run efficiently on devices.

The team developed several optimizations that enable strong security while only slightly slowing the device. Moreover, the added security does not impact the accuracy of computations. This machine-learning accelerator could be particularly beneficial for demanding AI applications like augmented and virtual reality or autonomous driving.

While implementing the chip would make a device slightly more expensive and less energy-efficient, that is sometimes a worthwhile price to pay for security, says lead author Maitreyi Ashok, an electrical engineering and computer science (EECS) graduate student at MIT.

"It is important to design with security in mind from the ground up. If you are trying to add even a minimal amount of security after a system has been designed, it is prohibitively expensive. We were able to effectively balance a lot of these tradeoffs during the design phase," says Ashok.

Her co-authors include Saurav Maji, an EECS graduate student; Xin Zhang and John Cohn of the MIT-IBM Watson AI Lab; and senior author Anantha Chandrakasan, MIT's chief innovation and strategy officer, dean of the School of Engineering, and the Vannevar Bush Professor of EECS. The research will be presented at the IEEE Custom Integrated Circuits Conference.




Side-channel susceptibility

The researchers targeted a type of machine-learning accelerator called digital in-memory compute. A digital IMC chip performs computations inside a device's memory, where pieces of a machine-learning model are stored after being moved over from a central server.

The entire model is too big to store on the device, but by breaking it into pieces and reusing those pieces as much as possible, IMC chips reduce the amount of data that must be moved back and forth.

But IMC chips can be susceptible to hackers. In a side-channel attack, a hacker monitors the chip's power consumption and uses statistical techniques to reverse-engineer data as the chip computes. In a bus-probing attack, the hacker can steal bits of the model and dataset by probing the communication between the accelerator and the off-chip memory.

Digital IMC speeds computation by performing millions of operations at once, but this complexity makes it tough to prevent attacks using traditional security measures, Ashok says.

She and her collaborators took a three-pronged approach to blocking side-channel and bus-probing attacks.




First, they employed a security measure where data in the IMC are split into random pieces. For instance, a bit zero might be split into three bits that still equal zero after a logical operation. The IMC never computes with all pieces in the same operation, so a side-channel attack could never reconstruct the real information.

But for this technique to work, random bits must be added to split the data. Because digital IMC performs millions of operations at once, generating so many random bits would involve too much computing. For their chip, the researchers found a way to simplify computations, making it easier to effectively split data while eliminating the need for random bits.

Second, they prevented bus-probing attacks using a lightweight cipher that encrypts the model stored in off-chip memory. This lightweight cipher only requires simple computations. In addition, they only decrypted the pieces of the model stored on the chip when necessary.

Third, to improve security, they generated the key that decrypts the cipher directly on the chip, rather than moving it back and forth with the model. They generated this unique key from random variations in the chip that are introduced during manufacturing, using what is known as a physically unclonable function.

"Maybe one wire is going to be a little bit thicker than another. We can use these variations to get zeros and ones out of a circuit. For every chip, we can get a random key that should be consistent because these random properties shouldn't change significantly over time," Ashok explains.

They reused the memory cells on the chip, leveraging the imperfections in these cells to generate the key. This requires less computation than generating a key from scratch.

"As security has become a critical issue in the design of edge devices, there is a need to develop a complete system stack focusing on secure operation. This work focuses on security for machine-learning workloads and describes a digital processor that uses cross-cutting optimization. It incorporates encrypted data access between memory and processor, approaches to preventing side-channel attacks using randomization, and exploiting variability to generate unique codes. Such designs are going to be critical in future mobile devices," says Chandrakasan.

Safety testing

To test their chip, the researchers took on the role of hackers and tried to steal secret information using side-channel and bus-probing attacks.

Even after making millions of attempts, they couldn't reconstruct any real information or extract pieces of the model or dataset. The cipher also remained unbreakable. By contrast, it took only about 5,000 samples to steal information from an unprotected chip.

The addition of security did reduce the energy efficiency of the accelerator, and it also required a larger chip area, which would make it more expensive to fabricate.

The team is planning to explore methods that could reduce the energy consumption and size of their chip in the future, which would make it easier to implement at scale.

"As it becomes too expensive, it becomes harder to convince someone that security is critical. Future work could explore these tradeoffs. Maybe we could make it a little less secure but easier to implement and less expensive," Ashok says.

The research is funded, in part, by the MIT-IBM Watson AI Lab, the National Science Foundation, and a Mathworks Engineering Fellowship.
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Livestock abortion surveillance could protect livelihoods and detect emerging global pathogens | ScienceDaily
A small-scale surveillance system in Tanzania for reporting livestock abortions could help protect livelihoods and provide insights on potential livestock-to-human infections.


						
The research, published April 16 as a Reviewed Preprint in eLife, is described by editors as an important study with convincing findings of potential interest to the fields of veterinary medicine, public health and epidemiology.

Loss of livestock through abortion is a major concern for the worldwide livestock industry, resulting in significant economic loss and posing a direct threat to public health through transmission of infection. The impact of livestock abortion on the world's poorest livestock keepers is likely to be substantial -- from the direct loss of high-quality food sources and reduced income from sales of milk or meat.

"Effective livestock health surveillance provides critical data for evidence-based approaches to disease control and management, but requires reliable, high-quality and timely data drawn from multiple sources," says lead author Felix Lankester, Clinical Associate Professor at the Paul G. Allen School for Global Health, Washington State University, Washington, US, and the Global Animal Health Tanzania, Arusha, Tanzania. "Event-based surveillance can detect early events that signal emerging human health risks, and surveillance of livestock abortion events has clear potential for identifying and preventing outbreaks of emerging diseases. However, there is limited information on the current practices, effectiveness and challenges of livestock abortion surveillance, particularly in low and middle-income countries."

To address this gap, researchers set up a pilot livestock surveillance system in northern Tanzania in 15 wards across five districts, with a mix of pastoral, agropastoral and smallholder livestock keepers. Livestock field officers (LFOs; government employees equivalent to para-veterinarians) received training on the safe investigation of livestock abortion and were requested to report any incidents of abortions, stillbirths and perinatal death. If the cases could be followed up within 72 hours of the abortion event, further investigation including blood, milk and vaginal swabs were collected from the aborting dam, alongside tissue and swab samples from the foetus and placenta. These were tested for a wide range of infectious agents and antibodies.

Between 2017 and 2019, 215 abortion cases were reported from 150 households in 13 of the 15 wards. Of these 215 cases, 70% were reported by three (20%) of the LFOs. Most abortions were investigated within two days, and none were investigated more than four days later. Placental and foetal tissues were only collected in 24% and 34% of cases, respectively, often because these tissues were not found, but vaginal and milk samples were collected in 99% and 78% of cases.

Although data was only available for a limited number of abortions, the results revealed important insights into likely patterns and causes. For example, abortions occurred more often in the dry season, and in non-indigenous cross-bred or exotic animals than in indigenous breeds. More than a fifth of dams that aborted were reported to have experienced a previous abortion, with several experiencing multiple abortion losses, which may suggest that animals suffering recurrent abortion events may have a chronic infection that would warrant their removal from breeding stock or prevent their use as a food source.

The study emphasises the potential risks of exposure to zoonotic pathogens -- infectious agents that could potentially jump from livestock to humans. In cases where an infectious agent was detected, 79% were zoonotic, and in nearly a quarter of these cases, someone had assisted with the aborted delivery, likely without any personal protective equipment. Of these, 20% were female and of reproductive age, and therefore of heightened risk from certain pathogens.

"Our study has demonstrated that livestock abortion surveillance, even at a relatively small scale, can capture valuable information about livestock pathogens, including those that are zoonotic," says senior author Sarah Cleaveland, Professor of Comparative Epidemiology at the School of Biodiversity, One Health & Veterinary Medicine, University of Glasgow, UK. "Moreover, our pilot demonstrates the utility and feasibility of livestock abortion surveillance in rural areas and highlights that engaging field officers, establishing practical and robust field sample collections and ensuring prompt reporting of cases and feedback of results are key elements of effectiveness."
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Warming climate is putting more metals into Colorado's mountain streams | ScienceDaily
Warming temperatures are causing a steady rise in copper, zinc and sulfate in the waters of Colorado mountain streams affected by acid rock drainage. Concentrations of these metals have roughly doubled in these alpine streams over the past 30 years, a new study finds, presenting a concern for ecosystems, downstream water quality and mining remediation.


						
Natural chemical weathering of bedrock is the source of the rising acidity and metals, but the ultimate driver of the trend is climate change, the report found.

"Heavy metals are a real challenge for ecosystems," said lead author Andrew Manning, a geologist with the U.S. Geological Survey in Denver. "Some are quite toxic. We are seeing regional, statistically significant trends in copper and zinc, two key metals that are commonly a problem in Colorado. It's not ambiguous and it's not small."

The study was published in Water Resources Research AGU's peer reviewed journal for original research on the movement and management of Earth's water.

Although the mechanism coupling warming temperatures to increased sulfide weathering is still an open research question, the new results point to exposure of rock once sealed away by ice as a top suspect, Manning said. The sudden appearance of "rusting Arctic rivers" flowing out of regions of thawing permafrost in the last couple of years is likely the same process, magnified.

Colorado is riddled with patches of bedrock rich in metal sulfides. Shiny iron sulfide, familiar to many Coloradans as fool's gold, or pyrite, is the most common of these sulfide minerals, but copper, zinc and other metal sulfides are also common.

Exposure to air oxidizes the metal sulfides in bedrock, releasing the metals into groundwater, which flows into surface streams. Rusty red deposits in streambeds are distinctive signs of iron sulfide oxidation. Sulfides also acidify the water, which can accelerate weathering. Some alpine streams sampled were found have a pH as low as 3 or 4.




The study drew on 40 years of water chemistry data, taking final samples from all sites in 2021, from 22 headwater streams in 17 watersheds that are naturally acidic and metal-rich enough to limit aquatic plants and animals. Sampling sites were above 3,000 meters (10,000 feet) elevation and included a mix of pristine, untouched areas and places that had been mined historically, but left alone for 50 to 100 years.

"The key point is no recent mining or remediation work has been done," Manning said. "These watersheds have just been sitting there responding to nothing other than the climate."

Warming, drying mountains

Mountain streams were sampled from mid-July to November, spanning the late summer and fall low-flow period. Long-term records of flow volume from nearby stream gauges show streamflows have been dwindling with warming temperatures and smaller snowpacks, suggesting smaller water volumes could explain the higher metal concentrations.

But Manning and his colleagues found less water could only account for half the effect they observed. To reach the concentrations they were seeing, the mountains had to be putting metals and sulfate into streams at a faster rate.

As these metal-rich mountain streams flow down into larger rivers, the effect of the extra metal load is diluted, the researchers noted.




"I don't think this is a big red flag for major metropolitan or agriculture users way downstream at lower elevations," Manning said, "but some of our mountain communities get their water only a short distance down from these mineralized streams." To help mitigate the water quality risk, managers could benefit from advance knowledge of what metals are entering the stream, and where and how fast they are increasing, Manning said.

More metals and acidity in these mountain streams could also impact decisions about where to invest limited funds for remediation of those that have been altered by historical mining, and where to stock fish to benefit tourism.

Local case, global pattern

Colorado's watersheds are a dramatic case because of the unusual abundance of bedrock metal sulfides, Manning said, but scientists are observing more subtle rising sulfate concentrations in mountain streams around the world. The new study is the first to statistically connect accelerated sulfide weathering to rising temperatures on a large scale across an entire region.

The study found the biggest gains in metal loads in the highest, coldest mountain streams. Manning said this pattern points to thawing underground ice. Colorado's highest elevations have annual average temperatures close to zero degrees Celsius (32 degrees Fahrenheit), putting them right at the boundary conditions for permafrost. Some peaks have warmed past the freezing threshold since 1980.

"Ice is like armor. Melt it and you create windows for groundwater to get into rock that has not seen water and oxygen for millennia, and it will begin to oxidize quite quickly," Manning said.

Other possible mechanisms are falling water tables exposing fresh rock to air and melting rock glaciers releasing pockets of concentrated metals stored in the ice. Wetlands accumulate metals and may release a burst when water returns after dry periods. The study did not find a correlation between rates of rising metal concentrations and the presence of wetlands, rock glaciers or factors linked to falling water tables, although these could be playing a role in other regions. But all these possible mechanisms are consequences of climate change.

"There's just no other logical explanation than this is a changing climate signal," Manning said. "Nothing else would reach all these watersheds universally."
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Don't be a stranger -- study finds rekindling old friendships as scary as making new ones | ScienceDaily
Psychologists from Simon Fraser University (SFU) and the University of Sussex have found that people are as hesitant to reach out to an old friend as they are to strike up a conversation with a stranger, even when they had the capacity and desire to do so. The new research is published today in the journal Nature Communications Psychology.


						
Scientific research has shown that social relationships are important to human happiness, and that the greater the number and range of friendships that we engage with, the better our wellbeing. But once relationships are formed, some will naturally wax and wane, with many of us losing touch with friends and family that we were once close with.

As old friends who had reconnected themselves, Professor Lara Aknin from SFU and Dr. Gillian Sandstrom from the University of Sussex in Brighton (U.K.) were keen to find out what stops other people from doing the same.

Sandstrom, senior lecturer in the psychology of kindness and director of the Sussex Centre for Research on Kindness said: "We live in a time when people are more and more disconnected, and have fewer close friends than they used to in years past. And this is despite the multitude of modern-day communication channels available to us. With research finding that it takes more than 200 hours of contact to turn a new acquaintance into a close friend*, we wanted to find out if and why people were overlooking another pathway to meaningful connection: reviving pre-existing close friendships."

Across seven studies, the psychologists examined the attitudes of almost 2,500 participants to reconnecting with lapsed friendships, the barriers and reasons for doing so, and whether targeted interventions could encourage them to send that first message to an old friend.

"We found that the majority of participants (90 per cent) in our first study had lost touch with a someone they still care about. Yet, a significant number (70 per cent) were neutral, or even negative, about the idea of getting back in touch in that moment, even when they felt warmly about the friendship," says Aknin, director of the Helping and Happiness Lab at SFU and co-author of the paper.

Recognizing that people sometimes say one thing and do another, the psychologists designed a study to see how many people were willing to actually reach out to an old friend. Even when participants wanted to reconnect, thought the friend would be appreciative, had their contact information, and were given time to draft and send a message, only about a third actually sent it (28 per cent in one study and 37 per cent in another study).




The psychologists set out to benchmark this hesitance to reconnect by getting participants to rate their willingness to immediately carry out a range of activities, including calling or texting a friend they had lost touch with. They found that participants were as reluctant to reach out to an old friend as they were to strike up a conversation with a stranger -- or even to pick up rubbish.

The top reported barriers included fears that one's old friend might not want to hear from them, that it would be 'too awkward after all this time', and feeling 'guilty'. A perception of being too busy -- both the old friend and the participant -- was the lowest cited reason for not reaching out.

Notably, the psychologists found that participants believed there were only a few legitimate reasons to get in touch, with the friend's birthday reported as the most compelling. Reconnecting over the memory of a shared experience was the second most reported reason. Participants were least likely to consider getting in touch with an old friend to ask them a favour.

As part of the research, the psychologists tested targeted interventions, responding to the findings from four of the studies. Taking inspiration from a previous intervention conducted by Sandstrom on talking with strangers, they found that practising social connection with current networks by first sending a message to a warm friend, was the most successful strategy, boosting reach out rates by over two thirds.

Sandstrom explained: "Interestingly, despite people telling us that a key barrier to making contact with an old friend was concerns over how the message might be received, the intervention that we devised to help overcome this anxiety had little effect.

"Given that participants were as hesitant to reach out to a stranger as someone they had previously been close with, we drew inspiration from previous research I had conducted on talking to strangers, which found that practice made progress. When people were given time to practice in a situation that felt more comfortable, namely by sending messages to current friends, they were much more likely to make the leap to messaging someone they had lost touch with."

Aknin adds: "We know from decades of research that social relationships are a key source of happiness and meaning in our lives.

"Gillian and I are old friends, dating back to our time as PhD students in Canada. We've been in touch on-and-off ever since, but most recently reconnected on New Year's Day 2022 when I emailed her to say that I missed her and wanted to collaborate on a new project. We took inspiration from our period of disconnection and decided to study if and when people are willing to reach out to old friends.

"We hope these findings prompt other people to send that first message to someone that they miss in their lives."
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Super Mario hackers' tricks could protect software from bugs | ScienceDaily
Video gamers who exploit glitches in games can help experts better understand buggy software, students at the University of Bristol suggest.


						
Known as 'speedrunners', these types of gamers can complete games quickly by working out their malfunctions.

The students examined four classic Super Mario games, and analysed 237 known glitches within them, classifying a variety of weaknesses. This research explores whether these are the same as the bugs exploited in more conventional software.

Nintendo's Super Mario is the quintessential video game. To understand the sorts of glitches speedrunners exploit, they examined four of the earliest Mario platforming games -- Super Mario Bros (1985), Super Mario Bros. 3 (1988), Super Mario World (1990) and Super Mario 64 (1996). Whilst these games are old, they are still competitively run by speedrunners with new records reported in the news. The games are well also well understood, having been studied by speedrunners for decades, ensuring that there are large numbers of well researched glitches for analysis.

Currently the world record time for conquering Super Mario World stands at a blistering 41 seconds. The team set out to understand 237 known glitches within them, classifying a variety of weaknesses to see if they can help software engineers make applications more robust.

In the Super Mario platforming games Mario must rescue Princess Peach by jumping through an obstacle course of various platforms to reach a goal, avoiding baddies or defeating them by jumping on their heads. Players can collect power-ups along the way to unlock special abilities, and coins to increase their score. The Mario series of games is one of Nintendo's flagship products, and one of the most influential video game series of all time.

Dr Joseph Hallett from Bristol's School of Computer Science explained: "Many early video games, such as the Super Mario games we have examined, were written for consoles that differ from the more uniform PC-like hardware of modern gaming systems.




"Constraints stemming from the hardware, such as limited memory and buses, meant that aggressive optimization and tricks were required to make games run well.

"Many of these techniques (for example, the NES's memory mapping) are niche and can lead to bugs, by being so different to how many programmers usually expect things to work."

"Programming for these systems is closer to embedded development than most modern software, as it requires working around the limits of the hardware to create games. Despite the challenges of programming these systems, new games are still released and retro-inspired."

Categorizing bugs in software allows developers to understand similar problems and bugs.

The Common Weakness Enumeration (CWE) is a category system for hardware and software weaknesses and vulnerabilities. The team identified seven new categories of weakness previously unspecified.

Dr Joseph Hallett from Bristol's School of Computer Science explained: "We found that some of the glitches speed runners use don't have neat categorizations in existing software defect taxonomies and that there may be new kinds of bugs to look for in more general software."

The team thematically analysed with a code book of existing software weaknesses (CWE) -- a qualitative research method to help categorize complex phenomena.




Dr Hallett continued: "The cool bit of this research is that academia is starting to treat and appreciate the work speedrunners do and study something that hasn't really been treated seriously before.

"By studying speedrunners' glitches we can better understand how they do it and whether the bugs they use are the same ones other software gets hacked with.

"It turns out the speedrunners have some tricks that we didn't know about before."

Now the team have turned their hand to studying Pokemon video games.
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Infected: Understanding the spread of behavior | ScienceDaily
Human beings are likely to adopt the thoughts, beliefs, and behaviors of those around them.


						
Simple decisions like what local store is best to shop at to more complex ones like vaccinating a child are influenced by these behavior patterns and social discourse.

"We choose to be in networks, both offline and online, that are compatible with our own thinking," explained Amin Rahimian, assistant professor of industrial engineering at the University of Pittsburgh Swanson School of Engineering. "The social contagion of behavior through networks can help us understand how and why new norms, products, and ideas are adopted."

Initially, researchers thought highly clustered ties that are close together in networks created the perfect environment for the spread of complex behaviors that require significant social reinforcement. However, Rahimian, alongside a team of researchers from Massachusetts Institute of Technology (MIT) and Harvard University, counter these ideas. Long ties, which are created through randomly rewired edges that make them 'longer,' accelerate the spread of social contagions. For example, in the age of social media, long ties can facilitate broader reach across different demographics and heterogeneous populations. Rather than just communicating with one's neighbor, one may also be connecting with someone in another state -- even another country.

By using mathematical and statistical methods, the researchers were able to analyze the rate of spread over circular lattices with long ties and show that having a small probability of adoption below the contagion threshold is enough to ensure that random rewiring accelerates the spread of these contagions.

"Mechanisms that we identify for spread on circular lattices remain valid in higher dimensions," explained Rahimian.

Similar network dynamics arise in the study of neural activity in the brain.

"We are interested in the implications of these results for a better understanding of network structures that facilitate the spread of bursting activity in various brain regions," explained Jonathan Rubin, professor in Pitt's Department of Mathematics.

This research suggests those wanting to achieve fast, total spread would benefit from implementing intervention points across network neighborhoods with long-tie connections to other network regions, explained Dean Eckles, associate professor of marketing at MIT.

"Further work could study such strategies for seeding complex behaviors," Eckles continued.
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Researchers create artificial cells that act like living cells | ScienceDaily

"With this discovery, we can think of engineering fabrics or tissues that can be sensitive to changes in their environment and behave in dynamic ways," says Freeman, whose lab is in the Applied Physical Sciences Department of the UNC College of Arts and Sciences.

Cells and tissues are made of proteins that come together to perform tasks and make structures. Proteins are essential for forming the framework of a cell, called the cytoskeleton. Without it, cells wouldn't be able to function. The cytoskeleton allows cells to be flexible, both in shape and in response to their environment.

Without using natural proteins, the Freeman Lab built cells with functional cytoskeletons that can change shape and react to their surroundings. To do this, they used a new programmable peptide-DNA technology that directs peptides, the building blocks of proteins, and repurposed genetic material to work together to form a cytoskeleton.

"DNA does not normally appear in a cytoskeleton," Freeman says. "We reprogrammed sequences of DNA so that it acts as an architectural material, binding the peptides together. Once this programmed material was placed in a droplet of water, the structures took shape."

The ability to program DNA in this way means scientists can create cells to serve specific functions and even fine-tune a cell's response to external stressors. While living cells are more complex than the synthetic ones created by the Freeman Lab, they are also more unpredictable and more susceptible to hostile environments, like severe temperatures.

"The synthetic cells were stable even at 122 degrees Fahrenheit, opening up the possibility of manufacturing cells with extraordinary capabilities in environments normally unsuitable to human life," Freeman says.

Instead of creating materials that are made to last, Freeman says their materials are made to task -- perform a specific function and then modify themselves to serve a new function. Their application can be customized by adding different peptide or DNA designs to program cells in materials like fabrics or tissues. These new materials can integrate with other synthetic cell technologies, all with potential applications that could revolutionize fields like biotechnology and medicine.

"This research helps us understand what makes life," Freeman says. "This synthetic cell technology will not just enable us to reproduce what nature does, but also make materials that surpass biology."
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Marginalized communities developed 'disaster subculture' when living through extreme climate events | ScienceDaily
Locations around the globe are experiencing climate disasters on a regular basis. But some of the most marginalized populations experience disasters so often it has come to be normalized.


						
A new study from the University of Kansas found residents of one Seoul, South Korea, neighborhood have grown so accustomed to living through extreme climate events they have developed a "disaster subculture" that challenges both views of reality and how social agencies can help.

Joonmo Kang, assistant professor of social welfare, spent a year living in Jjokbang-chon, an extremely impoverished neighborhood in Seoul, as part of an ethnographic research project. Residents there routinely live through extreme heat and cold in tiny, 70-square-foot units about the size of a closet. Over the course of a year, he interviewed residents about their experiences and worked with local social agencies to understand how they worked with the residents.

Residents regularly expressed a sort of indifference to extreme heat and climate change, stating they had no options or even that "every day is a disaster." While that seeming difference with reality can potentially be caused by several factors, it shows that social work has a challenge in how to respond to climate disasters and their everyday effects, Kang said.

The study, published in the International Journal of Social Welfare, is part of Kang's larger body of work in climate justice and eco social work. Through that lens, he said hopes to learn more about how climate change affects certain groups and populations and how social work can respond.

"For this paper I wanted to highlight the lived experiences of so-called slum housing in Seoul, South Korea, where I'm originally from," Kang said. "But heat and climate disasters don't just happen there, it happens throughout the Global North, even in the wealthiest countries. I want to see how this affects lives in the most marginalized communities."

In his ethnographic study, Kang had informal conversations and semi-structed interviews with the residents of Jjokbang-chon. One resident reported how he simply sits still and tries not to move during the hottest times. Others reported they did not go to government-provided cooling centers because they were too far away and the effort to get there would outweigh riding out the heat.




"All year around, all four seasons are filled with distress; every day is a disaster. When every day is like that, when every day is a disaster, when our daily lives are a disaster, the weather doesn't matter. It's not like the summer or the winter becomes particularly hard," one resident said.

Other residents reported living in a jjokbang was preferable to previous experiences of homelessness. Even though they were not allowed by landlords to install cooling systems beyond fans -- and the facilities were not equipped to handle them -- residents seemed resigned to accept living in extreme conditions.

"This research focused on how people make meaning of extreme weather. The findings revealed they developed a 'disaster subculture,'" Kang said. "When they experience this, it causes them to reflect a sense of normalcy. One of the main things I found was even though it's been widely reported these living conditions can be a living hell, people told me, 'It is what it is.' I was really struck by that."

Building a tolerance to seemingly intolerable climate may be difficult to understand, but a community organizer who works with the Jjokbang-chon population offered insight into why residents may express such acceptance.

"It might also be their way of telling us, 'I am trying my best to adjust,' and at the same time even though they have a desire to get out of here, they might just be saying that because they don't have the resources or the means to turn things around," the organizer said. "Being stuck in that situation for a long period of time, they might have gotten used to it or even built a tolerance because they can't change their reality, and as a result leads to a sense of acceptance, like a shrug of resignation."

The field of social work has a responsibility, however, to serve the world's most vulnerable populations, Kang writes, and understanding their lived experiences is key to doing so effectively.




Kang compared the situation to the boiling frog metaphor, in which a frog in a pot of slowly heated water does not jump out before it is cooked. People living in extreme conditions can be exposed to trauma for long periods, but unlike the frog, can offer insight into how to address the issue.

"Their own views of vulnerability and reality did not seem to align with what was objectively true. This shows we need to address the everyday reality and root causes and why people are living in these conditions."

In ongoing and future work, Kang said he would further explore how to advocate for and empower marginalized communities to address climate issues that affect them every day.

"The folks who live these experiences know best. They have agency, and we need to listen to them," Kang said. "I think it can be a waste of money and effort if we don't listen to what people want and need and work with them to address climate-related issues."
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New study uncovers lasting financial hardship associated with cancer diagnosis for working-age adults in the U.S. | ScienceDaily
A new study led by researchers at the American Cancer Society (ACS) highlights the lasting financial impact of a cancer diagnosis for many working-age adults and their families in the United States. It shows a cancer diagnosis and the time required for its treatment can result in employment disruptions, loss of household income and loss of employment-based health insurance coverage, leading to financial hardship. When combined with high out-of-pocket costs for cancer care, nearly 60% of working-age cancer survivors report at least one type of financial hardship, such as being unable to afford medical bills, distress and worry, or delaying or forgoing needed care because of cost. The findings are published in CA: A Cancer Journal for Clinicians.


						
"While the rising costs of cancer care and subsequent medical financial hardship for cancer survivors and families are well-documented in the United States, little attention has been paid to how employment and household income can be affected by a cancer diagnosis and treatment," said lead study author Dr. Robin Yabroff, scientific vice president, health services research at the American Cancer Society. "With nearly half of cancer survivors of working age and not yet age-eligible for Medicare coverage, understanding the potential effects of cancer diagnosis and treatment on employment, income, and access to employer-based health insurance coverage is essential."

Study researchers used a composite patient case to illustrate the potential adverse consequences of cancer diagnosis and treatment, including employment disruptions while receiving cancer care, loss of income for unpaid time away from work, and loss of access to employment-based health insurance coverage, if unable to maintain employment. The authors also summarize existing research and provide nationally representative estimates of multiple aspects of financial hardship from 2019-2021, the most recently available years of the National Health Interview Survey (NHIS). The NHIS collects information about health conditions, including but not limited to cancer diagnoses, health status, employment, health insurance, socioeconomic status and experience with health care from nearly 90,000 individuals in 35,000 households each year.

"There are opportunities for a variety of stakeholders to mitigate financial hardship and assist patients with cancer and their families," added Dr. Yabroff. "Federal, state and local policies can increase availability of comprehensive and affordable health insurance coverage and ensure job protections for working adults."

"Today's findings reiterate the critical role access to affordable, quality care and paid family medical leave plays in reducing the financial toll of cancer on those diagnosed -- particularly while they are of working age," said Lisa Lacasse, president of the American Cancer Society Cancer Action Network (ACS CAN). "A majority of cancer patients and survivors (74%) report being forced to miss work due to their illness, most of whom report missing more than four weeks of work, according to an ACS CAN study. No one should be forced to choose between their treatment and their employment. To truly protect patients from the high costs of cancer, Congress must enact paid family and medical leave as well as provide tangible options for affordable health coverage outside of employer-sponsored plans by making permanent the enhanced Marketplace subsidies that allow millions who otherwise have no affordable coverage option to enroll in Marketplace plans."

Study authors emphasize that employers, cancer care delivery organizations and non-profit organizations can also guide efforts to help patients with cancer avoid financial hardship. Employers can offer robust coverage and benefits options, paid and unpaid leave and other workplace accommodations to help reduce employment disruptions and loss of income during cancer treatment. Within cancer care delivery, providers can screen patients for financial hardship, connect patients with relevant services, and make referrals for occupational medicine, rehabilitation care and physical therapy to facilitate return to work and usual activities during and after cancer treatment.

Other ACS authors involved in this study include: Jingxuan Zhao, Dr. Xuesong Han and Dr. Zhiyuan Zheng.
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Innovative microscopy demystifies metabolism of Alzheimer's | ScienceDaily
Alzheimer's disease causes significant problems with memory, thinking and behavior and is the most common form of dementia, affecting more than 50 million people around the world each year. This number is expected to triple by the year 2050.


						
Using their own state-of-the art imaging technologies, scientists at the University of California San Diego have now revealed how the metabolism of lipids, a class of molecule that includes fats, oils and many hormones, is changed in Alzheimer's disease. They also revealed a new strategy to target this metabolic system with new and existing drugs. The findings are published in Cell Metabolism.

"Lipids have been associated with Alzheimer's for as long as we've known about the disease," said senior and co-corresponding author Xu Chen, Ph.D., an assistant professor in the Department of Neurosciences at UC San Diego School of Medicine, referring to the original 1907 report by Alois Alzheimer that described the unusual presence of fat deposits in the brain of the first person to be diagnosed with the disease. "So much of the emphasis since then has been placed on tau and other proteins that the research community has, until the last decade or so, largely overlooked this important aspect of the disease."

"Driven by a keen interest in lipid droplet functions in aging and disease, we initiated this fruitful collaboration to harness cutting-edge SRS technology for studying lipid metabolism in tauopathy mouse brains." Said Yajuan Li, M.D., Ph.D., a postdoctoral researcher in the Shu Chien-Gene Lay Department of Bioengineering at UC San Diego Jacobs School of Engineering. SRS imaging is an approach that analyzes the way molecules in a sample interact with laser light.

In the brain, lipids come in the form of tiny droplets that control a variety of processes, such as energy storage and cellular responses to stress. These processes are tightly regulated in typical brains, but in Alzheimer's or similar diseases, lipid droplet metabolism can malfunction. While scientists understand that there is a relationship between Alzheimer's and lipid metabolism, exactly how they influence one another has remained a mystery.

To answer this question, the team looked directly at lipid droplets in the brains of mice with excess tau protein. They used a state-of-the-art SRS imaging platform developed in Lingyan Shi's lab at the Jacobs School of Engineering. The platform makes it possible to take microscopic images of lipid droplets within cells without the use chemical dyes, which can alter the delicate molecules and compromise the results.

"Intriguingly, the inert lipid droplets observed in tauopathy brains exhibit similar behavior to those found in aging brains," said co-corresponding author Lingyan Shi, Ph.D., assistant professor of bioengineering at the Jacobs School. "We are now focusing on understanding the underlying mechanisms by combing SRS imaging with other utilizing multidisciplinary techniques. Our approach is biologically neutral, so we're able to observe what's happening in the brain at the molecular level with as little interference as possible."

Shi and her team, including Li, pioneered the new approach, which uses a specially modified version of water, called heavy water, as a metabolic probe.




"Instead of using a typical chemical dye to stain lipids, we use heavy water that is naturally participating in the metabolic activities we're interested in," added Shi. "This gives us a much clearer picture of how lipids are formed spatiotemporally, which would not be possible with other approaches. Our current focus is on comprehending the underlying mechanisms of these dynamic changes of lipid metabolism in the context of aging and diseases."

The researchers discovered that in brains with tauopathy, neurons accumulate excess lipids as a result of stress or damage. This influx forces neurons to offload the excess to immune cells in the brain, called microglia. These microglia then mount an inflammatory response that causes further stress to neurons, triggering a repeating and worsening cycle.

In addition to characterizing this process, they were also able to identify a critical enzyme, called adenosine monophosphate-activated protein kinase (AMPK) that orchestrates the cycle. According to the researchers, breaking this cycle could unlock new treatment options for Alzheimer's disease. Chen is particularly optimistic about the possibility of repurposing existing drugs that modify lipid metabolism.

"We don't think this is an incidental phenomenon," said Chen. "The evidence suggests that lipid metabolism is a driving mechanism for Alzheimer's disease. There are many drugs that target lipid metabolism in other body systems, such as in the liver, so we might be able to change this system quite dramatically using tools we already have."
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'Sunny day flooding' increases fecal contamination of coastal waters | ScienceDaily
A new study finds that "sunny day flooding," which occurs during high tides, increases the levels of fecal bacteria in coastal waters. While the elevated bacteria levels in the coastal waters tend to dissipate quickly, the findings suggest policymakers and public health officials should be aware of potential risks associated with tidal flooding.


						
"Historically we see the highest levels of fecal bacteria contamination in coastal waterways after it rains, because the rain washes contaminants into the waterways," says Natalie Nelson, corresponding author of a paper on the study and an associate professor of biological and agricultural engineering at North Carolina State University. "Due to sea level rise, we're seeing an increase in flooding in coastal areas at high tide -- even when there isn't any rainfall. We wanted to see whether sunny day floods were associated with increases in fecal bacteria contamination in waterways."

For the study, researchers collected water samples every day for two summer months at three sites along a single waterway in coastal North Carolina. Two perigean spring tides occurred during the two-month sampling period. Perigean spring tides are tides characterized by especially pronounced high and low tides, caused by the moon's gravitational pull.

The researchers increased their collection of samples at each monitoring site on the days of the perigean spring tides, to capture changes in water quality throughout the tidal cycle. During the high-water levels of the perigean spring tides, water also came up out of some local storm drains and caused minor flooding. The researchers took samples of those floodwaters as well.

"We found that the floodwaters themselves had relatively high levels of fecal bacteria," Nelson says. "To be clear, these floods were inches deep; we're talking about very minor flooding as tidal waters pushed up through the storm grates. However, we've seen children playing in these sort of sunny day floodwaters, and the levels of fecal bacteria we detected were above the levels deemed safe for recreational waters."

"Our findings with regard to the coastal waters were more nuanced," says Megan Carr, lead author of the study and a Ph.D. student at NC State. "On the one hand, we did see higher concentrations of fecal bacteria in coastal waters as the floodwaters and perigean spring tides receded. On the other hand, we did not see this in every instance and in every location -- and we also found that the higher concentrations of fecal bacteria usually only lasted for a few hours."

In other words, perigean spring tides do raise some concerns about fecal bacteria and water quality in coastal waters, but they don't appear to cause concentrations of fecal bacteria at the same level as stormwater runoff caused by rainfall.




"It's important to note that these results are from samples that we took in one area along a large waterway," Nelson says. "The results are likely to vary significantly, depending on the size of the waterway. For example, post-flood contamination could last longer in waterways smaller than the waterway that we sampled. That's something that would benefit from additional research.

"Sea levels are going to continue rising for the foreseeable future," Nelson says. "So we are definitely going to see more sunny day flooding, and those floods will be getting worse. We need to continue studying the impact that these tidal floods have on our water quality, because the more we understand, the better able we will be to make informed decisions about public health and safety."

The paper, "Fecal Bacteria Contamination of Floodwaters and a Coastal Waterway from Tidally-Driven Stormwater Network Inundation," is published in the open-access journal GeoHealth. First author of the paper is Megan Carr, a Ph.D. student at NC State. The paper was co-authored by Angela Harris and Katherine Anarde, both assistant professors of civil, construction and environmental engineering at NC State; Nora Sauers, Gabe Da Silva and Catherine Gamewell, who are undergraduates at NC State; Adam Gold of the Environmental Defense Fund; and Miyuki Hino of the University of North Carolina at Chapel Hill.

The research was done with support from the National Science Foundation, under grant number 2047609; and from the U.S. Geological Survey Southeast Climate Adaptation Science Center.
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Toward unification of turbulence framework -- weak-to-strong transition discovered in turbulence | ScienceDaily
Astrophysicists from the University of Potsdam have made a significant step toward solving the last puzzle in magnetohydrodynamic turbulence theory by observing the weak to strong transition in the space plasma turbulence surrounding Earth with newly developed multi-spacecraft analysis methods. Their pioneering discovery was published today in the journal Nature Astronomy.


						
Turbulence is ubiquitous in nature. It exists everywhere, from our daily lives to the distant universe, while being labelled as "the last great unsolved problem of classical physics" by Richard Feynman. Prof. Dr. Huirong Yan and her group from the Institute of Physics and Astronomy at the University of Potsdam and DESY have now discovered a long-predicted phenomenon: the weak-to-strong transition in small amplitude space plasma turbulence. The discovery was made by analyzing data from ESA's Cluster mission -- a constellation of four spacecraft flying in formation around Earth and investigating how the Sun and the Earth interact.

The weak-to-strong transition in Alfvenic turbulence is the most critical, yet observationally unconfirmed, prediction of magnetohydrodynamic (MHD) turbulence theory in the last three decades. It is exceptionally difficult because the three-dimensional sampling of turbulence fluctuations was not available yet. Therefore, the research team developed new multi-spacecraft analysis methods to obtain three-dimensional information on velocity and magnetic field fluctuations, allowing direct comparisons between observations and theory. "The observational confirmation of the weak-to-strong transition solves the last puzzle in MHD turbulence theory: It proves that the turbulence self-organizes from linear 2D wave-like fluctuations to strong 3D turbulence during the energy cascade (i.e., energy transfer across scales) with increasing nonlinearity, regardless of the initial level of disturbances, highlighting the universality of strong MHD turbulence," says Huirong Yan, professor for plasma astrophysics at the University of Potsdam and leading scientist at DESY.

As the result, those findings substantially deepen our knowledge of ubiquitous turbulence, and their implications extend beyond the study of turbulence itself to particle transport and acceleration, magnetic reconnection, star formation, and all other relevant physical processes from our Earth to remote universe.
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Study compares salmonella rates in backyard, commercial poultry farm samples | ScienceDaily
In a comparison of differently sized poultry farms, researchers at North Carolina State University found that rates of Salmonella in fecal and environmental samples were more prevalent on larger commercial farms than on smaller backyard farms.


						
Perhaps more importantly, multidrug resistance was found in Salmonella samples from both types of production systems, even though antibiotics are not used on backyard farms and are only used sparingly on commercial farms.

The findings could help small and larger farms understand more about the spread of Salmonella in their respective systems.

"We wanted to look at backyard broiler farms; broilers are chickens that are raised for meat consumption rather than egg consumption," said Jessica Parzygnat, an NC State Ph.D. graduate and first author of a paper describing the research. "Broiler chickens are the top consumed meat in the U.S. and the world, but there's not much research on backyard farms, which are growing in popularity in the U.S.

"The Centers for Disease Control has been issuing warnings on Salmonella outbreaks from backyard poultry farms in the last several years, so we wanted to see what pathogens are on backyard farms but also compare that to commercial farms."

Researchers tested 10 backyard and 10 commercial flocks. The smallest backyard flock was 22 birds and the largest was 1,000 birds; all backyard farm birds lived outdoors. Commercial farms, meanwhile, had tens of thousands of birds that lived indoors.

The researchers tested bird fecal samples, as well as environmental conditions like litter, soil, and feeders, for the presence of Salmonella, in addition to other pathogens. Researchers also examined compost samples on backyard farms.




"We tried to examine where Salmonella is prevalent on farms through testing bird fecal samples and also the environment around them," Parzygnat said. "We found less Salmonella on backyard farms (19.1% of samples) than commercial farms (52.3% of samples). We expected that, because previous studies had shown low rates of Salmonella on backyard farms. At the same time, our rates of Salmonella in samples on backyard farms were higher than in other studies looking at backyard poultry in the U.S.

"Both types of farm managers need to be careful with their birds," Parzygnat continued. "There's a feeling that backyard birds are safer than commercial birds, but even though we found less Salmonella, the proportion of Salmonella in backyard farms and commercial farms that were multidrug resistant -- meaning that they showed resistance to three or more classes of antibiotics -- was actually not significantly different."

Parzygnat says that common-sense prevention measures can help consumers avoid Salmonella effects, including cooking chicken thoroughly and avoiding cross contamination while handling and preparing poultry.

"Salmonella can be natural inhabitants of the bird gastrointestinal tract and the birds won't really show signs of illness," she said. "I think one of the major concerns my research highlights is the antibiotic resistance associated with it because that really heightens the concern of infection."

The paper appears in Foodborne Pathogens and Disease. NC State's Sid Thakur is the paper's corresponding author. Co-authors include Rocio Crespo, Mary Fosnaught and Lyndy Harden from NC State; Muhammed Muyyarrikkandy from South Dakota State University; and Dawn Hull from Walter Reed Army Institute of Research. Funding was provided by the USDA NIFA under SAS Grant 410553 and the FDA GenomeTrakr program under grant 5U19FD007113.
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In the brain, bursts of beta rhythms implement cognitive control | ScienceDaily
Bursts of brain rhythms with "beta" frequencies control where and when neurons in the cortex process sensory information and plan responses. Studying these bursts would improve understanding of cognition and clinical disorders, researchers argue in a new review.


						
The brain processes information on many scales. Individual cells electrochemically transmit signals in circuits but at the large scale required to produce cognition, millions of cells act in concert, driven by rhythmic signals at varying frequencies. Studying one frequency range in particular, beta rhythms between about 14-30 Hz, holds the key to understanding how the brain controls cognitive processes -- or loses control in some disorders -- a team of neuroscientists argues in a new review article.

Drawing on experimental data, mathematical modeling and theory, the scientists make the case that bursts of beta rhythms control cognition in the brain by regulating where and when higher gamma frequency waves can coordinate neurons to incorporate new information from the senses or formulate plans of action. Beta bursts, they argue, quickly establish flexible but controlled patterns of neural activity for implementing intentional thought.

"Cognition depends on organizing goal-directed thought, so if you want to understand cognition, you have to understand that organization," said co-author Earl K. Miller, Picower Professor in The Picower Institute for Learning and Memory and the Department of Brain and Cognitive Sciences at MIT. "Beta is the range of frequencies that can control neurons at the right spatial scale to produce organized thought."

Miller and colleagues Mikael Lundqvist, Jonatan Nordmark and Johan Liljefors at the Karolinska Institutet and Pawel Herman at the KTH Royal Institute of Technology in Sweden, write that studying bursts of beta rhythms to understand how they emerge and what they represent would not only help explain cognition, but also aid in diagnosing and treating cognitive disorders.

"Given the relevance of beta oscillations in cognition, we foresee a major change in the practice for biomarker identification, especially given the prominence of beta bursting in inhibitory control processes ... and their importance in ADHD, schizophrenia and Alzheimer's disease," they write in the journal Trends in Cognitive Sciences.

Beta data

Experimental studies covering several species including humans, a variety of brain regions, and numerous cognitive tasks have revealed key characteristics of beta waves in the cortex, the authors write: Beta rhythms occur in quick but powerful bursts; they inhibit the power of higher frequency gamma rhythms; and though they originate in deeper brain regions, they travel within specific locations of cortex. Considering these properties together, the authors write that they are all consistent with precise and flexible regulation, in space and time, of the gamma rhythm activity that experiments show carry signals of sensory information and motor plans.




"Beta bursts thus offer new opportunities for studying how sensory inputs are selectively processed, reshaped by inhibitory cognitive operations and ultimately result in motor actions," the authors write.

For one example, Miller and colleagues have shown in animals that in the prefrontal cortex in working memory tasks, beta bursts direct when gamma activity can store new sensory information, read out the information when it needs to be used, and then discard it when it's no longer relevant. For another example, other researchers have shown that beta rises when human volunteers are asked to suppress a previously learned association between word pairs, or to forget a cue because it will no longer be used in a task.

In a paper last year, Lundqvist, Herman, Miller and others cited several lines of experimental evidence to hypothesize that beta bursts implement cognitive control spatially in the brain, essentially constraining patches of the cortex to represent the general rules of a task even as individual neurons within those patches represent the specific contents of information. For example, if the working memory task is to remember a pad lock combination, beta rhythms will implement patches of cortex for the general steps "turn left," "turn right," "turn left again," allowing gamma to enable neurons within each patch to store and later recall the specific numbers of the combination. The two-fold value of such an organizing principle, they noted, is that the brain can rapidly apply task rules to many neurons at a time and do so without having to re-establish the overall structure of the task if the individual numbers change (i.e. you set a new combination).

Another important phenomenon of beta bursts, the authors write, is that they propagate across long distances in the brain, spanning multiple regions. Studying the direction of their spatial travels, as well as their timing, could shed further light on how cognitive control is implemented.

New ideas beget new questions

Beta rhythm bursts can differ not only in their frequency, but also their duration, amplitude, origin and other characteristics. This variety speaks to their versatility, the authors write, but also obliges neuroscientists to study and understand these many different forms of the phenomenon and what they represent to harness more information from these neural signals.




"It quickly becomes very complicated, but I think the most important aspect of beta bursts is the very simple and basic premise that they shed light on the transient nature of oscillations and neural processes associated with cognition," Lundqvist said."This changes our models of cognition and will impact everything we do. For a long time we implicitly or explicitly assumed oscillations are ongoing which has colored experiments and analyses. Now we see a first wave of studies based on this new thinking, with new hypothesis and ways to analyze data, and it should only pick up in years to come."

The authors acknowledge another major issue that must be resolved by further research -- How do beta bursts emerge in the first place to perform their apparent role in cognitive control?

"It is unknown how beta bursts arise as a mediator of an executive command that cascades to other regions of the brain," the authors write.

The authors don't claim to have all the answers. Instead, they write, because beta rhythms appear to have an integral role in controlling cognition, the as yet unanswered questions are worth asking.

"We propose that beta bursts provide both experimental and computational studies with a window through which to explore the real-time organization and execution of cognitive functions," they conclude. "To fully leverage this potential there is a need to address the outstanding questions with new experimental paradigms, analytical methods and modeling approaches."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240423113138.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Major milestone reached for key weapons component | ScienceDaily
Sandia National Laboratories and the Kansas City National Security Campus completed a crucial weapons component development milestone, prior to full rate production.


						
The Mark 21 Replacement Fuze interfaces with the W87-0 warhead for deployment onto the Minuteman III and, eventually, the Sentinel Intercontinental Ballistic Missile.

The first production unit of the replacement fuze was approved through the National Nuclear Security Administration's rigorous Quality Assurance Inspection Procedure in March.

The Mark 21 fuze, an integrated assembly of Sandia-designed logic and sensing devices, directs the warhead to initiate firing sequences at the correct point in targeting parameters. The Mark 21 Fuze Replacement Program is a Strategic Partnership Program effort between the NNSA and the U.S. Air Force.

"Sandia's role is to deliver a fuze that meets the Air Force's requirements. Completing the first production unit is a visible milestone in maintaining a credible deterrent," said Brad Boswell, a director in Sandia's nuclear deterrence modernization program. "It demonstrates that we are providing the necessary capability for the U.S. nuclear deterrent into the future."

Designing the fuze

As the lead design agency of the Mark 21 fuze, Sandia was responsible for incorporating Air Force requirements into a form, fit and functional package that interfaces with the Mk21 aeroshell, MMIII missile and W87-0 warhead. Work began in 2011.




"The early engineering work takes a lot of time. While some of it is done in parallel, much of the work must be sequential," said Bob Oetken, a former program manager for the fuze program. "We're doing a very specific job that requires, in many cases, custom parts."

Sandia worked closely with the Kansas City National Security Campus to ensure the design was producible and delivered on schedule. While the Kansas City National Security Campus is producing and assembling the fuze, Sandia is manufacturing some of the parts.

Fuze qualification

Before production of the fuze began, a significant amount of time was spent qualifying the design, which ensures the design meets Air Force specifications. It includes analysis through testing and other engineering tools to ensure the fuze will function as intended.

"Qualification involves significant resources and time. We are in a very rigorous business. Some of the qualification is used to verify that we are meeting requirements and took as long as three years from concept to delivery," Oetken said.

The program has conducted numerous tests, including environmental, ground and flight tests, to ensure the fuze withstands multiple difficult environments, such as acceleration, vibration and thermal environments expected during missile launch and ballistic reentry.




Stockpile assessment

Now that the fuze is in full rate production, Sandia's responsibilities shift.

"As the design agency, Sandia is responsible for the component until the weapon is retired. Sandia is accountable for ensuring that the weapon with the fuze attached is safe, secure and reliable," Boswell said.

As part of the stockpile assessment, Sandia will conduct surveillance through processes such as modeling and simulation and flight and ground testing to ensure the fuze continues to work as intended.

Partnering for great results

Completing the first production unit of the Mark 21 fuze is the culmination of more than a decade of work and collaboration, not just at Sandia, but by NNSA and the Department of Defense.

"This first production unit marks a significant milestone not just for Sandia but the broader nuclear security enterprise, particularly our partners at the Kansas City National Security Campus," Boswell said. "While we stop to recognize this achievement, we must also acknowledge this is the start of the next phase of our partnership as we work to meet key production milestones to deliver the quantity of fuzes needed to meet the needs of the stockpile."
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Magnetic microcoils unlock targeted single-neuron therapies for neurodegenerative disorders | ScienceDaily
Researchers deploy an array of microscopic coils to create a magnetic field and stimulate individual neurons. The magnetic field can induce an electric field in any nearby neurons, the same effect created by an electrode but much more precise. They used an array of eight coils, which combined can induce electric fields using much less current per coil, and employed soft magnetic materials, which boost the magnetic strength of the coils. The researchers constructed a prototype of their coil array, called MagPatch, and encapsulated it within a biocompatible coating.


						
Neural stimulation is a medical technique used to treat many illnesses affecting the nervous system. It involves applying energy to neurons to encourage them to grow and make connections with their neighbors. Treatments for epilepsy can often include neural stimulation, and similar treatments exist for Parkinson's disease, chronic pain, and some psychiatric illnesses.

In the Journal of Vacuum Science & Technology A, by AIP Publishing, researchers from the University of Minnesota deployed an array of microscopic coils -- microcoils -- to create a magnetic field and stimulate individual neurons.

Existing devices are effective, but lack the necessary precision needed for some applications, such as cochlear implants or vagus nerve stimulators.

"There are several neurostimulation devices on the market -- some are already FDA-approved for patient trials, some are pending approval," said author Renata Saha. "But each of them has one caveat -- they stimulate a large population of neurons, including neighboring cells that are not supposed to be stimulated. The medical device industry is in search of a device or technique that can stimulate neurons at a single-cell resolution."

Instead of using an electrode, Saha and her team turned to magnetic coils of wire. Over two centuries ago, physicist Michael Faraday described how electric current running through a coil of wire can create a magnetic field. This magnetic field can then induce an electric field in any nearby neurons -- the same effect created by an electrode but much more precise. However, this technique comes with a major downside.

"To achieve the desired threshold of electric field capable of stimulating neurons, the amount of current these microcoils need to drive is extremely high," said Saha. "It is almost three times the amount of current that needs to drive an electrode to achieve the same threshold."

To solve this problem, the team made two improvements. First, rather than a single microcoil, they used an array of eight coils, which combined can induce electric fields using much less current per coil. The authors made further improvement to these microcoil arrays by employing soft magnetic materials, which boost the magnetic strength of the coils.




"Adding these soft magnetic materials at the core of the microcoils increases the electric field without the need to increase the current through the microcoils," said Saha.

The researchers constructed a prototype of their coil array, called MagPatch, and encapsulated it within a biocompatible coating. They then tested it with human neuroblastoma cells to demonstrate its effectiveness. The cells were affected by the magnetic fields without being harmed by the coating, suggesting the potential to use this device in clinical settings.

The authors plan to continue developing and testing the MagPatch device to ensure its safety and utility. They hope it helps to improve the next generation of cochlear implants.
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        Human activities have an intense impact on Earth's deep subsurface fluid flow
        Hydrologists predict human-induced underground fluid fluxes to rise with climate change mitigation strategies like carbon sequestration.

      

      
        Holographic displays offer a glimpse into an immersive future
        Researchers have invented a new optical element that brings us one step closer to mixing the real and virtual worlds in an ordinary pair of eyeglasses using high-definition 3D holographic images.

      

      
        This salt battery harvests osmotic energy where the river meets the sea
        Estuaries -- where freshwater rivers meet the salty sea -- are great locations for birdwatching and kayaking. In these areas, waters containing different salt concentrations mix and may be sources of sustainable, 'blue' osmotic energy. Researchers report creating a semipermeable membrane that harvests osmotic energy from salt gradients and converts it to electricity. The new design had an output power density more than two times higher than commercial membranes in lab demonstrations.

      

      
        Making diamonds at ambient pressure
        Researchers have grown diamonds under conditions of 1 atmosphere pressure and at 1025 degrees Celsius using a liquid metal alloy composed of gallium, iron, nickel, and silicon, thus breaking the existing paradigm. The discovery of this new growth method opens many possibilities for further basic science studies and for scaling up the growth of diamonds in new ways.

      

      
        Eruption of mega-magnetic star lights up nearby galaxy
        While ESA's satellite INTEGRAL was observing the sky, it spotted a burst of gamma-rays -- high-energy photons -- coming from the nearby galaxy M82. Only a few hours later, ESA's XMM-Newton X-ray space telescope searched for an afterglow from the explosion but found none. An international team realized that the burst must have been an extra-galactic flare from a magnetar, a young neutron star with an exceptionally strong magnetic field.

      

      
        A simple 'twist' improves the engine of clean fuel generation
        Researchers have found a way to super-charge the 'engine' of sustainable fuel generation -- by giving the materials a little twist. The researchers are developing low-cost light-harvesting semiconductors that power devices for converting water into clean hydrogen fuel, using just the power of the sun. These semiconducting materials, known as copper oxides, are cheap, abundant and non-toxic, but their performance does not come close to silicon, which dominates the semiconductor market.

      

      
        Bioluminescence first evolved in animals at least 540 million years ago
        Bioluminescence first evolved in animals at least 540 million years ago in a group of marine invertebrates called octocorals, according to the results of a new study. The study focuses on an ancient group of marine invertebrates that includes soft corals, pushes back the previous oldest dated example of trait by nearly 300 million years.

      

      
        Researchers create artificial cells that act like living cells
        Researchers describe the steps they took to manipulate DNA and proteins -- essential building blocks of life -- to create cells that look and act like cells from the body. This accomplishment, a first in the field, has implications for efforts in regenerative medicine, drug delivery systems and diagnostic tools.

      

      
        Fossil frogs share their skincare secrets
        Palaeontologists have solved a hundred-year-old mystery of how some fossil frogs preserve their fleshy parts -- it's all down to their skin. Palaeontologists studied 45-million-year-old fossil frogs from the Geiseltal site in central Germany. Remarkably, the fossils show full body outlines of the soft tissues. The team discovered that the excellent condition of the fossil frogs is due to preservation of ancient skin remnants.

      

      
        This alloy is kinky
        Researchers have uncovered a remarkable metal alloy that won t crack at extreme temperatures due to kinking, or bending, of crystals in the alloy at the atomic level. Unlike most materials, the new alloy keeps its shape and resists cracking at both high and low temperature extremes, making it potentially suitable for demanding applications like high-efficiency aerospace engines.

      

      
        3 in 5 parents play short order cook for young children who don't like family meal
        While most parents of preschool and elementary aged children strive to give their children a balanced, nutritional diet, some of their strategies to promote healthy eating may backfire, a national poll suggests.

      

      
        Giant galactic explosion exposes galaxy pollution in action
        Astronomers have produced the first high-resolution map of a massive explosion in a nearby galaxy, providing important clues on how the space between galaxies is polluted with chemical elements.

      

      
        Breakthrough rice bran nanoparticles show promise as affordable and targeted anticancer agent
        Plant-derived nanoparticles have demonstrated significant anticancer effects. Researchers recently developed rice bran-derived nanoparticles (rbNPs) that efficiently suppressed cell proliferation and induced programmed cell death of only cancer cells. Furthermore, rbNPs successfully suppressed the growth of tumors in mice having aggressive adenocarcinoma in their peritoneal cavity, without any adverse effects. Given their low production costs and high efficacy, rbNPs hold great promise for develo...

      

      
        Superradiant atoms could push the boundaries of how precisely time can be measured
        Superradiant atoms can help us measure time more precisely than ever. In a new study, researchers present a new method for measuring the time interval, the second, mitigating some of the limitations that today's most advanced atomic clocks encounter. The result could have broad implications in areas such as space travel, volcanic eruptions and GPS systems.

      

      
        AI and physics combine to reveal the 3D structure of a flare erupting around a black hole
        Based on radio telescope data and models of black hole physics, a team has used neural networks to reconstruct a 3D image that shows how explosive flare-ups in the disk of gas around our supermassive black hole might look.

      

      
        Warming of Antarctic deep-sea waters contribute to sea level rise in North Atlantic, study finds
        Analysis of mooring observations and hydrographic data suggest the Atlantic Meridional Overturning Circulation deep water limb in the North Atlantic has weakened. Two decades of continual observations provide a greater understanding of the Earth's climate regulating system.

      

      
        Octopus inspires new suction mechanism for robots
        A new robotic suction cup which can grasp rough, curved and heavy stone, has been developed by scientists.

      

      
        One third of China's urban population at risk of city sinking, new satellite data shows
        Land subsidence is overlooked as a hazard in cities, according to new research. Scientists used satellite data that accurately and consistently maps land movement across China.
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Human activities have an intense impact on Earth's deep subsurface fluid flow | ScienceDaily
The impact of human activities -- such as greenhouse gas emissions and deforestation -- on Earth's surface have been well-studied. Now, hydrology researchers from the University of Arizona have investigated how humans impact Earth's deep subsurface, a zone that lies hundreds of meters to several kilometers beneath the planet's surface.


						
"We looked at how the rates of fluid production with oil and gas compare to natural background circulation of water and showed how humans have made a big impact on the circulation of fluids in the subsurface," said Jennifer McIntosh, a professor in the UArizona Department of Hydrology and Atmospheric Sciences and senior author of a paper in the journal Earth's Future detailing the findings.

"The deep subsurface is out of sight and out of mind for most people, and we thought it was important to provide some context to these proposed activities, especially when it comes to our environmental impacts," said lead study author Grant Ferguson, an adjunct professor in the UArizona Department of Hydrology and Atmospheric Sciences and a professor in the University of Saskatchewan's School of Environment and Sustainability.

In the future, these human-induced fluid fluxes are projected to increase with strategies that are proposed as solutions for climate change, according the study. Such strategies include: geologic carbon sequestration, which is capturing and storing atmospheric carbon dioxide in underground porous rocks; geothermal energy production, which involves circulating water through hot rocks for generating electricity; and lithium extraction from underground mineral-rich brine for powering electric vehicles. The study was done in collaboration with researchers from the University of Saskatchewan in Canada, Harvard University, Northwestern University, the Korea Institute of Geosciences and Mineral Resources, and Linnaeus University in Sweden.

"Responsible management of the subsurface is central to any hope for a green transition, sustainable future and keeping warming below a few degrees," said Peter Reiners, a professor in the UArizona Department of Geosciences and a co-author of the study.

With oil and natural gas production, there is always some amount of water, typically saline, that comes from the deep subsurface, McIntosh said. The underground water is often millions of years old and acquires its salinity either from evaporation of ancient seawater or from reaction with rocks and minerals. For more efficient oil recovery, more water from near-surface sources is added to the salt water to make up for the amount of oil removed and to maintain reservoir pressures. The blended saline water then gets reinjected into the subsurface. This becomes a cycle of producing fluid and reinjecting it to the deep subsurface.

The same process happens in lithium extraction, geothermal energy production and geologic carbon sequestration, the operations of which involve leftover saline water from the underground that is reinjected.




"We show that the fluid injection rates or recharge rates from those oil and gas activities is greater than what naturally occurs," McIntosh said.

Using existing data from various sources, including measurements of fluid movements related to oil and gas extraction and water injections for geothermal energy, the team found that the current fluid movement rates induced by human activities are higher compared to how fluids moved before human intervention.

As human activities like carbon capture and sequestration and lithium extraction ramp up, the researchers also predicted how these activities might be recorded in the geological record, which is the history of Earth as recorded in the rocks that make up its crust.

Human activities have the potential to alter not just the deep subsurface fluids but also the microbes that live down there, McIntosh said. As fluids move around, microbial environments may be altered by changes in water chemistry or by bringing new microbial communities from Earth's surface to the underground.

For example, with hydraulic fracturing, a technique that is used to break underground rocks with pressurized liquids for extracting oil and gas, a deep rock formation that previously didn't have any detectable number of microbes might have a sudden bloom of microbial activity.

There remain a lot of unknowns about Earth's deep subsurface and how it is impacted by human activities, and it's important to continue working on those questions, McIntosh said.

"We need to use the deep subsurface as part of the solution for the climate crisis," McIntosh said. "Yet, we know more about the surface of Mars than we do about water, rocks and life deep beneath our feet."
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Holographic displays offer a glimpse into an immersive future | ScienceDaily
Setting the stage for a new era of immersive displays, researchers are one step closer to mixing the real and virtual worlds in an ordinary pair of eyeglasses using high-definition 3D holographic images, according to a study led by Princeton University researchers.


						
Holographic images have real depth because they are three dimensional, whereas monitors merely simulate depth on a 2D screen. Because we see in three dimensions, holographic images could be integrated seamlessly into our normal view of the everyday world.

The result is a virtual and augmented reality display that has the potential to be truly immersive, the kind where you can move your head normally and never lose the holographic images from view. "To get a similar experience using a monitor, you would need to sit right in front of a cinema screen," said Felix Heide, assistant professor of computer science and senior author on a paper published April 22 in Nature Communications.

And you wouldn't need to wear a screen in front of your eyes to get this immersive experience. Optical elements required to create these images are tiny and could potentially fit on a regular pair of glasses. Virtual reality displays that use a monitor, as current displays do, require a full headset. And they tend to be bulky because they need to accommodate a screen and the hardware necessary to operate it.

"Holography could make virtual and augmented reality displays easily usable, wearable and ultrathin," said Heide. They could transform how we interact with our environments, everything from getting directions while driving, to monitoring a patient during surgery, to accessing plumbing instructions while doing a home repair.

One of the most important challenges is quality. Holographic images are created by a small chip-like device called a spatial light modulator. Until now, these modulators could only create images that are either small and clear or large and fuzzy. This tradeoff between image size and clarity results in a narrow field of view, too narrow to give the user an immersive experience. "If you look towards the corners of the display, the whole image may disappear," said Nathan Matsuda, research scientist at Meta and co-author on the paper.

Heide, Matsuda and Ethan Tseng, doctoral student in computer science, have created a device to improve image quality and potentially solve this problem. Along with their collaborators, they built a second optical element to work in tandem with the spatial light modulator. Their device filters the light from the spatial light modulator to expand the field of view while preserving the stability and fidelity of the image. It creates a larger image with only a minimal drop in quality.

Image quality has been a core challenge preventing the practical applications of holographic displays, said Matsuda. "The research brings us one step closer to resolving this challenge," he said.

The new optical element is like a very small custom-built piece of frosted glass, said Heide. The pattern etched into the frosted glass is the key. Designed using AI and optical techniques, the etched surface scatters light created by the spatial light modulator in a very precise way, pushing some elements of an image into frequency bands that are not easily perceived by the human eye. This improves the quality of the holographic image and expands the field of view.

Still, hurdles to making a working holographic display remain. The image quality isn't yet perfect, said Heide, and the fabrication process for the optical elements needs to be improved. "A lot of technology has to come together to make this feasible," said Heide. "But this research shows a path forward."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240424111558.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



This salt battery harvests osmotic energy where the river meets the sea | ScienceDaily
Estuaries -- where freshwater rivers meet the salty sea -- are great locations for birdwatching and kayaking. In these areas, waters containing different salt concentrations mix and may be sources of sustainable, "blue" osmotic energy. Researchers in ACS Energy Letters report creating a semipermeable membrane that harvests osmotic energy from salt gradients and converts it to electricity. The new design had an output power density more than two times higher than commercial membranes in lab demonstrations.


						
Osmotic energy can be generated anywhere salt gradients are found, but the available technologies to capture this renewable energy have room for improvement. One method uses an array of reverse electrodialysis (RED) membranes that act as a sort of "salt battery," generating electricity from pressure differences caused by the salt gradient. To even out that gradient, positively charged ions from seawater, such as sodium, flow through the system to the freshwater, increasing the pressure on the membrane. To further increase its harvesting power, the membrane also needs to keep a low internal electrical resistance by allowing electrons to easily flow in the opposite direction of the ions. Previous research suggests that improving both the flow of ions across the RED membrane and the efficiency of electron transport would likely increase the amount of electricity captured from osmotic energy. So, Dongdong Ye, Xingzhen Qin and colleagues designed a semipermeable membrane from environmentally friendly materials that would theoretically minimize internal resistance and maximize output power.

The researchers' RED membrane prototype contained separate (i.e., decoupled) channels for ion transport and electron transport. They created this by sandwiching a negatively charged cellulose hydrogel (for ion transport) between layers of an organic, electrically conductive polymer called polyaniline (for electron transport). Initial tests confirmed their theory that decoupled transport channels resulted in higher ion conductivity and lower resistivity compared to homogenous membranes made from the same materials. In a water tank that simulated an estuary environment, their prototype achieved an output power density 2.34 times higher than a commercial RED membrane and maintained performance during 16 days of non-stop operation, demonstrating its long-term, stable performance underwater. In a final test, the team created a salt battery array from 20 of their RED membranes and generated enough electricity to individually power a calculator, LED light and stopwatch.

Ye, Qin and their team members say their findings expand the range of ecological materials that could be used to make RED membranes and improve osmotic energy-harvesting performance, making these systems more feasible for real-world use.

The authors acknowledge funding from the National Natural Science Foundation of China.
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Making diamonds at ambient pressure | ScienceDaily
Did you know that 99% of synthetic diamonds are currently produced using high-pressure and high-temperature (HPHT) methods?[2] A prevailing paradigm is that diamonds can only be grown using liquid metal catalysts in the gigapascal pressure range (typically 5-6 GPa, where 1 GPa is about 10,000 atm), and typically within the temperature range of 1300-1600 degC. However, the diamonds produced using HPHT are always limited to sizes of approximately one cubic centimeter due to the components involved. That is -- achieving such high pressures can only be done at a relatively small length scale. Discovering alternative methods to make diamonds in liquid metal under milder conditions (particularly at lower pressure) is an intriguing basic science challenge that if achieved could revolutionize diamond manufacturing. Could the prevailing paradigm be challenged?


						
A team of researchers led by Director Rod RUOFF at the Center for Multidimensional Carbon Materials (CMCM) within the Institute for Basic Science (IBS), including graduate students at the Ulsan National Institute of Science and Technology (UNIST), have grown diamonds under conditions of 1 atmosphere pressure and at 1025 degC using a liquid metal alloy composed of gallium, iron, nickel, and silicon, thus breaking the existing paradigm. The discovery of this new growth method opens many possibilities for further basic science studies and for scaling up the growth of diamonds in new ways.

Director Ruoff, who is also a UNIST Distinguished Professor notes, "This pioneering breakthrough was the result of human ingenuity, unremitting efforts, and the concerted cooperation of many collaborators." Researchers led by Ruoff conducted a series of experiments, involving several hundred parameter adjustments and a variety of experimental approaches before they finally succeeded in growing diamonds using a 'home-built' cold-wall vacuum system.

Ruoff notes "We had been running our parametric studies in a large chamber (named RSR-A with an interior volume of 100 liters) and our search for parameters that would yield growth of diamond was slowed due to the time needed to pump out air (about 3 minutes), purge with inert gas (90 minutes), followed by pumping down again to vacuum level (3 minutes) so that the chamber could then be filled with 1 atmosphere pressure of quite pure hydrogen/methane mixture (again 90 minutes); that is over 3 hours before the experiment could be started! I asked Dr. Won Kyung SEONG to design & build a much smaller chamber to greatly reduce the time needed to start (and finish!) the experiment with the liquid metal exposed to the mixture of methane and hydrogen." Seong adds, "Our new homebuilt system (named RSR-S, with an interior volume of only 9 liters) can be pumped out, purged, pumped out, and filled with methane/hydrogen mixture, in a total time of 15 minutes. Parametric studies were greatly accelerated, and this helped us discover the parameters for which diamond grows in the liquid metal!"

The team discovered that diamond grows in the sub-surface of a liquid metal alloy consisting of a 77.75/11.00/11.00/0.25 mix (atomic percentages) of gallium/nickel/iron/silicon when exposed to methane and hydrogen under 1 atm pressure at ~1025 degC.

Yan GONG, UNIST graduate student and first author, explains "One day with the RSR-S system when I ran the experiment and then cooled down the graphite crucible to solidify the liquid metal, and removed the solidified liquid metal piece, I noticed a 'rainbow pattern' spread over a few millimeters on the bottom surface of this piece. We found out that the rainbow colors were due to diamonds! This allowed us to to identify parameters that favored the reproducible growth of diamond."

The initial formation occurs without the need for diamond or other seed particles commonly used in conventional HPHT and chemical vapor deposition synthesis methods. Once formed, the diamond particles merge to form a film, which can be easily detached and transferred to other substrates, for further studies and potential applications.




The synchrotron two-dimensional X-ray diffraction measurements confirmed that the synthesized diamond film has a very high purity of the diamond phase. Another intriguing aspect is the presence of silicon-vacancy color centers in the diamond structure, as an intense zero-phonon line at 738.5 nm in the photoluminescence spectrum excited by using a 532 nm laser was found.

Coauthor Dr. Meihui WANG notes, "This synthesized diamond with silicon-vacancy color centers may find applications in magnetic sensing and quantum computing."

The research team delved deeply into possible mechanisms for diamonds to nucleate and grow under these new conditions. High-resolution transmission electron microscope (TEM) imaging on cross-sections of the samples showed about 30-40 nm thick amorphous subsurface region in the solidified liquid metal that was directly in contact with the diamonds. Coauthor Dr. Myeonggi CHOE notes, "Approximately 27 percent of atoms that were present at the top surface of this amorphous region were carbon atoms, with the carbon concentration decreasing with depth."

Ruoff elaborates, "The presence of such a high concentration of carbon 'dissolved' in a gallium-rich alloy could be unexpected, as carbon is reported to be not soluble in gallium. This may explain why this region is amorphous -- while all other regions of the solidified liquid metal are crystalline. This sub-surface region is where our diamonds nucleate and grow and we thus focused on it."

Researchers exposed the Ga-Fe-Ni-Si liquid metal to the methane/hydrogen for short periods of time to try to understand the early growth stage -- well prior to the formation of a continuous diamond film. They then analyzed the concentrations of carbon in the subsurface regions using time-of-flight secondary ion mass spectrometry depth profiling. After a 10-minute run, no diamond particles were evident but there were ~65 at% carbon atoms present in the region where the diamond typically grows. Diamond particles began to be found after a 15-minute run, and there was a lower subsurface C atom concentration of ~27 at%.

Ruoff explains, "The concentration of subsurface carbon atoms is so high at around 10 minutes that this time exposure is close to or at supersaturation, leading to the nucleation of diamonds either at 10 minutes or sometime between 10 and 15 minutes. The growth of diamond particles is expected to occur very rapidly after nucleation, at some time between about 10 minutes and 15 minutes."

The temperature in 27 different locations in the liquid metal was measured with an attachment to the growth chamber having an array of nine thermocouples that was designed and built by Seong. The central region of the liquid metal was found to be at a lower temperature compared to the corners and sides of the chamber. It is thought that this temperature gradient is what drives carbon diffusion towards the central region, facilitating diamond growth.




The team also discovered that silicon plays a critical role in this new growth of diamond. The size of the grown diamonds becomes smaller and their density higher as the concentration of silicon in the alloy was increased from the optimal value. Diamonds could not be grown at all without the addition of silicon, which suggests that silicon may be involved in the initial nucleation of diamond.

This was supported by the various theoretical calculations conducted to uncover the factors that may be responsible for the growth of diamonds in this new liquid metal environment. Researchers found that silicon promotes the formation and stabilization of certain carbon clusters by predominantly forming sp3 bonds like carbon. It is thought that small carbon clusters containing Si atoms might serve as the 'pre-nuclei', which can then grow further to nucleate a diamond. It is predicted that the likely size range for an initial nucleus is around 20 to 50 C atoms.

Ruoff states, "Our discovery of nucleation and growth of diamond in this liquid metal is fascinating and offers many exciting opportunities for more basic science. We are now exploring when nucleation, and thus the rapid subsequent growth of diamond, happens. Also 'temperature drop' experiments where we first achieve supersaturation of carbon and other needed elements, followed by rapidly lowering the temperature to trigger nucleation -- are some studies that seem promising to us."

The team discovered their growth method offers significant flexibility in the composition of liquid metals. Researcher Dr. Da LUO remarks, "Our optimized growth was achieved using the gallium/nickel/iron/silicon liquid alloy. However, we also found that high-quality diamond can be grown by substituting nickel with cobalt or by replacing gallium with a gallium-indium mixture."

Ruoff concludes, "Diamond might be grown in a wide variety of relatively low melting point liquid metal alloys such as containing one or more of indium, tin, lead, bismuth, gallium, and potentially antimony and tellurium -- and including in the molten alloy other elements such as manganese, iron, nickel, cobalt and so on as catalysts, and others as dopants that yield color centers. And there is a wide range of carbon precursors available besides methane (various gases, and also solid carbons). New designs and methods for introducing carbon atoms and/or small carbon clusters into liquid metals for diamond growth will surely be important, and the creativity and technical ingenuity of the worldwide research community seem likely to me, based on our discovery, to rapidly lead to other related approaches and experimental configurations. There are numerous intriguing avenues to explore!"

This research was supported by the Institute for Basic Science and has been published in the journal Nature.
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Eruption of mega-magnetic star lights up nearby galaxy | ScienceDaily
While ESA's satellite INTEGRAL was observing the sky, it spotted a burst of gamma-rays -- high-energy photons -- coming from the nearby galaxy M82. Only a few hours later, ESA's XMM-Newton X-ray space telescope searched for an afterglow from the explosion but found none. An international team, including researchers from the University of Geneva (UNIGE), realised that the burst must have been an extra-galactic flare from a magnetar, a young neutron star with an exceptionally strong magnetic field. The discovery is published in the journal Nature.


						
On 15 November 2023, ESA's satellite INTEGRAL spotted a sudden explosion from a rare object. For only a tenth of a second, a short burst of energetic gamma-rays appeared in the sky. "The satellite data were received in the INTEGRAL Science Data Centre (ISDC), based on the Ecogia site of the UNIGE Astronomy Department, from where a gamma-ray burst alert was sent out to astronomers worldwide, only 13 seconds after its detection," explains Carlo Ferrigno, senior research associate in the Astronomy Department at UNIGE Faculty of Science, PI of the ISDC and co-author of the publication.

The IBAS (Integral Burst Alert System) software gave an automatic localisation coinciding with the galaxy M82, 12 million light-years away. This alert system was developed and is operated by scientists and engineers from the UNIGE in collaboration with international colleagues.

A curious signal from a nearby galaxy? 

"We immediately realised that this was a special alert. Gamma-ray bursts come from far-away and anywhere in the sky, but this burst came from a bright nearby galaxy," explains Sandro Mereghetti of the National Institute for Astrophysics (INAF-IASF) in Milan, Italy, lead author of the publication and contributor of IBAS. The team immediately requested ESA's XMM-Newton space telescope to perform a follow-up observation of the burst's location as soon as possible. If this had been a short gamma-ray burst, caused by two colliding neutron stars, the collision would have created gravitational waves and have an afterglow in X-rays and visible light.

However, XMM-Newton's observations only showed the hot gas and stars in the galaxy. Using ground-based optical telescopes, including the Italian Telescopio Nazionale Galileo and the French Observatoire de Haute-Provence, they also looked for a signal in visible light, starting only a few hours after the explosion, but again did not find anything. With no signal in X-rays and visible light, and no gravitational waves measured by detectors on Earth (LIGO/VIRGO/KAGRA), the most certain explanation is that the signal came from a magnetar.

Magnetars: mega-magnetic stars, recently dead 

"When stars more massive than eight times the Sun die, they explode in a supernova that leaves a black hole or neutron star behind. Neutron stars are very compact stellar remnants with more than the mass of the Sun packed into a sphere with the size of the Canton of Geneva. They rotate quickly and have strong magnetic fields." explains Volodymyr Savchenko, senior research associate in the Astronomy Department at UNIGE Faculty of Science, and co-author of the publication. Some young neutron stars have extra strong magnetic fields, more than 10,000 times that of typical neutron stars. These are called magnetars. They emit energy away in flares, and occasionally these flares are gigantic.




However, in the past 50 years of gamma-ray observations, only three giant flares have been identified as coming from magnetars in our galaxy. These outbursts are very strong: one that was detected in December 2004, came from 30,000 light-years from us but was still powerful enough to affect the upper layers of Earth's atmosphere, like the Solar flares, coming from much closer to us, do.

The flare detected by INTEGRAL is the first firm confirmation of a magnetar flare outside of the Milky Way. M82 is a bright galaxy where star formation takes place. In these regions, massive stars are born, live short turbulent lives and leave behind a neutron star. "The discovery of a magnetar in this region confirms that magnetars are likely young neutron stars," adds Volodymyr Savchenko. The search for more magnetars will continue in other extra-galactic star-forming regions, to?understand these extraordinary astronomical objects. If astronomers can find many more, they can start to understand how often these flares happen and how neutron stars lose energy in the process.

INTEGRAL, a key instrument in a race against time

Outbursts of such short duration can only be captured serendipitously when an observatory is already pointing in the right direction. This makes INTEGRAL with its large field of view, more than 3000 times greater than the sky area covered by the Moon, so important for these detections.

Carlo Ferrigno explains: "Our automatic data processing system is highly reliable and enables us to alert the community immediately." When unexpected observations like this are picked up, INTEGRAL and XMM-Newton can be flexible in their schedules, which is essential in time-crucial discoveries. In this case, had the observations been performed even just a day later, there would not have been such strong proof that this was indeed a magnetar and not a gamma-ray burst.
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A simple 'twist' improves the engine of clean fuel generation | ScienceDaily
Researchers have found a way to super-charge the 'engine' of sustainable fuel generation -- by giving the materials a little twist.


						
The researchers, led by the University of Cambridge, are developing low-cost light-harvesting semiconductors that power devices for converting water into clean hydrogen fuel, using just the power of the sun. These semiconducting materials, known as copper oxides, are cheap, abundant and non-toxic, but their performance does not come close to silicon, which dominates the semiconductor market.

However, the researchers found that by growing the copper oxide crystals in a specific orientation so that electric charges move through the crystals at a diagonal, the charges move much faster and further, greatly improving performance. Tests of a copper oxide light harvester, or photocathode, based on this fabrication technique showed a 70% improvement over existing state-of-the-art oxide photocathodes, while also showing greatly improved stability.

The researchers say their results, reported in the journal Nature, show how low-cost materials could be fine-tuned to power the transition away from fossil fuels and toward clean, sustainable fuels that can be stored and used with existing energy infrastructure.

Copper (I) oxide, or cuprous oxide, has been touted as a cheap potential replacement for silicon for years, since it is reasonably effective at capturing sunlight and converting it into electric charge. However, much of that charge tends to get lost, limiting the material's performance.

"Like other oxide semiconductors, cuprous oxide has its intrinsic challenges," said co-first author Dr Linfeng Pan from Cambridge's Department of Chemical Engineering and Biotechnology. "One of those challenges is the mismatch between how deep light is absorbed and how far the charges travel within the material, so most of the oxide below the top layer of material is essentially dead space."

"For most solar cell materials, it's defects on the surface of the material that cause a reduction in performance, but with these oxide materials, it's the other way round: the surface is largely fine, but something about the bulk leads to losses," said Professor Sam Stranks, who led the research. "This means the way the crystals are grown is vital to their performance."

To develop cuprous oxides to the point where they can be a credible contender to established photovoltaic materials, they need to be optimised so they can efficiently generate and move electric charges -- made of an electron and a positively-charged electron 'hole' -- when sunlight hits them.




One potential optimisation approach is single-crystal thin films -- very thin slices of material with a highly-ordered crystal structure, which are often used in electronics. However, making these films is normally a complex and time-consuming process.

Using thin film deposition techniques, the researchers were able to grow high-quality cuprous oxide films at ambient pressure and room temperature. By precisely controlling growth and flow rates in the chamber, they were able to 'shift' the crystals into a particular orientation. Then, using high temporal resolution spectroscopic techniques, they were able to observe how the orientation of the crystals affected how efficiently electric charges moved through the material.

"These crystals are basically cubes, and we found that when the electrons move through the cube at a body diagonal, rather than along the face or edge of the cube, they move an order of magnitude further," said Pan. "The further the electrons move, the better the performance."

"Something about that diagonal direction in these materials is magic," said Stranks. "We need to carry out further work to fully understand why and optimise it further, but it has so far resulted in a huge jump in performance." Tests of a cuprous oxide photocathode made using this technique showed an increase in performance of more than 70% over existing state-of-the-art electrodeposited oxide photocathodes.

"In addition to the improved performance, we found that the orientation makes the films much more stable, but factors beyond the bulk properties may be at play," said Pan.

The researchers say that much more research and development is still needed, but this and related families of materials could have a vital role in the energy transition.

"There's still a long way to go, but we're on an exciting trajectory," said Stranks. "There's a lot of interesting science to come from these materials, and it's interesting for me to connect the physics of these materials with their growth, how they form, and ultimately how they perform."

The research was a collaboration with Ecole Polytechnique Federale de Lausanne, Nankai University and Uppsala University. The research was supported in part by the European Research Council, the Swiss National Science Foundation, and the Engineering and Physical Sciences Research Council (EPSRC), part of UK Research and Innovation (UKRI). Sam Stranks is Professor of Optoelectronics in the Department of Chemical Engineering and Biotechnology, and a Fellow of Clare College, Cambridge.
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Bioluminescence first evolved in animals at least 540 million years ago | ScienceDaily
Bioluminescence first evolved in animals at least 540 million years ago in a group of marine invertebrates called octocorals, according to the results of a new study from scientists with the Smithsonian's National Museum of Natural History.


						
The results, published today, April 23, in the Proceedings of the Royal Society B, push back the previous record for the luminous trait's oldest dated emergence in animals by nearly 300 million years, and could one day help scientists decode why the ability to produce light evolved in the first place.

Bioluminescence -- the ability of living things to produce light via chemical reactions -- has independently evolved at least 94 times in nature and is involved in a huge range of behaviors including camouflage, courtship, communication and hunting. Until now, the earliest dated origin of bioluminescence in animals was thought to be around 267 million years ago in small marine crustaceans called ostracods.

But for a trait that is literally illuminating, bioluminescence's origins have remained shadowy.

"Nobody quite knows why it first evolved in animals," said Andrea Quattrini, the museum's curator of corals and senior author on the study.

But for Quattrini and lead author Danielle DeLeo, a museum research associate and former postdoctoral fellow, to eventually tackle the larger question of why bioluminescence evolved, they needed to know when the ability first appeared in animals.

In search of the trait's earliest origins, the researchers decided to peer back into the evolutionary history of the octocorals, an evolutionarily ancient and frequently bioluminescent group of animals that includes soft corals, sea fans and sea pens. Like hard corals, octocorals are tiny colonial polyps that secrete a framework that becomes their refuge, but unlike their stony relatives, that structure is usually soft. Octocorals that glow typically only do so when bumped or otherwise disturbed, leaving the precise function of their ability to produce light a bit mysterious.




"We wanted to figure out the timing of the origin of bioluminescence, and octocorals are one of the oldest groups of animals on the planet known to bioluminesce," DeLeo said. "So, the question was when did they develop this ability?"

Not coincidentally, Quattrini and Catherine McFadden with Harvey Mudd College had completed an extremely detailed, well-supported evolutionary tree of the octocorals in 2022. Quattrini and her collaborators created this map of evolutionary relationships, or phylogeny, using genetic data from 185 species of octocorals.

With this evolutionary tree grounded in genetic evidence, DeLeo and Quattrini then situated two octocoral fossils of known ages within the tree according to their physical features. The scientists were able to use the fossils' ages and their respective positions in the octocoral evolutionary tree to date to figure out roughly when octocoral lineages split apart to become two or more branches. Next, the team mapped out the branches of the phylogeny that featured living bioluminescent species.

With the evolutionary tree dated and the branches that contained luminous species labeled, the team then used a series of statistical techniques to perform an analysis called ancestral state reconstruction.

"If we know these species of octocorals living today are bioluminescent, we can use statistics to infer whether their ancestors were highly probable to be bioluminescent or not," Quattrini said. "The more living species with the shared trait, the higher the probability that as you move back in time that those ancestors likely had that trait as well."

The researchers used numerous different statistical methods for their ancestral state reconstruction, but all arrived at the same result: Some 540 million years ago, the common ancestor of all octocorals were very likely bioluminescent. That is 273 million years earlier than the glowing ostracod crustaceans that previously held the title of earliest evolution of bioluminescence in animals.




DeLeo and Quattrini said that the octocorals' thousands of living representatives and relatively high incidence of bioluminescence suggests the trait has played a role in the group's evolutionary success. While this further begs the question of what exactly octocorals are using bioluminescence for, the researchers said the fact that it has been retained for so long highlights how important this form of communication has become for their fitness and survival.

Now that the researchers know the common ancestor of all octocorals likely already had the ability to produce its own light, they are interested in a more thorough accounting of which of the group's more than 3,000 living species can still light up and which have lost the trait. This could help zero in on a set of ecological circumstances that correlate with the ability to bioluminesce and potentially illuminate its function.

To this end, DeLeo said she and some of her co-authors are working on creating a genetic test to determine if an octocoral species has functional copies of the genes underlying luciferase, an enzyme involved in bioluminescence. For species of unknown luminosity, such a test would enable researchers to get an answer one way or the other more rapidly and more easily.

Aside from shedding light on the origins of bioluminescence, this study also offers evolutionary context and insight that can inform monitoring and management of these corals today. Octocorals are threatened by climate change and resource-extraction activities, particularly fishing, oil and gas extraction and spills, and more recently by marine mineral mining.

This research supports the museum's Ocean Science Center, which aims to advance and share knowledge of the ocean with the world. DeLeo and Quattrini said there is still much more to learn before scientists can understand why the ability to produce light first evolved, and though their results place its origins deep in evolutionary time, the possibility remains that future studies will discover that bioluminescence is even more ancient.

This study includes authors affiliated with Florida International University, the Monterey Bay Aquarium Research Institute, Nagoya University, Harvey Mudd College and University of California, Santa Cruz.

The research was supported by the Smithsonian, the David and Lucile Packard Foundation, Japan Science and Technology Agency and the U.S. National Science Foundation.
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Researchers create artificial cells that act like living cells | ScienceDaily

"With this discovery, we can think of engineering fabrics or tissues that can be sensitive to changes in their environment and behave in dynamic ways," says Freeman, whose lab is in the Applied Physical Sciences Department of the UNC College of Arts and Sciences.

Cells and tissues are made of proteins that come together to perform tasks and make structures. Proteins are essential for forming the framework of a cell, called the cytoskeleton. Without it, cells wouldn't be able to function. The cytoskeleton allows cells to be flexible, both in shape and in response to their environment.

Without using natural proteins, the Freeman Lab built cells with functional cytoskeletons that can change shape and react to their surroundings. To do this, they used a new programmable peptide-DNA technology that directs peptides, the building blocks of proteins, and repurposed genetic material to work together to form a cytoskeleton.

"DNA does not normally appear in a cytoskeleton," Freeman says. "We reprogrammed sequences of DNA so that it acts as an architectural material, binding the peptides together. Once this programmed material was placed in a droplet of water, the structures took shape."

The ability to program DNA in this way means scientists can create cells to serve specific functions and even fine-tune a cell's response to external stressors. While living cells are more complex than the synthetic ones created by the Freeman Lab, they are also more unpredictable and more susceptible to hostile environments, like severe temperatures.

"The synthetic cells were stable even at 122 degrees Fahrenheit, opening up the possibility of manufacturing cells with extraordinary capabilities in environments normally unsuitable to human life," Freeman says.

Instead of creating materials that are made to last, Freeman says their materials are made to task -- perform a specific function and then modify themselves to serve a new function. Their application can be customized by adding different peptide or DNA designs to program cells in materials like fabrics or tissues. These new materials can integrate with other synthetic cell technologies, all with potential applications that could revolutionize fields like biotechnology and medicine.

"This research helps us understand what makes life," Freeman says. "This synthetic cell technology will not just enable us to reproduce what nature does, but also make materials that surpass biology."
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Fossil frogs share their skincare secrets | ScienceDaily
Palaeontologists at University College Cork (UCC), Ireland, have solved a hundred-year-old mystery of how some fossil frogs preserve their fleshy parts -- it's all down to their skin.


						
Palaeontologists Daniel Falk and Prof. Maria McNamara, together with scientists from Ireland, Germany and the UK, studied 45-million-year-old fossil frogs from the Geiseltal site in central Germany. Remarkably, the fossils show full body outlines of the soft tissues. The team discovered that the excellent condition of the fossil frogs is due to preservation of ancient skin remnants.

The team studied the fossils with high-precision techniques including scanning electron microscopy, synchrotron-X-ray analyses, and infrared spectroscopy. These techniques were not available when the fossils were first discovered in the early twentieth century.

"The quality of preservation of the fossil frog skin is amazing -- even subcellular structures, such as collagen fibres, are preserved." said study lead, PhD researcher Daniel Falk. "The skin of the frogs is replicated in the mineral calcium phosphate, which helped it survive for millions of years."

"The preservation of the skin is so good that we can even work out the habitat of the fossil frogs," said Daniel. "The preserved skin shows adaptations to prevent drying out, which suggests that these fossil frogs actually spent most of their time on land."

"Fossil soft tissues often reveal hidden information about the biology of animals," said senior author Prof. Maria McNamara. "We discovered that the fossil frog skin is preserved in the same way as fossil frogs from other sites in Europe.

"This discovery is very exciting because it overturns scientific opinion that has lasted for almost one hundred years. What's more, the repeated pattern of fossil preservation tells us that frogs evolved special adaptations to life on dry land over 45 million years ago."

The research highlights the usefulness of historic fossil collections and the need to re-evaluate historic specimens using modern techniques.

The study is part of a research cooperation between UCC, the Martin-Luther-University Halle-Wittenberg (Germany), the Natural History Museum Bamberg (Germany) and the University of Oxford (UK) with funding from the Irish Research Council, the European Research Council and the International Association of Sedimentologists. The study is published today in the journal Scientific Reports.
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This alloy is kinky | ScienceDaily
Researchers have uncovered a remarkable metal alloy that won't crack at extreme temperatures due to kinking, or bending, of crystals in the alloy at the atomic level.  A metal alloy composed of niobium, tantalum, titanium, and hafnium has shocked materials scientists with its impressive strength and toughness at both extremely hot and cold temperatures, a combination of properties that seemed so far to be nearly impossible to achieve. In this context, strength is defined as how much force a material can withstand before it is permanently deformed from its original shape, and toughness is its resistance to fracturing (cracking). The alloy's resilience to bending and fracture across an enormous range of conditions could open the door for a novel class of materials for next-generation engines that can operate at higher efficiencies.


						
The team, led by Robert Ritchie at Lawrence Berkeley National Laboratory (Berkeley Lab) and UC Berkeley, in collaboration with the groups led by professors Diran Apelian at UC Irvine and Enrique Lavernia at Texas A&M University, discovered the alloy's surprising properties and then figured out how they arise from interactions in the atomic structure. Their work is described in a study that was published April 11, 2024 in Science.

"The efficiency of converting heat to electricity or thrust is determined by the temperature at which fuel is burned -- the hotter, the better. However, the operating temperature is limited by the structural materials which must withstand it," said first author David Cook, a Ph.D. student in Ritchie's lab. "We have exhausted the ability to further optimize the materials we currently use at high temperatures, and there's a big need for novel metallic materials. That's what this alloy shows promise in."

The alloy in this study is from a new class of metals known as refractory high or medium entropy alloys (RHEAs/RMEAs). Most of the metals we see in commercial or industrial applications are alloys made of one main metal mixed with small quantities of other elements, but RHEAs and RMEAs are made by mixing near-equal quantities of metallic elements with very high melting temperatures, which gives them unique properties that scientists are still unraveling. Ritchie's group has been investigating these alloys for several years because of their potential for high-temperature applications.

"Our team has done previous work on RHEAs and RMEAs and we have found that these materials are very strong, but generally possess extremely low fracture toughness, which is why we were shocked when this alloy displayed exceptionally high toughness," said co-corresponding author Punit Kumar, a postdoctoral researcher in the group.

According to Cook, most RMEAs have a fracture toughness less than 10 MPa[?]m, which makes them some of the most brittle metals on record. The best cryogenic steels, specially engineered to resist fracture, are about 20 times tougher than these materials. Yet the niobium, tantalum, titanium, and hafnium (Nb45Ta25Ti15Hf15) RMEA alloy was able to beat even the cryogenic steel, clocking in at over 25 times tougher than typical RMEAs at room temperature.

But engines don't operate at room temperature. The scientists evaluated strength and toughness at five temperatures total: -196degC (the temperature of liquid nitrogen), 25degC (room temperature), 800degC, 950degC, and 1200degC. The last temperature is about 1/5 the surface temperature of the sun.




The team found that the alloy had the highest strength in the cold and became slightly weaker as the temperature rose, but still boasted impressive figures throughout the wide range. The fracture toughness, which is calculated from how much force it takes to propagate an existing crack in a material, was high at all temperatures.

Unraveling the atomic arrangements

Almost all metallic alloys are crystalline, meaning that the atoms inside the material are arranged in repeating units. However, no crystal is perfect, they all contain defects. The most prominent defect that moves is called the dislocation, which is an unfinished plane of atoms in the crystal. When force is applied to a metal it causes many dislocations to move to accommodate the shape change. For example, when you bend a paper clip which is made of aluminum, the movement of dislocations inside the paper clip accommodates the shape change. However, the movement of dislocations becomes more difficult at lower temperatures and as a result many materials become brittle at low temperatures because dislocations cannot move. This is why the steel hull of the Titanic fractured when it hit an iceberg. Elements with high melting temperatures and their alloys take this to the extreme, with many remaining brittle up to even 800degC. However, this RMEA bucks the trend, withstanding snapping even at temperatures as low as liquid nitrogen (-196degC).

To understand what was happening inside the remarkable metal, co-investigator Andrew Minor and his team analyzed the stressed samples, alongside unbent and uncracked control samples, using four-dimensional scanning transmission electron microscopy (4D-STEM) and scanning transmission electron microscopy (STEM) at the National Center for Electron Microscopy, part of Berkeley Lab's Molecular Foundry.

The electron microscopy data revealed that the alloy's unusual toughness comes from an unexpected side effect of a rare defect called a kink band. Kink bands form in a crystal when an applied force causes strips of the crystal to collapse on themselves and abruptly bend. The direction in which the crystal bends in these strips increases the force that dislocations feel, causing them to move more easily. On the bulk level, this phenomenon causes the material to soften (meaning that less force has to be applied to the material as it is deformed). The team knew from past research that kink bands formed easily in RMEAs, but assumed that the softening effect would make the material less tough by making it easier for a crack to spread through the lattice. But in reality, this is not the case.

"We show, for the first time, that in the presence of a sharp crack between atoms, kink bands actually resist the propagation of a crack by distributing damage away from it, preventing fracture and leading to extraordinarily high fracture toughness," said Cook.

The Nb45Ta25Ti15Hf15 alloy will need to undergo a lot more fundamental research and engineering testing before anything like a jet plane turbine or SpaceX rocket nozzle is made from it, said Ritchie, because mechanical engineers rightfully require a deep understanding of how their materials perform before they use them in the real world. However, this study indicates that the metal has potential to build the engines of the future.

This research was conducted by David H. Cook, Punit Kumar, Madelyn I. Payne, Calvin H. Belcher, Pedro Borges, Wenqing Wang, Flynn Walsh, Zehao Li, Arun Devaraj, Mingwei Zhang, Mark Asta, Andrew M. Minor, Enrique J. Lavernia, Diran Apelian, and Robert O. Ritchie, scientists at Berkeley Lab, UC Berkeley, Pacific Northwest National Laboratory, and UC Irvine, with funding from the Department of Energy (DOE) Office of Science. Experimental and computational analysis was conducted at the Molecular Foundry and the National Energy Research Scientific Computing Center -- both are DOE Office of Science user facilities.
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3 in 5 parents play short order cook for young children who don't like family meal | ScienceDaily
While most parents of preschool and elementary aged children strive to give their children a balanced, nutritional diet, some of their strategies to promote healthy eating may backfire, a national poll suggests.


						
One in eight parents require children to eat everything on their plate, according to the University of Michigan Health C.S. Mott Children's Hospital National Poll on Children's Health. And while just one in three believe the standard American diet is healthy for kids, few have tried alternative, potentially more nutritional menus at home.

"Feeding young children can be difficult due to general pickiness, hesitancy to try unfamiliar foods and constantly evolving food preferences," said Mott Poll co-director and Mott pediatrician Susan Woolford, M.D.

"The preschool and elementary age is an important time to establish healthy eating patterns. Yet parents' concern about whether their child is eating enough or if they're getting the nutrients they need may lead them to adopt practices that actually sabotage their efforts to get kids to have healthy eating habits in the short and long term."

The nationally representative report is based on 1,083 responses of parents of children ages 3-10 surveyed in February.

More on poll findings:

Parents' beliefs on nutritional diets vary

Just a third of parents think the standard American diet is healthy compared to half who seem to rank the Mediterranean higher in nutritional value. Still, few have tried alternative diets for their child.




"Parents may recognize the standard diet in the U.S. includes high amounts of saturated fats, added sugars, sodium, and refined carbohydrates, which can generate an excess intake of calories beyond nutritional needs and contribute to health problems," Woolford said.

"However, despite this recognition and evidence suggesting that other diet options may help avoid many illnesses, only about 9% have tried the Mediterranean diet for their children and fewer have tried giving their children a vegetarian diet."

Parents should ensure children are still getting adequate nutrition if they do try diets that eliminate certain food categories, she adds. Diets that limit animal products, for example, will require alternative protein sources such as meat substitutes, tofu, or legumes for children.

And while ketogenic diets have become popular among adults, they are generally not appropriate for children.

Family dining rules may promote or hinder a child's healthy diet 

Fifteen percent of parents say their family rule is that kids finish what's on their plate, while more than half say children must try some of everything and a little less than a third say no to dessert if meals go unfinished.




But parents who try to force kids to eat may encourage portions that go beyond feeling full, Woolford cautions.

"Requiring children to eat everything on their plate, or withholding dessert unless all other foods are eaten, can lead to overconsumption, especially if portion sizes are too large for the child's age," she said.

She agrees with the recommendation that "parents provide, and the child decides." This makes parents responsible for providing healthy options while allowing children to select which foods they will eat and the amount they want to consume.

Parents often play personal chef

Sixty percent of parents will make something separate if their child doesn't like the food that's on the dinner table -- and this often leads to a less healthy alternative, Woolford says.

"Rather than allowing the child to choose an alternate menu, parents should provide a balanced meal with at least one option that their child is typically willing to eat," she said.

"Then if their child chooses not to eat, parents should not worry as this will not cause healthy children any harm and they will be more likely to eat the options presented at the next meal."

She points out that children learn through watching and imitating, so it's beneficial for parents to model healthy eating through a well-balanced diet while their child's eating habits and taste preferences mature.

Avoiding snacks between meals may also help children have a better appetite and increase willingness to eat offered foods.

Picky eating and protesting veggies among biggest battles

Parents describe their biggest challenges with making sure their child gets a healthy diet as the child being a picky eater, the higher cost of healthy food and food waste. Fewer say they don't have time to prepare healthy food.

Nearly all parents polled report trying at least one strategy to get their child to eat vegetables as part of a healthy diet, such as serving vegetables every day, fixing vegetables how their child prefers, trying vegetables their child hasn't had before and letting children pick out vegetables at the grocery store.

Others involve children with preparing the vegetables, hide vegetables in other foods or offer a reward for finishing vegetables.

"Unsurprisingly, parents said pickiness and getting kids to eat veggies were among major challenges during mealtimes," Woolford said.

"Parents should try to include children in meal decisions, avoid pressuring food consumption and provide a variety of healthy options at each meal so kids feel more control."

Right sizing food may be difficult

Portion size is key to mitigating the risk of childhood obesity, but it can be hard for parents to "right-size" a child portion.

In determining portion size for their child, nearly 70% of parents polled give their child slightly less than adults in the family while fewer let their child choose how much to take, use predetermined portions from the package or give their child the same portions as adults.

Woolford recommends parents seek sources to help. The U.S. Department of Agriculture, for example, provides a visual called "MyPlate" that can help parents estimate the recommended balance of the major food groups and offers guidance on estimating portion size.

Healthy eating starts at the grocery store

When grocery shopping or planning meals, parents polled say they try to limit the amount of certain foods to help their child to maintain a healthy diet, with more than half limiting foods with added sugars and processed foods.

But it may be difficult to identify unhealthy food. Added sugars or processing may be present in foods marketed or packaged as healthy, Woolford says.

Parents should read labels, avoiding the marketing on the front of packages and focusing instead on the details on the back. They should pay particular attention to nutrition information and ingredient lists -- especially if they're long with unrecognizable items -- as well as sodium, added sugars, and fat.

Woolford also encourages involving children in grocery trips, spending time in the produce section and asking them what they may like to try.

"Have them help in the process of choosing the healthiest options, not ones that necessarily directly advertise to children, but foods that they are willing to try that are lower in sugar, fat and salt," she said.

"Spend most of the time in the produce section and try to make it fun by maybe selecting new options from different parts of the world that they haven't tried before."
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Giant galactic explosion exposes galaxy pollution in action | ScienceDaily
A team of international researchers studied galaxy NGC 4383, in the nearby Virgo cluster, revealing a gas outflow so large that it would take 20,000 years for light to travel from one side to the other.


						
The discovery was published today in the journal Monthly Notices of the Royal Astronomical Society.

Lead author Dr Adam Watts, from The University of Western Australia node at the International Centre for Radio Astronomy Research (ICRAR), said the outflow was the result of powerful stellar explosions in the central regions of the galaxy that could eject enormous amounts of hydrogen and heavier elements.

The mass of gas ejected is equivalent to more than 50 million Suns.

"Very little is known about the physics of outflows and their properties because outflows are very hard to detect," Dr Watts said.

"The ejected gas is quite rich in heavy elements giving us a unique view of the complex process of mixing between hydrogen and metals in the outflowing gas.

"In this particular case, we detected oxygen, nitrogen, sulphur and many other chemical elements."

Gas outflows are crucial to regulate how fast and for how long galaxies can keep forming stars. The gas ejected by these explosions pollutes the space between stars within a galaxy, and even between galaxies, and can float in the intergalactic medium forever.




The high-resolution map was produced with data from the MAUVE survey, co-led by ICRAR researchers Professors Barbara Catinella and Luca Cortese, who were also co-authors of the study.

The survey used the MUSE Integral Field Spectrograph on the European Southern Observatory's Very Large Telescope, located in northern Chile.

"We designed MAUVE to investigate how physical processes such as gas outflows help stop star formation in galaxies," Professor Catinella said.

"NGC 4383 was our first target, as we suspected something very interesting was happening, but the data exceeded all our expectations.

"We hope that in the future, MAUVE observations reveal the importance of gas outflows in the local Universe with exquisite detail."
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Breakthrough rice bran nanoparticles show promise as affordable and targeted anticancer agent | ScienceDaily
Plant-derived nanoparticles have demonstrated significant anticancer effects. Researchers recently developed rice bran-derived nanoparticles (rbNPs) that efficiently suppressed cell proliferation and induced programmed cell death of only cancer cells. Furthermore, rbNPs successfully suppressed the growth of tumors in mice having aggressive adenocarcinoma in their peritoneal cavity, without any adverse effects. Given their low production costs and high efficacy, rbNPs hold great promise for developing affordable and safe anticancer agents.


						
Several types of conventional cancer therapies, such as radiotherapy or chemotherapy, destroy healthy cells along with cancer cells. In advanced stages of cancer, tissue loss from treatments can be substantial and even fatal. Cutting-edge cancer therapies that employ nanoparticles can specifically target cancer cells, sparing healthy tissue. Recent studies have demonstrated that plant-derived nanoparticles (pdNPs) that have therapeutic effects can be an effective alternative to traditional cancer treatments. However, no pdNPs have been approved as anticancer therapeutic agents till date.

Rice bran is a byproduct generated during rice refining process that has limited utility and low commercial value. However, it contains several compounds with anticancer properties, such as g-oryzanol and g-tocotrienol. To explore these therapeutic properties of rice bran, a team of researchers led by Professor Makiya Nishikawa from Tokyo University of Science (TUS) in Japan developed nanoparticles from rice bran and tested their effectiveness in mice models. Their study, published in Volume 22 of Journal of Nanobiotechnology on 16 March 2024, was co-authored by Dr. Daisuke Sasaki, Ms. Hinako Suzuki, Associate Professor Kosuke Kusamori, and Assistant Professor Shoko Itakura from TUS.

"In recent years, an increasing number of new drug modalities are being developed. At the same time, development costs associated with novel therapies have increased dramatically, contributing to the burden of medical expenses. To address this issue, we used rice bran, an industrial waste with anticancer properties, to develop nanoparticles," explains Prof. Nishikawa.

The study evaluated the anticancer effects of rice bran-derived nanoparticles (rbNPs), which were obtained by processing and purifying a suspension of Koshihikari rice bran in water. When a cancer cell line named colon26 was treated with rbNPs, cell division was arrested and programmed cell death was induced, indicating strong anticancer effects of the nanoparticles. The observed anticancer activity of rbNPs can be attributed to g-tocotrienol and g-oryzanol, that are easily taken up by cancer cells resulting in cell cycle arrest and programmed cell death. Additionally, rbNPs reduced the expression of proteins, such as b-catenin (a protein associated with Wnt signaling pathway involved in cell proliferation) and cyclin D1, which are known to promote cancer recurrence and metastases. Moreover, the rbNPs reduced the expression of b-catenin only in colon26 cells without affecting the non-cancerous cells.

"A key concern in the context of pdNPs is their low pharmacological activity compared to pharmaceutical drugs. However, rbNPs exhibited higher anticancer activity than DOXIL(r), a liposomal pharmaceutical formulation of doxorubicin. Additionally, doxorubicin is cytotoxic to both cancer cells and non-cancerous cells, whereas rbNPs are specifically cytotoxic to cancer cells, suggesting that rbNPs are safer than doxorubicin," highlights Prof.Nishikawa.

To confirm the anticancer properties of rbNPs in the living body, the researchers injected rbNPs into mice having aggressive adenocarcinoma in their peritoneal cavity (enclosed by the diaphragm, abdominal muscles, and pelvis and houses organs like intestines, liver, and kidneys). They observed significant suppression of tumor growth with no adverse effects on the mice. Additionally, the rbNPs significantly inhibited metastatic growth of murine melanoma B16-BL6 cells in a lung metastasis mouse model.

Rice bran has several attributes that make it an excellent source of therapeutic pdNPs. Firstly, it is economic as compared to many other sources of pdNPs. Nearly 40% of the rice bran is discarded in Japan, providing a readily available source of raw material. Secondly, the preparation efficiency of rbNPs is higher than that of previously reported pdNPs. Besides being practical and safe as an anticancer therapeutic, the physicochemical properties of rbNPs are very stable. However, a few parameters, such as establishment of separation technologies at the pharmaceutical level, assessing production process control parameters, and evaluation of efficacy and safety in human cancer cell lines and xenograft animal models, must be investigated prior to clinical trials in humans.

In conclusion, rice bran, an agricultural waste product, is a source of therapeutic pdNPs that are affordable, effective, and safe, and has the potential to revolutionize cancer treatment in the future.

"By establishing a manufacturing method for rice bran nanoparticles with stable quality and confirming their safety and effectiveness, we can develop drugs for cancer treatment that are sustainable, eco-friendly, and affordable. Consequently, we may be able to help more cancer patients maintain good physical and mental health after treatment," concludes Prof. Nishikawa.
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Superradiant atoms could push the boundaries of how precisely time can be measured | ScienceDaily
Superradiant atoms can help us measure time more precisely than ever. In a new study, researchers from the University of Copenhagen present a new method for measuring the time interval, the second, mitigating some of the limitations that today's most advanced atomic clocks encounter. The result could have broad implications in areas such as space travel, volcanic eruptions and GPS systems.


						
The second is the most precisely-defined unit of measurement, compared to other base units such as the kilogram, meter, and degree Kelvin. Time is currently measured by atomic clocks in different places around the world, which together, tell us what time it is. Using radio waves, atomic clocks continuously send signals that synchronize our computers, phones and wristwatches.

Oscillations are the key to keeping time. In a grandfather clock, these oscillations are from a pendulum's swinging from side to side every second, while in an atomic clock, it is a laser beam which corresponds to an energy transition in strontium and oscillates about a million billion times per second.

But according to PhD fellow Eliot Bohr from the Niels Bohr Institute -- great-grandson of Niels Bohr -- even atomic clocks could become more precise. This is because the detection laser, used by most modern atomic clocks to read the oscillation of atoms, heats up the atoms so much that they escape -- which degrades precision.

"Because the atoms constantly need to be replaced with fresh new atoms, while new atoms are being prepared, the clock loses time ever so slightly.Therefore, we are attempting to overcome some of the current challenges and limitations of the world's best atomic clocks by, among other things, reusing the atoms so that they don't need to be replaced as often," explains Eliot Bohr who was employed at the Niels Bohr Institute when he did the research, but who is now PhD fellow at the University of Colorado.

He is the lead author of a new study published in the scientific journal Nature Communications, which uses an innovative and perhaps more efficient way of measuring time.

Superradiance and cooling to absolute zero

The current methodology consists of a hot oven that spits roughly 300 million strontium atoms into an extraordinarily chilly ball of cold atoms known as a magneto-optical trap, or MOT. The temperature of these atoms is approximately -273 degC -- very near absolute zero -- and there are two mirrors with a light field in between them to enhance the atomic interactions. Together with his research colleagues, Bohr has developed a new method to read out the atoms.




"When the atoms land in the vacuum chamber, they lie completely still because it is so cold, which makes it possible to register their oscillations with the two mirrors at opposing ends of the chamber," explains Eliot Bohr.

The reason why the researchers don't need to heat the atoms with a laser and destroy them is thanks to a quantum physical phenomenon known as 'superradiance'. The phenomenon occurs when the group of strontium atoms is entangled and at the same time emits light in the field between the two mirrors.

"Themirrors cause the atoms to behave as a single unit. Collectively, they emit a powerful light signal that we can use to read out the atomic state, a crucial step for measuring time. This method heats up the atoms minimally, so It all happens without replacing the atoms, and this has the potential to make it a more precise measurement method," explains Bohr.

GPS, space missions and volcanic eruptions

According to Eliot Bohr, the new research result may be beneficial for developing a more accurate GPS system. Indeed, the roughly 30 satellites that constantly circle Earth and tell us where we are need atomic clocks to measure time.

"Whenever satellites determine the position of your phone or GPS, you are using an atomic clock in a satellite. The precision of the atomic clocks is so important that If that atomic clock is off by a microsecond, it means an inaccuracy of about 100 meters on the Earth's surface," explains Eliot Bohr.




Future space missions are another area where the researcher foresees more precise atomic clocks making a significant impact.

"When people and crafts are sent out into space, they venture even further away from our satellites. Consequently, the requirements for precise time measurements to navigate in space are much greater," he says.

The result could also be helpful in the development of a new generation of smaller, portable atomic clocks that could be used for more than "just" measuring time.

"Atomic clocks are sensitive to gravitational changes and can therefore be used to detect changes in Earth's mass and gravity, and this could help us predict when volcanic eruptions and earthquakes will occur," says Bohr.

Bohr emphasizes that while the new method using superradiant atoms is very promising, it is still a "proof of concept" which needs further refinement. .

The research was conducted by the team of Jorg Helge Muller and Jan Thomsen at the Niels Bohr Institute, in collaboration with PhD students Sofus Laguna Kristensen and Julian Robinson-Tait, and postdoc Stefan Alaric Schaffer. The project also included contributions from theorists Helmut Ritsch and Christoph Hotter from the University of Innsbruck, as well as Tanya Zelevinsky from Columbia University.
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AI and physics combine to reveal the 3D structure of a flare erupting around a black hole | ScienceDaily
Scientists believe the environment immediately surrounding a black hole is tumultuous, featuring hot magnetized gas that spirals in a disk at tremendous speeds and temperatures. Astronomical observations show that within such a disk, mysterious flares occur up to several times a day, temporarily brightening and then fading away. Now a team led by Caltech scientists has used telescope data and an artificial intelligence (AI) computer-vision technique to recover the first three-dimensional video showing what such flares could look like around Sagittarius A* (Sgr A*, pronounced sadge-ay-star), the supermassive black hole at the heart of our own Milky Way galaxy.


						
The 3D flare structure features two bright, compact features located about 75 million kilometers (or half the distance between Earth and the Sun) from the center of the black hole. It is based on data collected by the Atacama Large Millimeter Array (ALMA) in Chile over a period of 100 minutes directly after an eruption seen in X-ray data on April 11, 2017.

"This is the first three-dimensional reconstruction of gas rotating close to a black hole," says Katie Bouman, assistant professor of computing and mathematical sciences, electrical engineering and astronomy at Caltech, whose group led the effort described in a new paper in Nature Astronomy.

Aviad Levis, a postdoctoral scholar in Bouman's group and lead author on the new paper, emphasizes that while the video is not a simulation, it is also not a direct recording of events as they took place. "It is a reconstruction based on our models of black hole physics. There is still a lot of uncertainty associated with it because it relies on these models being accurate," he says.

Using AI informed by physics to figure out possible 3D structures 

To reconstruct the 3D image, the team had to develop new computational imaging tools that could, for example, account for the bending of light due to the curvature of space-time around objects of enormous gravity, such as a black hole.

The multidisciplinary team first considered if it would be possible to create a 3D video of flares around a black hole in June 2021. The Event Horizon Telescope (EHT) Collaboration, of which Bouman and Levis are members, had already published the first image of the supermassive black hole at the core of a distant galaxy, called M87, and was working to do the same with EHT data from Sgr A*. Pratul Srinivasan of Google Research, a co-author on the new paper, was at the time visiting the team at Caltech. He had helped develop a technique known as neural radiance fields (NeRF) that was then just starting to be used by researchers; it has since had a huge impact on computer graphics. NeRF uses deep learning to create a 3D representation of a scene based on 2D images. It provides a way to observe scenes from different angles, even when only limited views of the scene are available.




The team wondered if, by building on these recent developments in neural network representations, they could reconstruct the 3D environment around a black hole. Their big challenge: From Earth, as anywhere, we only get a single viewpoint of the black hole.

The team thought that they might be able to overcome this problem because gas behaves in a somewhat predictable way as it moves around the black hole. Consider the analogy of trying to capture a 3D image of a child wearing an inner tube around their waist. To capture such an image with the traditional NeRF method, you would need photos taken from multiple angles while the child remained stationary. But in theory, you could ask the child to rotate while the photographer remained stationary taking pictures. The timed snapshots, combined with information about the child's rotation speed, could be used to reconstruct the 3D scene equally well. Similarly, by leveraging knowledge of how gas moves at different distances from a black hole, the researchers aimed to solve the 3D flare reconstruction problem with measurements taken from Earth over time.

With this insight in hand, the team built a version of NeRF that takes into account how gas moves around black holes. But it also needed to consider how light bends around massive objects such as black holes. Under the guidance of co-author Andrew Chael of Princeton University, the team developed a computer model to simulate this bending, also known as gravitational lensing.

With these considerations in place, the new version of NeRF was able to recover the structure of orbiting bright features around the event horizon of a black hole. Indeed, the initial proof-of-concept showed promising results on synthetic data.

A flare around Sgr A* to study

But the team needed some real data. That's where ALMA came in. The EHT's now famous image of Sgr A* was based on data collected on April 6-7, 2017, which were relatively calm days in the environment surrounding the black hole. But astronomers detected an explosive and sudden brightening in the surroundings just a few days later, on April 11. When team member Maciek Wielgus of the Max Planck Institute for Radio Astronomy in Germany went back to the ALMA data from that day, he noticed a signal with a period matching the time it would take for a bright spot within the disk to complete an orbit around Sgr A*. The team set out to recover the 3D structure of that brightening around Sgr A*.




ALMA is one of the most powerful radio telescopes in the world. However, because of the vast distance to the galactic center (more than 26,000 light-years), even ALMA does not have the resolution to see Sgr A*'s immediate surroundings. What ALMA measures are light curves, which are essentially videos of a single flickering pixel, which are created by collecting all of the radio-wavelength light detected by the telescope for each moment of observation.

Recovering a 3D volume from a single-pixel video might seem impossible. However, by leveraging an additional piece of information about the physics that are expected for the disk around black holes, the team was able to get around the lack of spatial information in the ALMA data.

Strongly polarized light from the flares provided clues

ALMA doesn't just capture a single light curve. In fact, it provides several such "videos" for each observation because the telescope records data relating to different polarization states of light. Like wavelength and intensity, polarization is a fundamental property of light and represents which direction the electric component of a light wave is oriented with respect to the wave's general direction of travel. "What we get from ALMA is two polarized single-pixel videos," says Bouman, who is also a Rosenberg Scholar and a Heritage Medical Research Institute Investigator. "That polarized light is actually really, really informative."

Recent theoretical studies suggest that hot spots forming within the gas are strongly polarized, meaning the light waves coming from these hot spots have a distinct preferred orientation direction. This is in contrast to the rest of the gas, which has a more random or scrambled orientation. By gathering the different polarization measurements, the ALMA data gave the scientists information that could help localize where the emission was coming from in 3D space.

Introducing Orbital Polarimetric Tomography

To figure out a likely 3D structure that explained the observations, the team developed an updated version of its method that not only incorporated the physics of light bending and dynamics around a black hole but also the polarized emission expected in hot spots orbiting a black hole. In this technique, each potential flare structure is represented as a continuous volume using a neural network. This allows the researchers to computationally progress the initial 3D structure of a hotspot over time as it orbits the black hole to create a whole light curve. They could then solve for the best initial 3D structure that, when progressed in time according to black hole physics, matched the ALMA observations.

The result is a video showing the clockwise movement of two compact bright regions that trace a path around the black hole. "This is very exciting," says Bouman. "It didn't have to come out this way. There could have been arbitrary brightness scattered throughout the volume. The fact that this looks a lot like the flares that computer simulations of black holes predict is very exciting."

Levis says that the work was uniquely interdisciplinary: "You have a partnership between computer scientists and astrophysicists, which is uniquely synergetic. Together, we developed something that is cutting edge in both fields -- both the development of numerical codes that model how light propagates around black holes and the computational imaging work that we did."

The scientists note that this is just the beginning for this exciting technology. "This is a really interesting application of how AI and physics can come together to reveal something that is otherwise unseen," says Levis. "We hope that astronomers could use it on other rich time-series data to shed light on complex dynamics of other such events and to draw new conclusions."
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Warming of Antarctic deep-sea waters contribute to sea level rise in North Atlantic, study finds | ScienceDaily
Analysis of mooring observations and hydrographic data suggest the Atlantic Meridional Overturning Circulation deep water limb in the North Atlantic has weakened. Two decades of continual observations provide a greater understanding of the Earth's climate regulating system.


						
A new study published in the journal Nature Geoscience led by scientists at University of Miami Rosenstiel School of Marine, Atmospheric, and Earth Science, and the National Oceanic and Atmospheric Administration's Atlantic Oceanographic and Meteorological Laboratory, found that human-induced environmental changes around Antarctica are contributing to sea level rise in the North Atlantic.

The research team analyzed two decades of deep sea oceanographic data collected by observational mooring programs to show that a critical piece of Earth's global system of ocean currents in the North Atlantic has weakened by about 12 percent over the past two decades.

"Although these regions are tens of thousands of miles away from each other and abyssal areas are a few miles below the ocean surface, our results reinforce the notion that even the most remote areas of the world's oceans are not untouched by human activity," said the study's lead author Tiago Bilo, an assistant scientist at the Rosenstiel School's NOAA Cooperative Institute for Marine and Atmospheric Studies.

As part of the NOAA-funded project DeepT (Innovative analysis of deep and abyssal temperatures from bottom-moored instrument), the scientists analyzed data from several observational programs to study changes over time in a cold, dense, and deep water mass located at depths greater than 4,000 meters (2.5 miles) below the ocean surface that flow from the Southern Ocean northward and eventually upwells to shallower depths in other parts of the global ocean such as the North Atlantic.

This shrinking deep-ocean branch -- that scientists call the abyssal limb -- is part of the Atlantic Meridional Overturning Circulation (AMOC), a three-dimensional system of ocean currents that act as a "conveyer belt" to distribute heat, nutrients, and carbon dioxide across the world's oceans.

This near-bottom branch is comprised of Antarctic bottom water, which forms from the cooling of seawater in the Southern Ocean around Antarctica during winter months. Among the different formation mechanisms of this bottom water, perhaps the most important is the so-called brine rejection, a process that occurs when salty water freezes. As sea ice forms, it releases salt into the surrounding water, increasing its density. This dense water sinks to the ocean floor, creating a cold, dense water layer that spreads northward to fill all three ocean basins -- the Indian, Pacific, and Atlantic oceans. During the 21st century, the researchers observed that the flow of this Antarctic layer across 16degN latitude in the Atlantic had slowed down, reducing the inflow of cold waters to higher latitudes, and leading to warming of waters in the deep ocean.

"The areas affected by this warming spans thousands of miles in the north-south and east-west directions between 4,000- and 6,000-meters of depth," said William Johns, a co-author and professor of ocean sciences at the Rosenstiel School. "As a result, there is a significant increase in the abyssal ocean heat content, contributing to local sea level rise due to the thermal expansion of the water."

"Our observational analysis matches what the numerical models have predicted -- human activity could potentially impose circulation changes on the entire ocean," said Bilo. "This analysis was only possible because of the decades of collective planning and efforts by multiple oceanographic institutions worldwide."
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Octopus inspires new suction mechanism for robots | ScienceDaily
A new robotic suction cup which can grasp rough, curved and heavy stone, has been developed by scientists at the University of Bristol.


						
The team, based at Bristol Robotics Laboratory, studied the structures of octopus biological suckers, which have superb adaptive suction abilities enabling them to anchor to rock.

In their findings, published in the journal PNAS today, the researchers show how they were able create a multi-layer soft structure and an artificial fluidic system to mimic the musculature and mucus structures of biological suckers.

Suction is a highly evolved biological adhesion strategy for soft-body organisms to achieve strong grasping on various objects. Biological suckers can adaptively attach to dry complex surfaces such as rocks and shells, which are extremely challenging for current artificial suction cups. Although the adaptive suction of biological suckers is believed to be the result of their soft body's mechanical deformation, some studies imply that in-sucker mucus secretion may be another critical factor in helping attach to complex surfaces, thanks to its high viscosity.

Lead author Tianqi Yue explained: "The most important development is that we successfully demonstrated the effectiveness of the combination of mechanical conformation -- the use of soft materials to conform to surface shape, and liquid seal -- the spread of water onto the contacting surface for improving the suction adaptability on complex surfaces. This may also be the secret behind biological organisms ability to achieve adaptive suction."

Their multi-scale suction mechanism is an organic combination of mechanical conformation and regulated water seal. Multi-layer soft materials first generate a rough mechanical conformation to the substrate, reducing leaking apertures to just micrometres. The remaining micron-sized apertures are then sealed by regulated water secretion from an artificial fluidic system based on the physical model, thereby the suction cup achieves long suction longevity on diverse surfaces but with minimal overflow.

Tianqi added: "We believe the presented multi-scale adaptive suction mechanism is a powerful new adaptive suction strategy which may be instrumental in the development of versatile soft adhesion.




"Current industrial solutions use always-on air pumps to actively generate the suction however, these are noisy and waste energy.

"With no need for a pump, it is well known that many natural organisms with suckers, including octopuses, some fishes such as suckerfish and remoras, leeches, gastropods and echinoderms, can maintain their superb adaptive suction on complex surfaces by exploiting their soft body structures."

The findings have great potential for industrial applications, such as providing a next-generation robotic gripper for grasping a variety of irregular objects.

The team now plan to build a more intelligent suction cup, by embedding sensors into the suction cup to regulate suction cup's behaviour.
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One third of China's urban population at risk of city sinking, new satellite data shows | ScienceDaily
Land subsidence is overlooked as a hazard in cities, according to scientists from the University of East Anglia (UEA) and Virginia Tech.


						
Writing in the journal Science, Prof Robert Nicholls of the Tyndall Centre for Climate Change Research at UEA and Prof Manoochehr Shirzaei of Virginia Tech and United Nations University for Water, Environment and Health, Ontario, highlight the importance of a new research paper analysing satellite data that accurately and consistently maps land movement across China.

While they say in their comment article that consistently measuring subsidence is a great achievement, they argue it is only the start of finding solutions. Predicting future subsidence requires models that consider all drivers, including human activities and climate change, and how they might change with time.

The research paper, published in the same issue, considers 82 cities with a collective population of nearly 700 million people. The results show that 45% of the urban areas that were analysed are sinking, with 16% falling at a rate of 10mm a year or more.

Nationally, roughly 270 million urban residents are estimated to be affected, with nearly 70 million experiencing rapid subsidence of 10mm a year or more. Hotspots include Beijing and Tianjin.

Coastal cities such as Tianjin are especially affected as sinking land reinforces climate change and sea-level rise. The sinking of sea defences is one reason why Hurricane Katrina's flooding brought such devastation and death-toll to New Orleans in 2005.

Shanghai -- China's biggest city -- has subsided up to 3m over the past century and continues to subside today. When subsidence is combined with sea-level rise, the urban area in China below sea level could triple in size by 2120, affecting 55 to 128 million residents. This could be catastrophic without a strong societal response.




"Subsidence jeopardises the structural integrity of buildings and critical infrastructure and exacerbates the impacts of climate change in terms of flooding, particularly in coastal cities where it reinforces sea-level rise," said Prof Nicholls, who was not involved in the study, but whose research focusses on sea-level rise, coastal erosion and flooding, and how communities can adapt to these changes.

The subsidence is mainly caused by human action in the cities. Groundwater withdrawal, that lowers the water table is considered the most important driver of subsidence, combined with geology and weight of buildings.

In Osaka and Tokyo, groundwater withdrawal was stopped in the 1970s and city subsidence has ceased or greatly reduced showing this is an effective mitigation strategy. Traffic vibration and tunnelling is potentially also a local contributing factor -- Beijing has sinking of 45mm a year near subways and highways. Natural upward or downward land movement also occurs but is generally much smaller than human induced changes.

While human-induced subsidence was known in China before this study, Profs Nicholls and Shirzaei say these new results reinforce the need for a national response. This problem happens in susceptible cities outside China and is a widespread problem across the world.

They call for the research community to move from measurement to understanding implications and supporting responses. The new satellite measurements are delivering new detailed subsidence data but the methods to use this information to work with city planners to address these problems needs much more development. Affected coastal cities in China and more widely need particular attention.

"Many cities and areas worldwide are developing strategies for managing the risks of climate change and sea-level rise," said Prof Nicholls. "We need to learn from this experience to also address the threat of subsidence which is more common than currently recognised."
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        Solving the riddle of the sphingolipids in coronary artery disease
        Investigators have uncovered a way to unleash in blood vessels the protective effects of a type of fat-related molecule known as a sphingolipid, suggesting a promising new strategy for the treatment of coronary artery disease.

      

      
        Tumor cells evade the immune system early on: Newly discovered mechanism could significantly improve cancer immunotherapies
        Tumors actively prevent the formation of immune responses by so-called cytotoxic T cells, which are essential in combating cancer. Researchers have now uncovered for the first time how this exactly happens. The study provides rationales for new cancer immunotherapies and could make existing treatments more effective.

      

      
        Social media can be used to increase fruit and vegetable intake in young people
        Researchers have found that people following healthy eating accounts on social media for as little as two weeks ate more fruit and vegetables and less junk food.

      

      
        Low intensity exercise linked to reduced depression
        New research has found a significant association between participating in low to moderate intensity exercise and reduced rates of depression.

      

      
        Positive effect of midazolam after cardiac arrest
        If a patient is successfully resuscitated after a cardiac arrest and circulation resumes, they are not out of the woods yet. A number of factors can influence whether and how they survive the trauma in the subsequent phase. The administration of the anaesthetic midazolam has a positive effect, as shown by a multicenter study of 571 patients.

      

      
        Computer game in school made students better at detecting fake news
        A computer game helped upper secondary school students become better at distinguishing between reliable and misleading news.

      

      
        Researchers unveil PI3K enzyme's dual accelerator and brake mechanisms
        The enzyme PI3K plays a critical role in cell migration. Scientists have long understood this function. But researchers have recently unveiled that a subunit of this enzyme also has the ability to slam on the breaks to this process.

      

      
        Biophysics: Testing how well biomarkers work
        Researchers have developed a method to determine how reliably target proteins can be labeled using super-resolution fluorescence microscopy.

      

      
        Genetics predict type 2 diabetes risk and disparities in childhood cancer survivors
        Learn how ancestry changes genetic risk variants' impact on type 2 diabetes in childhood cancer survivors & alkylating agent exposure magnifies diabetes risk. Learn how ancestry changes genetic risk variants' impact on type 2 diabetes in childhood cancer survivors & alkylating agent exposure magnifies diabetes risk.

      

      
        Chemical tool illuminates pathways used by dopamine, opioids and other neuronal signals
        Researchers have developed a new tool to better understand how chemicals like dopamine and epinephrine interact with neurons.

      

      
        Don't be a stranger -- study finds rekindling old friendships as scary as making new ones
        Psychologists have found that people are as hesitant to reach out to an old friend as they are to strike up a conversation with a stranger, even when they had the capacity and desire to do so.

      

      
        Infected: Understanding the spread of behavior
        A team of researchers found that long-tie connections accelerate the speed of social contagion.

      

      
        Researchers create artificial cells that act like living cells
        Researchers describe the steps they took to manipulate DNA and proteins -- essential building blocks of life -- to create cells that look and act like cells from the body. This accomplishment, a first in the field, has implications for efforts in regenerative medicine, drug delivery systems and diagnostic tools.

      

      
        Marginalized communities developed 'disaster subculture' when living through extreme climate events
        An assistant professor conducted a study in which he lived among one of the poorest, most marginalized communities in Seoul, South Korea. In the ethnographic study, he asked residents how they dealt with extreme heat. He found they tended to accept the conditions, stating there was not much that could be done. That shows people accepted extreme climate events, despite evidence showing this should not be normal, which bodes the argument social work as a field has much to do to help address climate...

      

      
        New study uncovers lasting financial hardship associated with cancer diagnosis for working-age adults in the U.S.
        A new study highlights the lasting financial impact of a cancer diagnosis for many working-age adults and their families in the United States. It shows a cancer diagnosis and the time required for its treatment can result in employment disruptions, loss of household income and loss of employment-based health insurance coverage, leading to financial hardship.

      

      
        Innovative microscopy demystifies metabolism of Alzheimer's
        Using state-of-the-art microscopy techniques, researchers have shed new light on the underlying mechanisms driving Alzheimer's disease.

      

      
        Study compares salmonella rates in backyard, commercial poultry farm samples
        Researchers find less Salmonella on backyard poultry farms. But concerns remain about the prevalance of multidrug-resistant bacteria on both large and small farms.

      

      
        In the brain, bursts of beta rhythms implement cognitive control
        Bursts of brain rhythms with 'beta' frequencies control where and when neurons in the cortex process sensory information and plan responses. Studying these bursts would improve understanding of cognition and clinical disorders, researchers argue in a new review.

      

      
        Magnetic microcoils unlock targeted single-neuron therapies for neurodegenerative disorders
        Researchers deploy an array of microscopic coils to create a magnetic field and stimulate individual neurons. The magnetic field can induce an electric field in any nearby neurons, the same effect created by an electrode but much more precise. They used an array of eight coils, which combined can induce electric fields using much less current per coil, and employed soft magnetic materials, which boost the magnetic strength of the coils. The researchers constructed a prototype of their coil array,...

      

      
        Odor-causing bacteria in armpits targeted using bacteriophage-derived lysin
        A research team has synthesized a lysin that during in vitro experiments targets bacteria responsible for producing odors in human armpits.

      

      
        Gentle defibrillation for the heart
        Using light pulses as a model for electrical defibrillation, scientists developed a method to assess and modulate the heart function. The research team has thus paved the way for an efficient and direct treatment for cardiac arrhythmias. This may be an alternative for the strong and painful electrical shocks currently used.

      

      
        Dengue fever infections have negative impacts on infant health for three years
        Dengue infections in pregnant women may have a negative impact on the first years of children's lives, new research has found.

      

      
        Exploring brain synchronization patterns during social interactions
        Social interactions synchronize brain activity within individuals and between individuals. In a new study, researchers compared brain synchronization between pairs of people with relatively strong social ties (acquaintance pairs) and pairs with almost no social ties (stranger pairs). The study found that during a cooperative task, the stranger pairs exhibited more closely connected brain networks compared to the acquaintance pairs. These findings challenge the conventional understanding that stro...

      

      
        Bella moths use poison to attract mates: Scientists are closer to finding out how
        Researchers sequence the bella moth genome, which they used to pinpoint specific genes that may confer immunity to noxious alkaloids.

      

      
        Eye-opener: Pupils enlarge when people focus on tasks
        Normally, a person's pupils naturally widen (or dilate) in low-light environments to allow more light into the eye. However, in a new study, researchers reported that a person's pupils also dilate when they are concentrating on tasks. In particular, they found that the more a person's eyes dilated during the task, the better they did on tests measuring their working memory.

      

      
        Life goals and their changes drive success
        Though life goals change over time, a study of teen goals indicates that goals of education and high prestige can drive success.

      

      
        Scientists discover the cellular functions of a family of proteins integral to inflammatory diseases
        In a scientific breakthrough, researchers have revealed the biological mechanisms by which a family of proteins known as histone deacetylases (HDACs) activate immune system cells linked to inflammatory bowel disease (IBD) and other inflammatory diseases.

      

      
        3 in 5 parents play short order cook for young children who don't like family meal
        While most parents of preschool and elementary aged children strive to give their children a balanced, nutritional diet, some of their strategies to promote healthy eating may backfire, a national poll suggests.

      

      
        Study explores possible future for early Alzheimer's diagnostics
        Digital memory test and a blood sample -- this combination will be tested for its potential to identify early Alzheimer's disease in a new research study. Over a hundred healthcare centers are part of the study that is now inviting participants to sign up. At least 3,000, preferably many more participants are needed for the study to be successful.

      

      
        Japan's premodern concept of nature at root of distinctive mindset in early childhood education
        Observers of Japanese early childhood education and care have pointed to the mindset of educators watching over and waiting on preschoolers as being an intriguing tendency. This mimamoru approach has its roots in a premodern concept of nature.

      

      
        New approach to tackle muscle loss in aging
        A specific protein, TP53INP2, might prevent muscle loss associated with aging. A new study indicates that high levels of this protein are linked to greater muscle strength and healthier aging. This discovery paves the way for new treatments that could enhance the quality of life for the elderly.

      

      
        Predicting cardiac arrhythmia 30 minutes before it happens
        Atrial fibrillation is the most common cardiac arrhythmia worldwide with around 59 million people concerned in 2019. This irregular heartbeat is associated with increased risks of heart failure, dementia and stroke. It constitutes a significant burden to healthcare systems, making its early detection and treatment a major goal. Researchers have recently developed a deep-learning model capable of predicting the transition from a normal cardiac rhythm to atrial fibrillation. It gives early warnings...

      

      
        Pressure in the womb may influence facial development
        Physical cues in the womb, and not just genetics, influence the normal development of neural crest cells, the embryonic stem cells that form facial features, finds a new study.

      

      
        The enemy within: How pathogens spread unrecognized in the body
        Some pathogens hide inside human cells to enhance their survival. Researchers have uncovered a unique tactic certain bacteria use to spread in the body without being detected by the immune system. In their study, they reveal the crucial role of a bacterial nanomachine in this infection process.

      

      
        Breakthrough rice bran nanoparticles show promise as affordable and targeted anticancer agent
        Plant-derived nanoparticles have demonstrated significant anticancer effects. Researchers recently developed rice bran-derived nanoparticles (rbNPs) that efficiently suppressed cell proliferation and induced programmed cell death of only cancer cells. Furthermore, rbNPs successfully suppressed the growth of tumors in mice having aggressive adenocarcinoma in their peritoneal cavity, without any adverse effects. Given their low production costs and high efficacy, rbNPs hold great promise for develo...

      

      
        Simulated microgravity affects sleep and physiological rhythms
        Simulated effects of microgravity significantly affect rhythmicity and sleep in humans, a new study finds. Such disturbances could negatively affect the physiology and performance of astronauts in space.

      

      
        Genetically engineering a treatment for incurable brain tumors
        Scientists are developing and validating a patent-pending novel immunotherapy to be used against glioblastoma brain tumors. Glioblastomas are almost always lethal with a median survival time of 14 months. Traditional methods used against other cancers, like chemotherapy and immunotherapy, are often ineffective on glioblastoma.

      

      
        People think 'old age' starts later than it used to, study finds
        Middle-aged and older adults believe that old age begins later in life than their peers did decades ago, according to a new study.

      

      
        Despite AI advancements, human oversight remains essential
        State-of-the-art artificial intelligence systems known as large language models (LLMs) are poor medical coders, according to researchers. Their study emphasizes the necessity for refinement and validation of these technologies before considering clinical implementation. The study extracted a list of more than 27,000 unique diagnosis and procedure codes from 12 months of routine care in the Mount Sinai Health System, while excluding identifiable patient data. Using the description for each code, t...

      

      
        Mosaics of predisposition cause skin disease
        Clarifying the cause of a skin disease led to the discovery of a new disease-causing gene, a new category of diseases, and new perspectives for both counseling and therapy. The discovery is the first time that epigenetic silencing, the 'switching off' of an otherwise intact gene, has been recognized as the cause for a skin disease.

      

      
        Social programs save millions of lives, especially in times of crisis
        Primary health care, conditional cash transfers and social pensions have prevented 1.4 million deaths of all ages in Brazil over the past two decades, according to a new study. If expanded, these programs could avert an additional 1.3 million deaths and 6.6 million hospitalizations by 2030.

      

      
        New compound from blessed thistle promotes functional nerve regeneration
        Blessed thistle (Cnicus benedictus) is a plant in the family Asteraceae. For centuries, it has been used as a medicinal herb as an extract or tea, e.g. to aid the digestive system. Researchers have now found a completely novel use for Cnicin. Animal models as well as human cells have shown that Cnicin significantly accelerates axon (nerve fibers) growth.

      

      
        Shoe technology reduces risk of diabetic foot ulcers
        Researchers have developed a new shoe insole technology that helps reduce the risk of diabetic foot ulcers, a dangerous open sore that can lead to hospitalization and leg, foot or toe amputations.

      

      
        Researchers develop a new way to safely boost immune cells to fight cancer
        Researchers explore a cancer immunotherapy treatment that involves activating the immune cells in the body and reprogramming them to attack and destroy cancer cells. This therapeutic method frequently uses cytokines, small protein molecules that act as intercellular biochemical messengers and are released by the body's immune cells to coordinate their response.

      

      
        New study examines the increased adoption of they/them pronouns
        People are using 'they/them' pronouns more often, according to a new study.

      

      
        Glial hyper-drive for triggering epileptic seizures
        When epileptic patients suffer seizures, their brain is undergoing repetitive and excessive neuronal firing. But what triggers this has stumped scientists for years. Now, researchers have used fluorescence calcium sensors to track astrocytes' role in epileptic seizures, finding that that astrocyte activity starts approximately 20 seconds before the onset of epileptic neuronal hyperactivity.

      

      
        Toxic chemicals from microplastics can be absorbed through skin
        Toxic chemicals used to flame-proof plastic materials can be absorbed into the body through skin, via contact with microplastics, new research shows.

      

      
        New research defines specific genomic changes associated with the transmissibility of the monkeypox virus
        Scientists have located and identified alterations in the monkeypox virus genome that potentially correlate with changes in the virus's transmissibility observed in the 2022 outbreak.

      

      
        Dietary treatment more effective than medicines in IBS
        Dietary treatment is more effective than medications in irritable bowel syndrome (IBS). With dietary adjustments, more than seven out of ten patients had significantly reduced symptoms.

      

      
        Key protein regulates immune response to viruses in mammal cells
        Researchers have revealed the regulatory mechanism of a specific protein, TRBP, that plays a key role in balancing the immune response triggered by viral infections in mammal cells. These findings could help drive the development of antiviral therapies and nucleic acid medicines to treat genetic disorders.
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Solving the riddle of the sphingolipids in coronary artery disease | ScienceDaily
Weill Cornell Medicine investigators have uncovered a way to unleash in blood vessels the protective effects of a type of fat-related molecule known as a sphingolipid, suggesting a promising new strategy for the treatment of coronary artery disease.


						
In the study, published March 8 in Circulation Research, the researchers showed that boosting levels of a sphingolipid called S1P in artery-lining endothelial cells slows the development and progression of coronary artery disease in an animal model. The lead author was Dr. Onorina Laura Manzo, a postdoctoral researcher in the laboratory of Dr. Annarita Di Lorenzo, an associate professor of pathology and laboratory medicine at Weill Cornell Medicine.

Sphingolipids are named for the enigmatic sphinx of ancient mythology because their functions in biology traditionally have been somewhat mysterious. In recent years, there has been increasing evidence of their relevance in coronary artery disease; bloodstream levels of S1P, for example, are lower in patients with this condition. But the precise roles of these lipids have remained unclear.

In the new study, the researchers sought a better understanding of those roles -- and of sphingolipids' potential as therapeutic targets. Despite the availability of cholesterol-lowering drugs and other interventions, coronary artery disease -- the underlying cause of most heart attacks and many strokes -- continues to be the world's leading cause of mortality, affecting more than 20 million people in the United States alone.

Using a novel mouse model developed by the same group, the researchers found that blood pressure-related stress on arteries -- which eventually will induce coronary artery disease -- triggers an increase in S1P production in endothelial cells, as part of a protective response. This response normally is only temporary, but deleting a protein called NOGO-B, which inhibits S1P production, allows the rise in endothelial S1P production to be sustained -- and made the animals much more resistant to coronary artery disease and associated mortality.

Another key finding is related to a different group of sphingolipids called ceramides. Prior studies have linked coronary artery disease to high bloodstream levels of some ceramides, and their causative role in the disease has been widely assumed. In their model, however, the researchers observed that while ceramide levels were high in the bloodstream, levels in artery-lining endothelial cells remained about the same regardless of coronary artery disease status. This suggests that the current view of ceramides' role in the disease should be revised.

All in all, the findings lay the foundation for the development of drugs that boost S1P to treat or prevent coronary artery disease, the researchers concluded.

The work reported in this story was supported by the National Heart, Lung, and Blood Institute, part of the National Institutes of Health, through grant numbers R01HL126913 and R01HL152195 and a Harold S. Geneen Charitable Trust Award for Coronary Heart Disease Research.
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Tumor cells evade the immune system early on: Newly discovered mechanism could significantly improve cancer immunotherapies | ScienceDaily
Tumors actively prevent the formation of immune responses by so-called cytotoxic T cells, which are essential in combating cancer. Researchers at the Technical University of Munich (TUM) and the Ludwig-Maximilians-Universitat Munchen (LMU) Hospital have now uncovered for the first time how this exactly happens. The study in the journal Nature provides rationales for new cancer immunotherapies and could make existing treatments more effective. A second paper in Nature confirms the findings.


						
In cancer, tumors often impair the body's immune response. For example, they can prevent immune cells from perceiving cancer cells as a threat or render them inactive. Immunotherapies aim to overcome these mechanisms and stimulate the immune system, in particular the T cells. However, such therapies do not work for a large number of cancer patients. Researchers around the world are looking for the causes and new counter-strategies.

Messenger substance stops effector development of T cells in tumors

A team led by Dr. Jan Bottcher, research group leader at the Institute of Molecular Immunology at TUM, and Prof. Sebastian Kobold, Deputy Director of the Department of Clinical Pharmacology at LMU Klinikum Munchen, has now discovered that tumors use a messenger substance to influence immune cells in an early phase of the immune response. Many cancer cells show increased secretion of the messenger substance prostaglandin E2. The researchers were able to show that prostaglandin E2 binds to EP2 and EP4, two receptors on the surface of certain immune cells.

These so-called stem-like T cells migrate from other areas of the body into the tumor. If the immune response is successful, they multiply in the tumor and develop into cytotoxic T cells that attack the cancer. "This whole process is strongly limited when tumors secrete prostaglandin E2 and this factor binds to EP2 and EP4 receptors," says Jan Bottcher. "The T cell response collapses and the tumor can progress." If the researchers prevented the interaction of messenger substance and receptor in tumor models, the immune system was able to fight tumors effectively.

Current therapies address a later point of the immune response

"We have discovered a mechanism that influences the body's immune response in a crucial phase," says Jan Bottcher. "Many tumors prevent the stem-like T cells from generating cytotoxic T cells in the tumor that could attack the cancer."

Current immunotherapies aim to prevent the cancer from switching off immune responses at a later phase. Checkpoint inhibitor therapies, for example, aim to release the blockade of fully differentiated cytotoxic T cells and "switch them back on." Before the dreaded T cell exhaustion sets in, which other researchers are trying to prevent, differentiated T cells must also be present.




Increase the effectiveness of existing therapies

"Current treatment approaches would probably be more effective if the effects of prostaglandin E2 on stem-like T cells is blocked to enable their unhindered differentiation within tumor tissue," says Sebastian Kobold.

This similarly applies to recent approaches that rely on the protein IL-2 to stimulate T cells. The current study shows that as soon as the prostaglandin E2 binds to the two receptors, T cells can no longer respond to IL-2. "We suspect that even the body's own IL-2 signals may be sufficient to enable T cells to successfully fight cancer once the effects of prostaglandin E2 have been stopped," says Sebastian Kobold.

Second study in "Nature" confirms results

A second research publication in Nature investigates the effects of prostaglandin E2 on the immune system. For this study, the authors, researchers from the University Hospital of Lausanne, collaborated with the Munich team. In their laboratory, they among other things examined T cells from human tumor tissue. When they blocked the release of prostaglandin E2 in cancer tissue, the T cells showed better expansion and were thus able to fight human cancer cells more effectively.

Search for counter-strategies begins

"We now have a concrete starting point for significantly improving immunotherapies," says Jan Bottcher. "Researchers around the world must now develop strategies to overcome the tumors' defense. We need to stop the effects of prostaglandin E2 -- either by preventing tumors from producing the molecule or by making immune cells resistant to it."
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Social media can be used to increase fruit and vegetable intake in young people | ScienceDaily
Researchers from Aston University have found that people following healthy eating accounts on social media for as little as two weeks ate more fruit and vegetables and less junk food.


						
Previous research has shown that positive social norms about fruit and vegetables increases individuals' consumption. The research team sought to investigate whether positive representation of healthier food on social media would have the same effect. The research was led by Dr Lily Hawkins, whose PhD study it was, supervised by Dr Jason Thomas and Professor Claire Farrow in the School of Psychology.

The researchers recruited 52 volunteers, all social media users, with a mean age of 22, and split them into two groups. Volunteers in the first group, known as the intervention group, were asked to follow healthy eating Instagram accounts in addition to their usual accounts. Volunteers in the second group, known as the control group, were asked to follow interior design accounts. The experiment lasted two weeks, and the volunteers recorded what they ate and drank during the time period.

Overall, participants following the healthy eating accounts ate an extra 1.4 portions of fruit and vegetables per day and 0.8 fewer energy dense items, such as high-calorie snacks and sugar-sweetened drinks, per day. This is a substantial improvement compared to previous educational and social media-based interventions attempting to improve diets.

Dr Thomas and the team believe affiliation is a key component of the change in eating behaviour. For example, the effect was more pronounced amongst participants who felt affiliated with other Instagram users.

The 2018 NHS Health Survey for England study showed that only 28% of the UK population consumed the recommended five portions of fruit and vegetables per day. Low consumption of such food is linked to heart disease, cancer and stroke, so identifying ways to encourage higher consumption is vital. Exposing people to positive social norms, using posters in canteens encouraging vegetable consumption, or in bars to discourage dangerous levels of drinking, have been shown to work. Social media is so prevalent now that the researchers believe it could be an ideal way to spread positive social norms around high fruit and vegetable consumption, particularly amongst younger people.

Dr Thomas said:

"This is only a pilot intervention study at the moment, but it's quite an exciting suite of findings, as it suggests that even some minor tweaks to our social media accounts might lead to substantial improvements in diet, at zero cost! Our future work will examine whether such interventions actually do change our perceptions of what others are consuming, and also, whether these interventions produce effects that are sustained over time."

Dr Hawkins, who is now at the University of Exeter, said:

"Our previous research has demonstrated that social norms on social media may nudge food consumption, but this pilot demonstrates that this translates to the real world. Of course, we would like to now understand whether this can be replicated in a larger, community sample."
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Low intensity exercise linked to reduced depression | ScienceDaily
New research has found a significant association between participating in low to moderate intensity exercise and reduced rates of depression.


						
Researchers from Anglia Ruskin University (ARU) carried out an umbrella review of studies carried out across the world to examine the potential of physical activity as a mental health intervention.

The analysis, published in the journal Neuroscience and Biobehavioural Reviews, found that physical activity reduced the risk of depression by 23% and anxiety by 26%. A particularly strong association was found between low and moderate physical activity, which included activities such as gardening, golf and walking, and reduced risk of depression. However, this was not strongly observed for high intensity exercise.

Physical activity was also significantly associated with reduced risk of severe mental health conditions, including a reduction in psychosis/schizophrenia by 27%.

The results were consistent in both men and women, and across different age groups and across the world.

Lead author Lee Smith, Professor of Public Health at Anglia Ruskin University (ARU), said: "Preventing mental health complications effectively has emerged as a major challenge, and an area of paramount importance in the realm of public health. These conditions can be complex and necessitate a multi-pronged approach to treatment, which may encompass pharmacological interventions, psychotherapy, and lifestyle changes.

"These effects of physical activity intensity on depression highlight the need for precise exercise guidelines. Moderate exercise can improve mental health through biochemical reactions, whereas high-intensity exercise may worsen stress-related responses in some individuals.

"Acknowledging differences in people's response to exercise is vital for effective mental health strategies, suggesting any activity recommendations should be tailored for the individual.

"The fact that even low to moderate levels of physical activity can be beneficial for mental health is particularly important, given that these levels of activity may be more achievable for people who can make smaller lifestyle changes without feeling they need to commit to a high-intensity exercise programme."
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Positive effect of midazolam after cardiac arrest | ScienceDaily
If a patient is successfully resuscitated after a cardiac arrest and circulation resumes, they are not out of the woods yet. A number of factors can influence whether and how they survive the trauma in the subsequent phase. The administration of the anaesthetic midazolam has a positive effect, as shown by a multicenter study of 571 patients conducted by the Research Association for Emergency Medicine Ostwestfalen-Lippe led by the University Clinic for Anaesthesiology, Intensive Care and Emergency Medicine at the Johannes Wesling clinic in Minden, hospital of Ruhr University Bochum, Germany, at the Chair of Emergency Medicine headed by Professor Jochen Hinkelbein.


						
In cases where the patient required anesthesia after successful resuscitation, midazolam improved the chances of optimal oxygen saturation and CO2 levels in the blood. The risk of a renewed drop in blood pressure or a renewed circulatory arrest didn't increase. "This specific group of patients who have been successfully resuscitated should definitely be included in the guidelines for pre-hospital anesthesia. Midazolam has proven to have a particularly positive effect in this group," concludes Dr. Gerrit Jansen, lead author of the study, which was published in the journal Deutsches Arzteblatt International on April 8, 2024.

In the event of a cardiac arrest, rapid intervention is essential: If first aiders carry out resuscitation measures in good time, the patient's circulation can be restarted in the best-case scenario. "However, it's often the case that the patient hasn't yet regained consciousness," explains Gerrit Jansen. In this phase, there are various factors that can affect the chances of survival and subsequent permanent limitations due to the circulatory arrest.

"Some patients display protective reflexes after resuscitation, such as coughing or defensive movements, which make the emergency responders' work more difficult. They often have to perform extended airway management, for example by intubating the patient in the same way as during surgery. This frequently requires sedation or anesthesia," explains Jansen. Until now, there has been concern that anaesthetic drugs could have a negative impact on the circulatory system, which has only just been restored. According to the study, however, this is not the case.

Of the 571 people included in the study who survived a cardiac arrest and were admitted to hospital, 395 were sedated, 249 of them with midazolam. The chance that their blood oxygen saturation levels were in the optimal range following a cardiac arrest increased twofold when midazolam was administered. The chance that carbon dioxide was effectively exhaled increased by a factor of 1.6 with the drug. "Our statistical methods confirmed a correlation between these results and the administration of midazolam, without any indication of negative circulatory effects," says Gerrit Jansen.

"The European guidelines of the European Resuscitation Council don't yet set out any specific recommendations for possible anesthetic drugs," explains Jansen. "The German guideline for pre-hospital anesthesia for patients with cardiovascular risk doesn't mention patients in cardiac arrest. We've therefore carried out pioneering research in this field, the results of which should be incorporated into the recommendations for the benefit of the patients."
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Computer game in school made students better at detecting fake news | ScienceDaily
A computer game helped upper secondary school students become better at distinguishing between reliable and misleading news. This is shown by a study conducted by researchers at Uppsala University and elsewhere.


						
"This is an important step towards equipping young people with the tools they need to navigate in a world full of disinformation. We all need to become better at identifying manipulative strategies -- prebunking, as it is known -- since it is virtually impossible to discern deep fakes, for example, and other AI-generated disinformation with the naked eye," says Thomas Nygren, Professor of Education at Uppsala University.

Along with three other researchers, he conducted a study involving 516 Swedish upper secondary school students in different programmes at four schools. The study, published in the Journal of Research on Technology in Education, investigated the effect of the game Bad News in a classroom setting -- this is the first time the game has been scientifically tested in a normal classroom. The game has been created for research and teaching, and the participants assume the role of spreader of misleading news. The students in the study either played the game individually, in pairs or in whole class groups with a shared scorecard -- all three methods had positive effects. This surprised the researchers, who believed students would learn more by working at the computer together.

"The students improved their ability to identify manipulative techniques in social media posts and to distinguish between reliable and misleading news," Nygren comments.

The study also showed that students who already had a positive attitude towards trustworthy news sources were better at distinguishing disinformation, and this attitude became significantly more positive after playing the game. Moreover, many students improved their assessments of credibility and were able to explain how they could identify manipulative techniques in a more sophisticated way.

The researchers noted that competitive elements in the game made for greater interest and enhanced its benefit. They therefore conclude that the study contributes insights for teachers into how serious games can be used in formal instruction to promote media and information literacy.

"Some people believe that gamification can enhance learning in school. However, our results show that more gamification in the form of competitive elements does not necessarily mean that students learn more -- though it can be perceived as more fun and interesting," Nygren says.

Participating researchers: Carl-Anton Werner Axelsson (Malardalen and Uppsala), Thomas Nygren (Uppsala), Jon Roozenbeek (Cambridge) and Sander van der Linden (Cambridge).
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Researchers unveil PI3K enzyme's dual accelerator and brake mechanisms | ScienceDaily
A group of researchers have expanded conventional knowledge on a critical enzyme that controls cell migration. In a recent publication in the journal Nature Communications, they reported that phosphoinositide 3-kinase (PI3K) not only acts as an accelerator to prompt cell motility, but it also has a built-in brake mechanism that impedes migration.


						
"PI3K is a major signaling enzyme that has been extensively studied for over 30 years due to its roles in fundamental cellular functions like growth, survival, movement and metabolism," points out Hideaki Matsubayashi, lead author of the study and assistant professor at Tohoku University's Frontier Research Institute for Interdisciplinary Sciences (FRIS). "It plays a critical part in cell migration and invasion, something that, when dysregulated, can cause many pathologies. Our work revealed that PI3K can also actively restrain these same migratory processes through a separate non-catalytic endocytic mechanism originating from its p85b subunit."

Using a combination of bioinformatics, molecular modeling, biochemical binding assays and live-cell imaging, Matsubayashi and his colleagues demonstrated that a disordered region within p85b's inter-SH2 domain directly binds to the endocytic protein AP2. This part of PI3K can activate a cellular process that pulls certain molecules into the cell, and it does so without needing the enzyme's typical lipid-modification function.

When the researchers disrupted the binding, the mutated p85b did not function as it should. Instead of regulating cell movement through its brake mechanism, it built up in specific sites within the cell. This leads to cells moving faster and more persistently, indicating a loss of the brake mechanism's control over cell migration.

"Remarkably, this single PI3K enzyme has opposing accelerator and brake pedals built into its molecular framework," added Matsubayashi. "The endocytic mechanism helps regulate PI3K's activity to ensure that cell movement is controlled at the right times and in the right places for important biological processes."

This braking role was found to be specific to just the p85b subunit. And since the p85b subunit of PI3K is linked to cancer-promoting properties, deeper understanding of PI3K regulation and its isoform specificity could lead to novel therapeutic strategies, such that selectively inhibit the cancerous aspect of PI3K, while preserving the normal functions of PI3K in healthy cells.
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Biophysics: Testing how well biomarkers work | ScienceDaily
LMU researchers have developed a method to determine how reliably target proteins can be labeled using super-resolution fluorescence microscopy.


						
Modern microscopy techniques make it possible to examine the inner workings of cells in astonishing detail. "We can now observe the arrangement and interaction of individual proteins under the microscope," says Professor Ralf Jungmann, Chair of Molecular Physics of Life at LMU and Max Planck Fellow at the MPI of Biochemistry. The biophysicist's team recently developed the revolutionary RESI (Resolution Enhancement by Sequential Imaging) method. This technique can be used to improve the resolution of fluorescence microscopy down to the Angstrom scale -- far below the classical diffraction limit of light. DNA-conjugated marker molecules, which the researchers attach precisely to the molecules they want to understand better, are crucial for this.

Jungmann's team has now presented a technique in the journal Nature Methods that can be used to quantify how well biomarker molecules bind to the target proteins. "This is absolutely crucial if you want to make quantitatively reliable statements," explains the physicist. If you know the labeling efficiency, you can carry out spatially resolved proteomics in this way. This allows you to find out not only what individual proteins do in a cell, but also to what extent they are present and how their quantity and behavior change under certain circumstances. "But this is only possible if we can assess how well the labeling has worked." This is because only labeled proteins emit flashes of light under the microscope and thus become visible.

Reliable and versatile

The method developed by Jungmann's team makes this assessment possible by adding a reference biomarker to the target proteins. This marker "glows" in a different color during microscopy, so that successfully marked proteins appear in two colors. Jungmann's team demonstrated this using the membrane protein CD86, among others: The reference produces a pink fluorescence, the actual marker a bluish one. This creates a pattern of innumerable pink and blue points of light. Where the marking did not work, only the reference lights up individually. The marking efficiency is calculated from the ratio of double and single illuminated molecules.

The method offers several advantages compared to previous methods for determining binding efficiency: "It works not only in vitro, but also in vivo, i.e. in the context of intact cells," explains Jungmann. "The technique can also be applied to a variety of different target molecules, biomarkers, and samples and is compatible with a whole range of super-resolution methods." A reliable and widely applicable means of assessing marker efficiency is crucial to ensure accurate data evaluation and enable reliable comparisons between different binders, labeling conditions, and research laboratories.

The authors of the study are certain that the new quantification method has paved the way for significantly expanding the potential of their super-resolution microscope method: "Now we can also consider specific biomedical applications in which the quantitative detection of proteins and processes is of great importance," says Jungmann. This includes cancer research, for example, where information about interactions between proteins on the cell surface and drugs with molecular resolution is essential for the development of new types of medication.
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Genetics predict type 2 diabetes risk and disparities in childhood cancer survivors | ScienceDaily
Survivors of childhood cancer are at increased risk for cardiovascular disease, for which a risk factor is their greater prevalence of type 2 diabetes, with a disproportionate impact on those of non-European heritage. St. Jude Children's Research Hospital scientists have identified four previously unknown genetic variants associated with diabetes risk in all survivors. Published in the Journal of Clinical Oncology, their work also found an association between a previously reported genetic risk score for type 2 diabetes developed in the general population with diabetes risk in survivors. The findings also provide novel insights into differences in risk between individuals of varying ancestries.


						
The work relied on the St. Jude Lifetime cohort study (St. Jude LIFE), a long-term follow-up study for individuals treated for cancer as children. This cohort enabled the researchers to identify the four previously unknown genetic variants. Those variants were more frequent in people of African descent than those of European ancestry. They also determined that compared to a polygenic risk score for type 2 diabetes derived in the general population of European ancestry, polygenic risk scores generated from diverse ancestry datasets were more informative in assessing diabetes risk in survivors of both European and African ancestries. All genetic risks appeared magnified by childhood exposure to alkylating agents, a common class of chemotherapeutics.

"We found DNA variants in survivors that increase the risk of type 2 diabetes," said co-senior and corresponding author Yadav Sapkota, PhD, St. Jude Department of Epidemiology and Cancer Control. "Among survivors exposed to alkylating agents, these variants are conferring differential risk based on the ancestry, which may partially explain some of the disparity in type 2 diabetes burden in survivors."

Childhood cancer survivors are at a three times increased risk of developing type 2 diabetes than their siblings. However, non-Hispanic Black survivors experience three times more risk than non-Hispanic white survivors. To understand those differences, the researchers performed whole genome sequencing on the patients from the St. Jude LIFE cohort involved in this study, comparing the DNA of survivors that had type 2 diabetes to those that did not, divided by ancestry. Through this work, the team created a rich and rare trove of combined clinical and genetic data.

Ancestry affects type 2 diabetes risk in childhood cancer survivors

"The genetic risk disproportionately affected survivors of African or African American ancestry previously treated with alkylating agents," Sapkota said. "The same variant is implicated in both European and African-ancestry groups, but the amount of risk conferred by carrying the variant differs."

To address that disparity in greater detail, the scientists compared previously reported polygenic risk scores for diabetes in the general population. Earlier research used many genetic variants, considered as a group, to assess disease risk. However, these risk scores were traditionally derived from those of European descent. The researchers compared three risk scores, a traditional score based only on those of European descent and two others developed by including people of different ancestries. The more inclusive scores both performed better in survivors of both European and African ancestries.




"The two risk scores derived from multiple ancestries were strongly associated with type 2 diabetes risk in survivors of diverse ancestries compared to the score developed in European-only ancestry," Sapkota said.

Genetics amplify diabetes risk from alkylating agents in survivors

The research also suggested that another contributor to increased type 2 diabetes risk is exposure to alkylating agents, a class of chemotherapy commonly used in childhood cancer treatments.

"We saw very consistently, in three out of our four identified variants, and all of our polygenic risk scores, a significant increase in diabetes risk when survivors were exposed to alkylating agents during their initial treatment," Sapkota said. "So genetic factors in the presence of alkylating agents can significantly enhance type 2 diabetes risk."

The alkylating agent effect also had a greater impact on those of African ancestry. While the reasons for these differences in risk remain unclear, the study is a step in the right direction toward addressing them.

"We hope this information will help reduce disparities in the type 2 diabetes burden," Sapkota said. "Now we know how to identify childhood cancer survivors most at risk of type 2 diabetes so we can provide more personalized opportunities for interventions and prevent cardiovascular complications down the road."

Authors and funding

The study's first author is Cindy Im, University of Minnesota. The study's other co-senior author is Carmen Wilson, St. Jude. The study's other authors are Eric Chow, Fred Hutchinson Research Center; Sogol Mostoufi-Moab, Children's Hospital of Philadelphia; Tianzhong Yang, University of Minnesota; Melissa Richard, M. Monica Gramatges and Philip Lupo, Baylor College of Medicine; Noha Sharafeldin and Smita Bhatia, University of Alabama at Birmingham; Achal Neupane, Jessica Baedke, Brian Lenny, Angela Delaney, Stephanie Dixon, Gregory Armstrong, Melissa Hudson, Kirsten Ness, Leslie Robison and Yutaka Yasui, all of St. Jude.

The study was supported by grants from the National Cancer Institute (R21 CA261833, R01 CA261898, R01 CA216354, U01 CA195547, U24 CA55727, CA21765), Children's Cancer Research Fund and University of Minnesota Foundation Pediatric Scholar Award and ALSAC, the fundraising and awareness organization of St. Jude.
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Chemical tool illuminates pathways used by dopamine, opioids and other neuronal signals | ScienceDaily
University of Michigan researchers have developed a new tool to better understand how chemicals like dopamine and epinephrine interact with neurons.


						
These chemicals are among a wide variety of signals that get processed in the brain through G protein-coupled receptors (GPCRs), proteins that sit on the surface of neurons to receive messages -- in the forms of proteins, sugars, fats, even light -- that inform cellular behavior.

GPCRs are involved in an enormous number of biological functions, making them a prime target for treating diseases; more than one-third of FDA-approved drugs target GPCRs. But to fully understand how various molecules interact with GPCRs, researchers need to be able to detect those molecules across the whole brain with high spatial resolution.

"The challenge in our field has been achieving the right balance between a detailed view and the whole picture across the brain," said Wenjing Wang, a neuroscientist at the U-M Life Sciences Institute.

LSI faculty member Peng Li said most existing tools can detect a neural modulator either in a small part of the brain with high spatial resolution or in the whole brain with very low resolution.

"But we need to identify the cells that respond to the neuromodulators across various brain regions, in high resolution," he said.

In a study published in the Proceedings of the National Academy of Sciences, Wang, Li and colleagues unveiled a new chemical tool that achieves both goals for three chemicals that all target GPCRs.




Wang's lab at LSI uses protein engineering to develop technologies that can detect how signaling molecules travel within the brain to reach and interact with specific neurons. They previously created a tool to reveal the presence of opioids, another GPCR binding partner, at a cellular level.

When the molecule is detected, the tool creates a permanent fluorescent mark in the cells. Thus, researchers can see the specific cells that are highlighted, as well as the whole picture of cells across the brain.

This latest work broadens the utility of that sensor to detect multiple types of GPCR activators, beyond just opioids. So far, the team has tested the tool with opioids and epinephrine in cultured neurons and in mouse models. The team also expanded the tool to use both green and red fluorescence, enabling the tracking of multiple molecules at once.

"Coming from detecting just opioids, we now have a tool that we can begin to easily modulate for various signals that interact with GPCRs," said Wang, who also is an assistant professor of chemistry at the U-M College of Literature, Science, and the Arts. "The goal is eventually to even study the interplays of different signaling pathways simultaneously."

The team cautions that while the tool provides important visualizations of how signals travel across neurons for analysis postmortem, it cannot be used to track chemicals in real time, as it takes several hours for the fluorescence to appear. But it does offer a new path forward for improving understanding of neuronal signaling and the role of GPCRs as drug targets.

"Ideally, we aim to be able to create a brain map for multiple neuromodulators concurrently, offering a comprehensive understanding of the sites of neuromodulation," said Li, who also is an assistant professor at the U-M School of Dentistry.
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Don't be a stranger -- study finds rekindling old friendships as scary as making new ones | ScienceDaily
Psychologists from Simon Fraser University (SFU) and the University of Sussex have found that people are as hesitant to reach out to an old friend as they are to strike up a conversation with a stranger, even when they had the capacity and desire to do so. The new research is published today in the journal Nature Communications Psychology.


						
Scientific research has shown that social relationships are important to human happiness, and that the greater the number and range of friendships that we engage with, the better our wellbeing. But once relationships are formed, some will naturally wax and wane, with many of us losing touch with friends and family that we were once close with.

As old friends who had reconnected themselves, Professor Lara Aknin from SFU and Dr. Gillian Sandstrom from the University of Sussex in Brighton (U.K.) were keen to find out what stops other people from doing the same.

Sandstrom, senior lecturer in the psychology of kindness and director of the Sussex Centre for Research on Kindness said: "We live in a time when people are more and more disconnected, and have fewer close friends than they used to in years past. And this is despite the multitude of modern-day communication channels available to us. With research finding that it takes more than 200 hours of contact to turn a new acquaintance into a close friend*, we wanted to find out if and why people were overlooking another pathway to meaningful connection: reviving pre-existing close friendships."

Across seven studies, the psychologists examined the attitudes of almost 2,500 participants to reconnecting with lapsed friendships, the barriers and reasons for doing so, and whether targeted interventions could encourage them to send that first message to an old friend.

"We found that the majority of participants (90 per cent) in our first study had lost touch with a someone they still care about. Yet, a significant number (70 per cent) were neutral, or even negative, about the idea of getting back in touch in that moment, even when they felt warmly about the friendship," says Aknin, director of the Helping and Happiness Lab at SFU and co-author of the paper.

Recognizing that people sometimes say one thing and do another, the psychologists designed a study to see how many people were willing to actually reach out to an old friend. Even when participants wanted to reconnect, thought the friend would be appreciative, had their contact information, and were given time to draft and send a message, only about a third actually sent it (28 per cent in one study and 37 per cent in another study).




The psychologists set out to benchmark this hesitance to reconnect by getting participants to rate their willingness to immediately carry out a range of activities, including calling or texting a friend they had lost touch with. They found that participants were as reluctant to reach out to an old friend as they were to strike up a conversation with a stranger -- or even to pick up rubbish.

The top reported barriers included fears that one's old friend might not want to hear from them, that it would be 'too awkward after all this time', and feeling 'guilty'. A perception of being too busy -- both the old friend and the participant -- was the lowest cited reason for not reaching out.

Notably, the psychologists found that participants believed there were only a few legitimate reasons to get in touch, with the friend's birthday reported as the most compelling. Reconnecting over the memory of a shared experience was the second most reported reason. Participants were least likely to consider getting in touch with an old friend to ask them a favour.

As part of the research, the psychologists tested targeted interventions, responding to the findings from four of the studies. Taking inspiration from a previous intervention conducted by Sandstrom on talking with strangers, they found that practising social connection with current networks by first sending a message to a warm friend, was the most successful strategy, boosting reach out rates by over two thirds.

Sandstrom explained: "Interestingly, despite people telling us that a key barrier to making contact with an old friend was concerns over how the message might be received, the intervention that we devised to help overcome this anxiety had little effect.

"Given that participants were as hesitant to reach out to a stranger as someone they had previously been close with, we drew inspiration from previous research I had conducted on talking to strangers, which found that practice made progress. When people were given time to practice in a situation that felt more comfortable, namely by sending messages to current friends, they were much more likely to make the leap to messaging someone they had lost touch with."

Aknin adds: "We know from decades of research that social relationships are a key source of happiness and meaning in our lives.

"Gillian and I are old friends, dating back to our time as PhD students in Canada. We've been in touch on-and-off ever since, but most recently reconnected on New Year's Day 2022 when I emailed her to say that I missed her and wanted to collaborate on a new project. We took inspiration from our period of disconnection and decided to study if and when people are willing to reach out to old friends.

"We hope these findings prompt other people to send that first message to someone that they miss in their lives."
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Infected: Understanding the spread of behavior | ScienceDaily
Human beings are likely to adopt the thoughts, beliefs, and behaviors of those around them.


						
Simple decisions like what local store is best to shop at to more complex ones like vaccinating a child are influenced by these behavior patterns and social discourse.

"We choose to be in networks, both offline and online, that are compatible with our own thinking," explained Amin Rahimian, assistant professor of industrial engineering at the University of Pittsburgh Swanson School of Engineering. "The social contagion of behavior through networks can help us understand how and why new norms, products, and ideas are adopted."

Initially, researchers thought highly clustered ties that are close together in networks created the perfect environment for the spread of complex behaviors that require significant social reinforcement. However, Rahimian, alongside a team of researchers from Massachusetts Institute of Technology (MIT) and Harvard University, counter these ideas. Long ties, which are created through randomly rewired edges that make them 'longer,' accelerate the spread of social contagions. For example, in the age of social media, long ties can facilitate broader reach across different demographics and heterogeneous populations. Rather than just communicating with one's neighbor, one may also be connecting with someone in another state -- even another country.

By using mathematical and statistical methods, the researchers were able to analyze the rate of spread over circular lattices with long ties and show that having a small probability of adoption below the contagion threshold is enough to ensure that random rewiring accelerates the spread of these contagions.

"Mechanisms that we identify for spread on circular lattices remain valid in higher dimensions," explained Rahimian.

Similar network dynamics arise in the study of neural activity in the brain.

"We are interested in the implications of these results for a better understanding of network structures that facilitate the spread of bursting activity in various brain regions," explained Jonathan Rubin, professor in Pitt's Department of Mathematics.

This research suggests those wanting to achieve fast, total spread would benefit from implementing intervention points across network neighborhoods with long-tie connections to other network regions, explained Dean Eckles, associate professor of marketing at MIT.

"Further work could study such strategies for seeding complex behaviors," Eckles continued.
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Researchers create artificial cells that act like living cells | ScienceDaily

"With this discovery, we can think of engineering fabrics or tissues that can be sensitive to changes in their environment and behave in dynamic ways," says Freeman, whose lab is in the Applied Physical Sciences Department of the UNC College of Arts and Sciences.

Cells and tissues are made of proteins that come together to perform tasks and make structures. Proteins are essential for forming the framework of a cell, called the cytoskeleton. Without it, cells wouldn't be able to function. The cytoskeleton allows cells to be flexible, both in shape and in response to their environment.

Without using natural proteins, the Freeman Lab built cells with functional cytoskeletons that can change shape and react to their surroundings. To do this, they used a new programmable peptide-DNA technology that directs peptides, the building blocks of proteins, and repurposed genetic material to work together to form a cytoskeleton.

"DNA does not normally appear in a cytoskeleton," Freeman says. "We reprogrammed sequences of DNA so that it acts as an architectural material, binding the peptides together. Once this programmed material was placed in a droplet of water, the structures took shape."

The ability to program DNA in this way means scientists can create cells to serve specific functions and even fine-tune a cell's response to external stressors. While living cells are more complex than the synthetic ones created by the Freeman Lab, they are also more unpredictable and more susceptible to hostile environments, like severe temperatures.

"The synthetic cells were stable even at 122 degrees Fahrenheit, opening up the possibility of manufacturing cells with extraordinary capabilities in environments normally unsuitable to human life," Freeman says.

Instead of creating materials that are made to last, Freeman says their materials are made to task -- perform a specific function and then modify themselves to serve a new function. Their application can be customized by adding different peptide or DNA designs to program cells in materials like fabrics or tissues. These new materials can integrate with other synthetic cell technologies, all with potential applications that could revolutionize fields like biotechnology and medicine.

"This research helps us understand what makes life," Freeman says. "This synthetic cell technology will not just enable us to reproduce what nature does, but also make materials that surpass biology."
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Marginalized communities developed 'disaster subculture' when living through extreme climate events | ScienceDaily
Locations around the globe are experiencing climate disasters on a regular basis. But some of the most marginalized populations experience disasters so often it has come to be normalized.


						
A new study from the University of Kansas found residents of one Seoul, South Korea, neighborhood have grown so accustomed to living through extreme climate events they have developed a "disaster subculture" that challenges both views of reality and how social agencies can help.

Joonmo Kang, assistant professor of social welfare, spent a year living in Jjokbang-chon, an extremely impoverished neighborhood in Seoul, as part of an ethnographic research project. Residents there routinely live through extreme heat and cold in tiny, 70-square-foot units about the size of a closet. Over the course of a year, he interviewed residents about their experiences and worked with local social agencies to understand how they worked with the residents.

Residents regularly expressed a sort of indifference to extreme heat and climate change, stating they had no options or even that "every day is a disaster." While that seeming difference with reality can potentially be caused by several factors, it shows that social work has a challenge in how to respond to climate disasters and their everyday effects, Kang said.

The study, published in the International Journal of Social Welfare, is part of Kang's larger body of work in climate justice and eco social work. Through that lens, he said hopes to learn more about how climate change affects certain groups and populations and how social work can respond.

"For this paper I wanted to highlight the lived experiences of so-called slum housing in Seoul, South Korea, where I'm originally from," Kang said. "But heat and climate disasters don't just happen there, it happens throughout the Global North, even in the wealthiest countries. I want to see how this affects lives in the most marginalized communities."

In his ethnographic study, Kang had informal conversations and semi-structed interviews with the residents of Jjokbang-chon. One resident reported how he simply sits still and tries not to move during the hottest times. Others reported they did not go to government-provided cooling centers because they were too far away and the effort to get there would outweigh riding out the heat.




"All year around, all four seasons are filled with distress; every day is a disaster. When every day is like that, when every day is a disaster, when our daily lives are a disaster, the weather doesn't matter. It's not like the summer or the winter becomes particularly hard," one resident said.

Other residents reported living in a jjokbang was preferable to previous experiences of homelessness. Even though they were not allowed by landlords to install cooling systems beyond fans -- and the facilities were not equipped to handle them -- residents seemed resigned to accept living in extreme conditions.

"This research focused on how people make meaning of extreme weather. The findings revealed they developed a 'disaster subculture,'" Kang said. "When they experience this, it causes them to reflect a sense of normalcy. One of the main things I found was even though it's been widely reported these living conditions can be a living hell, people told me, 'It is what it is.' I was really struck by that."

Building a tolerance to seemingly intolerable climate may be difficult to understand, but a community organizer who works with the Jjokbang-chon population offered insight into why residents may express such acceptance.

"It might also be their way of telling us, 'I am trying my best to adjust,' and at the same time even though they have a desire to get out of here, they might just be saying that because they don't have the resources or the means to turn things around," the organizer said. "Being stuck in that situation for a long period of time, they might have gotten used to it or even built a tolerance because they can't change their reality, and as a result leads to a sense of acceptance, like a shrug of resignation."

The field of social work has a responsibility, however, to serve the world's most vulnerable populations, Kang writes, and understanding their lived experiences is key to doing so effectively.




Kang compared the situation to the boiling frog metaphor, in which a frog in a pot of slowly heated water does not jump out before it is cooked. People living in extreme conditions can be exposed to trauma for long periods, but unlike the frog, can offer insight into how to address the issue.

"Their own views of vulnerability and reality did not seem to align with what was objectively true. This shows we need to address the everyday reality and root causes and why people are living in these conditions."

In ongoing and future work, Kang said he would further explore how to advocate for and empower marginalized communities to address climate issues that affect them every day.

"The folks who live these experiences know best. They have agency, and we need to listen to them," Kang said. "I think it can be a waste of money and effort if we don't listen to what people want and need and work with them to address climate-related issues."
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New study uncovers lasting financial hardship associated with cancer diagnosis for working-age adults in the U.S. | ScienceDaily
A new study led by researchers at the American Cancer Society (ACS) highlights the lasting financial impact of a cancer diagnosis for many working-age adults and their families in the United States. It shows a cancer diagnosis and the time required for its treatment can result in employment disruptions, loss of household income and loss of employment-based health insurance coverage, leading to financial hardship. When combined with high out-of-pocket costs for cancer care, nearly 60% of working-age cancer survivors report at least one type of financial hardship, such as being unable to afford medical bills, distress and worry, or delaying or forgoing needed care because of cost. The findings are published in CA: A Cancer Journal for Clinicians.


						
"While the rising costs of cancer care and subsequent medical financial hardship for cancer survivors and families are well-documented in the United States, little attention has been paid to how employment and household income can be affected by a cancer diagnosis and treatment," said lead study author Dr. Robin Yabroff, scientific vice president, health services research at the American Cancer Society. "With nearly half of cancer survivors of working age and not yet age-eligible for Medicare coverage, understanding the potential effects of cancer diagnosis and treatment on employment, income, and access to employer-based health insurance coverage is essential."

Study researchers used a composite patient case to illustrate the potential adverse consequences of cancer diagnosis and treatment, including employment disruptions while receiving cancer care, loss of income for unpaid time away from work, and loss of access to employment-based health insurance coverage, if unable to maintain employment. The authors also summarize existing research and provide nationally representative estimates of multiple aspects of financial hardship from 2019-2021, the most recently available years of the National Health Interview Survey (NHIS). The NHIS collects information about health conditions, including but not limited to cancer diagnoses, health status, employment, health insurance, socioeconomic status and experience with health care from nearly 90,000 individuals in 35,000 households each year.

"There are opportunities for a variety of stakeholders to mitigate financial hardship and assist patients with cancer and their families," added Dr. Yabroff. "Federal, state and local policies can increase availability of comprehensive and affordable health insurance coverage and ensure job protections for working adults."

"Today's findings reiterate the critical role access to affordable, quality care and paid family medical leave plays in reducing the financial toll of cancer on those diagnosed -- particularly while they are of working age," said Lisa Lacasse, president of the American Cancer Society Cancer Action Network (ACS CAN). "A majority of cancer patients and survivors (74%) report being forced to miss work due to their illness, most of whom report missing more than four weeks of work, according to an ACS CAN study. No one should be forced to choose between their treatment and their employment. To truly protect patients from the high costs of cancer, Congress must enact paid family and medical leave as well as provide tangible options for affordable health coverage outside of employer-sponsored plans by making permanent the enhanced Marketplace subsidies that allow millions who otherwise have no affordable coverage option to enroll in Marketplace plans."

Study authors emphasize that employers, cancer care delivery organizations and non-profit organizations can also guide efforts to help patients with cancer avoid financial hardship. Employers can offer robust coverage and benefits options, paid and unpaid leave and other workplace accommodations to help reduce employment disruptions and loss of income during cancer treatment. Within cancer care delivery, providers can screen patients for financial hardship, connect patients with relevant services, and make referrals for occupational medicine, rehabilitation care and physical therapy to facilitate return to work and usual activities during and after cancer treatment.

Other ACS authors involved in this study include: Jingxuan Zhao, Dr. Xuesong Han and Dr. Zhiyuan Zheng.
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Innovative microscopy demystifies metabolism of Alzheimer's | ScienceDaily
Alzheimer's disease causes significant problems with memory, thinking and behavior and is the most common form of dementia, affecting more than 50 million people around the world each year. This number is expected to triple by the year 2050.


						
Using their own state-of-the art imaging technologies, scientists at the University of California San Diego have now revealed how the metabolism of lipids, a class of molecule that includes fats, oils and many hormones, is changed in Alzheimer's disease. They also revealed a new strategy to target this metabolic system with new and existing drugs. The findings are published in Cell Metabolism.

"Lipids have been associated with Alzheimer's for as long as we've known about the disease," said senior and co-corresponding author Xu Chen, Ph.D., an assistant professor in the Department of Neurosciences at UC San Diego School of Medicine, referring to the original 1907 report by Alois Alzheimer that described the unusual presence of fat deposits in the brain of the first person to be diagnosed with the disease. "So much of the emphasis since then has been placed on tau and other proteins that the research community has, until the last decade or so, largely overlooked this important aspect of the disease."

"Driven by a keen interest in lipid droplet functions in aging and disease, we initiated this fruitful collaboration to harness cutting-edge SRS technology for studying lipid metabolism in tauopathy mouse brains." Said Yajuan Li, M.D., Ph.D., a postdoctoral researcher in the Shu Chien-Gene Lay Department of Bioengineering at UC San Diego Jacobs School of Engineering. SRS imaging is an approach that analyzes the way molecules in a sample interact with laser light.

In the brain, lipids come in the form of tiny droplets that control a variety of processes, such as energy storage and cellular responses to stress. These processes are tightly regulated in typical brains, but in Alzheimer's or similar diseases, lipid droplet metabolism can malfunction. While scientists understand that there is a relationship between Alzheimer's and lipid metabolism, exactly how they influence one another has remained a mystery.

To answer this question, the team looked directly at lipid droplets in the brains of mice with excess tau protein. They used a state-of-the-art SRS imaging platform developed in Lingyan Shi's lab at the Jacobs School of Engineering. The platform makes it possible to take microscopic images of lipid droplets within cells without the use chemical dyes, which can alter the delicate molecules and compromise the results.

"Intriguingly, the inert lipid droplets observed in tauopathy brains exhibit similar behavior to those found in aging brains," said co-corresponding author Lingyan Shi, Ph.D., assistant professor of bioengineering at the Jacobs School. "We are now focusing on understanding the underlying mechanisms by combing SRS imaging with other utilizing multidisciplinary techniques. Our approach is biologically neutral, so we're able to observe what's happening in the brain at the molecular level with as little interference as possible."

Shi and her team, including Li, pioneered the new approach, which uses a specially modified version of water, called heavy water, as a metabolic probe.




"Instead of using a typical chemical dye to stain lipids, we use heavy water that is naturally participating in the metabolic activities we're interested in," added Shi. "This gives us a much clearer picture of how lipids are formed spatiotemporally, which would not be possible with other approaches. Our current focus is on comprehending the underlying mechanisms of these dynamic changes of lipid metabolism in the context of aging and diseases."

The researchers discovered that in brains with tauopathy, neurons accumulate excess lipids as a result of stress or damage. This influx forces neurons to offload the excess to immune cells in the brain, called microglia. These microglia then mount an inflammatory response that causes further stress to neurons, triggering a repeating and worsening cycle.

In addition to characterizing this process, they were also able to identify a critical enzyme, called adenosine monophosphate-activated protein kinase (AMPK) that orchestrates the cycle. According to the researchers, breaking this cycle could unlock new treatment options for Alzheimer's disease. Chen is particularly optimistic about the possibility of repurposing existing drugs that modify lipid metabolism.

"We don't think this is an incidental phenomenon," said Chen. "The evidence suggests that lipid metabolism is a driving mechanism for Alzheimer's disease. There are many drugs that target lipid metabolism in other body systems, such as in the liver, so we might be able to change this system quite dramatically using tools we already have."
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Study compares salmonella rates in backyard, commercial poultry farm samples | ScienceDaily
In a comparison of differently sized poultry farms, researchers at North Carolina State University found that rates of Salmonella in fecal and environmental samples were more prevalent on larger commercial farms than on smaller backyard farms.


						
Perhaps more importantly, multidrug resistance was found in Salmonella samples from both types of production systems, even though antibiotics are not used on backyard farms and are only used sparingly on commercial farms.

The findings could help small and larger farms understand more about the spread of Salmonella in their respective systems.

"We wanted to look at backyard broiler farms; broilers are chickens that are raised for meat consumption rather than egg consumption," said Jessica Parzygnat, an NC State Ph.D. graduate and first author of a paper describing the research. "Broiler chickens are the top consumed meat in the U.S. and the world, but there's not much research on backyard farms, which are growing in popularity in the U.S.

"The Centers for Disease Control has been issuing warnings on Salmonella outbreaks from backyard poultry farms in the last several years, so we wanted to see what pathogens are on backyard farms but also compare that to commercial farms."

Researchers tested 10 backyard and 10 commercial flocks. The smallest backyard flock was 22 birds and the largest was 1,000 birds; all backyard farm birds lived outdoors. Commercial farms, meanwhile, had tens of thousands of birds that lived indoors.

The researchers tested bird fecal samples, as well as environmental conditions like litter, soil, and feeders, for the presence of Salmonella, in addition to other pathogens. Researchers also examined compost samples on backyard farms.




"We tried to examine where Salmonella is prevalent on farms through testing bird fecal samples and also the environment around them," Parzygnat said. "We found less Salmonella on backyard farms (19.1% of samples) than commercial farms (52.3% of samples). We expected that, because previous studies had shown low rates of Salmonella on backyard farms. At the same time, our rates of Salmonella in samples on backyard farms were higher than in other studies looking at backyard poultry in the U.S.

"Both types of farm managers need to be careful with their birds," Parzygnat continued. "There's a feeling that backyard birds are safer than commercial birds, but even though we found less Salmonella, the proportion of Salmonella in backyard farms and commercial farms that were multidrug resistant -- meaning that they showed resistance to three or more classes of antibiotics -- was actually not significantly different."

Parzygnat says that common-sense prevention measures can help consumers avoid Salmonella effects, including cooking chicken thoroughly and avoiding cross contamination while handling and preparing poultry.

"Salmonella can be natural inhabitants of the bird gastrointestinal tract and the birds won't really show signs of illness," she said. "I think one of the major concerns my research highlights is the antibiotic resistance associated with it because that really heightens the concern of infection."

The paper appears in Foodborne Pathogens and Disease. NC State's Sid Thakur is the paper's corresponding author. Co-authors include Rocio Crespo, Mary Fosnaught and Lyndy Harden from NC State; Muhammed Muyyarrikkandy from South Dakota State University; and Dawn Hull from Walter Reed Army Institute of Research. Funding was provided by the USDA NIFA under SAS Grant 410553 and the FDA GenomeTrakr program under grant 5U19FD007113.
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In the brain, bursts of beta rhythms implement cognitive control | ScienceDaily
Bursts of brain rhythms with "beta" frequencies control where and when neurons in the cortex process sensory information and plan responses. Studying these bursts would improve understanding of cognition and clinical disorders, researchers argue in a new review.


						
The brain processes information on many scales. Individual cells electrochemically transmit signals in circuits but at the large scale required to produce cognition, millions of cells act in concert, driven by rhythmic signals at varying frequencies. Studying one frequency range in particular, beta rhythms between about 14-30 Hz, holds the key to understanding how the brain controls cognitive processes -- or loses control in some disorders -- a team of neuroscientists argues in a new review article.

Drawing on experimental data, mathematical modeling and theory, the scientists make the case that bursts of beta rhythms control cognition in the brain by regulating where and when higher gamma frequency waves can coordinate neurons to incorporate new information from the senses or formulate plans of action. Beta bursts, they argue, quickly establish flexible but controlled patterns of neural activity for implementing intentional thought.

"Cognition depends on organizing goal-directed thought, so if you want to understand cognition, you have to understand that organization," said co-author Earl K. Miller, Picower Professor in The Picower Institute for Learning and Memory and the Department of Brain and Cognitive Sciences at MIT. "Beta is the range of frequencies that can control neurons at the right spatial scale to produce organized thought."

Miller and colleagues Mikael Lundqvist, Jonatan Nordmark and Johan Liljefors at the Karolinska Institutet and Pawel Herman at the KTH Royal Institute of Technology in Sweden, write that studying bursts of beta rhythms to understand how they emerge and what they represent would not only help explain cognition, but also aid in diagnosing and treating cognitive disorders.

"Given the relevance of beta oscillations in cognition, we foresee a major change in the practice for biomarker identification, especially given the prominence of beta bursting in inhibitory control processes ... and their importance in ADHD, schizophrenia and Alzheimer's disease," they write in the journal Trends in Cognitive Sciences.

Beta data

Experimental studies covering several species including humans, a variety of brain regions, and numerous cognitive tasks have revealed key characteristics of beta waves in the cortex, the authors write: Beta rhythms occur in quick but powerful bursts; they inhibit the power of higher frequency gamma rhythms; and though they originate in deeper brain regions, they travel within specific locations of cortex. Considering these properties together, the authors write that they are all consistent with precise and flexible regulation, in space and time, of the gamma rhythm activity that experiments show carry signals of sensory information and motor plans.




"Beta bursts thus offer new opportunities for studying how sensory inputs are selectively processed, reshaped by inhibitory cognitive operations and ultimately result in motor actions," the authors write.

For one example, Miller and colleagues have shown in animals that in the prefrontal cortex in working memory tasks, beta bursts direct when gamma activity can store new sensory information, read out the information when it needs to be used, and then discard it when it's no longer relevant. For another example, other researchers have shown that beta rises when human volunteers are asked to suppress a previously learned association between word pairs, or to forget a cue because it will no longer be used in a task.

In a paper last year, Lundqvist, Herman, Miller and others cited several lines of experimental evidence to hypothesize that beta bursts implement cognitive control spatially in the brain, essentially constraining patches of the cortex to represent the general rules of a task even as individual neurons within those patches represent the specific contents of information. For example, if the working memory task is to remember a pad lock combination, beta rhythms will implement patches of cortex for the general steps "turn left," "turn right," "turn left again," allowing gamma to enable neurons within each patch to store and later recall the specific numbers of the combination. The two-fold value of such an organizing principle, they noted, is that the brain can rapidly apply task rules to many neurons at a time and do so without having to re-establish the overall structure of the task if the individual numbers change (i.e. you set a new combination).

Another important phenomenon of beta bursts, the authors write, is that they propagate across long distances in the brain, spanning multiple regions. Studying the direction of their spatial travels, as well as their timing, could shed further light on how cognitive control is implemented.

New ideas beget new questions

Beta rhythm bursts can differ not only in their frequency, but also their duration, amplitude, origin and other characteristics. This variety speaks to their versatility, the authors write, but also obliges neuroscientists to study and understand these many different forms of the phenomenon and what they represent to harness more information from these neural signals.




"It quickly becomes very complicated, but I think the most important aspect of beta bursts is the very simple and basic premise that they shed light on the transient nature of oscillations and neural processes associated with cognition," Lundqvist said."This changes our models of cognition and will impact everything we do. For a long time we implicitly or explicitly assumed oscillations are ongoing which has colored experiments and analyses. Now we see a first wave of studies based on this new thinking, with new hypothesis and ways to analyze data, and it should only pick up in years to come."

The authors acknowledge another major issue that must be resolved by further research -- How do beta bursts emerge in the first place to perform their apparent role in cognitive control?

"It is unknown how beta bursts arise as a mediator of an executive command that cascades to other regions of the brain," the authors write.

The authors don't claim to have all the answers. Instead, they write, because beta rhythms appear to have an integral role in controlling cognition, the as yet unanswered questions are worth asking.

"We propose that beta bursts provide both experimental and computational studies with a window through which to explore the real-time organization and execution of cognitive functions," they conclude. "To fully leverage this potential there is a need to address the outstanding questions with new experimental paradigms, analytical methods and modeling approaches."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240423113138.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Magnetic microcoils unlock targeted single-neuron therapies for neurodegenerative disorders | ScienceDaily
Researchers deploy an array of microscopic coils to create a magnetic field and stimulate individual neurons. The magnetic field can induce an electric field in any nearby neurons, the same effect created by an electrode but much more precise. They used an array of eight coils, which combined can induce electric fields using much less current per coil, and employed soft magnetic materials, which boost the magnetic strength of the coils. The researchers constructed a prototype of their coil array, called MagPatch, and encapsulated it within a biocompatible coating.


						
Neural stimulation is a medical technique used to treat many illnesses affecting the nervous system. It involves applying energy to neurons to encourage them to grow and make connections with their neighbors. Treatments for epilepsy can often include neural stimulation, and similar treatments exist for Parkinson's disease, chronic pain, and some psychiatric illnesses.

In the Journal of Vacuum Science & Technology A, by AIP Publishing, researchers from the University of Minnesota deployed an array of microscopic coils -- microcoils -- to create a magnetic field and stimulate individual neurons.

Existing devices are effective, but lack the necessary precision needed for some applications, such as cochlear implants or vagus nerve stimulators.

"There are several neurostimulation devices on the market -- some are already FDA-approved for patient trials, some are pending approval," said author Renata Saha. "But each of them has one caveat -- they stimulate a large population of neurons, including neighboring cells that are not supposed to be stimulated. The medical device industry is in search of a device or technique that can stimulate neurons at a single-cell resolution."

Instead of using an electrode, Saha and her team turned to magnetic coils of wire. Over two centuries ago, physicist Michael Faraday described how electric current running through a coil of wire can create a magnetic field. This magnetic field can then induce an electric field in any nearby neurons -- the same effect created by an electrode but much more precise. However, this technique comes with a major downside.

"To achieve the desired threshold of electric field capable of stimulating neurons, the amount of current these microcoils need to drive is extremely high," said Saha. "It is almost three times the amount of current that needs to drive an electrode to achieve the same threshold."

To solve this problem, the team made two improvements. First, rather than a single microcoil, they used an array of eight coils, which combined can induce electric fields using much less current per coil. The authors made further improvement to these microcoil arrays by employing soft magnetic materials, which boost the magnetic strength of the coils.




"Adding these soft magnetic materials at the core of the microcoils increases the electric field without the need to increase the current through the microcoils," said Saha.

The researchers constructed a prototype of their coil array, called MagPatch, and encapsulated it within a biocompatible coating. They then tested it with human neuroblastoma cells to demonstrate its effectiveness. The cells were affected by the magnetic fields without being harmed by the coating, suggesting the potential to use this device in clinical settings.

The authors plan to continue developing and testing the MagPatch device to ensure its safety and utility. They hope it helps to improve the next generation of cochlear implants.
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Odor-causing bacteria in armpits targeted using bacteriophage-derived lysin | ScienceDaily
Body odor from the armpits comes from bacteria metabolizing sweat produced by the apocrine glands. These bacteria are native to our skin, but the odors produced differ among people. Generally, people use deodorants on their armpits, but perhaps there is a way to get rid of the bacteria.


						
To find out, a research team led by Osaka Metropolitan University Professor Satoshi Uematsu and Associate Professor Kosuke Fujimoto at the Graduate School of Medicine collected body fluid samples from the armpits of 20 men that were deemed healthy. In advance, a subjective olfactory panel classified them into two types of odors, with 11 having a more noticeable smell. The researchers analyzed the matter produced from bacterial metabolism and the DNA of the skin microflora and found an increased presence of odor-causing precursors in those 11 samples along with a proliferation of Staphylococcus hominis bacteria.

The team then synthesized a lysin from a bacteriophage, or virus that attacks bacteria, that infects S. hominis. During in vitro experiments, this lysin was found to target only S. hominis, not other bacteria normally present on the skin.

"We performed a large-scale metagenomic analysis of the skin microflora using the SHIROKANE supercomputer at the University of Tokyo and found that S. hominis is important in the development of odor," said Assistant Professor Miho Uematsu in the Department of Immunology and Genomics. "The identification of the lysin that attacks S. hominis is also the result of the comprehensive genome analysis."

Dr. Miki Watanabe, who is part of the Department of Immunology and Genomics and the Department of Dermatology added: "Axillary [armpit] odors are one of the few dermatological disorders in which bacteria are the primary cause. Although many patients suffer from axillary odors, there are few treatment options. We believe that this study will lead to a new therapy."
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Gentle defibrillation for the heart | ScienceDaily
Using light pulses as a model for electrical defibrillation, Gottingen scientists developed a method to assess and modulate the heart function. The research team from the Max Planck Institute for Dynamics and Self-Organization (MPI-DS) and the University Gottingen Medical Center thus paved the way for an efficient and direct treatment for cardiac arrhythmias. This may be an alternative for the strong and painful electrical shocks currently used.


						
Cardiac arrhythmias account for around 15-20% of annual deaths worldwide. In case of acute and life-threatening arrhythmias, defibrillators can be used to restart the regular beating of the heart. A strong electrical pulse brings cardiac activity to a brief standstill before it can be resumed in an orderly way. Whereas this treatment can save lives very effectively, the strong electrical pulses can also have negative side effects such as damage of the heart tissue or strong pain.

"We developed a new and much milder method which allows the heart to get back into the right rhythm," says Stefan Luther, Max Planck Research Group leader at the MPI-DS and professor the University Gottingen Medical Center. "Our results show that it is possible to control the cardiac system with much lower energy intensity," he continues.

To test their method, the scientists used genetically modified mouse hearts that can be stimulated by light. In this setting, a sequence of optical light pulses is triggered using a closed-loop pacing algorithm. Each pulse is triggered in response to the measured arrhythmic activity. With this pacing protocol, the team was able to effectively control and terminate cardiac arrhythmias even at low energy intensities that do not activate the heart, but only modulate its excitability.

"Instead of administering a single high-energy shock to restore normal heart rhythm, we use our understanding of the dynamics of cardiac arrhythmias to gently terminate them." explains Sayedeh Hussaini, first author of the study. "This results in a subtle treatment method with far less energy per pulse, more than 40 times less compared to the conventional strategy" she reports.

The research team will also use these findings to improve the control of arrhythmias using electrical pulses. This may result in advanced defibrillators causing less pain and side-effects for patients.
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Dengue fever infections have negative impacts on infant health for three years | ScienceDaily
Dengue infections in pregnant women may have a negative impact on the first years of children's lives, new research has found.


						
Dengue fever is the most prevalent mosquito-borne disease globally and poses a threat to half of the world's population. There has been a dramatic rise in cases over recent years, with cases in the Americas reaching more than three million cases in 2023. Since January 2024, Brazil has reported more than 3.5 million cases, marking the largest dengue outbreak on record.

The paper, co-authored by Dr Livia Menezes from the University of Birmingham and Dr Martin Foureaux Koppensteiner from the University of Surrey, has been published in the American Economic Journal: Applied Economics.

The study looks at a large data set of dengue fever infections in expectant mothers from Minas Gerais, Brazil, and the resulting birth outcomes. It finds that babies born to women who were infected with dengue fever during their pregnancy had lower birth weights, increasing the risk of newborns being classed as having a very and extremely low birth weight by 67% and 133%, respectively.

Dr Livia Menezes, Assistant Professor in Economics at the University of Birmingham and co-author of the study said: "Even though dengue is a very common mosquito-borne disease, there has not been much attention given to the impact it has on birth outcomes and as a result, what can be done to improve them and protect pregnant women and their children.

"This paper sets out robust research which shows that being infected with dengue fever, even with a mild case, whilst pregnant can have a significant impact on the health of the child once born. These birth outcomes can even have longer-term impacts, for example, previous research has shown that low birth weight can negatively affect socio-economic outcomes and health in adulthood."

The researchers also found that children whose mothers were infected with dengue fever whilst pregnant had a 27% increased risk of being hospitalised from birth to age three. The highest risk of hospitalisation for these children comes in their second year of life, where there is a 76% increase.




Dr Martin Foureaux Koppensteiner, Associate Professor in Economics at the University of Surrey said: "These negative birth outcomes are not only limited to the health of individual children and mothers, but they have a much wider impact for communities where dengue fever is common. Hospitalisations and ongoing health issues resulting from maternal infections all have a cost, and one that could be avoided, or at least minimised with increased awareness and improved policy.

"We strongly suggest that dengue fever should be considered alongside the TORCH infections to manage and avoid when pregnant, which currently include Toxoplasmosis, Rubella, HIV, syphilis, chicken pox, Zika, and influenza among others."

The study also highlights the possible consequences of climate change expanding the reach of dengue fever. While the disease has historically been limited to tropical and subtropical regions, it now has an established presence in over 120 countries. Aedes mosquitoes, which carry and transmit dengue, have found breeding grounds in countries previously unaffected, including Croatia, France, Portugal, and the southern states of the USA.

Dr Menezes concludes: "As the planet heats, we can expect to see dengue fever become even more common in countries that have previously not had high infection rates. This is a problem that needs to be taken seriously, and quickly.

"Policy changes and things like vector control, updated risk communication with key groups and vaccine adoption can all reduce the risk of pregnant women being infected with dengue. Action needs to be taken by governments and health organisations to provide better protection for pregnant women and their children."
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Exploring brain synchronization patterns during social interactions | ScienceDaily
We experience the world and connect with others through social interactions. Engaging in activities, such as conversations, cooperative tasks, and intimate relationships, deeply affect brain activity leading to coordinated neural activity within an individual's brain (intra-brain synchronization) and between the brains of multiple individuals (inter-brain synchronization).


						
Researchers study brain synchronizations to understand the neural processes behind social behaviors. This knowledge can help diagnose and treat conditions like social anxiety and communication-related disorders. However, investigations on brain synchronization have primarily focused on groups with strong social ties, such as romantic couples and parents and children.

In a study published in Scientific Reports on February 29, 2024, researchers from Waseda University in Japan reveal that cooperative interactive tasks between individuals with weak social ties result in more synchronized brain activity compared to individuals with strong ties.

"Our findings challenge the conventional understanding that stronger social ties predict greater brain synchronization and offer fresh insights into neural networking during social interactions," says lead researcher Dr. Yuto Kurihara, Research Associate at the Faculty of Human Sciences at Waseda University.

The research team also included Dr. Toru Takahashi from the Advanced Research Center for Human Sciences and Professor Rieko Osu from the Faculty of Human Sciences at Waseda University.

They studied 14 pairs of strangers who met for the first time and 13 acquaintance pairs, in which one participant brought their partner. Due to artifacts, 21 pairs were included in the analysis (stranger pairs: 11, acquaintance pairs: 10). The participants were given a joint tapping task, where they had to tap a mouse button in opposite rhythms. Each participant wore earphones to hear both their taps and their partner's taps, and they had to anticipate their partner's movements.

Brain activity was captured using electroencephalograph (EEG) electrodes placed on their scalp for four tapping conditions: slow tapping with a 0.5-second interval, fast tapping with a 0.25-second interval, tapping freely at their preferred frequency, and tapping coordinated with a metronome at 0.50-second intervals (a pseudo condition). The study investigated how brain signals synchronize across the theta (4-7 Hz), alpha (8-12 Hz), and beta (13-30 Hz) frequency bands.




EEG analysis revealed that pairs of strangers exhibited greater intra-brain synchronization in the theta band, compared to acquainted pairs. Furthermore, binary undirected graphs constructed to represent the connectivity between EEG channels showed that the neural network was more densely connected in strangers than in acquaintances.

"Surprisingly, despite having weaker social ties, stranger pairs demonstrated more robust intra- and inter-brain EEG networks than acquainted pairs," comments Dr. Kurihara.

Researchers suggest that the lack of familiarity between strangers requires a more involved process for predicting each other's actions or behaviors in a cooperative task. Consequently, this heightened engagement leads to a more efficient transfer of information between closely connected nodes within the neural network.

This finding underscores the importance of weak social ties in shaping social relationships and individual behavior. "By demonstrating that strangers exhibit heightened intra- and inter-brain synchronization, our research highlights the potential of weak ties in fostering new connections and understanding the neural underpinnings of social interactions," says Dr. Kurihara.
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Bella moths use poison to attract mates: Scientists are closer to finding out how | ScienceDaily
Pyrrolizidine alkaloids are as bitter and toxic as they are hard to pronounce. They're produced by several different types of plants and are among the leading causes of accidental death in cattle.


						
Plants that contain these alkaloids have made it very clear they don't want to be consumed, but that hasn't deterred bella moths (Utetheisa ornatrix). These day-flying moths exclusively eat the alkaloid-laden leaves and seeds of rattlebox plants. They then use the toxin to guard their eggs and deter predators in later life stages. They even use it to make pheromones that attract mates.

Exactly how bella moths and related species evolved the ability to safely consume pyrrolizidine alkaloids remains unknown.

In a new study published in the journal PNAS, researchers sequence the bella moth genome, which they used to pinpoint specific genes that may confer immunity to these toxins. They also sequenced genomes from 150 museum specimens -- some more than a century old -- to determine where bella moths and their close relatives originated. Finally, they combed through genetic data looking for clues that could help explain how the intricate wing patterns of bella moths evolved over time -- the first study on moths or butterflies that has done so using dry museum collection specimens.

"We've managed to show that you can use museum specimens to answer genetic questions that normally require complicated laboratory techniques," said study co-author Andrei Sourakov, collections coordinator at the Florida Museum of Natural History's McGuire Center for Lepidoptera and Biodiversity. "This opens a window for future research of this kind."

Sourakov has been studying bella moths for 15 years and said sequencing the genome for this species was the natural next step in the research he's conducted so far. Many of the insights he gained during that time came from his work with undergraduate and high school students, whom he helped conduct short experiments, analyze data for science fairs and interpret the results in peer-reviewed papers.

In one such project, a student set out to determine the average lifespan of bella moth adults and inadvertently stumbled across the Methuselah of the moth world. "To our great surprise, they can live for up to 50 days, which is four to five times longer than the average moth," Sourakov said.




Longevity is not a critically important trait in most moth species. Many breed once, then die shortly after, either from senescence or predation. But bella moths aren't limited by the latter, making it more likely that genes conferring increased longevity will be beneficial and passed down to the next generation.

"It makes sense for something that's chemically defended to live longer, because even if they're caught, the predator most often lets go, and the moth can continue flying around."

Bella moths live throughout much of eastern North America, Central America and the Caribbean and are often active during the day. Rather than using darkness as a shroud to avoid predators, bella moths make a point of being seen. Their wings are garbed with radiant pink, pearl, onyx and sulfur yellow scales, which birds and carnivorous insects can easily spot from a distance. Any predator unlucky enough to catch a bella moth quickly corrects its mistake.

"Banana spiders will cut them out of their webs," Sourakov said, adding that wolf spiders and birds will go out of their way to avoid them. "When caught, they produce foaming liquid that tastes bad made almost entirely out of alkaloids."

When ready to mate, females release a plume of aerosolized alkaloids derived from the plants they ate as caterpillars. Males are attracted to this scent, which they follow to its source. There, they perform a short but elaborate ritual in which they gently touch the female's head with two fluffy and retractable structures that bear a strong resemblance to dandelions. Each filament in these structures is laced with pyrrolizidine alkaloids.

If the female decides the male has a sufficient quantity and quality of alkaloids stored up, the pair will mate. When finished, the male leaves behind a parting gift called a spermataphore, which contains sperm and, yes, more alkaloids. The female will use this and alkaloids from her own reserve to infuse the resulting eggs with toxins. This sort of biparental egg protection in insects is rare. In fact, when it was first observed in 1989 among bella moth adults, it was the only known example of a male moth or butterfly that invested any chemical resources in its progeny.




Bella moths are able to avoid the ill effects of pyrrolizidine alkaloids by using a special enzyme that oxidizes the molecule, rendering it harmless. If a predator eats a moth, however, the process is reversed, and the alkaloid regains its potency.

Pyrrolizidine alkaloids likely first evolved as a defense mechanism in plants, which then became a commodity for moths. Sourakov and his colleagues wanted to know how bella moths acquired this detoxifying enzyme and how they maintained it through an arms race millions of years long between plant and moth.

The authors discovered bella moths have not one but two copies of the gene that codes for their unique detoxifying enzyme. They may have acquired the second through a process of gene duplication, whereby other species, including many plants, have evolved new traits.

They also found two copies of a gene partially involved in antioxidant production and defense. Sourakov suspects these genes may be related both to the ability of bella moths to detoxify alkaloids and to their remarkable longevity.

"Certain types of stress on biological systems result in a longer lifespan. It could be that the interaction bella moths have with alkaloids is not only the reason why it makes sense for them to live long lives, but also one of the mechanisms behind it."
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Eye-opener: Pupils enlarge when people focus on tasks | ScienceDaily
Working memory is one of the brain's executive functions, a skill that allows humans to process information without losing track of what they're doing.


						
In the short term, working memory allows the brain to complete an immediate task, like loading the dishwasher. Long term, it helps the brain decide what to store for future use, such as whether more dishwasher soap will be needed.

University of Texas at Arlington researchers know that working memory varies greatly among individuals, but they aren't sure exactly why. To better understand, Matthew Robison, assistant professor of psychology, and doctoral student Lauren D. Garner conducted an experiment to see if studying a person's pupils (the centers of their eyes) was a good indicator of working memory.

Normally, a person's pupils naturally widen (or dilate) in low-light environments to allow more light into the eye. However, in their new study published in the peer-reviewed journal Attention, Perception & Psychophysics, the researchers reported that a person's pupils also dilate when they are concentrating on tasks. In particular, they found that the more a person's eyes dilated during the task, the better they did on tests measuring their working memory.

"What we found was that the lowest performers on the tasks showed less pupil dilation," Robison said. "For the highest-performing participants, their pupil dilations were both larger overall and the individuals were more discerning about the information they were asked to recall."

For the study, he and Garner recruited 179 undergraduate students at UT Arlington. Participants completed several working memory tasks where they were presented with information and then asked to remember it for a few seconds. During the tasks, participants had their pupils continuously measured using an eye-tracker, similar to what optometrists use during eye exams.

"We found that people who more intensely and consistently paid attention, as measured by their pupils being dilated more, performed better on the memory tasks," said Robison. "Importantly, we found high performers also showed more pupil sensitivity compared to low-performing participants. This is exciting research because it adds another valuable piece of the puzzle to our understanding of why working memory varies between individuals."

This work was supported by funding from the U.S. Naval Research Laboratory (N00173-22-2-C006) and U.S. Army Research Institute (W911NF-23-1-0300).
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Life goals and their changes drive success | ScienceDaily

As future-thinkers, adolescents spend significant time contemplating these types of questions about their life goals. A new study from the University of Houston shows that as people grow from teenagers to young adults, they tend to change the importance they place on certain life goals, but one thing is certain: The existence of high prestige and education goals, as well as their positive development, can drive success.

"Adolescents who endorsed higher levels of prestige and education goals tended to have higher educational attainment, income, occupational creativity, occupational prestige and job complexity after 12 years," reports Rodica Damian, associate professor of psychology in the Journal of Personality and Social Psychology. The paper's first author, Andreea Sutu, is a former graduate student of Damian's. Also on the team are former UH assistant professor Kevin Hoff and Sif Einarsdottir of the University of Iceland.

No prior studies have investigated associations between life goal development and educational or occupational outcomes.

Damian and colleagues found that goals fluctuate -- some dreams and goals of youth fall away while some, related to family (like being close to your relatives), relationships (like having good friendships or a romantic partner) and community (like being involved in your neighborhood or helping others) stay strong. These goals might become even more significant as people get older.

"Life goals are expected to change over time and these changes are expected to have consequences for future life outcomes, including occupational outcomes," said Damian. "By understanding how changes in life goals relate to educational and occupational outcomes (above and beyond adolescent levels), we show how changes within individuals may also predict desired educational and occupational attainment."

The study examined how life goals developed with age and how adolescent levels of goals, and their development through young adulthood, related to educational attainment and occupational outcomes in young adulthood. The study used two nationally representative samples of Icelandic youth followed longitudinally across 12 years from late adolescence to young adulthood.

"For educational attainment, the strongest effects were found for education goals. Both initial levels and slopes of education goals were positively associated with educational attainment in both samples," said Damian. "This indicates that adolescents with higher education goals, and those who showed a more positive change pattern in education goals, had higher educational attainment in young adulthood."

Education and prestige goals emerged as the most consistent predictors of later income and that changes in these goals across time were the most consistent predictors of later occupational prestige and complexity.

"Our work highlights the importance of better understanding sources of goal development in adolescence and young adulthood. Overall, our focus on life goal development, educational attainment and occupational outcomes informs theoretical and practical understanding about the importance of life goals for real-world outcomes," said Damian.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240422152119.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists discover the cellular functions of a family of proteins integral to inflammatory diseases | ScienceDaily
In a scientific breakthrough, Mount Sinai researchers have revealed the biological mechanisms by which a family of proteins known as histone deacetylases (HDACs) activate immune system cells linked to inflammatory bowel disease (IBD) and other inflammatory diseases.


						
This discovery, reported in Proceedings of the National Academy of Sciences (PNAS), could potentially lead to the development of selective HDAC inhibitors designed to treat types of IBD such as ulcerative colitis and Crohn's disease.

"Our understanding of the specific function of class II HDACs in different cell types has been limited, impeding development of therapies targeting this promising drug target family," says senior author Ming-Ming Zhou, PhD, Dr. Harold and Golden Lamport Professor in Physiology and Biophysics and Chair of the Department of Pharmacological Sciences at the Icahn School of Medicine at Mount Sinai. "Through our proof-of-concept study, we're unraveling the mechanisms of class II HDACs, providing essential knowledge to explore their therapeutic potential for safer and more effective disease treatments."

The Mount Sinai team focused specifically on class IIa HDACs, which exhibit more tissue-specific functions than class I HDACs, which act more broadly. Among the 18 histone deacetylases discovered to date in mammals, HDAC4 and HDAC7 -- both class IIa HDACs -- stand out for their roles in regulating the development and differentiation of Th17 cells. These cells are known for producing interleukin-17 (IL-17), a highly inflammatory cytokine associated with a spectrum of disorders, including IBD, multiple sclerosis, and rheumatoid arthritis. Given the strong correlation between excessive Th17 cell activity and human disease, scientists have focused on pharmacological or genetic interventions targeting HDAC4/7 to mitigate Th17 cell-mediated inflammation.

In their groundbreaking study, the Mount Sinai researchers delineated a previously unrecognized mechanism by which HDAC4 and HDAC7 operate independently yet cooperatively to govern Th17 cell differentiation and transcription. Transcription is the initial step of gene expression involving copying of the DNA sequence to generate RNA molecules; it is crucial for most biological processes.

"The role of class IIa HDACs in Th17 cells and inflammatory disease has been largely unexplored until now," notes lead author Ka Lung Cheung, PhD, Assistant Professor of Pharmacological Sciences at Icahn Mount Sinai. "Mechanistically, we've discovered that class IIa HDACs orchestrate both gene transcriptional activation and repression to steer the process of Th17 cell differentiation. This significant revelation deepens our comprehension of the previously ambiguous role of class IIa HDACs in biology and human disease."

As a critical aspect of their investigation, the research team found that a potent class IIa HDAC inhibitor, TMP269, influenced the differentiation of Th17 cells in a mouse model of ulcerative colitis. This pivotal discovery underscores the potential of pharmacological inhibition of class IIa HDACs as a promising therapeutic approach for addressing Th17-related inflammatory and autoimmune diseases, the study reported.

Expanding on this foundation of knowledge, researchers in the Zhou Lab and the Cheung Lab at Mount Sinai plan to concentrate on refining class IIa HDAC inhibitors with better efficacies for treating various types of Th17-mediated diseases.

"While our study primarily examined inflammatory bowel disease, specifically colitis," says Dr. Zhou, "we believe our findings pave the way for extensive research into advanced therapies targeting severe inflammation in various other pathologies within the human body."
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3 in 5 parents play short order cook for young children who don't like family meal | ScienceDaily
While most parents of preschool and elementary aged children strive to give their children a balanced, nutritional diet, some of their strategies to promote healthy eating may backfire, a national poll suggests.


						
One in eight parents require children to eat everything on their plate, according to the University of Michigan Health C.S. Mott Children's Hospital National Poll on Children's Health. And while just one in three believe the standard American diet is healthy for kids, few have tried alternative, potentially more nutritional menus at home.

"Feeding young children can be difficult due to general pickiness, hesitancy to try unfamiliar foods and constantly evolving food preferences," said Mott Poll co-director and Mott pediatrician Susan Woolford, M.D.

"The preschool and elementary age is an important time to establish healthy eating patterns. Yet parents' concern about whether their child is eating enough or if they're getting the nutrients they need may lead them to adopt practices that actually sabotage their efforts to get kids to have healthy eating habits in the short and long term."

The nationally representative report is based on 1,083 responses of parents of children ages 3-10 surveyed in February.

More on poll findings:

Parents' beliefs on nutritional diets vary

Just a third of parents think the standard American diet is healthy compared to half who seem to rank the Mediterranean higher in nutritional value. Still, few have tried alternative diets for their child.




"Parents may recognize the standard diet in the U.S. includes high amounts of saturated fats, added sugars, sodium, and refined carbohydrates, which can generate an excess intake of calories beyond nutritional needs and contribute to health problems," Woolford said.

"However, despite this recognition and evidence suggesting that other diet options may help avoid many illnesses, only about 9% have tried the Mediterranean diet for their children and fewer have tried giving their children a vegetarian diet."

Parents should ensure children are still getting adequate nutrition if they do try diets that eliminate certain food categories, she adds. Diets that limit animal products, for example, will require alternative protein sources such as meat substitutes, tofu, or legumes for children.

And while ketogenic diets have become popular among adults, they are generally not appropriate for children.

Family dining rules may promote or hinder a child's healthy diet 

Fifteen percent of parents say their family rule is that kids finish what's on their plate, while more than half say children must try some of everything and a little less than a third say no to dessert if meals go unfinished.




But parents who try to force kids to eat may encourage portions that go beyond feeling full, Woolford cautions.

"Requiring children to eat everything on their plate, or withholding dessert unless all other foods are eaten, can lead to overconsumption, especially if portion sizes are too large for the child's age," she said.

She agrees with the recommendation that "parents provide, and the child decides." This makes parents responsible for providing healthy options while allowing children to select which foods they will eat and the amount they want to consume.

Parents often play personal chef

Sixty percent of parents will make something separate if their child doesn't like the food that's on the dinner table -- and this often leads to a less healthy alternative, Woolford says.

"Rather than allowing the child to choose an alternate menu, parents should provide a balanced meal with at least one option that their child is typically willing to eat," she said.

"Then if their child chooses not to eat, parents should not worry as this will not cause healthy children any harm and they will be more likely to eat the options presented at the next meal."

She points out that children learn through watching and imitating, so it's beneficial for parents to model healthy eating through a well-balanced diet while their child's eating habits and taste preferences mature.

Avoiding snacks between meals may also help children have a better appetite and increase willingness to eat offered foods.

Picky eating and protesting veggies among biggest battles

Parents describe their biggest challenges with making sure their child gets a healthy diet as the child being a picky eater, the higher cost of healthy food and food waste. Fewer say they don't have time to prepare healthy food.

Nearly all parents polled report trying at least one strategy to get their child to eat vegetables as part of a healthy diet, such as serving vegetables every day, fixing vegetables how their child prefers, trying vegetables their child hasn't had before and letting children pick out vegetables at the grocery store.

Others involve children with preparing the vegetables, hide vegetables in other foods or offer a reward for finishing vegetables.

"Unsurprisingly, parents said pickiness and getting kids to eat veggies were among major challenges during mealtimes," Woolford said.

"Parents should try to include children in meal decisions, avoid pressuring food consumption and provide a variety of healthy options at each meal so kids feel more control."

Right sizing food may be difficult

Portion size is key to mitigating the risk of childhood obesity, but it can be hard for parents to "right-size" a child portion.

In determining portion size for their child, nearly 70% of parents polled give their child slightly less than adults in the family while fewer let their child choose how much to take, use predetermined portions from the package or give their child the same portions as adults.

Woolford recommends parents seek sources to help. The U.S. Department of Agriculture, for example, provides a visual called "MyPlate" that can help parents estimate the recommended balance of the major food groups and offers guidance on estimating portion size.

Healthy eating starts at the grocery store

When grocery shopping or planning meals, parents polled say they try to limit the amount of certain foods to help their child to maintain a healthy diet, with more than half limiting foods with added sugars and processed foods.

But it may be difficult to identify unhealthy food. Added sugars or processing may be present in foods marketed or packaged as healthy, Woolford says.

Parents should read labels, avoiding the marketing on the front of packages and focusing instead on the details on the back. They should pay particular attention to nutrition information and ingredient lists -- especially if they're long with unrecognizable items -- as well as sodium, added sugars, and fat.

Woolford also encourages involving children in grocery trips, spending time in the produce section and asking them what they may like to try.

"Have them help in the process of choosing the healthiest options, not ones that necessarily directly advertise to children, but foods that they are willing to try that are lower in sugar, fat and salt," she said.

"Spend most of the time in the produce section and try to make it fun by maybe selecting new options from different parts of the world that they haven't tried before."
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Study explores possible future for early Alzheimer's diagnostics | ScienceDaily
Digital memory test and a blood sample -- this combination will be tested for its potential to identify early Alzheimer's disease in a new research study. Over a hundred healthcare centers are part of the study that is now inviting participants to sign up. At least 3,000, preferably many more participants are needed for the study to be successful.


						
The REAL AD study is the first of its kind in terms of focus and scope. Principal investigators are the University of Gothenburg and the Vastra Gotaland Region, VGR, which represents a model region for Swedish healthcare. All hundred-plus care centers within VGR Narhalsan, one of the largest primary care providers in Sweden, are included in the study, together with some additional sampling sites.

REAL AD addresses all people aged 50-80 who do not have a diagnosis of dementia and who can go to a care center within VGR Narhalsan. Anyone who meets the criteria can participate regardless of which health center they are listed at.

Tests of memory and thinking ability at home 

Starting point is a digital study portal, available in Swedish, English, Finnish and Arabic, where participants receive all information about the study and clear instructions about the next steps. First, cognition, i.e. memory and thinking ability, is tested at home using digital tools for three months. Participants are then invited to provide a blood sample at any of the 111 sampling points around VGR. Participants can complete the digital cognition tests in three additional rounds, after 18, 27 and 36 months, and provide a second blood sample after 18 months. The tests are relatively quick and can be done in all four languages.

The study is led by Michael Scholl, professor at Gothenburg University and research group leader in close collaboration with the co-investigators and a team of project leaders.

- REAL AD is a seriously ambitious project, and it has been an enormous challenge to democratize the study design. It must reflect both urban and rural areas, be accessible to as many participants as possible and involve the entire VGR Narhalsan, which means that even the most remote healthcare centers must be able to participate in terms of sample handling and transport, he says.




Signs of Alzheimer's in a simple blood test

Central hub of the study is a laboratory environment in neurochemistry, located at the Sahlgrenska Academy at the University of Gothenburg and the Sahlgrenska University Hospital Molndal, with professors Kaj Blennow and Henrik Zetterberg at the helm. The researchers will study so-called Alzheimer's biomarkers in the participants' blood samples, which have been shown to be early signs of the disease.

In addition, a separate study will then be conducted enrolling a smaller number of randomly selected participants who are also thoroughly examined clinically at Sahlgrenska University Hospital to confirm the results of the digital cognition tests and blood analyses. The clinical part of the study is carried out at the university hospital memory clinic in collaboration with professor and senior physician Silke Kern.

Knowledge base for healthcare and research

The research focuses on the potential for early diagnosis based on digital cognitive tests and blood markers. If the combination of the tools works to detect early signs of disease in the general population, the hope is that they will be used in primary care in the future to follow individuals over time and identify Alzheimer's with greater certainty and much earlier than is often the case today.

"The need for earlier diagnosis is widely accepted, also in view of the new treatments that are around the corner. Many if not most diagnoses are made in primary care in Sweden, so diagnostics must be strengthened there, and knowledge is needed about whether it will be feasible to screen for Alzheimer's in the general population. In the short term, society does not have the resources to establish a lot of new specialized memory clinics," says Michael Scholl.




"The study is important, and the timing is perfect. We are closer than ever before to a treatment option for Alzheimer's, but we are not sufficiently prepared," he says.

The study needs at least 3,000 participants but has capacity to enroll up to 10,000 volunteers. It is accompanied by information via Narhalsan and several other marketing efforts.

Research ethics do not allow researchers to share individual information with participants since experimental tools are used. Individuals do thus not receive a cognitive rating or diagnosis, and their participation is unpaid.

"What we are offering is participation in a community where we will actively inform about progresses in Alzheimer's research, also via information meetings, which we know many people are asking for. By participating in the study, you also help our healthcare to prepare for an enormous challenge," concludes Michael Scholl.
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Japan's premodern concept of nature at root of distinctive mindset in early childhood education | ScienceDaily
Observers of Japanese early childhood education and care have pointed to the mindset of educators watching over and waiting on preschoolers as being an intriguing tendency. This mimamoru approach has its roots in a premodern concept of nature, according to Professor Yosuke Hirota at the Graduate School of Literature and Human Sciences of Osaka Metropolitan University.


						
Professor Hirota looked into the works of Sozo Kurahashi (1882-1955) and Kitaro Nishida (1870-1945) to see how this concept of nature from the past made its way into education in the present day. Kurahashi's writing on education influenced early childhood education and care in Japan, while Nishida was one of the prominent philosophers of Kurahashi's time.

It is well known in classical literary studies that the concept of nature in Japan had two meanings: voluntary, "from the self," and spontaneous, "beyond the self." What Professor Hirota found is that this concept has been carried over into modern education in Japan.

"Japanese educational philosophy has maintained a balance between acting by one's will and entrusting oneself to something beyond its will," stated Professor Hirota.

Kurahashi developed a theory of guidance (yudo), likened to guiding the course of a river as it continues its inevitable flow. Professor Hirota said the achievement of his paper has been to find that this theory of guidance has its roots in Japan's traditional concept of nature.

The paper was published in History of Education.
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New approach to tackle muscle loss in aging | ScienceDaily
Sarcopenia, a prevalent condition among the elderly, is characterized by a progressive decline in muscle mass and function, which can significantly diminish their quality of life and increase the risk of falls, injuries, and dependency. A greater understanding of this phenomenon is crucial for devising effective strategies that enable the ageing population to remain healthy and independent.


						
A study co-led by Dr. Antonio Zorzano, from IRB Barcelona, and Dr. David Sebastian, now a Professor at the University of Barcelona (UB), reveals that a protein named TP53INP2 could be pivotal in combatting sarcopenia. Conducted in partnership with Parc Sanitari Sant Joan de Deu, the study indicates that increased levels of this protein in muscle correlate with greater muscular strength and healthier ageing in humans.

Loss of muscle mass typically starts around the age of 55, and it has a detrimental effect on people's ability to perform daily tasks and on their health. Sarcopenia leads to increased frailty physical disability and the need for long-term care.

By conducting experiments on mouse models and analysing human muscle tissue samples, the researchers observed a decrease in TP53INP2 levels with age. However, artificially boosting the presence of this protein in muscles -- whether continuously in young mice or temporarily in older mice through genetic engineering techniques -- led to a significant improvement in both muscle mass and function.

These findings suggest that promoting the activity of TP53INP2 and, consequently, autophagy in the muscle, could be an effective strategy to tackle sarcopenia, thereby contributing to a more active and healthier ageing process. In studies involving humans, high levels of TP53INP2 were associated with greater strength and enhanced physical performance, thereby highlighting the potential of this protein as an indicator of healthy ageing.

"This study not only underscores the importance of keeping autophagy active in muscles to prevent muscle mass loss but also gives us hope regarding potential treatments that could improve the condition or at least mitigate the effects of ageing on our muscles," explains Dr. Zorzano, who is also a Professor at the Faculty of Biology at the UB and a member of CIBERDEM. "Furthermore, the activation of autophagy through TP53INP2 improved the quality of mitochondria, essential organelles in energy generation -- a process that we had previously shown to be disrupted during ageing," highlights Dr. Sebastian, Professor in the Department of Biochemistry and Physiology at the Faculty of Pharmacy and Food Sciences of the UB.

The partnership with Parc Sanitari Sant Joan de Deu has been pivotal, providing access to biologic samples from well-characterized patients. This allowed the researchers to establish the link between TP53INP2 muscle expression and healthy ageing in humans. This advance not only paves the way for further research in ageing but also points to potential interventions to greatly improve the quality of life of seniors, helping them to maintain their independence and vitality.

Moving forward, the researchers will continue to explore whether TP53INP2 levels in each person are influenced by genetic factors and physical activity, or, whether other habits, like nutrition, play a significant role.

This work has been possible thanks to funding from the Ministry of Science, Innovation, and Universities, the Generalitat de Catalunya, and the Carlos III Health Institute.
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Predicting cardiac arrhythmia 30 minutes before it happens | ScienceDaily
Atrial fibrillation is the most common cardiac arrhythmia worldwide with around 59 million people concerned in 2019. This irregular heartbeat is associated with increased risks of heart failure, dementia and stroke. It constitutes a significant burden to healthcare systems, making its early detection and treatment a major goal. Researchers from the Luxembourg Centre for Systems Biomedicine (LCSB) of the University of Luxembourg have recently developed a deep-learning model capable of predicting the transition from a normal cardiac rhythm to atrial fibrillation. It gives early warnings on average 30 minutes before onset, with an accuracy of around 80%. These results, published in the scientific journal Patterns, pave the way for integration into wearable technologies, allowing early interventions and better patient outcomes.


						
During atrial fibrillation, the heart's upper chambers beat irregularly and are out of sync with the ventricles. Reverting to a regular rhythm can require intensive interventions, from shocking the heart back to normal sinus rhythm to the removal of a specific area responsible for faulty signals. Being able to predict an episode of atrial fibrillation early enough would allow patients to take preventive measures to keep their cardiac rhythm stable. However, current methods based on the analysis of heart rate and electrocardiogram (ECG) data are only able to detect atrial fibrillation right before its onset and do not provide an early warning.

"In contrast, our work departs from this approach to a more prospective prediction model," explains Prof. Jorge Goncalves, head of the Systems Control group at the LCSB. "We used heart rate data to train a deep learning model that can recognise different phases -- sinus rhythm, pre-atrial fibrillation and atrial fibrillation -- and calculate a "probability of danger" that the patient will have an imminent episode." When approaching atrial fibrillation, the probability increases until it crosses a specific threshold, providing an early warning.

This artificial intelligence model, called WARN (Warning of Atrial fibRillatioN), was trained and tested on 24h-recordings collected from 350 patients at Tongji Hospital (Wuhan, China) and gave early warnings, on average 30 minutes before the start of atrial fibrillation, with great accuracy. Compared to previous work on arrhythmia prediction, WARN is the first method to provide a warning far from onset.

"Another interesting aspect is that our model has a high performance using only R-to-R intervals, basically just heart rate data, that can be acquired from easy-to-wear and affordable pulse signal recorders such as smartwatches," highlights Dr Marino Gavidia, first author of the publication, who worked on this project during his PhD within the Systems Control group and the Doctoral Training Unit CriTiCS (see box below). "These devices can be used by patients on a daily basis, so our results open possibilities for the development of real-time monitoring and early warnings from comfortable wearable devices," adds Dr Arthur Montanari, a LCSB researcher involved in the project.

Additionally, the deep-learning model developed by the researchers could be implemented in smartphones to process the data from a smartwatch. This low computational cost makes it ideal for integration into wearable technologies. The long-term objective is for patients to be able to continuously monitor their cardiac rhythm and receive early warnings that can provide sufficient time to take antiarrhythmic medication or use some targeted treatments to prevent the onset of atrial fibrillation. This in turn would reduce emergency interventions and improve patient outcomes.

"Moving forward, we will focus on developing personalised models. The daily use of a simple smartwatch constantly provides new information on personal heart dynamics, enabling us to continuously refine and retrain our model for that patient to achieve enhanced performance with even earlier warnings," concludes Prof. Goncalves. "Eventually, this approach could even lead to new clinical trials and innovative therapeutic interventions."
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Pressure in the womb may influence facial development | ScienceDaily
Physical cues in the womb, and not just genetics, influence the normal development of neural crest cells, the embryonic stem cells that form facial features, finds a new study led by UCL researchers.


						
The study published in Nature Cell Biologyfound that an increase in hydrostatic pressure sensed by the embryo can hinder the healthy development of facial features in mouse and frog embryos and in human embryoids (cell structures grown in the lab from human stem cells), suggesting that differences in pressure might affect the risk of facial malformations.

The researchers found that when neural crest cells are exposed to higher-than-usual levels of pressure, key cell signalling pathways are impeded, and the risk of craniofacial malformations significantly increases.

Lead author Professor Roberto Mayor (UCL Cell & Developmental Biology) said: "Our findings suggest that facial malformations could be influenced not only by genetics but by physical cues in the womb such as pressure.

"When an organism is experiencing a change in pressure, all the cells -- including the embryo inside the mother -- are able to sense it.

"Our work shows that embryos are sensitive to pressure, but we do not know how sensitive they are; for instance, will a change in the pressure inside the uterus be able to affect the embryo? This will require further research to understand how changes inside the body as well as in environmental pressure might influence human embryo development."

The researchers say their findings could also have implications for stem cell research, as the study indicates that the development and differentiation (the process of stem cells becoming specialised cells) of stem cells are under the influence of pressure. Understanding this connection could transform how scientists manipulate stem cells for various therapeutic purposes.

The findings add to work by Professor Mayor and colleagues at UCL into how mechanical cues in the womb can influence the development of facial features, as they have previously found that cells in the developing embryo sense the stiffness of other cells around them, which is key to them moving together to form the face and skull.
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The enemy within: How pathogens spread unrecognized in the body | ScienceDaily
Some pathogens hide inside human cells to enhance their survival. Researchers led by Prof. Marek Basler at the Biozentrum, University of Basel, have uncovered a unique tactic certain bacteria use to spread in the body without being detected by the immune system. In their study, they reveal the crucial role of a bacterial nanomachine in this infection process.


						
The inside of a cell provides as a hiding place for various pathogens. By residing in the cell, the bacteria can evade the immune response and spread within the body. Among these invaders are Burkholderia bacteria, including the species B. pseudomallei. This pathogenis known for causing melioidosis, a serious infectious disease prevalent in tropical regions. Due to the high mortality rate and the pathogen's resistance to many antibiotics, B. pseudomallei is considered a potential biothreat agent.

In the less harmful relative B. thailandensis, the team led by Professor Marek Basler at the Biozentrum, University of Basel, has uncovered a cunning tactic the pathogen uses to spread within the tissue. "The bacteria are equipped with a nano-sized speargun, the so-called type VI secretion system, T6SS for short," says Basler. "Burkholderia uses this T6SS to move from one cell to another without being recognized by the immune system." The findings, recently published in the journal Cell Host & Microbe, change the current view of the T6SS's role in Burkholderia infections.

Pathogen uses nanomachine to spread from cell to cell

From previous studies, it is already known that these intracellular pathogens rely on an unusual spread strategy: After entering the cell, they make use of cellular components, such as actin, to move to the cell membrane and form protrusions into the neighboring cell. Using their T6SS-speargun, the bacteria can also fuse the two cells allowing them to spread.

Unique strategy to spread undetected

By investigating the role of T6SS in more detail, the researchers have discovered a so far unknown and unique escape strategy of these bacteria. "We were surprised to see that Burkholderia can spread not only by inducing cell fusion but also by directly moving from cell to cell," explains first author Dr. Miro Plum. The detachment of the protrusion from the cell membrane results in the formation of a vacuole within the neighboring cell. The pathogen inside this vacuole then breaks free by utilizing its T6SS to disrupt the surrounding cell membrane.

Surprisingly, spreading this way also enables the bacteria to infect new cells without alarming the immune system. "Normally, infected cells sense invaders by detecting damaged cell membranes, initiating immune responses to eliminate the pathogen," emphasizes Plum. "However, cells fail to detect T6SS-disrupted membranes." So, the pathogen remains undetected and can infect new cells.

Exploring the survival tactics of intracellular pathogens

Equipped with the T6SS nanomachine, Burkholderia bacteria can pursue a dual strategy: cell fusion and directly moving from one cell to another. "Our results advance the understanding of infections caused by Burkholderia, particularly its strategies for spreading and immune evasion," concludes Basler. The researchers now want to explore the mechanisms that specifically trigger the T6SS assembly in bacteria inside the protrusions to gain deeper insights into the survival tactics of this intracellular pathogen.
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Breakthrough rice bran nanoparticles show promise as affordable and targeted anticancer agent | ScienceDaily
Plant-derived nanoparticles have demonstrated significant anticancer effects. Researchers recently developed rice bran-derived nanoparticles (rbNPs) that efficiently suppressed cell proliferation and induced programmed cell death of only cancer cells. Furthermore, rbNPs successfully suppressed the growth of tumors in mice having aggressive adenocarcinoma in their peritoneal cavity, without any adverse effects. Given their low production costs and high efficacy, rbNPs hold great promise for developing affordable and safe anticancer agents.


						
Several types of conventional cancer therapies, such as radiotherapy or chemotherapy, destroy healthy cells along with cancer cells. In advanced stages of cancer, tissue loss from treatments can be substantial and even fatal. Cutting-edge cancer therapies that employ nanoparticles can specifically target cancer cells, sparing healthy tissue. Recent studies have demonstrated that plant-derived nanoparticles (pdNPs) that have therapeutic effects can be an effective alternative to traditional cancer treatments. However, no pdNPs have been approved as anticancer therapeutic agents till date.

Rice bran is a byproduct generated during rice refining process that has limited utility and low commercial value. However, it contains several compounds with anticancer properties, such as g-oryzanol and g-tocotrienol. To explore these therapeutic properties of rice bran, a team of researchers led by Professor Makiya Nishikawa from Tokyo University of Science (TUS) in Japan developed nanoparticles from rice bran and tested their effectiveness in mice models. Their study, published in Volume 22 of Journal of Nanobiotechnology on 16 March 2024, was co-authored by Dr. Daisuke Sasaki, Ms. Hinako Suzuki, Associate Professor Kosuke Kusamori, and Assistant Professor Shoko Itakura from TUS.

"In recent years, an increasing number of new drug modalities are being developed. At the same time, development costs associated with novel therapies have increased dramatically, contributing to the burden of medical expenses. To address this issue, we used rice bran, an industrial waste with anticancer properties, to develop nanoparticles," explains Prof. Nishikawa.

The study evaluated the anticancer effects of rice bran-derived nanoparticles (rbNPs), which were obtained by processing and purifying a suspension of Koshihikari rice bran in water. When a cancer cell line named colon26 was treated with rbNPs, cell division was arrested and programmed cell death was induced, indicating strong anticancer effects of the nanoparticles. The observed anticancer activity of rbNPs can be attributed to g-tocotrienol and g-oryzanol, that are easily taken up by cancer cells resulting in cell cycle arrest and programmed cell death. Additionally, rbNPs reduced the expression of proteins, such as b-catenin (a protein associated with Wnt signaling pathway involved in cell proliferation) and cyclin D1, which are known to promote cancer recurrence and metastases. Moreover, the rbNPs reduced the expression of b-catenin only in colon26 cells without affecting the non-cancerous cells.

"A key concern in the context of pdNPs is their low pharmacological activity compared to pharmaceutical drugs. However, rbNPs exhibited higher anticancer activity than DOXIL(r), a liposomal pharmaceutical formulation of doxorubicin. Additionally, doxorubicin is cytotoxic to both cancer cells and non-cancerous cells, whereas rbNPs are specifically cytotoxic to cancer cells, suggesting that rbNPs are safer than doxorubicin," highlights Prof.Nishikawa.

To confirm the anticancer properties of rbNPs in the living body, the researchers injected rbNPs into mice having aggressive adenocarcinoma in their peritoneal cavity (enclosed by the diaphragm, abdominal muscles, and pelvis and houses organs like intestines, liver, and kidneys). They observed significant suppression of tumor growth with no adverse effects on the mice. Additionally, the rbNPs significantly inhibited metastatic growth of murine melanoma B16-BL6 cells in a lung metastasis mouse model.

Rice bran has several attributes that make it an excellent source of therapeutic pdNPs. Firstly, it is economic as compared to many other sources of pdNPs. Nearly 40% of the rice bran is discarded in Japan, providing a readily available source of raw material. Secondly, the preparation efficiency of rbNPs is higher than that of previously reported pdNPs. Besides being practical and safe as an anticancer therapeutic, the physicochemical properties of rbNPs are very stable. However, a few parameters, such as establishment of separation technologies at the pharmaceutical level, assessing production process control parameters, and evaluation of efficacy and safety in human cancer cell lines and xenograft animal models, must be investigated prior to clinical trials in humans.

In conclusion, rice bran, an agricultural waste product, is a source of therapeutic pdNPs that are affordable, effective, and safe, and has the potential to revolutionize cancer treatment in the future.

"By establishing a manufacturing method for rice bran nanoparticles with stable quality and confirming their safety and effectiveness, we can develop drugs for cancer treatment that are sustainable, eco-friendly, and affordable. Consequently, we may be able to help more cancer patients maintain good physical and mental health after treatment," concludes Prof. Nishikawa.
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Simulated microgravity affects sleep and physiological rhythms | ScienceDaily
Simulated effects of microgravity significantly affect rhythmicity and sleep in humans, a new study from the University of Surrey finds. Such disturbances could negatively affect the physiology and performance of astronauts in space.


						
Previous findings have shown that astronauts exposed to microgravity, simulated via 60 days of constant bed rest at a six-degree head-down tilt angle, experience changes to physiology, including immune suppression, increased inflammation, and reduced muscle mass and bone density. However, a less-studied aspect of physiology concerning the effects of microgravity is sleep and biological rhythms.

Lead author Dr Maria-Angeles Bonmati-Carrion, a post-doctoral researcher at the University of Surrey (currently at CIBERFES (Carlos III Health Institute), University of Murcia and Principal Investigator at Murcian Institute of Biosanitary Research, said:

"This is the first time that sleep and various biological rhythms have been evaluated from an integrative perspective in a head-down tilt bed rest protocol for this long (60 days). We are confident that these findings will serve in designing new protocols aimed at improving sleep and rhythmic robustness in space. In addition, our results can also be applied to other processes such as ageing or the impact of constant posture in our sleep and rhythms."

In a study coordinated by the European Space Agency at the MEDES space clinic in Toulouse, 20 men completed a 90-day protocol consisting of two weeks of baseline, before 60 days of constant bed rest at a six-degree head-down tilt angle, simulating the effects of microgravity experienced by astronauts. The protocol concluded with two weeks of recovery.

To assess the impact of simulated microgravity, the research team analysed wrist skin temperature, motor activity, light exposure, and diurnal sleepiness throughout the 90-day protocol. Sleep was assessed through electroencephalogram (EEG) over a 24-hour time series during two days in baseline, three days in bed rest, and once in recovery. During those sessions, saliva sampling allowed measurement of the phase and amplitude of melatonin, a hormone that regulates sleep-wake cycles and cortisol secretion, the body's main stress hormone.

Researchers observed a decrease in the amplitude of temperature, activity and sleepiness rhythms during bed rest. Sleep duration decreased at the beginning of bed rest, and on average, participants slept less than 6.5 hours during the night throughout the study. Researchers note that partial sleep deprivation of a similar extent has been found to result in changes in immune system function and inflammatory status during both bed rest and spaceflight. The reverse was found for daytime sleep (naps), with an increase in naps, particularly at the beginning of the study, being detected.




Results also confirmed the temporal association between peripheral skin temperature and melatonin secretion, even under bed rest conditions. However, the association of peripheral temperature with different sleep stages (wrist skin temperature increases as sleep becomes deeper) was lost during bed rest, which could indicate a disruption in thermoregulation processes related to sleep.

Senior author Professor Simon Archer, Professor of Molecular Biology of Sleep at the University of Surrey, said:

"Biological rhythms are disrupted, and sleep is restricted in space flight and this impacts on physiology and performance. The normal posture cycle is a significant reinforcement signal for biological rhythmicity and its removal in this protocol and absence in space flight likely contributes to reduction in rhythmic amplitudes of many of the variables studied here. These results have important implications for future spaceflight but also for conditions where individuals are confined to long-term bed rest."

Professor Derk-Jan Dijk, Director of the Surrey Sleep Research Centre, said:

"Research conducted in large cohorts, such as the UK biobank, has previously provided evidence for the predictive value of amplitude of 24-hour rhythmicity for future health. The current data emphasize that this important aspect of human physiology and behaviour can be disrupted by conditions such as prolonged bedrest and spaceflight."

This study was published in the journal npj Microgravity and received funding from the BBSRC. Additional results relating to disruption to gene expression in this study were recently published in iScience.
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Genetically engineering a treatment for incurable brain tumors | ScienceDaily
Purdue University researchers are developing and validating a patent-pending treatment for incurable glioblastoma brain tumors. Glioblastomas are almost always lethal with a median survival time of 14 months. Traditional methods used against other cancers, like chemotherapy and immunotherapy, are often ineffective on glioblastoma.


						
Sandro Matosevic, associate professor in the Department of Industrial and Molecular Pharmaceutics in Purdue's College of Pharmacy, leads a team of researchers that is developing a novel immunotherapy to be used against glioblastoma. Matosevic is also on the faculty of the Purdue Institute for Cancer Research and the Purdue Institute for Drug Discovery.

The Matosevic-led research has been published in the peer-reviewed journal Nature Communications.

The Purdue glioblastoma treatment

Matosevic said traditional cell therapies have almost exclusively been autologous, meaning taken from and returned to the same patient. Blood cells from a patient are engineered to better recognize and bind to proteins on cancer cells, then given back to the same patient to bind to and attack cancer cells. Unfortunately, these therapies have limited to no effect on glioblastoma.

"By contrast, we are developing immunotherapy based on novel, genetically engineered, fully off-the-shelf or allogeneic immune cells. Allogeneic cells are not sourced from the same patient, but rather another source," Matosevic said. "In our study, we sourced -- or rather engineered -- cells from induced pluripotent stem cells. So we eliminated the need for blood and instead differentiated stem cells into immune cells, or natural killer cells, and then genetically engineered those."

Matosevic said novel Purdue immunotherapy can be considered to have a true off-the-shelf source.




"We can envision having unlimited supplies of these stem cells ready to be engineered," Matosevic said. "This does not require blood to be sourced. And because these are human cells, they are directly usable in human patients."

Validation and next development steps

The research team tested its treatment by conducting animal studies with mice bearing human brain tumors, which were treated by direct injection of the newly engineered immune cells.

"Our preclinical studies showed these immune cells to be particularly remarkable in targeting and completely eliminating the growth of the tumors," Matosevic said. "We found that we can engineer these cells at doses suitable for clinical use in humans. This is significant because one of the major hurdles to clinical translation of cell-based therapies to humans has been the poor expansion and lack of potency of cells that were sourced directly from patients. Using an off-the-shelf, fully synthetic approach breaks down significant barriers to the manufacturing of these cells."

Matosevic said the next step to develop the glioblastoma treatment is to conduct clinical trials to treat patients with brain tumors, including those that were not successfully eliminated by surgery.

"Our ultimate goal is to bring this therapy to patients with brain tumors," Matosevic said. "These patients urgently deserve better, and more effective, treatment options. We believe there is true potential for this therapy, and we have the motivation and capacity to bring it to the clinic.

"We are working with neurosurgical clinician collaborators to not only obtain funding, but also initiate clinical protocols," he added. "We are also open to and always seeking new collaborations and partnerships with those who have interest in supporting our mission to translate this therapy to the clinic, where it is needed the most."

Matosevic disclosed the innovative glioblastoma treatment to the Purdue Innovates Office of Technology Commercialization, which has applied for a patent from the U.S. Patent and Trademark Office to protect the intellectual property. 

Matosevic and the research team received funding from the National Institutes of Health, the V Foundation for Cancer Research, the Purdue Institute for Cancer Research and industry partners.
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People think 'old age' starts later than it used to, study finds | ScienceDaily
Middle-aged and older adults believe that old age begins later in life than their peers did decades ago, according to a study published by the American Psychological Association.


						
"Life expectancy has increased, which might contribute to a later perceived onset of old age. Also, some aspects of health have improved over time, so that people of a certain age who were regarded as old in the past may no longer be considered old nowadays," said study author Markus Wettstein, PhD, of Humboldt University in Berlin, Germany.

However, the study, which was published in the journal Psychology and Aging, also found evidence that the trend of later perceived old age has slowed in the past two decades.

Wettstein, along with colleagues at Stanford University, the University of Luxembourg and the University of Greifswald, Germany, examined data from 14,056 participants in the German Ageing Survey, a longitudinal study that includes people living in Germany born between 1911 and 1974. Participants responded to survey questions up to eight times over 25 years (1996-2021), when they were between 40 and 100 years old. Additional participants (40 to 85 years old) were recruited throughout the study period as later generations entered midlife and old age. Among the many questions survey participants answered was, "At what age would you describe someone as old?"

The researchers found that compared with the earliest-born participants, later-born participants reported a later perceived onset of old age. For example, when participants born in 1911 were 65 years old, they set the beginning of old age at age 71. In contrast, participants born in 1956 said old age begins at age 74, on average, when they were 65.

However, the researchers also found that the trend toward a later perceived onset of old age has slowed in recent years.

"The trend toward postponing old age is not linear and might not necessarily continue in the future," Wettstein said.




The researchers also looked at how individual participants' perceptions of old age changed as they got older. They found that as individuals aged, their perception of the onset of old age was pushed further out. At age 64, the average participant said old age started at 74.7. At age 74, they said old age started at 76.8. On average, the perceived onset of old age increased by about one year for every four to five years of actual aging.

Finally, the researchers examined how individual characteristics such as gender and health status contributed to differences in perceived onset of old age. They found that women, on average, said that old age started two years later than men -- and that the difference between men and women had increased over time. They also found that people who reported being more lonely, in worse health, and feeling older said old age began earlier, on average, than those who were less lonely, in better health, and felt younger.

The results may have implications for when and how people prepare for their own aging, as well as how people think about older adults in general, Wettstein said.

"It is unclear to what extent the trend towards postponing old age reflects a trend towards more positive views on older people and aging, or rather the opposite -- perhaps the onset of old age is postponed because people consider being old to be an undesirable state," Wettstein said.

Future research should examine whether the trend toward a "postponement" of old age continues and investigate more diverse populations in other countries, including non-Western countries, to understand how perceptions of aging vary by country and culture, according to the researchers.
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Despite AI advancements, human oversight remains essential | ScienceDaily
State-of-the-art artificial intelligence systems known as large language models (LLMs) are poor medical coders, according to researchers at the Icahn School of Medicine at Mount Sinai. Their study, published in the April 19 online issue of NEJM AI, emphasizes the necessity for refinement and validation of these technologies before considering clinical implementation.


						
The study extracted a list of more than 27,000 unique diagnosis and procedure codes from 12 months of routine care in the Mount Sinai Health System, while excluding identifiable patient data. Using the description for each code, the researchers prompted models from OpenAI, Google, and Meta to output the most accurate medical codes. The generated codes were compared with the original codes and errors were analyzed for any patterns.

The investigators reported that all of the studied large language models, including GPT-4, GPT-3.5, Gemini-pro, and Llama-2-70b, showed limited accuracy (below 50 percent) in reproducing the original medical codes, highlighting a significant gap in their usefulness for medical coding. GPT-4 demonstrated the best performance, with the highest exact match rates for ICD-9-CM (45.9 percent), ICD-10-CM (33.9 percent), and CPT codes (49.8 percent).

GPT-4 also produced the highest proportion of incorrectly generated codes that still conveyed the correct meaning. For example, when given the ICD-9-CM description "nodular prostate without urinary obstruction," GPT-4 generated a code for "nodular prostate," showcasing its comparatively nuanced understanding of medical terminology. However, even considering these technically correct codes, an unacceptably large number of errors remained.

The next best-performing model, GPT-3.5, had the greatest tendency toward being vague. It had the highest proportion of incorrectly generated codes that were accurate but more general in nature compared to the precise codes. In this case, when provided with the ICD-9-CM description "unspecified adverse effect of anesthesia," GPT-3.5 generated a code for "other specified adverse effects, not elsewhere classified."

"Our findings underscore the critical need for rigorous evaluation and refinement before deploying AI technologies in sensitive operational areas like medical coding," says study corresponding author Ali Soroush, MD, MS, Assistant Professor of Data-Driven and Digital Medicine (D3M), and Medicine (Gastroenterology), at Icahn Mount Sinai. "While AI holds great potential, it must be approached with caution and ongoing development to ensure its reliability and efficacy in health care."

One potential application for these models in the health care industry, say the investigators, is automating the assignment of medical codes for reimbursement and research purposes based on clinical text.




"Previous studies indicate that newer large language models struggle with numerical tasks. However, the extent of their accuracy in assigning medical codes from clinical text had not been thoroughly investigated across different models," says co-senior author Eyal Klang, MD, Director of the D3M's Generative AI Research Program. "Therefore, our aim was to assess whether these models could effectively perform the fundamental task of matching a medical code to its corresponding official text description."

The study authors proposed that integrating LLMs with expert knowledge could automate medical code extraction, potentially enhancing billing accuracy and reducing administrative costs in health care.

"This study sheds light on the current capabilities and challenges of AI in health care, emphasizing the need for careful consideration and additional refinement prior to widespread adoption," says co-senior author Girish Nadkarni, MD, MPH, Irene and Dr. Arthur M. Fishberg Professor of Medicine at Icahn Mount Sinai, Director of The Charles Bronfman Institute of Personalized Medicine, and System Chief of D3M.

The researchers caution that the study's artificial task may not fully represent real-world scenarios where LLM performance could be worse.

Next, the research team plans to develop tailored LLM tools for accurate medical data extraction and billing code assignment, aiming to improve quality and efficiency in health care operations.

The study is titled "Generative Large Language Models are Poor Medical Coders: A Benchmarking Analysis of Medical Code Querying."

The remaining authors on the paper, all with Icahn Mount Sinai except where indicated, are: Benjamin S. Glicksberg, PhD; Eyal Zimlichman, MD (Sheba Medical Center and Tel Aviv University, Israel); Yiftach Barash, (Tel Aviv University and Sheba Medical Center, Israel); Robert Freeman, RN, MSN, NE-BC; and Alexander W. Charney, MD, PhD.

This research was supported by the AGA Research Foundation's 2023 AGA-Amgen Fellowship to-Faculty Transition Award AGA2023-32-06 and an NIH UL1TR004419 award.

The researchers affirm that the study was conducted without the use of any Protected Health Information ("PHI").
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Mosaics of predisposition cause skin disease | ScienceDaily
Clarifying the cause of a skin disease led to the discovery of a new disease-causing gene, a new category of diseases, and new perspectives for both counseling and therapy. The Kobe University discovery is the first time that epigenetic silencing, the "switching off" of an otherwise intact gene, has been recognized as the cause for a skin disease.


						
Porokeratosis is a skin disease that leads to the development of annular or circular, red and itchy lesions. In some individuals, these develop all over the body, in some localized in lines, and in some only in one or very few spots. Kobe University dermatologist KUBO Akiharu previously discovered that patients need "two hits" to one of the four genes that, when damaged, were known to cause the disease. Kubo explains: "We get one set of genes from each of our parents, which means that, for all genes relevant to this disease, we have two copies. However, patients had one deficient copy in all of their cells, which means that they inherited that from one of their parents. But they also had later mutations in the other copy in those areas of the skin where the disease developed." After that discovery, over fifty patients visited Keio University Hospital and Kobe University Hospital to get screened by Kubo, and among these they found eight patients who didn't have deficiencies in any of the four genes known to cause the disease, and they also had slightly different symptoms. "I was convinced that there is a yet unknown cause of porokeratosis, and so my graduate student at Keio University, SAITO Sonoko, started to search for it."

In The American Journal of Human Genetics, they now report that they identified a new gene, called FDFT1, that when damaged will cause porokeratosis. But while those patients who had lesions all over the body had one deficient copy inherited from one of the parents and one later mutation in the affected cells, which is similar to what is known for other causative genes, those with more localized lesions did not have such an inherited damaged copy. Kubo says, "These observations led to the hypothesis that not genetic, but epigenetic changes in FDFT1 are hidden as the first hits." Epigenetic changes don't affect the DNA sequence that constitutes the gene but refer to molecular tags a cell can add to DNA to indicate whether or not to produce proteins from the gene, depending on the tag. "And that is exactly what we found. Epigenetic silencing of FDFT1 during early embryonic development in a cell that will give rise to skin cells is the first hit in this type of porokeratosis."

The whole picture therefore is that, in order to develop the disease, people need two damaged copies of the gene, "two hits." One they acquire either from their parents or through epigenetic silencing early in their fetal development. This predisposes them to developing the disease but in itself is not symptomatic. In the case of epigenetic silencing, individuals are mosaics of predisposed cells, which derive from the one where the silencing occurred, and unaffected cells. A second defect in the other copy of the gene leads to the development of the disease: Similar to the previously known causative genes, the protein produced from FDFT1 is involved in the production of cholesterol and with both copies of the gene deficient, toxic by-products accumulate in the cells.

These results have many fascinating implications. First, the knowledge of the affected gene allows doctors to prescribe a treatment. "We conducted a therapeutic evaluation of atorvastatin (a blocker of cholesterol production) and cholesterol ointment in three individuals with FDFT1-deficient porokeratosis. All individuals exhibited reduced skin redness and thickening, pruritus (itchiness), and scaling within 4-12 weeks of treatment initiation, and no relapse was observed with continued use of the ointment," the researchers write in the paper. Second, when counseling patients, for those who didn't inherit a deficient gene from their parents it is reassuring news that they will also not pass the predisposition to the illness on to their children.

And third, "This is the first skin disease caused by early-development epigenetic silencing of a particular gene. Among all diseases, a fully comparable mechanism is only known in Lynch syndrome. We thus expect that epigenetic causes are hidden not only in these but also in other diseases, suggesting the existence of a category of diseases associated with the silencing of genes," the researchers explain.
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Social programs save millions of lives, especially in times of crisis | ScienceDaily
Primary health care, conditional cash transfers and social pensions have prevented 1.4 million deaths of all ages in Brazil over the past two decades, according to a study coordinated by the Barcelona Institute for Global Health (ISGlobal), a centre supported by "la Caixa" Foundation. If expanded, these programmes could avert an additional 1.3 million deaths and 6.6 million hospitalisations by 2030.


						
The COVID-19 pandemic has exacerbated poverty and social inequalities worldwide, particularly in low- and middle-income countries (LMICs). In addition, the economic consequences of the ongoing war in Ukraine and soaring inflation are expected to push even more people into poverty in the coming years. This is what we call a polycrisis: multiple crises interacting in such a way that their combined impact is greater than the sum of the parts.

In terms of public health, worsening socioeconomic conditions mean higher rates of disease and death, especially among the most vulnerable people in LMICs. But social programmes can mitigate the health consequences of economic crises. Brazil has led one of the largest welfare state expansions over the past two decades, implementing a public universal healthcare system along with conditional cash transfer programmes (Programa Bolsa Familia) for the poorest families and social pensions (Beneficio de Prestacao Continuada) for the elderly and disabled.

Reductions in hospitalisations and deaths

In this study, ISGlobal researcher Davide Rasella and his team evaluated the combined effect of these three programmes (conditional cash transfers, social pensions and primary health care) on hospitalisations and deaths over almost two decades (from 2004 to 2019). "This is the first study to conduct a nationwide combined evaluation of cash transfers, social pensions, and primary health care for a such long period in a LMIC," says Rasella, who coordinated the study.

Using data from 2,548 Brazilian municipalities, they show that high coverage of the three programmes led to reductions in overall hospitalisation and mortality rates, particularly among children under five years of age and adults over 70. A total of 1.46 million deaths were averted between 2004 and 2019. The research team then used forecasting methods to show that extending the programmes to the newly poor and vulnerable could avert up to 1.3 million additional deaths by 2030.

"We clearly show that expanding these three programmes is a viable strategy to mitigate the health impact of the current global polycrisis," says Daniella Cavalcanti, co-first author of the study. "On the contrary, fiscal austerity measures would only result in a large number of preventable deaths."
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New compound from blessed thistle promotes functional nerve regeneration | ScienceDaily
Researchers from the University of Cologne have found a new use for Cnicin, a substance produced in blessed thistle.


						
Blessed thistle (Cnicus benedictus) is a plant in the family Asteraceae and also grows in our climate. For centuries, it has been used as a medicinal herb as an extract or tea, e.g. to aid the digestive system. Researchers at the Center for Pharmacology of University Hospital Cologne and at the Faculty of Medicine of the University of Cologne have now found a completely novel use for Cnicin under the direction of Dr Philipp Gobrecht and Professor Dr Dietmar Fischer. Animal models as well as human cells have shown that Cnicin significantly accelerates axon (nerve fibres) growth. The study 'Cnicin promotes functional nerve regeneration' was published in Phytomedicine.

Rapid help for nerves

Regeneration pathways of injured nerves in humans and animals with long axons are accordingly long. This often makes the healing process lengthy and even frequently irreversible because the axons cannot reach their destination on time. An accelerated regeneration growth rate can, therefore, make a big difference here, ensuring that the fibres reach their original destination on time before irreparable functional deficits can occur. The researchers demonstrated axon regeneration in animal models and human cells taken from retinae donated by patients. Administering a daily dose of Cnicin to mice or rats helped improve paralysis and neuropathy much more quickly.

Compared to other compounds, Cnicin has one crucial advantage: it can be introduced into the bloodstream orally (by mouth). It does not have to be given by injection. "The correct dose is very important here, as Cnicin only works within a specific therapeutic window. Doses that are too low or too high are ineffective. This is why further clinical studies on humans are crucial," said Fischer. The University of Cologne researchers are currently planning relevant studies. The Center for Pharmacology is researching and developing drugs to repair the damaged nervous system.

The current study received funding of around 1,200,000 euros from the Federal Ministry of Education and Research within the framework of the project PARREGERON.
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Shoe technology reduces risk of diabetic foot ulcers | ScienceDaily
Researchers have developed a new shoe insole technology that helps reduce the risk of diabetic foot ulcers, a dangerous open sore that can lead to hospitalization and leg, foot or toe amputations.


						
"The goal of this innovative insole technology is to mitigate the risk of diabetic foot ulcers by addressing one of their most significant causes: skin and soft tissue breakdown due to repetitive stress on the foot during walking," said Muthu B.J. Wijesundara, principal research scientist at The University of Texas at Arlington Research Institute (UTARI).

Affecting about 39 million people in the U.S., diabetes can damage the small blood vessels that supply blood to the nerves, leading to poor circulation and foot sores, also called ulcers. About one-third of people with diabetes develop foot ulcers during their lifetime. In the U.S., more than 160,000 lower extremity amputations are performed annually due to complications from diabetic foot ulcers, costing the American health system about $30 billion a year. Those who have foot ulcers often die at younger ages than those without ulcers.

"Although many shoe insoles have been created over the years to try to alleviate the problem of foot ulcers, studies have shown that their success in preventing them is marginal," Wijesundara said. "We took the research a step further by creating a pressure-alternating shoe insole that works by cyclically relieving pressure from different areas of the foot, thereby providing periods of rest to the soft tissues and improving blood flow. This approach aims to maintain the health of the skin and tissues, thereby reducing the risk of diabetic foot ulcers."

In an article in the peer-reviewed International Journal of Lower Extremity Wounds, Wijesundara and UTA colleagues Veysel Erel, Aida Nasirian and Yixin Gu, along with Larry Lavery of UT Southwestern Medical Center, described their innovative insole technology. After this successful pilot project, the next step for the research team will be refining the technology to make it more accessible for users with varying weights and shoe sizes.

"Considering the impact of foot ulcers, it's exciting that we may be able to make a real difference in the lives of so many people," Wijesundara said.

This work was supported by a $229,480 grant from the National Institute of Aging of the National Institutes of Health, grant number 7R21AG061471.
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Researchers develop a new way to safely boost immune cells to fight cancer | ScienceDaily
Cancer is the monster of our society. Last year alone, more than 600,000 people in the United States died from cancer, according to the American Cancer Society. The relentless pursuit of understanding this complex disease has shaped medical progress on developing treatment procedures that are less invasive while still highly effective.


						
Immunotherapy is on the rise as a possible solution. Immunotherapy involves harnessing the power of the body's immune system to fight against cancer cells. Researchers in the College of Engineering have found a way to revamp a treatment procedure into a groundbreaking practice.

Rong Tong, associate professor in chemical engineering, has teamed up with Wenjun "Rebecca" Cai, associate professor in materials science and engineering, to explore a cancer immunotherapy treatment that has long been of interest to researchers. In their newly published article in the journal Science Advances, Tong and Cai detailed their approach, which involves activating the immune cells in the body and reprogramming them to attack and destroy the cancer cells. This therapeutic method is frequently implemented with the protein cytokine. Cytokines are small protein molecules that act as intercellular biochemical messengers and are released by the body's immune cells to coordinate their response.

"Cytokines are potent and highly effective at stimulating the immune cells to eliminate cancer cells," Tong said. "The problem is they're so potent that if they roam freely throughout the body, they'll activate every immune cell they encounter, which can cause an overactive immune response and potentially fatal side effects."

Tong and Cai, in collaboration with chemical engineering and materials science and engineering graduate students, have developed an innovative approach to employ cytokine proteins as a potential immunotherapy treatment. Unlike previous methods, their technique ensures that the immune cell stimulating cytokines effectively localize within the tumors for weeks while preserving the cytokine's structure and reactivity levels.

Combining forces to take down cancer cells

Current cancer treatments, such as chemotherapy, cannot distinguish between healthy cells and cancer cells. When someone with cancer is treated with chemotherapy, the treatment attacks all of the cells in their body, which can lead to side effects such as hair loss and fatigue. Stimulating the body's immune system to attack tumors is a promising alternative to treat cancer. The delivery of cytokines can jump-start immune cells in the tumor, but overstimulating healthy cells can cause severe side effects.




"Scientists determined a while ago that cytokines can be used to activate and fight against tumors, but they didn't know how to localize them inside the tumor while not exposing toxicity to the rest of the body," said Tong. "Chemical engineers can look at this from an engineering approach and use their knowledge to help refine and elevate the effectiveness of the cytokines so they can work inside the body effectively."

The research team's goal is to find a balance between killing cancer cells in the body while sparing healthy cells.

To accomplish this goal, Tong and his students used their expertise to create specialized particles with distinctive sizes that help determine where the drug is going. These microparticles are designed to stay within the tumor environment after being injected into the body. Cai and her students worked on measuring these particles' surface properties.

"In the field of materials science and engineering, we study the surface chemistry and mechanical behavior of materials, such as the specialized particle created for this project," Cai said. "Surface engineering and characterization, along with particle size, play important roles in controlled drug delivery, ensuring prolonged drug presence and sustained therapeutic effectiveness."

To ensure successful drug delivery, Tong and his chemical engineering students designed a novel strategy that:
    	Anchors cytokines to these new microparticles, limiting the harm of cytokines to healthy cells
    	Allows the newly particle-anchored cytokines to jump-start immune systems and recruit immune cells to attack cancer cells

"Our strategy not only minimizes cytokine-induced harm to healthy cells, but also prolongs cytokine retention within the tumor," Tong said. "This helps facilitate the recruitment of immune cells for targeted tumor attack."

The next step in the process involves combining the new, localized cytokine therapy method with commercially available, Food and Drug Administration (FDA)-approved checkpoint blockade antibodies, which reactivate the tumor immune cells that have been silenced so they can fight back the cancer cells.




"When there is a tumor inside the body, the body's immune cells are being deactivated by the cancer cells," Tong explained. "The FDA-approved checkpoint blocking antibody helps "take off the brakes" that tumors put on immune cells, while the cytokine molecules "step on the gas" to jump-start the immune system and get an immune cell army to fight cancer cells. These two approaches work together to activate immune cells."

Combining the checkpoint antibodies with the particle-anchored cytokine proved to successfully eliminate many tumors in their study.

Engineering an impact on cancer treatment

Team members hope their impact on immunotherapy treatment is part of a greater movement toward cancer treatment approaches that are harmless to healthy cells. The new approach of attaching cytokines to particles also could be used in the future to deliver other types of immunostimulatory drugs, according to the team.

"Researchers are still looking for safer and more effective cancer treatments," said Tong. "This motivation is what drives us to develop new technologies in the field. The whole class of drugs that are employed to jump-start the immune system to fight cancer cells has largely not yet succeeded. Our goal is to create novel solutions that allow researchers to test these drugs with existing FDA-approved therapeutics, ensuring both safety and enhanced efficacy."

Cai said the nature of cancer treatment research requires expertise across engineering disciplines.

"I view this project as a perfect marriage between chemical engineering and materials science," Cai said. "The former focuses on the synthesis and drug delivery part, the latter on applying advanced materials characterization. This collaboration not only accelerates immunotherapy research, but also has the ability to transform cancer treatment."
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New study examines the increased adoption of they/them pronouns | ScienceDaily
People are using "they/them" pronouns more often according to a new study by the University of North Carolina at Chapel Hill.


						
Led by UNC-Chapel Hill researcher Jennifer E. Arnold, Ph.D., the new research paper published on April 14 in Glossa Psycholinguistics provides the first evidence of how people use "they/them" when talking about a specific person in a spoken storytelling context.

"Within the last decade, people have started to use 'they' as a personal pronoun, often because they identify as nonbinary or gender nonconforming," said Arnold, a professor of psychology and neuroscience in the UNC College of Arts and Sciences. "This usage is called non-binary 'they.' This change is new, and it is not fully understood how our mental language system is changing as a result."

This project addresses an ongoing change in the English language regarding pronouns. People have used "they" as a singular pronoun for centuries, but it was always in a context where the reference wasn't specific and known.

Results from this study show that college-aged speakers are good at using nonbinary "they" -- they used it in the same conditions as they used binary "she" and "he" pronouns, and no less frequently. This finding establishes that cognitively, the same process applies to the selection of pronouns and names for both binary and nonbinary pronouns, showing that the new usage is being adopted into the existing pronoun system.

No other study has provided data on how people naturally use this form in a spoken storytelling context. The findings will help people understand how the language is changing and understand the natural process of developing competency with this new form.

"Current teaching materials may not acknowledge this form, but given that young people are already using it, it must be taken into account in educational settings," Arnold adds.
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Glial hyper-drive for triggering epileptic seizures | ScienceDaily
Epilepsy, where patients suffer from unexpected seizures, affects roughly 1% of the population. These seizures often involve repetitive and excessive neuronal firing, with the trigger behind this still poorly understood.


						
Now, researchers at Tohoku University have monitored astrocyte activity using fluorescence calcium sensors, discovering that astrocyte activity starts approximately 20 seconds before the onset of epileptic neuronal hyperactivity. This suggests that astrocytes play a significant part in triggering epileptic seizures, facilitating the hyper-drive of the neural circuit.

The findings were detailed in the journal Glia on April 9, 2024.

Astrocytes are non-neuronal glial cells that occupy almost half of the brain. They have been shown to control the local ionic and metabotropic environment in the brain. Yet, since they do not exhibit electrical activity that can be easily monitored, their role in the function of the brain has largely been neglected. Fluorescence sensor proteins are changing this, revealing more about the mesmerizing activity of astrocytes.

"Astrocytes appear to have a determinant role in controlling the state of neuronal activity and synaptic plasticity both in physiological and pathophysiological situations," says Professor Ko Matsui of the Super-network Brain Physiology lab at Tohoku University, who led the research. "Therefore, astrocytes could be considered as a new therapeutic target for epilepsy treatment."

When brain tissue makes contact with metals such as copper, it is known to induce inflammation that leads to acute symptomatic seizures, which occurs a few times per day in mice. Matsui and his team observed these events, where they discovered that astrocyte activity may be the trigger for neuronal hyperactivity. Astrocytes can also be activated by low-amplitude direct current stimulation. The researchers noticed that such a stimulation induced a robust increase in the astrocyte calcium, which was followed by an epileptic neuronal hyperactivity episode. When the metabolic activity of the astrocytes was blocked by applying fluorocitrate, the magnitude of the epileptic neuronal hyperactivity was significantly reduced. These all point to the fact that astrocytes have the potential to control neuronal activity.

Lead study investigator Shun Araki emphasizes that with appropriate guidance, astrocytes' functions could be harnessed to address a range of neurological conditions. This includes not only epilepsy but also potentially enhancing cognitive abilities beyond natural limitations.
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Toxic chemicals from microplastics can be absorbed through skin | ScienceDaily
Toxic chemicals used to flame-proof plastic materials can be absorbed into the body through skin, via contact with microplastics, new research shows.


						
The study offers the first experimental evidence that chemicals present as additives in microplastics can leach into human sweat, and then be absorbed through the skin, into the bloodstream.

Many chemicals used as flame retardants and plasticisers have already been banned, due to evidence of adverse health effects including damage to the liver or nervous system, cancer, and risks to reproductive health. However, these chemicals are still present in the environment in older electronics, furniture, carpets, and building materials.

While the harm caused by microplastics is not fully understood, there is increasing concern over their role as conduits of human exposure to toxic chemicals.

The research team demonstrated in a study published last year, that chemicals were leached from microplastics into human sweat. The current study now shows that those chemicals can also be absorbed from sweat across the skin barrier into the body.

In their experiments, the team used innovative 3D human skin models as alternatives to laboratory animals and excised human tissues. The models were exposed over a 24-hour period to two common forms of microplastics containing polybrominated diphenyl ethers (PBDEs), a chemical group commonly used to flame retard plastics.

The results, published in Environment International, showed that as much as 8% of the chemical exposed could be taken up by the skin, with more hydrated -- or 'sweatier' -- skin absorbing higher levels of chemical. The study provides the first experimental evidence into how this process contributes to levels of toxic chemicals found in the body.




Dr Ovokeroye Abafe, now at Brunel University, carried out the research while at the University of Birmingham. He said: "Microplastics are everywhere in the environment and yet we still know relatively little about the health problems that they can cause. Our research shows that they play a role as 'carriers' of harmful chemicals, which can get into our bloodstream through the skin. These chemicals are persistent, so with continuous or regular exposure to them, there will be a gradual accumulation to the point where they start to cause harm."

Dr Mohamed Abdallah, Associate Professor of Environmental Sciences at the University of Birmingham, and principal investigator for the project, said: "These findings provide important evidence for regulators and policymakers to improve legislation around microplastics and safeguard public health against harmful exposure."

Professor Stuart Harrad, co-author of the paper, added "the study provides an important step forward in understanding the risks of exposure to microplastics on our health. Building on our results, more research is required to fully understand the different pathways of human exposure to microplastics and how to mitigate the risk from such exposure."

In future research, the team plan to investigate other routes through which microplastics could be responsible for toxic chemicals entering the body, including inhalation and ingestion. The work is funded by a Marie Curie Research Fellowship, within the European Union's Horizon 2020 Research and Innovation Programme.
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New research defines specific genomic changes associated with the transmissibility of the monkeypox virus | ScienceDaily
Mount Sinai scientists, in collaboration with researchers from the Carlos III Health Institute (ISCIII) in Madrid, Spain, have located and identified alterations in the monkeypox virus genome that potentially correlate with changes in the virus's transmissibility observed in the 2022 outbreak. The findings were published April 18 in Nature Communications.


						
Monkeypox virus (MPXV) is a double-stranded DNA virus that can infect animals and humans. MPXV causes a disease known as mpox, with symptoms that include fever, swollen lymph nodes, and a rash. Most cases are mild and tend to get better on their own; however, mpox can be very painful and may lead to permanent scarring. First encountered in 1958 in crab-eating macaque monkeys imported to Belgium, MPXV has caused sporadic human disease outbreaks since the 1970s in Central and Western Africa. In May 2022, multiple countries, including the United States, reported an increasing number of MPXV infections and associated disease, including clusters in cases potentially linked to super-spreading events in Belgium, Spain, and the United Kingdom. While the number of new cases associated with the 2022 spillover has decreased over time, cases of the disease are still occurring among unvaccinated individuals, including a current increase in Central Africa due to a new spillover. As the virus's circulation in humans increases, the risk of emergence of a more transmissible variant capable of becoming endemic in the human population increases.

"Biopreparedness and virological surveillance involves studying the causes that favor zoonotic spillover and facilitates human-to-human transmission. When we observe significant changes in basic epidemiological features of a viral agent like monkeypox, it should reinvigorate our interest in understanding those transmission conditions. The increasing number of cases currently happening in Africa, and the 2022 epidemic, should be clear alert signals," says Gustavo Palacios, PhD, Professor of Microbiology at the Icahn School of Medicine at Mount Sinai and a senior author of the study.

To carry out the study, researchers analyzed samples from 46 patients infected with MPXV whose diagnosis and sequencing were carried out at the ISCIII at the beginning of the 2022 mpox outbreak. The team performed high-quality sequencing of each study participant's complete monkeypox virus genome to determine possible correlations between genomic variations in the different groups of sequences and epidemiological links associated with the virus's ability to evolve, transmit, and infect.

According to the research team, recurrent observed genomic changes were located in areas of the genome that could be related to viral adaptation. Those specific locations would contribute to modulating the viral replication cycle, adaptability, and path of entry and egress. These alterations appear in areas known as low complexity genomic regions, which are particularly difficult to sequence and analyze, explaining why they were overlooked before. This highly sophisticated complete genome sequencing was made possible through the use of two advanced sequencing technologies: single-molecule long-read sequencing (to cover highly repetitive regions) and deep short sequencing reads (to provide accuracy and depth).

By detailing the genomic alterations within these repetitive genomic sequences and linking them to critical viral functions, researchers provide a plausible explanation for the heightened transmissibility observed during the 2022 mpox outbreak.

"These findings might be offering the first hints to help us understand the unique features of the strains associated with sustained human-to-human transmission, which has not ever been observed in these agents," says Dr. Palacios. "Better understanding of the doors that facilitate transmission of viral agents and impact their clinical presentations will enable us to develop more effective prevention and treatment strategies."
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Dietary treatment more effective than medicines in IBS | ScienceDaily
Dietary treatment is more effective than medications in irritable bowel syndrome (IBS). These are the findings of a study conducted at the University of Gothenburg. With dietary adjustments, more than seven out of ten patients had significantly reduced symptoms.


						
Irritable bowel syndrome (IBS) is a common diagnosis that causes abdominal pain, gas and abdominal bloating, diarrhea, and constipation, in various combinations and with varying degrees of severity.

Treatment often consists of dietary advice such as eating small and frequent meals and avoiding excessive intake of food triggers such as coffee, alcohol and fizzy drinks. Patients may also be given medications to improve specific symptoms, such as gas or constipation, diarrhea, bloating or abdominal pain. Antidepressants are sometimes used to improve symptoms in IBS.

The current study, published in The Lancet Gastroenterology & Hepatology, compared three treatments: two dietary and one based on use of medications. The participants were adult patients with severe or moderate IBS symptoms at Sahlgrenska University Hospital in Gothenburg.

More symptom relief after dietary adjustment

The first group was given traditional IBS dietary advice, focusing on eating behavior combined with low intake of fermentable carbohydrates, known as FODMAPs. These include e.g. products with lactose, legumes, onions, and grains, which ferment in the colon and can cause pain in IBS.

The second group received a dietary treatment low in carbohydrates and proportionally high in protein and fat. In the third group, the best possible medication was given based on the patient's most troublesome IBS symptoms.




Each group included around 100 participants and the treatment periods lasted four weeks. When the researchers then examined how well the participants responded to the treatments, using an established IBS symptom scoring scale, the results were clear.

Of those who received traditional IBS dietary advice and low content of FODMAPs, 76% had significantly reduced symptoms. In the group receiving low carbohydrates and high protein and fat, the proportion was 71%, and in the medication group 58%.

All groups reported significantly better quality of life, less physical symptoms and less symptoms of anxiety and depression.

The importance of personalization

At a six-month follow-up, when participants in the dietary groups had partially returned to their previous eating habits, a large proportion still had clinically significant symptom relief; 68% in the traditional dietary advice and low FODMAP group, and 60% in the low-carbohydrate diet group.

The study was led by Sanna Nybacka, Researcher and Dietician, Stine Storsrud, Associate Professor, and Magnus Simren, Professor and Senior Consultant, all at Sahlgrenska Academy, University of Gothenburg.

"With this study, we can show that diet plays a central role in the treatment of IBS, but that there are several alternative treatments that are effective," says Sanna Nybacka.

"We need more knowledge about how to best personalize the treatment of IBS in the future and we will further investigate whether there are certain factors that can predict whether individuals will respond better to different treatment options," she concludes.
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Key protein regulates immune response to viruses in mammal cells | ScienceDaily
Researchers have revealed the regulatory mechanism of a specific protein that plays a key role in balancing the immune response triggered by viral infections in mammal cells. These findings could help drive the development of antiviral therapies and nucleic acid medicines to treat genetic disorders.


						
For cells to protect themselves from viral infections, a series of immune responses typically occur, including programmed cell death called apoptosis and interferon signaling. While apoptosis is a normal process, which occurs with or without the presence of viral molecules, following a cascade of steps to end with the death of a cell -- which might not sound advantageous to the host -- it can help prevent the reproduction of abnormal cells, including those infected by viruses, and eliminate them from the body. Interferons, on the other hand, are proteins produced by animal cells in response to a viral infection to protect the cell against viral attacks and prevent the virus from replicating. The regulatory mechanism of how cells maintain a balance between apoptosis and interferon response to efficiently suppress viral replication during infection, however, remained unclear.

In the current study, a team including researchers from the University of Tokyo focused on a specific protein, TRBP, which is also classified as a type of protein called an RNA silencing factor.

RNA is a nucleic acid, an organic compound found in living cells and viruses, which controls protein synthesis and the genetic makeup of many viruses. RNA synthesizes proteins through a process known as translation, by reading genetic sequences and translating them into instructions for the cells to create proteins, which are mostly responsible for the overall structure and function of the organism, whether it's a plant or animal.

RNA silencing, also known as RNA interference, is a way that plants and invertebrate animals can protect themselves from viruses by cleaving viral RNA to repress viral replication.

"This study provides a significant insight that clearly revealed the protein related to the RNA silencing mechanism, which is known to be an antiviral mechanism in a plant or invertebrate, is strongly related to antiviral response also in mammals by another mechanism," said co-author Tomoko Takahashi, a visiting researcher at the University of Tokyo and assistant professor at Saitama University in Japan.

Though it is widely understood that RNA silencing is a mechanism that operates under normal conditions to control gene expression (if the gene is "turned on" to provide instructions for the cell to assemble the specific protein it encodes), it's still unclear how this process occurs under the stress of viral infection.




So the researchers looked at TRBP (an abbreviation for TAR RNA-binding protein), which has shown a significant role in RNA silencing during a viral infection.

This protein interacts with a virus sensor protein early on in the phases of infection in human cells. In the later stages of viral infection, proteins called caspases are activated, and this type of protein is chiefly responsible for triggering cell death.

"RNA silencing and interferon signaling were previously considered as independent pathways, but multiple reports, including ours, have demonstrated crosstalk between them," said Kumiko Ui-Tei, another co-author and associate professor from the University of Tokyo (at the time of the study).

This functional conversion of TRBP triggered by viral infection is the basis of regulating interferon response and apoptosis, with TRBP irreversibly increasing the programmed cell death of infected cells, while reducing interferon signaling. TRBP works on the cell by inducing cell death, stopping the viral replication entirely, in contrast to the interferon response pathway, which just subdues viral replication instead of eliminating the infected cells.

"The ultimate goal is understanding the molecular mechanism underlying the antiviral defense system, orchestrated through the interplay between internal and external RNA pathways in human cells," said Takahashi.

By gaining a deeper understanding of how defenses against viruses work on a molecular level, the researchers aim to drive the development of nucleic acid medicines. These medicines utilize targeting and inhibition approaches similar to the antiviral response of RNA silencing, and they hold promise of being increasingly useful in treating a wider range of patients afflicted with viral infections, genetic mutations and genetic defects.

This study was conducted in collaboration with Saitama University, Chiba University, Kyoto University and Maebashi Institute of Technology in Japan.
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        Artificial intelligence helps scientists engineer plants to fight climate change
        Scientists are using artificial intelligence software to analyze plant root systems, laying out a protocol that can be applied to gather data on crop and model plant phenotypes (physical characteristics) more efficiently and with equal or greater accuracy than existing methods.

      

      
        How light can vaporize water without the need for heat
        Researchers discovered that light can cause evaporation of water from a surface without the need for heat. This 'photomolecular effect' could be important for understanding climate change and for improving some industrial processes.

      

      
        Positive perceptions of solar projects
        A new survey has found that for residents living within three miles of a large-scale solar development, positive attitudes outnumbered negative attitudes by almost a 3-to-1 margin. Researchers surveyed almost 1,000 residents living near solar projects.

      

      
        Rubber-like stretchable energy storage device fabricated with laser precision
        Scientists use laser ablation technology to develop a deformable micro-supercapacitor.

      

      
        Social media can be used to increase fruit and vegetable intake in young people
        Researchers have found that people following healthy eating accounts on social media for as little as two weeks ate more fruit and vegetables and less junk food.

      

      
        Computer game in school made students better at detecting fake news
        A computer game helped upper secondary school students become better at distinguishing between reliable and misleading news.

      

      
        Holographic displays offer a glimpse into an immersive future
        Researchers have invented a new optical element that brings us one step closer to mixing the real and virtual worlds in an ordinary pair of eyeglasses using high-definition 3D holographic images.

      

      
        This salt battery harvests osmotic energy where the river meets the sea
        Estuaries -- where freshwater rivers meet the salty sea -- are great locations for birdwatching and kayaking. In these areas, waters containing different salt concentrations mix and may be sources of sustainable, 'blue' osmotic energy. Researchers report creating a semipermeable membrane that harvests osmotic energy from salt gradients and converts it to electricity. The new design had an output power density more than two times higher than commercial membranes in lab demonstrations.

      

      
        AI tool recognizes serious ocular disease in horses
        Researchers have developed a deep learning tool that is capable of reliably diagnosing moon blindness in horses based on photos.

      

      
        Researchers find oldest undisputed evidence of Earth's magnetic field
        A new study has recovered a 3.7-billion-year-old record of Earth's magnetic field, and found that it appears remarkably similar to the field surrounding Earth today.

      

      
        Biophysics: Testing how well biomarkers work
        Researchers have developed a method to determine how reliably target proteins can be labeled using super-resolution fluorescence microscopy.

      

      
        High-resolution lidar sees birth zone of cloud droplets
        Scientists demonstrated the first-ever remote observations of the fine-scale structure at the base of clouds. The results show that the air-cloud interface is a transition zone where aerosol particles suspended in Earth's atmosphere give rise to the droplets that ultimately form clouds. The research will enable scientists to gain insight into how changes in atmospheric aerosol levels could affect clouds and climate.

      

      
        Making diamonds at ambient pressure
        Researchers have grown diamonds under conditions of 1 atmosphere pressure and at 1025 degrees Celsius using a liquid metal alloy composed of gallium, iron, nickel, and silicon, thus breaking the existing paradigm. The discovery of this new growth method opens many possibilities for further basic science studies and for scaling up the growth of diamonds in new ways.

      

      
        Eruption of mega-magnetic star lights up nearby galaxy
        While ESA's satellite INTEGRAL was observing the sky, it spotted a burst of gamma-rays -- high-energy photons -- coming from the nearby galaxy M82. Only a few hours later, ESA's XMM-Newton X-ray space telescope searched for an afterglow from the explosion but found none. An international team realized that the burst must have been an extra-galactic flare from a magnetar, a young neutron star with an exceptionally strong magnetic field.

      

      
        A simple 'twist' improves the engine of clean fuel generation
        Researchers have found a way to super-charge the 'engine' of sustainable fuel generation -- by giving the materials a little twist. The researchers are developing low-cost light-harvesting semiconductors that power devices for converting water into clean hydrogen fuel, using just the power of the sun. These semiconducting materials, known as copper oxides, are cheap, abundant and non-toxic, but their performance does not come close to silicon, which dominates the semiconductor market.

      

      
        A novel universal light-based technique to control valley polarization in bulk materials
        Scientists report a new method that achieves for the first time valley polarization in centrosymmetric bulk materials in a non-material-specific way. This 'universal technique' may have major applications linked to the control and analysis of different properties for 2D and 3D materials, which can in turn enable the advancement of cutting-edge fields such us information processing and quantum computing.

      

      
        Critical minerals recovery from electronic waste
        A nontoxic separation process recovers critical minerals from electronic scrap waste.

      

      
        This tiny chip can safeguard user data while enabling efficient computing on a smartphone
        A new chip can efficiently accelerate machine-learning workloads on edge devices like smartphones while protecting sensitive user data from two common types of attacks -- side-channel attacks and bus-probing attacks.

      

      
        Super Mario hackers' tricks could protect software from bugs
        Video gamers who exploit glitches in games can help experts better understand buggy software, students suggest.

      

      
        Researchers create artificial cells that act like living cells
        Researchers describe the steps they took to manipulate DNA and proteins -- essential building blocks of life -- to create cells that look and act like cells from the body. This accomplishment, a first in the field, has implications for efforts in regenerative medicine, drug delivery systems and diagnostic tools.

      

      
        Toward unification of turbulence framework -- weak-to-strong transition discovered in turbulence
        Astrophysicists have made a significant step toward solving the last puzzle in magnetohydrodynamic turbulence theory by observing the weak to strong transition in the space plasma turbulence surrounding Earth with newly developed multi-spacecraft analysis methods.

      

      
        Major milestone reached for key weapons component
        Scientists have completed a crucial weapons component development milestone, prior to full rate production.

      

      
        Magnetic microcoils unlock targeted single-neuron therapies for neurodegenerative disorders
        Researchers deploy an array of microscopic coils to create a magnetic field and stimulate individual neurons. The magnetic field can induce an electric field in any nearby neurons, the same effect created by an electrode but much more precise. They used an array of eight coils, which combined can induce electric fields using much less current per coil, and employed soft magnetic materials, which boost the magnetic strength of the coils. The researchers constructed a prototype of their coil array,...

      

      
        Laser-treated cork absorbs oil for carbon-neutral ocean cleanup
        Researchers use laser treatments to transform ordinary cork into a powerful tool for treating oil spills. They tested variations of a fast-pulsing laser treatment, closely examining the nanoscopic structural changes and measuring the ratio of oxygen and carbon in the material, changes in the angles with which water and oil contact the surface, and the material's light wave absorption, reflection, and emission across the spectrum to determine its durability after multiple cycles of warming and coo...

      

      
        Hey Dave, I've got an idea for you: What's the potential of AI-led workshopping?
        Sure, ChatGPT can write a poem about your pet in the style of T.S Eliot, but generative artificial intelligence (AI) chatbots have a potentially more useful role to play in idea generation according to a new study.

      

      
        Gentle defibrillation for the heart
        Using light pulses as a model for electrical defibrillation, scientists developed a method to assess and modulate the heart function. The research team has thus paved the way for an efficient and direct treatment for cardiac arrhythmias. This may be an alternative for the strong and painful electrical shocks currently used.

      

      
        Manipulating the geometry of 'electron universe' in magnets
        Researchers have discovered a unique property, the quantum metric, within magnetic materials, altering the 'electron universe' geometry. This distinct electric signal challenges traditional electrical conduction and could revolutionize spintronic devices.

      

      
        Unlocking spin current secrets: A new milestone in spintronics
        Using neutron scattering and voltage measurements, a group of researchers have discovered that a material's magnetic properties can predict spin current changes with temperature. The finding is a major breakthrough in the field of spintronics.

      

      
        Perfecting the view on a crystal's imperfection
        Hexagonal boron nitride (hBN) has gained widespread attention and application across various quantum fields and technologies because it contains single-photon emmiters (SPEs), along with a layered structure that is easy to manipulation. The precise mechanisms governing the development and function of SPEs within hBN have remained elusive. Now, a new study reveals significant insights into the properties of hBN, offering a solution to discrepancies in previous research on the proposed origins of S...

      

      
        AI tool creates 'synthetic' images of cells for enhanced microscopy analysis
        Researchers have developed a method to use an image generation AI model to create realistic images of single cells, which are then used as 'synthetic data' to train an AI model to better carry out single-cell segmentation.

      

      
        This alloy is kinky
        Researchers have uncovered a remarkable metal alloy that won t crack at extreme temperatures due to kinking, or bending, of crystals in the alloy at the atomic level. Unlike most materials, the new alloy keeps its shape and resists cracking at both high and low temperature extremes, making it potentially suitable for demanding applications like high-efficiency aerospace engines.

      

      
        To find life in the universe, look to deadly Venus
        Despite surface temperatures hot enough to melt lead, lava-spewing volcanoes, and puffy clouds of sulfuric acid, uninhabitable Venus offers vital lessons about the potential for life on other planets, a new paper argues.

      

      
        Giant galactic explosion exposes galaxy pollution in action
        Astronomers have produced the first high-resolution map of a massive explosion in a nearby galaxy, providing important clues on how the space between galaxies is polluted with chemical elements.

      

      
        Switching off the light to see better
        Researchers used structured light and switchable fluorescent molecules to reduce the background light from the out-of-plane regions of microscope samples. This method allowed for the acquisition of images that surpassed the conventional resolution limit, and it may be useful for further study of cell clusters and other biological systems.

      

      
        New sensing checks for 3D printed products could overhaul manufacturing sector
        A sensing technology that can assess the quality of components in fields such as aerospace could transform UK industry.

      

      
        2D materials rotate light polarization
        Physicists have shown that ultra-thin two-dimensional materials such as tungsten diselenide can rotate the polarization of visible light by several degrees at certain wavelengths under small magnetic fields suitable for use on chips.

      

      
        Predicting cardiac arrhythmia 30 minutes before it happens
        Atrial fibrillation is the most common cardiac arrhythmia worldwide with around 59 million people concerned in 2019. This irregular heartbeat is associated with increased risks of heart failure, dementia and stroke. It constitutes a significant burden to healthcare systems, making its early detection and treatment a major goal. Researchers have recently developed a deep-learning model capable of predicting the transition from a normal cardiac rhythm to atrial fibrillation. It gives early warnings...

      

      
        AI weather forecasts captured Ciaran's destructive path
        The study highlights the rapid progress and transformative potential of AI in weather prediction.

      

      
        Magnetic with a pinch of hydrogen
        Magnetic two-dimensional materials consisting of one or a few atomic layers have only recently become known and promise interesting applications, for example for the electronics of the future. So far, however, it has not been possible to control the magnetic states of these materials well enough. A research team is now presenting an innovative idea that could overcome this shortcoming -- by allowing the 2D layer to react with hydrogen.

      

      
        More economical and sustainable rechargeable batteries
        Lithium salts make batteries powerful but expensive. An ultralow-concentration electrolyte based on the lithium salt LiDFOB may be a more economical and more sustainable alternative. Cells using these electrolytes and conventional electrodes have been demonstrated to have high performance. In addition, the electrolyte could facilitate both production and recycling of the batteries.

      

      
        Simulated microgravity affects sleep and physiological rhythms
        Simulated effects of microgravity significantly affect rhythmicity and sleep in humans, a new study finds. Such disturbances could negatively affect the physiology and performance of astronauts in space.

      

      
        Superradiant atoms could push the boundaries of how precisely time can be measured
        Superradiant atoms can help us measure time more precisely than ever. In a new study, researchers present a new method for measuring the time interval, the second, mitigating some of the limitations that today's most advanced atomic clocks encounter. The result could have broad implications in areas such as space travel, volcanic eruptions and GPS systems.

      

      
        Despite AI advancements, human oversight remains essential
        State-of-the-art artificial intelligence systems known as large language models (LLMs) are poor medical coders, according to researchers. Their study emphasizes the necessity for refinement and validation of these technologies before considering clinical implementation. The study extracted a list of more than 27,000 unique diagnosis and procedure codes from 12 months of routine care in the Mount Sinai Health System, while excluding identifiable patient data. Using the description for each code, t...

      

      
        AI and physics combine to reveal the 3D structure of a flare erupting around a black hole
        Based on radio telescope data and models of black hole physics, a team has used neural networks to reconstruct a 3D image that shows how explosive flare-ups in the disk of gas around our supermassive black hole might look.

      

      
        New copper-catalyzed C-H activation strategy
        Inspired by what human liver enzymes can do, chemists have developed a new set of copper-catalyzed organic synthesis reactions for building and modifying pharmaceuticals and other molecules. The new reactions are expected to be widely used in drug discovery and optimization, as well as in other chemistry-based industries.

      

      
        New beta-decay measurements in mirror nuclei pin down the weak nuclear force
        Scientists have gained insights into the weak nuclear force from new, more sensitive studies of the beta decays of the 'mirror' nuclei lithium-8 and boron-8. The weak nuclear force drives the process of nuclear beta decay. The research found that the properties of the beta decays of lithium-8 and boron-8 are in perfect agreement with the predictions of the Standard Model.

      

      
        Shoe technology reduces risk of diabetic foot ulcers
        Researchers have developed a new shoe insole technology that helps reduce the risk of diabetic foot ulcers, a dangerous open sore that can lead to hospitalization and leg, foot or toe amputations.

      

      
        Compact quantum light processing
        An international collaboration of researchers has achieved a significant breakthrough in quantum technology, with the successful demonstration of quantum interference among several single photons using a novel resource-efficient platform. The work represents a notable advancement in optical quantum computing that paves the way for more scalable quantum technologies.

      

      
        The biggest barrier to a vibrant second-hand EV market? Price
        As early adopters of electric vehicles (EVs) trade up for the latest models, the used EV market is beginning to mature in the United States. Yet many potential buyers, particularly low-income drivers, are skeptical of EV's conveniences and are put off by the price.

      

      
        Weather prediction models can also forecast satellite displacements
        Researchers have found that modern weather models can accurately predict the energy that Earth emits and reflects into space, which directly affects the movements of low Earth-orbiting (LEO) satellites. By leveraging these models, the researchers gained insights into how LEO satellites respond to weather events below, such as tropical cyclones with tall and reflective clouds.
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Artificial intelligence helps scientists engineer plants to fight climate change | ScienceDaily
The Intergovernmental Panel on Climate Change (IPCC) declared that removing carbon from the atmosphere is now essential to fighting climate change and limiting global temperature rise. To support these efforts, Salk scientists are harnessing plants' natural ability to draw carbon dioxide out of the air by optimizing their root systems to store more carbon for a longer period of time.


						
To design these climate-saving plants, scientists in Salk's Harnessing Plants Initiative are using a sophisticated new research tool called SLEAP -- an easy-to-use artificial intelligence (AI) software that tracks multiple features of root growth. Created by Salk Fellow Talmo Pereira, SLEAP was initially designed to track animal movement in the lab. Now, Pereira has teamed up with plant scientist and Salk colleague Professor Wolfgang Busch to apply SLEAP to plants.

In a study published in Plant Phenomics on April 12, 2024, Busch and Pereira debut a new protocol for using SLEAP to analyze plant root phenotypes -- how deep and wide they grow, how massive their root systems become, and other physical qualities that, prior to SLEAP, were tedious to measure. The application of SLEAP to plants has already enabled researchers to establish the most extensive catalog of plant root system phenotypes to date.

What's more, tracking these physical root system characteristics helps scientists find genes affiliated with those characteristics, as well as whether multiple root characteristics are determined by the same genes or independently. This allows the Salk team to determine what genes are most beneficial to their plant designs.

"This collaboration is truly a testament to what makes Salk science so special and impactful," says Pereira. "We're not just 'borrowing' from different disciplines -- we're really putting them on equal footing in order to create something greater than the sum of its parts."

Prior to using SLEAP, tracking the physical characteristics of both plants and animals required a lot of labor that slowed the scientific process. If researchers wanted to analyze an image of a plant, they would need to manually flag the parts of the image that were and weren't plant -- frame-by-frame, part-by-part, pixel-by-pixel. Only then could older AI models be applied to process the image and gather data about the plant's structure.

What sets SLEAP apart is its unique use of both computer vision (the ability for computers to understand images) and deep learning (an AI approach for training a computer to learn and work like the human brain). This combination allows researchers to process images without moving pixel-by-pixel, instead skipping this intermediate labor-intensive step to jump straight from image input to defined plant features.




"We created a robust protocol validated in multiple plant types that cuts down on analysis time and human error, while emphasizing accessibility and ease-of-use -- and it required no changes to the actual SLEAP software," says first author Elizabeth Berrigan, a bioinformatics analyst in Busch's lab.

Without modifying the baseline technology of SLEAP, the researchers developed a downloadable toolkit for SLEAP called sleap-roots (available as open-source software here). With sleap-roots, SLEAP can process biological traits of root systems like depth, mass, and angle of growth. The Salk team tested the sleap-roots package in a variety of plants, including crop plants like soybeans, rice, and canola, as well as the model plant species Arabidopsis thaliana -- a flowering weed in the mustard family. Across the variety of plants trialed, they found the novel SLEAP-based method outperformed existing practices by annotating 1.5 times faster, training the AI model 10 times faster, and predicting plant structure on new data 10 times faster, all with the same or better accuracy than before.

Together with massive genome sequencing efforts for elucidating the genotype data in large numbers of crop varieties, these phenotypic data, such as a plant's root system growing especially deep in soil, can be extrapolated to understand the genes responsible for creating that especially deep root system.

This step -- connecting phenotype and genotype -- is crucial in Salk's mission to create plants that hold on to more carbon and for longer, as those plants will need root systems designed to be deeper and more robust. Implementing this accurate and efficient software will allow the Harnessing Plants Initiative to connect desirable phenotypes to targetable genes with groundbreaking ease and speed.

"We have already been able to create the most extensive catalogue of plant root system phenotypes to date, which is really accelerating our research to create carbon-capturing plants that fight climate change," says Busch, the Hess Chair in Plant Science at Salk. "SLEAP has been so easy to apply and use, thanks to Talmo's professional software design, and it's going to be an indispensable tool in my lab moving forward."

Accessibility and reproducibility were at the forefront of Pereira's mind when creating both SLEAP and sleap-roots. Because the software and sleap-roots toolkit are free to use, the researchers are excited to see how sleap-roots will be used around the world. Already, they have begun discussions with NASA scientists hoping to utilize the tool not only to help guide carbon-sequestering plants on Earth, but also to study plants in space.

At Salk, the collaborative team is not yet ready to disband -- they are already embarking on a new challenge of analyzing 3D data with SLEAP. Efforts to refine, expand, and share SLEAP and sleap-roots will continue for years to come, but its use in Salk's Harnessing Plants Initiative is already accelerating plant designs and helping the Institute make an impact on climate change.

Other authors include Lin Wang, Hannah Carrillo, Kimberly Echegoyen, Mikayla Kappes, Jorge Torres, Angel Ai-Perreira, Erica McCoy, Emily Shane, Charles Copeland, Lauren Ragel, Charidimos Georgousakis, Sanghwa Lee, Dawn Reynolds, Avery Talgo, Juan Gonzalez, Ling Zhang, Ashish Rajurkar, Michel Ruiz, Erin Daniels, Liezl Maree, and Shree Pariyar of Salk.

The work was supported by the Bezos Earth Fund, the Hess Corporation, the TED Audacious Project, and the National Institutes of Health (RF1MH132653).
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How light can vaporize water without the need for heat | ScienceDaily
It's the most fundamental of processes -- the evaporation of water from the surfaces of oceans and lakes, the burning off of fog in the morning sun, and the drying of briny ponds that leaves solid salt behind. Evaporation is all around us, and humans have been observing it and making use of it for as long as we have existed.


						
And yet, it turns out, we've been missing a major part of the picture all along.

In a series of painstakingly precise experiments, a team of researchers at MIT has demonstrated that heat isn't alone in causing water to evaporate. Light, striking the water's surface where air and water meet, can break water molecules away and float them into the air, causing evaporation in the absence of any source of heat.

The astonishing new discovery could have a wide range of significant implications. It could help explain mysterious measurements over the years of how sunlight affects clouds, and therefore affect calculations of the effects of climate change on cloud cover and precipitation. It could also lead to new ways of designing industrial processes such as solar-powered desalination or drying of materials.

The findings, and the many different lines of evidence that demonstrate the reality of the phenomenon and the details of how it works, are described in the journal PNAS, in a paper by Carl Richard Soderberg Professor of Power Engineering Gang Chen, postdocs Guangxin Lv and Yaodong Tu, and graduate student James Zhang.

The authors say their study suggests that the effect should happen widely in nature -- everywhere from clouds to fogs to the surfaces of oceans, soils, and plants -- and that it could also lead to new practical applications, including in energy and clean water production. "I think this has a lot of applications," Chen says. "We're exploring all these different directions. And of course, it also affects the basic science, like the effects of clouds on climate, because clouds are the most uncertain aspect of climate models."

A newfound phenomenon

The new work builds on research reported last year, which described this new "photomolecular effect" but only under very specialized conditions: on the surface of specially prepared hydrogels soaked with water. In the new study, the researchers demonstrate that the hydrogel is not necessary for the process; it occurs at any water surface exposed to light, whether it's a flat surface like a body of water or a curved surface like a droplet of cloud vapor.




Because the effect was so unexpected, the team worked to prove its existence with as many different lines of evidence as possible. In this study, they report 14 different kinds of tests and measurements they carried out to establish that water was indeed evaporating -- that is, molecules of water were being knocked loose from the water's surface and wafted into the air -- due to the light alone, not by heat, which was long assumed to be the only mechanism involved.

One key indicator, which showed up consistently in four different kinds of experiments under different conditions, was that as the water began to evaporate from a test container under visible light, the air temperature measured above the water's surface cooled down and then leveled off, showing that thermal energy was not the driving force behind the effect.

Other key indicators that showed up included the way the evaporation effect varied depending on the angle of the light, the exact color of the light, and its polarization. None of these varying characteristics should happen because at these wavelengths, water hardly absorbs light at all -- and yet the researchers observed them.

The effect is strongest when light hits the water surface at an angle of 45 degrees. It is also strongest with a certain type of polarization, called transverse magnetic polarization. And it peaks in green light -- which, oddly, is the color for which water is most transparent and thus interacts the least.

Chen and his co-researchers have proposed a physical mechanism that can explain the angle and polarization dependence of the effect, showing that the photons of light can impart a net force on water molecules at the water surface that is sufficient to knock them loose from the body of water. But they cannot yet account for the color dependence, which they say will require further study.

They have named this the photomolecular effect, by analogy with the photoelectric effect that was discovered by Heinrich Hertz in 1887 and finally explained by Albert Einstein in 1905. That effect was one of the first demonstrations that light also has particle characteristics, which had major implications in physics and led to a wide variety of applications, including LEDs. Just as the photoelectric effect liberates electrons from atoms in a material in response to being hit by a photon of light, the photomolecular effect shows that photons can liberate entire molecules from a liquid surface, the researchers say.




"The finding of evaporation caused by light instead of heat provides new disruptive knowledge of light-water interaction," says Xiulin Ruan, professor of mechanical engineering at Purdue University, who was not involved in the study. "It could help us gain new understanding of how sunlight interacts with cloud, fog, oceans, and other natural water bodies to affect weather and climate. It has significant potential practical applications such as high-performance water desalination driven by solar energy. This research is among the rare group of truly revolutionary discoveries which are not widely accepted by the community right away but take time, sometimes a long time, to be confirmed."

Solving a cloud conundrum

The finding may solve an 80-year-old mystery in climate science. Measurements of how clouds absorb sunlight have often shown that they are absorbing more sunlight than conventional physics dictates possible. The additional evaporation caused by this effect could account for the longstanding discrepancy, which has been a subject of dispute since such measurements are difficult to make.

"Those experiments are based on satellite data and flight data," Chen explains. "They fly an airplane on top of and below the clouds, and there are also data based on the ocean temperature and radiation balance. And they all conclude that there is more absorption by clouds than theory could calculate. However, due to the complexity of clouds and the difficulties of making such measurements, researchers have been debating whether such discrepancies are real or not. And what we discovered suggests that hey, there's another mechanism for cloud absorption, which was not accounted for, and this mechanism might explain the discrepancies."

Chen says he recently spoke about the phenomenon at an American Physical Society conference, and one physicist there who studies clouds and climate said they had never thought about this possibility, which could affect calculations of the complex effects of clouds on climate. The team conducted experiments using LEDs shining on an artificial cloud chamber, and they observed heating of the fog, which was not supposed to happen since water does not absorb in the visible spectrum. "Such heating can be explained based on the photomolecular effect more easily," he says.

Lv says that of the many lines of evidence, "the flat region in the air-side temperature distribution above hot water will be the easiest for people to reproduce." That temperature profile "is a signature" that demonstrates the effect clearly, he says.

Zhang adds: "It is quite hard to explain how this kind of flat temperature profile comes about without invoking some other mechanism" beyond the accepted theories of thermal evaporation. "It ties together what a whole lot of people are reporting in their solar desalination devices," which again show evaporation rates that cannot be explained by the thermal input.

The effect can be substantial. Under the optimum conditions of color, angle, and polarization, Lv says, "the evaporation rate is four times the thermal limit."

Already, since publication of the first paper, the team has been approached by companies that hope to harness the effect, Chen says, including for evaporating syrup and drying paper in a paper mill. The likeliest first applications will come in the areas of solar desalinization systems or other industrial drying processes, he says. "Drying consumes 20 percent of all industrial energy usage," he points out.

Because the effect is so new and unexpected, Chen says, "This phenomenon should be very general, and our experiment is really just the beginning." The experiments needed to demonstrate and quantify the effect are very time-consuming. "There are many variables, from understanding water itself, to extending to other materials, other liquids and even solids," he says.

The work was partly supported by an MIT Bose Award.
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Positive perceptions of solar projects | ScienceDaily
As solar energy development accelerates, how do Americans actually feel about those large scale solar, or LSS, farms they see along the highway or near their neighborhood? A new survey has found that for residents living within three miles of a large-scale solar development, positive attitudes outnumbered negative attitudes by almost a 3-to-1 margin.


						
Researchers at Lawrence Berkeley National Laboratory, Michigan State University and the University of Michigan surveyed almost 1,000 residents living near solar projects -- the first time a representative survey of this kind has been deployed nationally.

Among these respondents, 42% support additional development in their community, compared to 18% who would oppose further projects. At the same time, more than 80% of the respondents were unaware of the project prior to construction and a third did not know until completing the survey.

Doug Bessette, associate professor for energy systems in the Department of Community Sustainability at Michigan State University's College of Agriculture and Natural Resources, was one of the leads on the project.

"The responses from residents were generally positive, which is good to see considering the amount of solar that is likely to be developed in the coming years," Bessette said. "At the same time, we saw more negative attitudes associated with larger projects and somewhat less support amongst neighbors living really close, within a quarter mile of projects, so there's a lot of work to be done."

Positive attitudes were indeed more common among residents living farther from LSS projects than for those living closer to them. The largest projects tend to provoke negative attitudes, while projects under 100 megawatts -- those requiring less than roughly 600 acres or one square mile -- tend to receive mostly positive responses. Factors like aesthetics, economics and perceptions of fairness in the planning process strongly influence attitudes.

Residents largely oppose increased state-level decision-making on future LSS siting, preferring increased opportunities for community participation and feedback. They also expressed a preference for local hiring, procurement and ownership. For reliable information about what impact a proposed project might have on their community, residents trust existing energy project neighbors, community organizations and university staff.




Jake White, a doctoral student, who contributed to the survey, said, "Our findings show that LSS neighbors want to be engaged more, with respondents strongly supporting increased opportunities for participation in planning processes. This demonstrates a big opportunity for improvement in LSS planning processes -- hopefully leading to better outcomes for all."

When it comes to future LSS projects, respondents favored disturbed sites, such as landfills, as opposed to farmland. There is also a need for communications efforts to increase awareness and engage neighbors when projects come to communities.

So while there is more work to be done, this survey's results indicate moderate support for solar going forward, with further analysis planned to gauge influencing factors and address equity concerns.

"We were happy to see this last one," Bessette notes.
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Rubber-like stretchable energy storage device fabricated with laser precision | ScienceDaily
Professor Jin Kon Kim and Dr. Keon-Woo Kim from the Department of Chemical Engineering at Pohang University of Science and Technology (POSTECH), in collaboration with Dr. Chanwoo Yang and Researcher Seong Ju Park from the Korea Institute of Industrial Technology (KITECH), have achieved a significant breakthrough in developing a small-scale energy storage device capable of stretching, twisting, folding, and wrinkling. Their research has been published in the electronic engineering journal, npj Flexible Electronics.


						
The advent of wearable technology has brought with it a pressing need for energy storage solutions that can keep pace with the flexibility and stretchability of soft electronic devices. Micro supercapacitors(MSCs) have emerged as a promising candidate for deformable energy storage, due to high-power density, rapid charging, and long cycle life. However, the fabrication of interdigitated electrode patterns capable of maintaining the energy storage performance under repeated stretching and twisting has remained a great challenge, because brittle materials like gold (Au) have been commonly used as an electrode. Meanwhile, though eutectic gallium-indium liquid metal (EGaIn) has high conductivity and deformability, a fine patterning of EGaIn is extremely difficult due to very high surface tension of EGaIn.

The research team successfully fabricated fine patterning, by using laser, of both EGaIn and graphene (serving as an active material) layers as on a stretchable polystyrene-block-poly(ethylene-co-butylene)-block-polystyrene copolymer (SEBS) substrate. During laser ablation of EGaIn and graphene layers, the underlying stretchable SEBS substrate was not damaged, which maintained the flexibility of MSC device. The areal capacitance of the resulting MSC retains its original value even after stretching up to 1,000 cycles. Also, the fabricated MSCs operate stably under various mechanical deformations, including stretching, folding, twisting, and wrinkling (see the attached images).

Professor Jin Kon Kim of POSTECH remarked, "the use of laser-patterned liquid metal electrodes represents a significant step forward in the development of truly deformable energy storage solutions. As wearable technologies continue to advance, innovations like these will play a vital role in ensuring that our devices can adapt to the demands of our dynamic lifestyles."

This research was granted financial resources (National Creative Research Initiative Program) from the Ministry of Economy and Finance, Republic of Korea, and supported by the Industry-leading Core Production Technology Development Project of the Korea Institute of Industrial Technology.
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Social media can be used to increase fruit and vegetable intake in young people | ScienceDaily
Researchers from Aston University have found that people following healthy eating accounts on social media for as little as two weeks ate more fruit and vegetables and less junk food.


						
Previous research has shown that positive social norms about fruit and vegetables increases individuals' consumption. The research team sought to investigate whether positive representation of healthier food on social media would have the same effect. The research was led by Dr Lily Hawkins, whose PhD study it was, supervised by Dr Jason Thomas and Professor Claire Farrow in the School of Psychology.

The researchers recruited 52 volunteers, all social media users, with a mean age of 22, and split them into two groups. Volunteers in the first group, known as the intervention group, were asked to follow healthy eating Instagram accounts in addition to their usual accounts. Volunteers in the second group, known as the control group, were asked to follow interior design accounts. The experiment lasted two weeks, and the volunteers recorded what they ate and drank during the time period.

Overall, participants following the healthy eating accounts ate an extra 1.4 portions of fruit and vegetables per day and 0.8 fewer energy dense items, such as high-calorie snacks and sugar-sweetened drinks, per day. This is a substantial improvement compared to previous educational and social media-based interventions attempting to improve diets.

Dr Thomas and the team believe affiliation is a key component of the change in eating behaviour. For example, the effect was more pronounced amongst participants who felt affiliated with other Instagram users.

The 2018 NHS Health Survey for England study showed that only 28% of the UK population consumed the recommended five portions of fruit and vegetables per day. Low consumption of such food is linked to heart disease, cancer and stroke, so identifying ways to encourage higher consumption is vital. Exposing people to positive social norms, using posters in canteens encouraging vegetable consumption, or in bars to discourage dangerous levels of drinking, have been shown to work. Social media is so prevalent now that the researchers believe it could be an ideal way to spread positive social norms around high fruit and vegetable consumption, particularly amongst younger people.

Dr Thomas said:

"This is only a pilot intervention study at the moment, but it's quite an exciting suite of findings, as it suggests that even some minor tweaks to our social media accounts might lead to substantial improvements in diet, at zero cost! Our future work will examine whether such interventions actually do change our perceptions of what others are consuming, and also, whether these interventions produce effects that are sustained over time."

Dr Hawkins, who is now at the University of Exeter, said:

"Our previous research has demonstrated that social norms on social media may nudge food consumption, but this pilot demonstrates that this translates to the real world. Of course, we would like to now understand whether this can be replicated in a larger, community sample."
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Computer game in school made students better at detecting fake news | ScienceDaily
A computer game helped upper secondary school students become better at distinguishing between reliable and misleading news. This is shown by a study conducted by researchers at Uppsala University and elsewhere.


						
"This is an important step towards equipping young people with the tools they need to navigate in a world full of disinformation. We all need to become better at identifying manipulative strategies -- prebunking, as it is known -- since it is virtually impossible to discern deep fakes, for example, and other AI-generated disinformation with the naked eye," says Thomas Nygren, Professor of Education at Uppsala University.

Along with three other researchers, he conducted a study involving 516 Swedish upper secondary school students in different programmes at four schools. The study, published in the Journal of Research on Technology in Education, investigated the effect of the game Bad News in a classroom setting -- this is the first time the game has been scientifically tested in a normal classroom. The game has been created for research and teaching, and the participants assume the role of spreader of misleading news. The students in the study either played the game individually, in pairs or in whole class groups with a shared scorecard -- all three methods had positive effects. This surprised the researchers, who believed students would learn more by working at the computer together.

"The students improved their ability to identify manipulative techniques in social media posts and to distinguish between reliable and misleading news," Nygren comments.

The study also showed that students who already had a positive attitude towards trustworthy news sources were better at distinguishing disinformation, and this attitude became significantly more positive after playing the game. Moreover, many students improved their assessments of credibility and were able to explain how they could identify manipulative techniques in a more sophisticated way.

The researchers noted that competitive elements in the game made for greater interest and enhanced its benefit. They therefore conclude that the study contributes insights for teachers into how serious games can be used in formal instruction to promote media and information literacy.

"Some people believe that gamification can enhance learning in school. However, our results show that more gamification in the form of competitive elements does not necessarily mean that students learn more -- though it can be perceived as more fun and interesting," Nygren says.

Participating researchers: Carl-Anton Werner Axelsson (Malardalen and Uppsala), Thomas Nygren (Uppsala), Jon Roozenbeek (Cambridge) and Sander van der Linden (Cambridge).
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Holographic displays offer a glimpse into an immersive future | ScienceDaily
Setting the stage for a new era of immersive displays, researchers are one step closer to mixing the real and virtual worlds in an ordinary pair of eyeglasses using high-definition 3D holographic images, according to a study led by Princeton University researchers.


						
Holographic images have real depth because they are three dimensional, whereas monitors merely simulate depth on a 2D screen. Because we see in three dimensions, holographic images could be integrated seamlessly into our normal view of the everyday world.

The result is a virtual and augmented reality display that has the potential to be truly immersive, the kind where you can move your head normally and never lose the holographic images from view. "To get a similar experience using a monitor, you would need to sit right in front of a cinema screen," said Felix Heide, assistant professor of computer science and senior author on a paper published April 22 in Nature Communications.

And you wouldn't need to wear a screen in front of your eyes to get this immersive experience. Optical elements required to create these images are tiny and could potentially fit on a regular pair of glasses. Virtual reality displays that use a monitor, as current displays do, require a full headset. And they tend to be bulky because they need to accommodate a screen and the hardware necessary to operate it.

"Holography could make virtual and augmented reality displays easily usable, wearable and ultrathin," said Heide. They could transform how we interact with our environments, everything from getting directions while driving, to monitoring a patient during surgery, to accessing plumbing instructions while doing a home repair.

One of the most important challenges is quality. Holographic images are created by a small chip-like device called a spatial light modulator. Until now, these modulators could only create images that are either small and clear or large and fuzzy. This tradeoff between image size and clarity results in a narrow field of view, too narrow to give the user an immersive experience. "If you look towards the corners of the display, the whole image may disappear," said Nathan Matsuda, research scientist at Meta and co-author on the paper.

Heide, Matsuda and Ethan Tseng, doctoral student in computer science, have created a device to improve image quality and potentially solve this problem. Along with their collaborators, they built a second optical element to work in tandem with the spatial light modulator. Their device filters the light from the spatial light modulator to expand the field of view while preserving the stability and fidelity of the image. It creates a larger image with only a minimal drop in quality.

Image quality has been a core challenge preventing the practical applications of holographic displays, said Matsuda. "The research brings us one step closer to resolving this challenge," he said.

The new optical element is like a very small custom-built piece of frosted glass, said Heide. The pattern etched into the frosted glass is the key. Designed using AI and optical techniques, the etched surface scatters light created by the spatial light modulator in a very precise way, pushing some elements of an image into frequency bands that are not easily perceived by the human eye. This improves the quality of the holographic image and expands the field of view.

Still, hurdles to making a working holographic display remain. The image quality isn't yet perfect, said Heide, and the fabrication process for the optical elements needs to be improved. "A lot of technology has to come together to make this feasible," said Heide. "But this research shows a path forward."
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This salt battery harvests osmotic energy where the river meets the sea | ScienceDaily
Estuaries -- where freshwater rivers meet the salty sea -- are great locations for birdwatching and kayaking. In these areas, waters containing different salt concentrations mix and may be sources of sustainable, "blue" osmotic energy. Researchers in ACS Energy Letters report creating a semipermeable membrane that harvests osmotic energy from salt gradients and converts it to electricity. The new design had an output power density more than two times higher than commercial membranes in lab demonstrations.


						
Osmotic energy can be generated anywhere salt gradients are found, but the available technologies to capture this renewable energy have room for improvement. One method uses an array of reverse electrodialysis (RED) membranes that act as a sort of "salt battery," generating electricity from pressure differences caused by the salt gradient. To even out that gradient, positively charged ions from seawater, such as sodium, flow through the system to the freshwater, increasing the pressure on the membrane. To further increase its harvesting power, the membrane also needs to keep a low internal electrical resistance by allowing electrons to easily flow in the opposite direction of the ions. Previous research suggests that improving both the flow of ions across the RED membrane and the efficiency of electron transport would likely increase the amount of electricity captured from osmotic energy. So, Dongdong Ye, Xingzhen Qin and colleagues designed a semipermeable membrane from environmentally friendly materials that would theoretically minimize internal resistance and maximize output power.

The researchers' RED membrane prototype contained separate (i.e., decoupled) channels for ion transport and electron transport. They created this by sandwiching a negatively charged cellulose hydrogel (for ion transport) between layers of an organic, electrically conductive polymer called polyaniline (for electron transport). Initial tests confirmed their theory that decoupled transport channels resulted in higher ion conductivity and lower resistivity compared to homogenous membranes made from the same materials. In a water tank that simulated an estuary environment, their prototype achieved an output power density 2.34 times higher than a commercial RED membrane and maintained performance during 16 days of non-stop operation, demonstrating its long-term, stable performance underwater. In a final test, the team created a salt battery array from 20 of their RED membranes and generated enough electricity to individually power a calculator, LED light and stopwatch.

Ye, Qin and their team members say their findings expand the range of ecological materials that could be used to make RED membranes and improve osmotic energy-harvesting performance, making these systems more feasible for real-world use.

The authors acknowledge funding from the National Natural Science Foundation of China.
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AI tool recognizes serious ocular disease in horses | ScienceDaily
Researchers at the LMU Equine Clinic have developed a deep learning tool that is capable of reliably diagnosing moon blindness in horses based on photos.


						
Colloquially known as moon blindness, equine recurrent uveitis (ERU) is an inflammatory ocular disease in horses, which can lead to blindness or loss of the affected eye. It is one of the most common eye diseases in horses and has a major economic impact. Correct and swift diagnosis is very important to minimize lasting damage. A team led by Professor Anna May from the LMU Equine Clinic has developed and trained a deep learning tool that reliably recognizes the disease and can support veterinary doctors in the making of diagnoses, as the researchers report in a current study.

In an online survey, the researchers asked some 150 veterinarians to evaluate 40 photos. The pictures showed a mixture of healthy eyes, eyes with ERU, and eyes with other diseases. Working on the basis of image analyses, the deep learning tool was given the task of evaluating the same photos. Subsequently, May compared the results of the veterinarians against those of the AI. She discovered that veterinary doctors specialized in horses interpreted the pictures correctly 76 percent of the time, while the remaining vets from small animal or mixed practices were right 67 percent of the time. "With the deep learning tool, the probability of getting a correct answer was 93 percent," says May. "Although the differences were not statistically significant, they nonetheless show that the AI reliably recognizes an ERU and has great potential as a tool for supporting veterinary doctors."

The tool is web-app-based and simple to use. All you need is a smartphone. "It's not meant to replace veterinarians, but can help them reach the correct diagnosis. It is particularly valuable for less experienced professionals or for horse owners in regions where vets are few and far between," emphasizes May. Through the early detection of ERU, affected horses can receive appropriate treatment more quickly, which can be decisive in slowing down the progress of the disease and saving the afflicted eyes.
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Researchers find oldest undisputed evidence of Earth's magnetic field | ScienceDaily
A new study, led by the University of Oxford and MIT, has recovered a 3.7-billion-year-old record of Earth's magnetic field, and found that it appears remarkably similar to the field surrounding Earth today. The findings have been published today in the Journal of Geophysical Research.


						
Without its magnetic field, life on Earth would not be possible since this shields us from harmful cosmic radiation and charged particles emitted by the Sun (the 'solar wind'). But up to now, there has been no reliable date for when the modern magnetic field was first established.

In the new study, the researchers examined an ancient sequence of iron-containing rocks from Isua, Greenland. Iron particles effectively act as tiny magnets that can record both magnetic field strength and direction when the process of crystallization locks them in place. The researchers found that rocks dating from 3.7 billion years ago captured a magnetic field strength of at least 15 microtesla comparable to the modern magnetic field (30 microtesla).

These results provide the oldest estimate of the strength of Earth's magnetic field derived from whole rock samples, which provide a more accurate and reliable assessment than previous studies which used individual crystals.

Lead researcher Professor Claire Nichols (Department of Earth Sciences, University of Oxford) said: 'Extracting reliable records from rocks this old is extremely challenging, and it was really exciting to see primary magnetic signals begin to emerge when we analysed these samples in the lab. This is a really important step forward as we try and determine the role of the ancient magnetic field when life on Earth was first emerging.'

Whilst the magnetic field strength appears to have remained relatively constant, the solar wind is known to have been significantly stronger in the past. This suggests that the protection of Earth's surface from the solar wind has increased over time, which may have allowed life to move onto the continents and leave the protection of the oceans.

Earth's magnetic field is generated by mixing of the molten iron in the fluid outer core, driven by buoyancy forces as the inner core solidifies, which create a dynamo. During Earth's early formation, the solid inner core had not yet formed, leaving open questions about how the early magnetic field was sustained. These new results suggest the mechanism driving Earth's early dynamo was similarly efficient to the solidification process that generates Earth's magnetic field today.




Understanding how Earth's magnetic field strength has varied over time is also key for determining when Earth's inner, solid core began to form. This will help us to understand how rapidly heat is escaping from Earth's deep interior, which is key for understanding processes such as plate tectonics.

A significant challenge in reconstructing Earth's magnetic field so far back in time is that any event which heats the rock can alter preserved signals. Rocks in the Earth's crust often have long and complex geological histories which erase previous magnetic field information. However, the Isua Supracrustal Belt has a unique geology, sitting on top of thick continental crust which protects it from extensive tectonic activity and deformation. This allowed the researchers to build a clear body of evidence supporting the existence of the magnetic field 3.7 billion years ago.

The results may also provide new insights into the role of our magnetic field in shaping the development of Earth's atmosphere as we know it, particularly regarding atmospheric escape of gases. A currently unexplained phenomenon is the loss of the unreactive gas xenon from our atmosphere more than 2.5 billion years ago. Xenon is relatively heavy and therefore unlikely to have simply drifted out of our atmosphere. Recently, scientists have begun to investigate the possibility that charged xenon particles were removed from the atmosphere by the magnetic field.

In the future, researchers hope to expand our knowledge of Earth's magnetic field prior to the rise of oxygen in Earth's atmosphere around 2.5 billion years ago by examining other ancient rock sequences in Canada, Australia, and South Africa. A better understanding of the ancient strength and variability of Earth's magnetic field will help us to determine whether planetary magnetic fields are critical for hosting life on a planetary surface and their role in atmospheric evolution.
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Biophysics: Testing how well biomarkers work | ScienceDaily
LMU researchers have developed a method to determine how reliably target proteins can be labeled using super-resolution fluorescence microscopy.


						
Modern microscopy techniques make it possible to examine the inner workings of cells in astonishing detail. "We can now observe the arrangement and interaction of individual proteins under the microscope," says Professor Ralf Jungmann, Chair of Molecular Physics of Life at LMU and Max Planck Fellow at the MPI of Biochemistry. The biophysicist's team recently developed the revolutionary RESI (Resolution Enhancement by Sequential Imaging) method. This technique can be used to improve the resolution of fluorescence microscopy down to the Angstrom scale -- far below the classical diffraction limit of light. DNA-conjugated marker molecules, which the researchers attach precisely to the molecules they want to understand better, are crucial for this.

Jungmann's team has now presented a technique in the journal Nature Methods that can be used to quantify how well biomarker molecules bind to the target proteins. "This is absolutely crucial if you want to make quantitatively reliable statements," explains the physicist. If you know the labeling efficiency, you can carry out spatially resolved proteomics in this way. This allows you to find out not only what individual proteins do in a cell, but also to what extent they are present and how their quantity and behavior change under certain circumstances. "But this is only possible if we can assess how well the labeling has worked." This is because only labeled proteins emit flashes of light under the microscope and thus become visible.

Reliable and versatile

The method developed by Jungmann's team makes this assessment possible by adding a reference biomarker to the target proteins. This marker "glows" in a different color during microscopy, so that successfully marked proteins appear in two colors. Jungmann's team demonstrated this using the membrane protein CD86, among others: The reference produces a pink fluorescence, the actual marker a bluish one. This creates a pattern of innumerable pink and blue points of light. Where the marking did not work, only the reference lights up individually. The marking efficiency is calculated from the ratio of double and single illuminated molecules.

The method offers several advantages compared to previous methods for determining binding efficiency: "It works not only in vitro, but also in vivo, i.e. in the context of intact cells," explains Jungmann. "The technique can also be applied to a variety of different target molecules, biomarkers, and samples and is compatible with a whole range of super-resolution methods." A reliable and widely applicable means of assessing marker efficiency is crucial to ensure accurate data evaluation and enable reliable comparisons between different binders, labeling conditions, and research laboratories.

The authors of the study are certain that the new quantification method has paved the way for significantly expanding the potential of their super-resolution microscope method: "Now we can also consider specific biomedical applications in which the quantitative detection of proteins and processes is of great importance," says Jungmann. This includes cancer research, for example, where information about interactions between proteins on the cell surface and drugs with molecular resolution is essential for the development of new types of medication.
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High-resolution lidar sees birth zone of cloud droplets | ScienceDaily
A team led by atmospheric scientists at the U.S. Department of Energy's Brookhaven National Laboratory has demonstrated the first-ever remote observations of the fine-scale structure at the base of clouds. The results, just published in the Nature publication NPJ Climate and Atmospheric Science, show that the air-cloud interface is not a perfect boundary but rather is a transition zone where aerosol particles suspended in Earth's atmosphere give rise to the droplets that ultimately form clouds.


						
"We are interested in this 'droplet activation zone,' where most cloud droplets are initially formed at the cloud base, because the number of droplets formed there will affect the later stages and properties of the cloud -- including how much sunlight a cloud reflects and the likelihood of precipitation," said Brookhaven atmospheric scientist Fan Yang, the first author on the paper.

"If there are more aerosols in the atmosphere, clouds tend to have more droplets, but the droplets will each be smaller, which means they can reflect more sunlight," Yang said. "This might help to cool our warming Earth," he noted.

But to accurately predict the impacts of these aerosol-cloud interactions on the climate system, scientists need a way to measure cloud droplet number concentrations -- without having to fly up into lots of clouds to collect samples.

"This remains one of the biggest challenges in our field," Yang said.

The new remote-sensing measurements and method provide a novel way to estimate droplet concentration, which will enable scientists to gain insight into how changes in atmospheric aerosol levels could affect clouds and climate.

Seeing clouds in finer detail

Atmospheric lidars -- which send laser beams into the atmosphere and measure the signals of light backscattered from molecules, aerosols, and cloud droplets in the atmosphere -- have been widely used to measure the distance to the cloud base. But traditional lidars can't resolve detailed structures within the cloud base because they typically have a resolution of 10 meters or more.




"Ten meters is like the height of a building," said Yang, noting the ability of this scale to detect large objects. "But to know how many floors or windows that building has, you'd need much finer resolution."

To see details within the cloud base, the Brookhaven team worked with colleagues at Stevens Institute of Technology (SIT) and Raymetrics S.A. to build a new kind of lidar. Their device, described in an earlier publication, is a time-gated, time-correlated, single-photon counting lidar (T2 lidar) with a resolution down to 10 centimeters. That's two orders of magnitude higher resolution than traditional atmospheric lidars.

"With such a high resolution, the T2 lidar observations reveal the transition zone where aerosol particles absorb water vapor to be transformed into cloud droplets," Yang said.

"We used our unprecedented fine-scale T2 observations of the cloud base region to develop a theoretical model to estimate cloud droplet concentration based on T2-measured backscatter signals," he added.

One unique feature of the T2 lidar is the application of the time-gating technique -- forcing the detector to open its "eye" to make measurements in a narrow observational window in the atmosphere.

"This time gating allows us to 'look' at a specific region of interest within the cloud. This is different from a conventional lidar, where the lidar's 'eye' is generally open, being ready to capture back-scattered photons nearly all the time," Yang said.




By setting the time delay between the T2 lidar's laser pulse and the eye opening to different time intervals, the scientists can sample signals at different regions through the cloud.

The device also has a very high repetition rate, firing 20,000 laser pulses per second.

"We can learn about cloud properties from how the back-scattered signals are distributed within the observational window," Yang said.

Application for cloud chamber observations

To make the technique truly useful for accurate remote real-world measurements, the T2 lidar will have to be properly calibrated. That is, scientists need to fully understand how the measured light signals match up with the real-world cloud properties so they can fine-tune the computational algorithms they've written to relate one to the other.

Traditional lidar measurements of atmospheric clouds are sometimes cross-checked and calibrated by flying an aircraft through clouds to capture droplet samples. Scientists try to calibrate the lidar readings with the "true" properties of droplets from the in-situ aircraft measurements.

"The problem is, the remote sensing and in-situ measurements are usually not co-located," Yang said. That is, it's highly unlikely that an upward pointing lidar with a coarse resolution and a plane flying horizontally to collect a thin sample stream are gathering data on the same part of the cloud at the same time.

To improve on this situation, the Brookhaven and SIT team is using a technique similar to what they used in the T2 lidar to build a lidar with even finer resolution -- down to one centimeter. By using this higher-resolution lidar to make observations in a lab-based cloud chamber, they'll be able to match up backscattering signals with in-situ measurements of cloud physical properties taken at the same time and in the same location.

"Then we can take the lidar back out into the real atmosphere and be more confident in how our lidar measurements relate to cloud properties such as droplet number, concentration, and distribution," Yang said.

"This is just a start," Yang noted. "Our study highlights the benefits of applying advanced technologies to observe atmospheric clouds at submeter scales, which can open up new avenues for advancing our understanding of cloud microphysical properties and processes that are crucial to weather and climate."

The development of the T2 lidar was supported by Brookhaven National Laboratory Program Development and Laboratory Directed Research and Development funding. Collaborators received additional support from the National Science Foundation and the DOE Office of Science (BER).
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Making diamonds at ambient pressure | ScienceDaily
Did you know that 99% of synthetic diamonds are currently produced using high-pressure and high-temperature (HPHT) methods?[2] A prevailing paradigm is that diamonds can only be grown using liquid metal catalysts in the gigapascal pressure range (typically 5-6 GPa, where 1 GPa is about 10,000 atm), and typically within the temperature range of 1300-1600 degC. However, the diamonds produced using HPHT are always limited to sizes of approximately one cubic centimeter due to the components involved. That is -- achieving such high pressures can only be done at a relatively small length scale. Discovering alternative methods to make diamonds in liquid metal under milder conditions (particularly at lower pressure) is an intriguing basic science challenge that if achieved could revolutionize diamond manufacturing. Could the prevailing paradigm be challenged?


						
A team of researchers led by Director Rod RUOFF at the Center for Multidimensional Carbon Materials (CMCM) within the Institute for Basic Science (IBS), including graduate students at the Ulsan National Institute of Science and Technology (UNIST), have grown diamonds under conditions of 1 atmosphere pressure and at 1025 degC using a liquid metal alloy composed of gallium, iron, nickel, and silicon, thus breaking the existing paradigm. The discovery of this new growth method opens many possibilities for further basic science studies and for scaling up the growth of diamonds in new ways.

Director Ruoff, who is also a UNIST Distinguished Professor notes, "This pioneering breakthrough was the result of human ingenuity, unremitting efforts, and the concerted cooperation of many collaborators." Researchers led by Ruoff conducted a series of experiments, involving several hundred parameter adjustments and a variety of experimental approaches before they finally succeeded in growing diamonds using a 'home-built' cold-wall vacuum system.

Ruoff notes "We had been running our parametric studies in a large chamber (named RSR-A with an interior volume of 100 liters) and our search for parameters that would yield growth of diamond was slowed due to the time needed to pump out air (about 3 minutes), purge with inert gas (90 minutes), followed by pumping down again to vacuum level (3 minutes) so that the chamber could then be filled with 1 atmosphere pressure of quite pure hydrogen/methane mixture (again 90 minutes); that is over 3 hours before the experiment could be started! I asked Dr. Won Kyung SEONG to design & build a much smaller chamber to greatly reduce the time needed to start (and finish!) the experiment with the liquid metal exposed to the mixture of methane and hydrogen." Seong adds, "Our new homebuilt system (named RSR-S, with an interior volume of only 9 liters) can be pumped out, purged, pumped out, and filled with methane/hydrogen mixture, in a total time of 15 minutes. Parametric studies were greatly accelerated, and this helped us discover the parameters for which diamond grows in the liquid metal!"

The team discovered that diamond grows in the sub-surface of a liquid metal alloy consisting of a 77.75/11.00/11.00/0.25 mix (atomic percentages) of gallium/nickel/iron/silicon when exposed to methane and hydrogen under 1 atm pressure at ~1025 degC.

Yan GONG, UNIST graduate student and first author, explains "One day with the RSR-S system when I ran the experiment and then cooled down the graphite crucible to solidify the liquid metal, and removed the solidified liquid metal piece, I noticed a 'rainbow pattern' spread over a few millimeters on the bottom surface of this piece. We found out that the rainbow colors were due to diamonds! This allowed us to to identify parameters that favored the reproducible growth of diamond."

The initial formation occurs without the need for diamond or other seed particles commonly used in conventional HPHT and chemical vapor deposition synthesis methods. Once formed, the diamond particles merge to form a film, which can be easily detached and transferred to other substrates, for further studies and potential applications.




The synchrotron two-dimensional X-ray diffraction measurements confirmed that the synthesized diamond film has a very high purity of the diamond phase. Another intriguing aspect is the presence of silicon-vacancy color centers in the diamond structure, as an intense zero-phonon line at 738.5 nm in the photoluminescence spectrum excited by using a 532 nm laser was found.

Coauthor Dr. Meihui WANG notes, "This synthesized diamond with silicon-vacancy color centers may find applications in magnetic sensing and quantum computing."

The research team delved deeply into possible mechanisms for diamonds to nucleate and grow under these new conditions. High-resolution transmission electron microscope (TEM) imaging on cross-sections of the samples showed about 30-40 nm thick amorphous subsurface region in the solidified liquid metal that was directly in contact with the diamonds. Coauthor Dr. Myeonggi CHOE notes, "Approximately 27 percent of atoms that were present at the top surface of this amorphous region were carbon atoms, with the carbon concentration decreasing with depth."

Ruoff elaborates, "The presence of such a high concentration of carbon 'dissolved' in a gallium-rich alloy could be unexpected, as carbon is reported to be not soluble in gallium. This may explain why this region is amorphous -- while all other regions of the solidified liquid metal are crystalline. This sub-surface region is where our diamonds nucleate and grow and we thus focused on it."

Researchers exposed the Ga-Fe-Ni-Si liquid metal to the methane/hydrogen for short periods of time to try to understand the early growth stage -- well prior to the formation of a continuous diamond film. They then analyzed the concentrations of carbon in the subsurface regions using time-of-flight secondary ion mass spectrometry depth profiling. After a 10-minute run, no diamond particles were evident but there were ~65 at% carbon atoms present in the region where the diamond typically grows. Diamond particles began to be found after a 15-minute run, and there was a lower subsurface C atom concentration of ~27 at%.

Ruoff explains, "The concentration of subsurface carbon atoms is so high at around 10 minutes that this time exposure is close to or at supersaturation, leading to the nucleation of diamonds either at 10 minutes or sometime between 10 and 15 minutes. The growth of diamond particles is expected to occur very rapidly after nucleation, at some time between about 10 minutes and 15 minutes."

The temperature in 27 different locations in the liquid metal was measured with an attachment to the growth chamber having an array of nine thermocouples that was designed and built by Seong. The central region of the liquid metal was found to be at a lower temperature compared to the corners and sides of the chamber. It is thought that this temperature gradient is what drives carbon diffusion towards the central region, facilitating diamond growth.




The team also discovered that silicon plays a critical role in this new growth of diamond. The size of the grown diamonds becomes smaller and their density higher as the concentration of silicon in the alloy was increased from the optimal value. Diamonds could not be grown at all without the addition of silicon, which suggests that silicon may be involved in the initial nucleation of diamond.

This was supported by the various theoretical calculations conducted to uncover the factors that may be responsible for the growth of diamonds in this new liquid metal environment. Researchers found that silicon promotes the formation and stabilization of certain carbon clusters by predominantly forming sp3 bonds like carbon. It is thought that small carbon clusters containing Si atoms might serve as the 'pre-nuclei', which can then grow further to nucleate a diamond. It is predicted that the likely size range for an initial nucleus is around 20 to 50 C atoms.

Ruoff states, "Our discovery of nucleation and growth of diamond in this liquid metal is fascinating and offers many exciting opportunities for more basic science. We are now exploring when nucleation, and thus the rapid subsequent growth of diamond, happens. Also 'temperature drop' experiments where we first achieve supersaturation of carbon and other needed elements, followed by rapidly lowering the temperature to trigger nucleation -- are some studies that seem promising to us."

The team discovered their growth method offers significant flexibility in the composition of liquid metals. Researcher Dr. Da LUO remarks, "Our optimized growth was achieved using the gallium/nickel/iron/silicon liquid alloy. However, we also found that high-quality diamond can be grown by substituting nickel with cobalt or by replacing gallium with a gallium-indium mixture."

Ruoff concludes, "Diamond might be grown in a wide variety of relatively low melting point liquid metal alloys such as containing one or more of indium, tin, lead, bismuth, gallium, and potentially antimony and tellurium -- and including in the molten alloy other elements such as manganese, iron, nickel, cobalt and so on as catalysts, and others as dopants that yield color centers. And there is a wide range of carbon precursors available besides methane (various gases, and also solid carbons). New designs and methods for introducing carbon atoms and/or small carbon clusters into liquid metals for diamond growth will surely be important, and the creativity and technical ingenuity of the worldwide research community seem likely to me, based on our discovery, to rapidly lead to other related approaches and experimental configurations. There are numerous intriguing avenues to explore!"

This research was supported by the Institute for Basic Science and has been published in the journal Nature.
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Eruption of mega-magnetic star lights up nearby galaxy | ScienceDaily
While ESA's satellite INTEGRAL was observing the sky, it spotted a burst of gamma-rays -- high-energy photons -- coming from the nearby galaxy M82. Only a few hours later, ESA's XMM-Newton X-ray space telescope searched for an afterglow from the explosion but found none. An international team, including researchers from the University of Geneva (UNIGE), realised that the burst must have been an extra-galactic flare from a magnetar, a young neutron star with an exceptionally strong magnetic field. The discovery is published in the journal Nature.


						
On 15 November 2023, ESA's satellite INTEGRAL spotted a sudden explosion from a rare object. For only a tenth of a second, a short burst of energetic gamma-rays appeared in the sky. "The satellite data were received in the INTEGRAL Science Data Centre (ISDC), based on the Ecogia site of the UNIGE Astronomy Department, from where a gamma-ray burst alert was sent out to astronomers worldwide, only 13 seconds after its detection," explains Carlo Ferrigno, senior research associate in the Astronomy Department at UNIGE Faculty of Science, PI of the ISDC and co-author of the publication.

The IBAS (Integral Burst Alert System) software gave an automatic localisation coinciding with the galaxy M82, 12 million light-years away. This alert system was developed and is operated by scientists and engineers from the UNIGE in collaboration with international colleagues.

A curious signal from a nearby galaxy? 

"We immediately realised that this was a special alert. Gamma-ray bursts come from far-away and anywhere in the sky, but this burst came from a bright nearby galaxy," explains Sandro Mereghetti of the National Institute for Astrophysics (INAF-IASF) in Milan, Italy, lead author of the publication and contributor of IBAS. The team immediately requested ESA's XMM-Newton space telescope to perform a follow-up observation of the burst's location as soon as possible. If this had been a short gamma-ray burst, caused by two colliding neutron stars, the collision would have created gravitational waves and have an afterglow in X-rays and visible light.

However, XMM-Newton's observations only showed the hot gas and stars in the galaxy. Using ground-based optical telescopes, including the Italian Telescopio Nazionale Galileo and the French Observatoire de Haute-Provence, they also looked for a signal in visible light, starting only a few hours after the explosion, but again did not find anything. With no signal in X-rays and visible light, and no gravitational waves measured by detectors on Earth (LIGO/VIRGO/KAGRA), the most certain explanation is that the signal came from a magnetar.

Magnetars: mega-magnetic stars, recently dead 

"When stars more massive than eight times the Sun die, they explode in a supernova that leaves a black hole or neutron star behind. Neutron stars are very compact stellar remnants with more than the mass of the Sun packed into a sphere with the size of the Canton of Geneva. They rotate quickly and have strong magnetic fields." explains Volodymyr Savchenko, senior research associate in the Astronomy Department at UNIGE Faculty of Science, and co-author of the publication. Some young neutron stars have extra strong magnetic fields, more than 10,000 times that of typical neutron stars. These are called magnetars. They emit energy away in flares, and occasionally these flares are gigantic.




However, in the past 50 years of gamma-ray observations, only three giant flares have been identified as coming from magnetars in our galaxy. These outbursts are very strong: one that was detected in December 2004, came from 30,000 light-years from us but was still powerful enough to affect the upper layers of Earth's atmosphere, like the Solar flares, coming from much closer to us, do.

The flare detected by INTEGRAL is the first firm confirmation of a magnetar flare outside of the Milky Way. M82 is a bright galaxy where star formation takes place. In these regions, massive stars are born, live short turbulent lives and leave behind a neutron star. "The discovery of a magnetar in this region confirms that magnetars are likely young neutron stars," adds Volodymyr Savchenko. The search for more magnetars will continue in other extra-galactic star-forming regions, to?understand these extraordinary astronomical objects. If astronomers can find many more, they can start to understand how often these flares happen and how neutron stars lose energy in the process.

INTEGRAL, a key instrument in a race against time

Outbursts of such short duration can only be captured serendipitously when an observatory is already pointing in the right direction. This makes INTEGRAL with its large field of view, more than 3000 times greater than the sky area covered by the Moon, so important for these detections.

Carlo Ferrigno explains: "Our automatic data processing system is highly reliable and enables us to alert the community immediately." When unexpected observations like this are picked up, INTEGRAL and XMM-Newton can be flexible in their schedules, which is essential in time-crucial discoveries. In this case, had the observations been performed even just a day later, there would not have been such strong proof that this was indeed a magnetar and not a gamma-ray burst.
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A simple 'twist' improves the engine of clean fuel generation | ScienceDaily
Researchers have found a way to super-charge the 'engine' of sustainable fuel generation -- by giving the materials a little twist.


						
The researchers, led by the University of Cambridge, are developing low-cost light-harvesting semiconductors that power devices for converting water into clean hydrogen fuel, using just the power of the sun. These semiconducting materials, known as copper oxides, are cheap, abundant and non-toxic, but their performance does not come close to silicon, which dominates the semiconductor market.

However, the researchers found that by growing the copper oxide crystals in a specific orientation so that electric charges move through the crystals at a diagonal, the charges move much faster and further, greatly improving performance. Tests of a copper oxide light harvester, or photocathode, based on this fabrication technique showed a 70% improvement over existing state-of-the-art oxide photocathodes, while also showing greatly improved stability.

The researchers say their results, reported in the journal Nature, show how low-cost materials could be fine-tuned to power the transition away from fossil fuels and toward clean, sustainable fuels that can be stored and used with existing energy infrastructure.

Copper (I) oxide, or cuprous oxide, has been touted as a cheap potential replacement for silicon for years, since it is reasonably effective at capturing sunlight and converting it into electric charge. However, much of that charge tends to get lost, limiting the material's performance.

"Like other oxide semiconductors, cuprous oxide has its intrinsic challenges," said co-first author Dr Linfeng Pan from Cambridge's Department of Chemical Engineering and Biotechnology. "One of those challenges is the mismatch between how deep light is absorbed and how far the charges travel within the material, so most of the oxide below the top layer of material is essentially dead space."

"For most solar cell materials, it's defects on the surface of the material that cause a reduction in performance, but with these oxide materials, it's the other way round: the surface is largely fine, but something about the bulk leads to losses," said Professor Sam Stranks, who led the research. "This means the way the crystals are grown is vital to their performance."

To develop cuprous oxides to the point where they can be a credible contender to established photovoltaic materials, they need to be optimised so they can efficiently generate and move electric charges -- made of an electron and a positively-charged electron 'hole' -- when sunlight hits them.




One potential optimisation approach is single-crystal thin films -- very thin slices of material with a highly-ordered crystal structure, which are often used in electronics. However, making these films is normally a complex and time-consuming process.

Using thin film deposition techniques, the researchers were able to grow high-quality cuprous oxide films at ambient pressure and room temperature. By precisely controlling growth and flow rates in the chamber, they were able to 'shift' the crystals into a particular orientation. Then, using high temporal resolution spectroscopic techniques, they were able to observe how the orientation of the crystals affected how efficiently electric charges moved through the material.

"These crystals are basically cubes, and we found that when the electrons move through the cube at a body diagonal, rather than along the face or edge of the cube, they move an order of magnitude further," said Pan. "The further the electrons move, the better the performance."

"Something about that diagonal direction in these materials is magic," said Stranks. "We need to carry out further work to fully understand why and optimise it further, but it has so far resulted in a huge jump in performance." Tests of a cuprous oxide photocathode made using this technique showed an increase in performance of more than 70% over existing state-of-the-art electrodeposited oxide photocathodes.

"In addition to the improved performance, we found that the orientation makes the films much more stable, but factors beyond the bulk properties may be at play," said Pan.

The researchers say that much more research and development is still needed, but this and related families of materials could have a vital role in the energy transition.

"There's still a long way to go, but we're on an exciting trajectory," said Stranks. "There's a lot of interesting science to come from these materials, and it's interesting for me to connect the physics of these materials with their growth, how they form, and ultimately how they perform."

The research was a collaboration with Ecole Polytechnique Federale de Lausanne, Nankai University and Uppsala University. The research was supported in part by the European Research Council, the Swiss National Science Foundation, and the Engineering and Physical Sciences Research Council (EPSRC), part of UK Research and Innovation (UKRI). Sam Stranks is Professor of Optoelectronics in the Department of Chemical Engineering and Biotechnology, and a Fellow of Clare College, Cambridge.
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A novel universal light-based technique to control valley polarization in bulk materials | ScienceDaily

This "universal technique" may have major applications linked to the control and analysis of different properties for 2D and 3D materials, which can in turn enable the advancement of cutting-edge fields such us information processing and quantum computing.

Electrons inside solid materials can only take certain values of energy. The allowed energy ranges are called "bands" and the space between them, the forbidden energies, are known as "band-gaps." Both of them together constitute the "band structure" of the material, which is a unique characteristic of each specific material.

When physicists plot the band structure, they usually see that the resulting curves resemble mountains and valleys. In fact, the technical term for a local energy maximum or minimum in the bands is called a "valley," and the field which studies and exploits how electrons in the material switch from one valley to the other is coined "valleytronics."

In standard semiconductor electronics, the electric charge of the electrons is the most used property exploited to encode and manipulate information. But these particles have other properties that could also be used for the same purpose, such as the valley they are in. In the past decade, the main aim of valleytronics has been to reach the control of valley population (also known as valley polarization) in materials. Such an achievement could be used to create classical and quantum gates and bits, something that could really drive the development of computing and quantum information processing.

Previous attempts presented several drawbacks. For example, the light used to manipulate and change valley polarization had to be resonant, that is, the energy of its photons (the particles that constitute light) had to correspond exactly to the energy of the band-gap of that particular material. Any small deviation reduced the efficiency of the method so, provided that each material has their own band-gaps, generalizing the proposed mechanism seemed something out of reach. Moreover, this process had only been achieved for monolayer structures (2D materials, just one-atom-thick). This requirement hindered its practical implementation, as monolayers are usually limited in size, quality and difficult to engineer.

Now, ICFO researchers Igor Tyulnev, Julita Poborska, Dr. Lenard Vamos, led by Prof. ICREA Jens Biegert, in collaboration with researchers from the Max-Born-Institute, the Max-Planck Institute for the Science of Light, and Instituto de Ciencia de Materiales de Madrid have found a new universal method to induce valley polarization in centrosymmetric bulk materials. The discovery, published in Nature, unlocks the possibility to control and manipulate valley population without being restricted by the specific chosen material. At the same time, the method can be used to obtain a more detailed characterization of crystals and 2D materials.




Valley polarization in bulk materials is possible

The adventure began with the experimental group led by ICREA Prof. at ICFO Jens Biegert who initially wanted to experimentally produce valley polarization using their particular method in 2D materials, following the lines of what had been theoretically proved in a previous theoretical paper by Alvaro Jimenez, Rui Silva and Misha Ivanov. To set up the experiment, the initial measurement was tried on bulk MoS2 (a bulk material is made of many monolayers stacked together) with the surprising result that they saw the signature of valley polarization. "When we started working on this project, we were told by our theory collaborators that showing valley polarization in bulk materials was rather impossible," explains Julita Poborska.

The theoretical team remarks as well how, at the very beginning, their model was only suitable for single 2D layers. "At a first glance, it seemed that adding more layers would hinder the selection of specific valleys in the sample. But after the first experimental results, we adjusted the simulation to bulk materials and it validated the observations surprisingly well. We did not even try to fit anything. It is just the way it came out," adds Prof. Misha Ivanov, the theorist leader. In the end, "it turned out that yes, you can actually valley polarize bulk materials that are central symmetric, because of the symmetry conditions," concludes Poborska.

As Igor Tyulnev, first author of the article, explains, "our experiment consisted in creating an intense light pulse with a polarization that fitted this internal structure. The result was the so-called "trefoil field," whose symmetry matched the triangular sub-lattices that constitute hetero-atomic hexagonal materials."

This symmetry-matched strong field breaks the space and time symmetry within the material, and, more importantly, the resulting configuration depends on the orientation of the trefoil field with respect to the material. Therefore, "by simply rotating the incident light field, we were able to modulate the valley polarization," concludes Tyulnev, a major achievement in the field and a confirmation of a novel universal technique that can control and manipulate the electron valleys in bulk materials.

The experimental process

The experiment can be explained in three main steps: First, the synthesis of the trefoil field; then its characterization; and finally, the actual production of valley polarization.




The researchers emphasize the incredibly high precision that the characterization process required, as the trefoil field is made of not just one, but two coherently combined optical fields. One of them had to be circularly polarized in one direction, and the other needed to be the second harmonic of the first beam, polarized with the opposite handedness. They superimposed these fields onto each other, so that the total polarization in time traced the desired trefoil shape.

Three years after the initial experimental attempts, Igor Tyulnev is thrilled by the recent Nature publication.

The new universal method he states, "can be used not only to control the properties of a wide variety of chemical species, but also to characterize crystals and 2D materials."

As Prof. ICREA at ICFO Jens Biegert remarks: "Our method may provide an important ingredient to engineer energy efficient materials for efficient information storage and fast switching. This addresses the pressing need for low-energy consumption devices and increased computational speed. I cannot promise that what we have provided is THE solution, but it is probably one solution on this big challenge."
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Critical minerals recovery from electronic waste | ScienceDaily
There's some irony in the fact that devices that seem indispensable to modern life -- mobile phones, personal computers, and anything battery-powered -- depend entirely on minerals extracted from mining, one of the most ancient of human industries. Once their usefulness is spent, we typically return these objects to the Earth in landfills, by the millions.


						
But what if we could "mine" electronic waste (e-waste), recovering the useful minerals contained within them, instead of throwing them away? A clever method of recovering valuable minerals from e-waste, developed by a research team at the Department of Energy's Pacific Northwest National Laboratory, is showing promise to do just that. Materials separation scientist Qingpu Wang will present recent success in selectively recovering manganese, magnesium, dysprosium, and neodymium, minerals critical to modern electronics, at the 2024 Materials Research Society (MRS) Spring Meeting on April 25, 2024, in Seattle, WA.

Go with the flow

Just as a prism splits white light into a dazzling rainbow of colors based on distinct wavelengths, so too can metals be separated from one another using their individual properties. However, current separation methods are slow, as well as chemical- and energy-intensive. These barriers make the recovery of valuable minerals from e-waste streams economically unfeasible.

In contrast, the PNNL research team used a simple mixed-salt water-based solution and their knowledge of metal properties to separate valuable minerals in continuously flowing reaction chambers.

The method, detailed in two complementary research articles and presented this week, is based on the behavior of different metals when placed in a chemical reaction chamber where two different liquids flow together continuously. The research team exploited the tendency of metals to form solids at different rates over time to separate and purify them.

"Our goal is to develop an environmentally friendly and scalable separation process to recover valuable minerals from e-waste," said Wang. "Here we showed that we can spatially separate and recover nearly pure rare earth elements without complex, expensive reagents or time-consuming processes."

The research team, which included materials scientist Chinmayee Subban, who also holds a joint appointment with the University of Washington, first reported in February 2024 successfully separating two essential rare earth elements, neodymium and dysprosium, from a mixed liquid. The two separate and purified solids formed in the reaction chamber in 4 hours, versus the 30 hours typically needed for conventional separation methods. These two critical minerals are used to manufacture permanent magnets found in computer hard drives and wind turbines, among other uses. Until now, separating these two elements with very similar properties has been challenging. The ability to economically recover them from e-waste could open up a new market and source of these key minerals.




Recovering minerals from e-waste is not the only application for this separation technique. The research team is exploring the recovery of magnesium from sea water as well as from mining waste and salt lake brines.

"Next, we are modifying the design of our reactor to recover a larger amount of product efficiently," added Wang.

Recovering manganese from simulated battery waste

Using a complementary technique, Wang and his colleague Elias Nakouzi, a PNNL materials scientist, showed that they can recover nearly pure manganese (>96%) from a solution that mimics dissolved lithium-ion battery waste. Battery-grade manganese is produced by a handful of companies globally and is used primarily in the cathode, or negative pole of the battery.

In this study, the research team used a gel-based system to separate the materials based on the different transport and reactivity rates of the metals in the sample.

"The beauty in this process is its simplicity," Nakouzi said. "Rather than relying on high-cost or specialty materials, we pared things back to thinking about the basics of ion behavior. And that's where we found inspiration."

The team is expanding the scope of the research and will be scaling up the process through a new PNNL initiative, Non-Equilibrium Transport Driven Separations (NETS), which is developing environmentally friendly new separations to provide a robust, domestic supply chain of critical minerals and rare earth elements.




"We expect this approach to be broadly relevant to chemical separations from complex feed streams and diverse chemistries -- enabling more sustainable materials extraction and processing," said Nakouzi.

The research studies reported at MRS received support from a Laboratory Directed Research and Development Program and the NETS initiative at PNNL.
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This tiny chip can safeguard user data while enabling efficient computing on a smartphone | ScienceDaily
Health-monitoring apps can help people manage chronic diseases or stay on track with fitness goals, using nothing more than a smartphone. However, these apps can be slow and energy-inefficient because the vast machine-learning models that power them must be shuttled between a smartphone and a central memory server.


						
Engineers often speed things up using hardware that reduces the need to move so much data back and forth. While these machine-learning accelerators can streamline computation, they are susceptible to attackers who can steal secret information.

To reduce this vulnerability, researchers from MIT and the MIT-IBM Watson AI Lab created a machine-learning accelerator that is resistant to the two most common types of attacks. Their chip can keep a user's health records, financial information, or other sensitive data private while still enabling huge AI models to run efficiently on devices.

The team developed several optimizations that enable strong security while only slightly slowing the device. Moreover, the added security does not impact the accuracy of computations. This machine-learning accelerator could be particularly beneficial for demanding AI applications like augmented and virtual reality or autonomous driving.

While implementing the chip would make a device slightly more expensive and less energy-efficient, that is sometimes a worthwhile price to pay for security, says lead author Maitreyi Ashok, an electrical engineering and computer science (EECS) graduate student at MIT.

"It is important to design with security in mind from the ground up. If you are trying to add even a minimal amount of security after a system has been designed, it is prohibitively expensive. We were able to effectively balance a lot of these tradeoffs during the design phase," says Ashok.

Her co-authors include Saurav Maji, an EECS graduate student; Xin Zhang and John Cohn of the MIT-IBM Watson AI Lab; and senior author Anantha Chandrakasan, MIT's chief innovation and strategy officer, dean of the School of Engineering, and the Vannevar Bush Professor of EECS. The research will be presented at the IEEE Custom Integrated Circuits Conference.




Side-channel susceptibility

The researchers targeted a type of machine-learning accelerator called digital in-memory compute. A digital IMC chip performs computations inside a device's memory, where pieces of a machine-learning model are stored after being moved over from a central server.

The entire model is too big to store on the device, but by breaking it into pieces and reusing those pieces as much as possible, IMC chips reduce the amount of data that must be moved back and forth.

But IMC chips can be susceptible to hackers. In a side-channel attack, a hacker monitors the chip's power consumption and uses statistical techniques to reverse-engineer data as the chip computes. In a bus-probing attack, the hacker can steal bits of the model and dataset by probing the communication between the accelerator and the off-chip memory.

Digital IMC speeds computation by performing millions of operations at once, but this complexity makes it tough to prevent attacks using traditional security measures, Ashok says.

She and her collaborators took a three-pronged approach to blocking side-channel and bus-probing attacks.




First, they employed a security measure where data in the IMC are split into random pieces. For instance, a bit zero might be split into three bits that still equal zero after a logical operation. The IMC never computes with all pieces in the same operation, so a side-channel attack could never reconstruct the real information.

But for this technique to work, random bits must be added to split the data. Because digital IMC performs millions of operations at once, generating so many random bits would involve too much computing. For their chip, the researchers found a way to simplify computations, making it easier to effectively split data while eliminating the need for random bits.

Second, they prevented bus-probing attacks using a lightweight cipher that encrypts the model stored in off-chip memory. This lightweight cipher only requires simple computations. In addition, they only decrypted the pieces of the model stored on the chip when necessary.

Third, to improve security, they generated the key that decrypts the cipher directly on the chip, rather than moving it back and forth with the model. They generated this unique key from random variations in the chip that are introduced during manufacturing, using what is known as a physically unclonable function.

"Maybe one wire is going to be a little bit thicker than another. We can use these variations to get zeros and ones out of a circuit. For every chip, we can get a random key that should be consistent because these random properties shouldn't change significantly over time," Ashok explains.

They reused the memory cells on the chip, leveraging the imperfections in these cells to generate the key. This requires less computation than generating a key from scratch.

"As security has become a critical issue in the design of edge devices, there is a need to develop a complete system stack focusing on secure operation. This work focuses on security for machine-learning workloads and describes a digital processor that uses cross-cutting optimization. It incorporates encrypted data access between memory and processor, approaches to preventing side-channel attacks using randomization, and exploiting variability to generate unique codes. Such designs are going to be critical in future mobile devices," says Chandrakasan.

Safety testing

To test their chip, the researchers took on the role of hackers and tried to steal secret information using side-channel and bus-probing attacks.

Even after making millions of attempts, they couldn't reconstruct any real information or extract pieces of the model or dataset. The cipher also remained unbreakable. By contrast, it took only about 5,000 samples to steal information from an unprotected chip.

The addition of security did reduce the energy efficiency of the accelerator, and it also required a larger chip area, which would make it more expensive to fabricate.

The team is planning to explore methods that could reduce the energy consumption and size of their chip in the future, which would make it easier to implement at scale.

"As it becomes too expensive, it becomes harder to convince someone that security is critical. Future work could explore these tradeoffs. Maybe we could make it a little less secure but easier to implement and less expensive," Ashok says.

The research is funded, in part, by the MIT-IBM Watson AI Lab, the National Science Foundation, and a Mathworks Engineering Fellowship.
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Super Mario hackers' tricks could protect software from bugs | ScienceDaily
Video gamers who exploit glitches in games can help experts better understand buggy software, students at the University of Bristol suggest.


						
Known as 'speedrunners', these types of gamers can complete games quickly by working out their malfunctions.

The students examined four classic Super Mario games, and analysed 237 known glitches within them, classifying a variety of weaknesses. This research explores whether these are the same as the bugs exploited in more conventional software.

Nintendo's Super Mario is the quintessential video game. To understand the sorts of glitches speedrunners exploit, they examined four of the earliest Mario platforming games -- Super Mario Bros (1985), Super Mario Bros. 3 (1988), Super Mario World (1990) and Super Mario 64 (1996). Whilst these games are old, they are still competitively run by speedrunners with new records reported in the news. The games are well also well understood, having been studied by speedrunners for decades, ensuring that there are large numbers of well researched glitches for analysis.

Currently the world record time for conquering Super Mario World stands at a blistering 41 seconds. The team set out to understand 237 known glitches within them, classifying a variety of weaknesses to see if they can help software engineers make applications more robust.

In the Super Mario platforming games Mario must rescue Princess Peach by jumping through an obstacle course of various platforms to reach a goal, avoiding baddies or defeating them by jumping on their heads. Players can collect power-ups along the way to unlock special abilities, and coins to increase their score. The Mario series of games is one of Nintendo's flagship products, and one of the most influential video game series of all time.

Dr Joseph Hallett from Bristol's School of Computer Science explained: "Many early video games, such as the Super Mario games we have examined, were written for consoles that differ from the more uniform PC-like hardware of modern gaming systems.




"Constraints stemming from the hardware, such as limited memory and buses, meant that aggressive optimization and tricks were required to make games run well.

"Many of these techniques (for example, the NES's memory mapping) are niche and can lead to bugs, by being so different to how many programmers usually expect things to work."

"Programming for these systems is closer to embedded development than most modern software, as it requires working around the limits of the hardware to create games. Despite the challenges of programming these systems, new games are still released and retro-inspired."

Categorizing bugs in software allows developers to understand similar problems and bugs.

The Common Weakness Enumeration (CWE) is a category system for hardware and software weaknesses and vulnerabilities. The team identified seven new categories of weakness previously unspecified.

Dr Joseph Hallett from Bristol's School of Computer Science explained: "We found that some of the glitches speed runners use don't have neat categorizations in existing software defect taxonomies and that there may be new kinds of bugs to look for in more general software."

The team thematically analysed with a code book of existing software weaknesses (CWE) -- a qualitative research method to help categorize complex phenomena.




Dr Hallett continued: "The cool bit of this research is that academia is starting to treat and appreciate the work speedrunners do and study something that hasn't really been treated seriously before.

"By studying speedrunners' glitches we can better understand how they do it and whether the bugs they use are the same ones other software gets hacked with.

"It turns out the speedrunners have some tricks that we didn't know about before."

Now the team have turned their hand to studying Pokemon video games.
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Researchers create artificial cells that act like living cells | ScienceDaily

"With this discovery, we can think of engineering fabrics or tissues that can be sensitive to changes in their environment and behave in dynamic ways," says Freeman, whose lab is in the Applied Physical Sciences Department of the UNC College of Arts and Sciences.

Cells and tissues are made of proteins that come together to perform tasks and make structures. Proteins are essential for forming the framework of a cell, called the cytoskeleton. Without it, cells wouldn't be able to function. The cytoskeleton allows cells to be flexible, both in shape and in response to their environment.

Without using natural proteins, the Freeman Lab built cells with functional cytoskeletons that can change shape and react to their surroundings. To do this, they used a new programmable peptide-DNA technology that directs peptides, the building blocks of proteins, and repurposed genetic material to work together to form a cytoskeleton.

"DNA does not normally appear in a cytoskeleton," Freeman says. "We reprogrammed sequences of DNA so that it acts as an architectural material, binding the peptides together. Once this programmed material was placed in a droplet of water, the structures took shape."

The ability to program DNA in this way means scientists can create cells to serve specific functions and even fine-tune a cell's response to external stressors. While living cells are more complex than the synthetic ones created by the Freeman Lab, they are also more unpredictable and more susceptible to hostile environments, like severe temperatures.

"The synthetic cells were stable even at 122 degrees Fahrenheit, opening up the possibility of manufacturing cells with extraordinary capabilities in environments normally unsuitable to human life," Freeman says.

Instead of creating materials that are made to last, Freeman says their materials are made to task -- perform a specific function and then modify themselves to serve a new function. Their application can be customized by adding different peptide or DNA designs to program cells in materials like fabrics or tissues. These new materials can integrate with other synthetic cell technologies, all with potential applications that could revolutionize fields like biotechnology and medicine.

"This research helps us understand what makes life," Freeman says. "This synthetic cell technology will not just enable us to reproduce what nature does, but also make materials that surpass biology."
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Toward unification of turbulence framework -- weak-to-strong transition discovered in turbulence | ScienceDaily
Astrophysicists from the University of Potsdam have made a significant step toward solving the last puzzle in magnetohydrodynamic turbulence theory by observing the weak to strong transition in the space plasma turbulence surrounding Earth with newly developed multi-spacecraft analysis methods. Their pioneering discovery was published today in the journal Nature Astronomy.


						
Turbulence is ubiquitous in nature. It exists everywhere, from our daily lives to the distant universe, while being labelled as "the last great unsolved problem of classical physics" by Richard Feynman. Prof. Dr. Huirong Yan and her group from the Institute of Physics and Astronomy at the University of Potsdam and DESY have now discovered a long-predicted phenomenon: the weak-to-strong transition in small amplitude space plasma turbulence. The discovery was made by analyzing data from ESA's Cluster mission -- a constellation of four spacecraft flying in formation around Earth and investigating how the Sun and the Earth interact.

The weak-to-strong transition in Alfvenic turbulence is the most critical, yet observationally unconfirmed, prediction of magnetohydrodynamic (MHD) turbulence theory in the last three decades. It is exceptionally difficult because the three-dimensional sampling of turbulence fluctuations was not available yet. Therefore, the research team developed new multi-spacecraft analysis methods to obtain three-dimensional information on velocity and magnetic field fluctuations, allowing direct comparisons between observations and theory. "The observational confirmation of the weak-to-strong transition solves the last puzzle in MHD turbulence theory: It proves that the turbulence self-organizes from linear 2D wave-like fluctuations to strong 3D turbulence during the energy cascade (i.e., energy transfer across scales) with increasing nonlinearity, regardless of the initial level of disturbances, highlighting the universality of strong MHD turbulence," says Huirong Yan, professor for plasma astrophysics at the University of Potsdam and leading scientist at DESY.

As the result, those findings substantially deepen our knowledge of ubiquitous turbulence, and their implications extend beyond the study of turbulence itself to particle transport and acceleration, magnetic reconnection, star formation, and all other relevant physical processes from our Earth to remote universe.
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Major milestone reached for key weapons component | ScienceDaily
Sandia National Laboratories and the Kansas City National Security Campus completed a crucial weapons component development milestone, prior to full rate production.


						
The Mark 21 Replacement Fuze interfaces with the W87-0 warhead for deployment onto the Minuteman III and, eventually, the Sentinel Intercontinental Ballistic Missile.

The first production unit of the replacement fuze was approved through the National Nuclear Security Administration's rigorous Quality Assurance Inspection Procedure in March.

The Mark 21 fuze, an integrated assembly of Sandia-designed logic and sensing devices, directs the warhead to initiate firing sequences at the correct point in targeting parameters. The Mark 21 Fuze Replacement Program is a Strategic Partnership Program effort between the NNSA and the U.S. Air Force.

"Sandia's role is to deliver a fuze that meets the Air Force's requirements. Completing the first production unit is a visible milestone in maintaining a credible deterrent," said Brad Boswell, a director in Sandia's nuclear deterrence modernization program. "It demonstrates that we are providing the necessary capability for the U.S. nuclear deterrent into the future."

Designing the fuze

As the lead design agency of the Mark 21 fuze, Sandia was responsible for incorporating Air Force requirements into a form, fit and functional package that interfaces with the Mk21 aeroshell, MMIII missile and W87-0 warhead. Work began in 2011.




"The early engineering work takes a lot of time. While some of it is done in parallel, much of the work must be sequential," said Bob Oetken, a former program manager for the fuze program. "We're doing a very specific job that requires, in many cases, custom parts."

Sandia worked closely with the Kansas City National Security Campus to ensure the design was producible and delivered on schedule. While the Kansas City National Security Campus is producing and assembling the fuze, Sandia is manufacturing some of the parts.

Fuze qualification

Before production of the fuze began, a significant amount of time was spent qualifying the design, which ensures the design meets Air Force specifications. It includes analysis through testing and other engineering tools to ensure the fuze will function as intended.

"Qualification involves significant resources and time. We are in a very rigorous business. Some of the qualification is used to verify that we are meeting requirements and took as long as three years from concept to delivery," Oetken said.

The program has conducted numerous tests, including environmental, ground and flight tests, to ensure the fuze withstands multiple difficult environments, such as acceleration, vibration and thermal environments expected during missile launch and ballistic reentry.




Stockpile assessment

Now that the fuze is in full rate production, Sandia's responsibilities shift.

"As the design agency, Sandia is responsible for the component until the weapon is retired. Sandia is accountable for ensuring that the weapon with the fuze attached is safe, secure and reliable," Boswell said.

As part of the stockpile assessment, Sandia will conduct surveillance through processes such as modeling and simulation and flight and ground testing to ensure the fuze continues to work as intended.

Partnering for great results

Completing the first production unit of the Mark 21 fuze is the culmination of more than a decade of work and collaboration, not just at Sandia, but by NNSA and the Department of Defense.

"This first production unit marks a significant milestone not just for Sandia but the broader nuclear security enterprise, particularly our partners at the Kansas City National Security Campus," Boswell said. "While we stop to recognize this achievement, we must also acknowledge this is the start of the next phase of our partnership as we work to meet key production milestones to deliver the quantity of fuzes needed to meet the needs of the stockpile."
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Magnetic microcoils unlock targeted single-neuron therapies for neurodegenerative disorders | ScienceDaily
Researchers deploy an array of microscopic coils to create a magnetic field and stimulate individual neurons. The magnetic field can induce an electric field in any nearby neurons, the same effect created by an electrode but much more precise. They used an array of eight coils, which combined can induce electric fields using much less current per coil, and employed soft magnetic materials, which boost the magnetic strength of the coils. The researchers constructed a prototype of their coil array, called MagPatch, and encapsulated it within a biocompatible coating.


						
Neural stimulation is a medical technique used to treat many illnesses affecting the nervous system. It involves applying energy to neurons to encourage them to grow and make connections with their neighbors. Treatments for epilepsy can often include neural stimulation, and similar treatments exist for Parkinson's disease, chronic pain, and some psychiatric illnesses.

In the Journal of Vacuum Science & Technology A, by AIP Publishing, researchers from the University of Minnesota deployed an array of microscopic coils -- microcoils -- to create a magnetic field and stimulate individual neurons.

Existing devices are effective, but lack the necessary precision needed for some applications, such as cochlear implants or vagus nerve stimulators.

"There are several neurostimulation devices on the market -- some are already FDA-approved for patient trials, some are pending approval," said author Renata Saha. "But each of them has one caveat -- they stimulate a large population of neurons, including neighboring cells that are not supposed to be stimulated. The medical device industry is in search of a device or technique that can stimulate neurons at a single-cell resolution."

Instead of using an electrode, Saha and her team turned to magnetic coils of wire. Over two centuries ago, physicist Michael Faraday described how electric current running through a coil of wire can create a magnetic field. This magnetic field can then induce an electric field in any nearby neurons -- the same effect created by an electrode but much more precise. However, this technique comes with a major downside.

"To achieve the desired threshold of electric field capable of stimulating neurons, the amount of current these microcoils need to drive is extremely high," said Saha. "It is almost three times the amount of current that needs to drive an electrode to achieve the same threshold."

To solve this problem, the team made two improvements. First, rather than a single microcoil, they used an array of eight coils, which combined can induce electric fields using much less current per coil. The authors made further improvement to these microcoil arrays by employing soft magnetic materials, which boost the magnetic strength of the coils.




"Adding these soft magnetic materials at the core of the microcoils increases the electric field without the need to increase the current through the microcoils," said Saha.

The researchers constructed a prototype of their coil array, called MagPatch, and encapsulated it within a biocompatible coating. They then tested it with human neuroblastoma cells to demonstrate its effectiveness. The cells were affected by the magnetic fields without being harmed by the coating, suggesting the potential to use this device in clinical settings.

The authors plan to continue developing and testing the MagPatch device to ensure its safety and utility. They hope it helps to improve the next generation of cochlear implants.
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Laser-treated cork absorbs oil for carbon-neutral ocean cleanup | ScienceDaily
Researchers use laser treatments to transform ordinary cork into a powerful tool for treating oil spills. They tested variations of a fast-pulsing laser treatment, closely examining the nanoscopic structural changes and measuring the ratio of oxygen and carbon in the material, changes in the angles with which water and oil contact the surface, and the material's light wave absorption, reflection, and emission across the spectrum to determine its durability after multiple cycles of warming and cooling. The laser treatments not only help to better absorb oil, but also work to keep water out.


						
Oil spills are deadly disasters for ocean ecosystems. They can have lasting impacts on fish and marine mammals for decades and wreak havoc on coastal forests, coral reefs, and the surrounding land. Chemical dispersants are often used to break down oil, but they often increase toxicity in the process.

In Applied Physics Letters, by AIP Publishing, researchers from Central South University, Huazhong University of Science and Technology, and Ben-Gurion University of the Negev used laser treatments to transform ordinary cork into a powerful tool for treating oil spills.

They wanted to create a nontoxic, effective oil cleanup solution using materials with a low carbon footprint, but their decision to try cork resulted from a surprising discovery.

"In a different laser experiment, we accidentally found that the wettability of the cork processed using a laser changed significantly, gaining superhydrophobic (water-repelling) and superoleophilic (oil-attracting) properties," author Yuchun He said. "After appropriately adjusting the processing parameters, the surface of the cork became very dark, which made us realize that it might be an excellent material for photothermal conversion."

"Combining these results with the eco-friendly, recyclable advantages of cork, we thought of using it for marine oil spill cleanup," author Kai Yin said. "To our knowledge, no one else has tried using cork for cleaning up marine oil spills."

Cork comes from the bark of cork oak trees, which can live for hundreds of years. These trees can be harvested about every seven years, making cork a renewable material. When the bark is removed, the trees amplify their biological activity to replace it and increase their carbon storage, so harvesting cork helps mitigate carbon emissions.




The authors tested variations of a fast-pulsing laser treatment to achieve the optimal balance of characteristics in the cork that can be achieved at low cost. They closely examined nanoscopic structural changes and measured the ratio of oxygen and carbon in the material, changes in the angles with which water and oil contact the surface, and the material's light wave absorption, reflection, and emission across the spectrum to determine its durability after multiple cycles of warming and cooling.

The photothermal properties endowed in cork through this laser processing allow the cork to warm quickly in the sun. The deep grooves also increase the surface area exposed to sunlight, so the cork can be warmed by just a little sunlight in 10-15 seconds. This energy is used to heat up spilled oil, lowering its viscosity and making it easier to collect. In experiments, the laser-treated cork collected oil out of water within 2 minutes.

The laser treatments not only help to better absorb oil, but also work to keep water out.

"When the cork undergoes a fast-pulsing laser treatment, its surface microstructure becomes rougher," Yin said. "This micro- to nano-level roughness enhances hydrophobicity."

As a result, the cork collects the oil without absorbing water, so the oil can be extracted from the cork and possibly even reused.

"Oil recovery is a complex and systematic task, and participating in oil recovery throughout its entire life cycle is our goal," Yuchun He said. "The next step is to prepare electrothermal materials using polyurethane foam as the skeleton for oil adsorption, combining photothermal and electrothermal techniques to form an all-weather oil recovery system."
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Hey Dave, I've got an idea for you: What's the potential of AI-led workshopping? | ScienceDaily
In a paper published in JOSPT Open (Journal of Orthopaedic and Sports Physical Therapy), UTS Graduate School of Health Senior Lecturer in Physiotherapy Dr Joshua Pate and PhD candidate Rebecca Fechner write that AI chatbots offer a novel avenue for idea generation, simulating multidisciplinary workshops that traditionally require significant time and resources.


						
"We sought to simulate a multidisciplinary workshop on a complex clinical research question using three freely available AI chatbots -- ChatGPT, Bing Creative Mode and Google Bard -- aiming to broaden and accelerate the co-generation of ideas," Dr Pate said.

"Our focus was on AI's practical applications in educational and clinical settings, particularly to address the challenge of pain in schools, but the findings likely generalise for wider applications -- essentially anyone wanting help brainstorming on problem solving, policy or practice.

"We found that the different chatbots provided some different responses to each of the prompts, but overall the most prominent responses were similar. In our simulation they consistently suggested an online platform or curriculum for pain science education in schools.

"So, the consistency in responses suggested some reliability of the chatbots in co-generating ideas, while the differences between chatbots offered a range of perspectives, enriching the brainstorming process.

"These freely available chatbots are accessible tools for broadening participation in idea generation across various domains.

"While the technology might not be good at the details right now, the chatbots are very good at finding new perspectives and connecting dots in previously unexplored ways."

Dr Pate said the study highlights the potential for AI to contribute to educational strategies and clinical research, leveling the field for resource-limited settings. "By demonstrating the chatbots' ability to seemingly simulate complex workshops, we provide a proof-of-concept that could influence future research methodologies and policy making," he said.
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Gentle defibrillation for the heart | ScienceDaily
Using light pulses as a model for electrical defibrillation, Gottingen scientists developed a method to assess and modulate the heart function. The research team from the Max Planck Institute for Dynamics and Self-Organization (MPI-DS) and the University Gottingen Medical Center thus paved the way for an efficient and direct treatment for cardiac arrhythmias. This may be an alternative for the strong and painful electrical shocks currently used.


						
Cardiac arrhythmias account for around 15-20% of annual deaths worldwide. In case of acute and life-threatening arrhythmias, defibrillators can be used to restart the regular beating of the heart. A strong electrical pulse brings cardiac activity to a brief standstill before it can be resumed in an orderly way. Whereas this treatment can save lives very effectively, the strong electrical pulses can also have negative side effects such as damage of the heart tissue or strong pain.

"We developed a new and much milder method which allows the heart to get back into the right rhythm," says Stefan Luther, Max Planck Research Group leader at the MPI-DS and professor the University Gottingen Medical Center. "Our results show that it is possible to control the cardiac system with much lower energy intensity," he continues.

To test their method, the scientists used genetically modified mouse hearts that can be stimulated by light. In this setting, a sequence of optical light pulses is triggered using a closed-loop pacing algorithm. Each pulse is triggered in response to the measured arrhythmic activity. With this pacing protocol, the team was able to effectively control and terminate cardiac arrhythmias even at low energy intensities that do not activate the heart, but only modulate its excitability.

"Instead of administering a single high-energy shock to restore normal heart rhythm, we use our understanding of the dynamics of cardiac arrhythmias to gently terminate them." explains Sayedeh Hussaini, first author of the study. "This results in a subtle treatment method with far less energy per pulse, more than 40 times less compared to the conventional strategy" she reports.

The research team will also use these findings to improve the control of arrhythmias using electrical pulses. This may result in advanced defibrillators causing less pain and side-effects for patients.
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Manipulating the geometry of 'electron universe' in magnets | ScienceDaily
Researchers at Tohoku University and the Japan Atomic Energy Agency have developed fundamental experiments and theories to manipulate the geometry of the 'electron universe,' which describes the structure of electronic quantum states in a manner mathematically similar to the actual universe, within a magnetic material under ambient conditions.


						
The investigated geometric property -- i.e., the quantum metric -- was detected as an electric signal distinct from ordinary electrical conduction. This breakthrough reveals the fundamental quantum science of electrons and paves the way for designing innovative spintronic devices utilizing the unconventional conduction emerging from the quantum metric.

Details were published in the journal Nature Physics on April 22, 2024.

Electric conduction, which is crucial for many devices, follows Ohm's law: a current responds proportionally to applied voltage. But to realize new devices, scientists have had to find a means to go beyond this law. Here is where quantum mechanics come in. A unique quantum geometry known as the quantum metric can generate non-Ohmic conduction. This quantum metric is a property inherent to the material itself, suggesting that it's a fundamental characteristic of the material's quantum structure.

The term 'quantum metric' draws its inspiration from the 'metric' concept in general relativity, which explains how the geometry of the universe distorts under the influence of intense gravitational forces, such as those around black holes. Similarly, in the pursuit of designing non-Ohmic conduction within materials, comprehending and harnessing the quantum metric becomes imperative. This metric delineates the geometry of the 'electron universe,' analogous to the physical universe. Specifically, the challenge lies in manipulating the quantum-metric structure within a single device and discerning its impact on electrical conduction at room temperature.

The research team reported successful manipulation of the quantum-metric structure at room temperature in a thin-film heterostructure comprising an exotic magnet, Mn3Sn, and a heavy metal, Pt. Mn3Sn exhibits essential magnetic texture when adjacent to Pt, which is drastically modulated by an applied magnetic field. They detected and magnetically controlled a non-Ohmic conduction termed the second-order Hall effect, where voltage responds orthogonally and quadratically to the applied electric current. Through theoretical modeling, they confirmed that the observations can be exclusively described by the quantum metric.

"Our second-order Hall effect arises from the quantum-metric structure that couples with the specific magnetic texture at the Mn3Sn/Pt interface. Hence, we can flexibly manipulate the quantum metric by modifying the magnetic structure of the material through spintronic approaches and verify such manipulation in the magnetic control of the second-order Hall effect," explained Jiahao Han, the lead author of this study.

The main contributor to the theoretical analysis, Yasufumi Araki, added, "Theoretical predictions posit the quantum metric as a fundamental concept that connects the material properties measured in experiments to the geometric structures studied in mathematical physics. However, confirming its evidence in experiments has remained challenging. I hope that our experimental approach to accessing the quantum metric will advance such theoretical studies."

Principal investigator Shunsuke Fukami further added, "Until now, the quantum metric has been believed to be inherent and uncontrollable, much like the universe, but we now need to change this perception. Our findings, particularly the flexible control at room temperature, may offer new opportunities to develop functional devices such as rectifiers and detectors in the future."
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Unlocking spin current secrets: A new milestone in spintronics | ScienceDaily
Spintronics is a field garnering immense attention for its range of potential advantages for conventional electronics. These include reducing power consumption, high-speed operation, non-volatility, and the potential for new functionalities.


						
Spintronics exploits the intrinsic spin of electrons, and fundamental to the field is controlling the flows of the spin degree of freedom, i.e., spin currents. Scientists are constantly looking at ways to create, remove, and control them for future applications.

Detecting spin currents is no easy feat. It requires the use of macroscopic voltage measurement, which looks at the overall voltage changes across a material. However, a common stumbling block has been a lack of understanding into how this spin current actually moves or propagates within the material itself.

"Using neutron scattering and voltage measurements, we demonstrated that the magnetic properties of the material can predict how a spin current changes with temperature," points out Yusuke Nambu, co-author of the paper and an associate professor at Tohoku University's Institute for Materials Research (IMR)."

Nambu and his colleagues discovered that the spin current signal changes direction at a specific magnetic temperature and decreases at low temperatures. Additionally, they found that the spin direction, or magnon polarization, flips both above and below this critical magnetic temperature. This change in magnon polarization correlates with the spin current's reversal, shedding light on its propagation direction.

Furthermore, the material studied displayed magnetic behaviors with distinct gap energies. This suggests that below the temperature linked to this gap energy, spin current carriers are absent, leading to the observed decrease in the spin current signal at lower temperatures. Remarkably, the spin current's temperature dependence follows an exponential decay, mirroring the neutron scattering results.

Nambu emphasizes that their findings underscore the significance of understanding microscopic details in spintronics research. "By clarifying the magnetic behaviors and their temperature variations, we can gain a comprehensive understanding of spin currents in insulating magnets, paving the way for predicting spin currents more accurately and potentially developing advanced materials with enhanced performance."
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Perfecting the view on a crystal's imperfection | ScienceDaily
Single-photon emitters (SPEs) are akin to microscopic lightbulbs that emit only one photon (a quantum of light) at a time. These tiny structures hold immense importance for the development of quantum technology, particularly in applications such as secure communications and high-resolution imaging. However, many materials that contain SPEs are impractical for use in mass manufacturing due to their high cost and the difficulty of integrating them into complex devices.


						
In 2015, scientists discovered SPEs within a material called hexagonal boron nitride (hBN). Since then, hBN has gained widespread attention and application across various quantum fields and technologies, including sensors, imaging, cryptography, and computing, thanks to its layered structure and ease of manipulation.

The emergence of SPEs within hBN stems from imperfections in the material's crystal structure, but the precise mechanisms governing their development and function have remained elusive. Now, a new study published in Nature Materials reveals significant insights into the properties of hBN, offering a solution to discrepancies in previous research on the proposed origins of SPEs within the material.

The study involves a collaborative effort spanning three major institutions: the Advanced Science Research Center at the CUNY Graduate Center (CUNY ASRC); the National Synchrotron Light Source II (NSLS-II) user facility at Brookhaven National Laboratory; and the National Institute for Materials Science. Gabriele Grosso, a professor with the CUNY ASRC's Photonics Initiative and the CUNY Graduate Center's Physics program, and Jonathan Pelliciari, a beamline scientist at NSLS-II, led the study.

The collaboration was sparked by a conversation at the annual NSLS-II and Center for Functional Nanomaterials Users' Meeting when researchers from CUNY ASRC and NSLS-II realized how their unique expertise, skills, and resources could uncover some novel insights, sparking the idea for the hBN experiment. The work brought together physicists with diverse areas of expertise and instrumentation skillsets who rarely collaborate in such a close manner.

Using advanced techniques based on X-ray scattering and optical spectroscopy, the research team uncovered a fundamental energy excitation occurring at 285 millielectron volts. This excitation triggers the generation of harmonic electronic states that give rise to single photons -- similar to how musical harmonics produce notes across multiple octaves.

Intriguingly, these harmonics correlate with the energies of SPEs observed across numerous experiments conducted worldwide. The discovery connects previous observations and provides an explanation for the variability observed in earlier findings. Identification of this harmonic energy scale points to a common underlying origin and reconciles the diverse reports on hBN properties over the last decade.




"Everyone was reporting different properties and different energies of the single photons that seemed to contradict each other," said Grosso. "The beauty of our findings is that with a single energy scale and harmonics, we can organize and connect all of these findings that were thought to be completely disconnected. Using the music analogy, the single photon properties people reported were basically different notes on the same music sheet."

While the defects in hBN give rise to its distinctive quantum emissions, they also present a significant challenge in research efforts to understand them.

"Defects are one of the most difficult physical phenomena to study, because they are very localized and hard to replicate," explained Pelliciari. "Think of it this way; if you want to make a perfect circle, you can calculate a way to always replicate it. But if you want to replicate an imperfect circle, that's much harder."

The implications of the team's work extend far beyond hBN. The researchers say the findings are a stepping stone for studying defects in other materials containing SPEs. Understanding quantum emission in hBN holds the potential to drive advancements in quantum information science and technologies, facilitating secure communications and enabling powerful computation that can vastly expand and expedite research efforts.

"These results are exciting because they connect measurements across a wide range of optical excitation energies, from single digits to hundreds of electron volts," said Enrique Mejia, a Ph.D. student in Grosso lab and lead author of the work conducted at the CUNY ASRC. "We can clearly distinguish between samples with and without SPEs, and we can now explain how the observed harmonics are responsible for a wide range of single photon emitters."

This work was funded by LDRD, FWP DOE on quantum information science, DOE BES, and DOE ECA. The work at CUNY was supported by the National Science Foundation (NSF), the CUNY Graduate Center Physics Program, the CUNY Advanced Science Research Center, and the CUNY Research Foundation.
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AI tool creates 'synthetic' images of cells for enhanced microscopy analysis | ScienceDaily
Observing individual cells through microscopes can reveal a range of important cell biological phenomena that frequently play a role in human diseases, but the process of distinguishing single cells from each other and their background is extremely time consuming -- and a task that is well-suited for AI assistance.


						
AI models learn how to carry out such tasks by using a set of data that are annotated by humans, but the process of distinguishing cells from their background, called "single-cell segmentation," is both time-consuming and laborious. As a result, there are limited amount of annotated data to use in AI training sets. UC Santa Cruz researchers have developed a method to solve this by building a microscopy image generation AI model to create realistic images of single cells, which are then used as "synthetic data" to train an AI model to better carry out single cell-segmentation.

The new software is described in a new paper published in the journal iScience. The project was led by Assistant Professor of Biomolecular Engineering Ali Shariati and his graduate student Abolfazl Zargari. The model, called cGAN-Seg, is freely available on GitHub.

"The images that come out of our model are ready to be used to train segmentation models," Shariati said. "In a sense we are doing microscopy without a microscope, in that we are able to generate images that are very close to real images of cells in terms of the morphological details of the single cell. The beauty of it is that when they come out of the model, they are already annotated and labeled. The images show a ton of similarities to real images, which then allows us to generate new scenarios that have not been seen by our model during the training."

Images of individual cells seen through a microscope can help scientists learn about cell behavior and dynamics over time, improve disease detection, and find new medicines. Subcellular details such as texture can help researchers answer important questions, like if a cell is cancerous or not.

Manually finding and labeling the boundaries of cells from their background is extremely difficult, however, especially in tissue samples where there are many cells in an image. It could take researchers several days to manually perform cell segmentation on just 100 microscopy images.

Deep learning can speed up this process, but an initial data set of annotated images is needed to train the models -- at least thousands of images are needed as a baseline to train an accurate deep learning model. Even if the researchers can find and annotate 1,000 images, those images may not contain the variation of features that appear across different experimental conditions.




"You want to show your deep learning model works across different samples with different cell types and different image qualities," Zargari said. "For example if you train your model with high quality images, it's not going to be able to segment the low quality cell images. We can rarely find such a good data set in the microscopy field."

To address this issue, the researchers created an image-to-image generative AI model that takes a limited set of annotated, labeled cell images and generates more, introducing more intricate and varied subcellular features and structures to create a diverse set of "synthetic" images. Notably, they can generate annotated images with a high density of cells, which are especially difficult to annotate by hand and are especially relevant for studying tissues. This technique works to process and generate images of different cell types as well as different imaging modalities, such as those taken using fluorescence or histological staining.

Zargari, who led the development of the generative model, employed a commonly used AI algorithm called a "cycle generative adversarial network" for creating realistic images. The generative model is enhanced with so-called "augmentation functions" and a "style injecting network," which helps the generator to create a wide variety of high quality synthetic images that show different possibilities for what the cells could look like. To the researchers' knowledge, this is the first time style injecting techniques have been used in this context.

Then, this diverse set of synthetic images created by the generator are used to train a model to accurately carry out cell segmentation on new, real images taken during experiments.

"Using a limited data set, we can train a good generative model. Using that generative model, we are able to generate a more diverse and larger set of annotated, synthetic images. Using the generated synthetic images we can train a good segmentation model -- that is the main idea," Zagari said.

The researchers compared the results of their model using synthetic training data to more traditional methods of training AI to carry out cell segmentation across different types of cells. They found that their model produces significantly improved segmentation compared to models trained with conventional, limited training data. This confirms to the researchers that providing a more diverse dataset during training of the segmentation model improves performance.

Through these enhanced segmentation capabilities, the researchers will be able to better detect cells and study variability between individual cells, especially among stem cells. In the future, the researchers hope to use the technology they have developed to move beyond still images to generate videos, which can help them pinpoint which factors influence the fate of a cell early in its life and predict their future.

"We are generating synthetic images that can also be turned into a time lapse movie, where we can generate the unseen future of cells," Shariati said. "With that, we want to see if we are able to predict the future states of a cell, like if the cell is going to grow, migrate, differentiate or divide."
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This alloy is kinky | ScienceDaily
Researchers have uncovered a remarkable metal alloy that won't crack at extreme temperatures due to kinking, or bending, of crystals in the alloy at the atomic level.  A metal alloy composed of niobium, tantalum, titanium, and hafnium has shocked materials scientists with its impressive strength and toughness at both extremely hot and cold temperatures, a combination of properties that seemed so far to be nearly impossible to achieve. In this context, strength is defined as how much force a material can withstand before it is permanently deformed from its original shape, and toughness is its resistance to fracturing (cracking). The alloy's resilience to bending and fracture across an enormous range of conditions could open the door for a novel class of materials for next-generation engines that can operate at higher efficiencies.


						
The team, led by Robert Ritchie at Lawrence Berkeley National Laboratory (Berkeley Lab) and UC Berkeley, in collaboration with the groups led by professors Diran Apelian at UC Irvine and Enrique Lavernia at Texas A&M University, discovered the alloy's surprising properties and then figured out how they arise from interactions in the atomic structure. Their work is described in a study that was published April 11, 2024 in Science.

"The efficiency of converting heat to electricity or thrust is determined by the temperature at which fuel is burned -- the hotter, the better. However, the operating temperature is limited by the structural materials which must withstand it," said first author David Cook, a Ph.D. student in Ritchie's lab. "We have exhausted the ability to further optimize the materials we currently use at high temperatures, and there's a big need for novel metallic materials. That's what this alloy shows promise in."

The alloy in this study is from a new class of metals known as refractory high or medium entropy alloys (RHEAs/RMEAs). Most of the metals we see in commercial or industrial applications are alloys made of one main metal mixed with small quantities of other elements, but RHEAs and RMEAs are made by mixing near-equal quantities of metallic elements with very high melting temperatures, which gives them unique properties that scientists are still unraveling. Ritchie's group has been investigating these alloys for several years because of their potential for high-temperature applications.

"Our team has done previous work on RHEAs and RMEAs and we have found that these materials are very strong, but generally possess extremely low fracture toughness, which is why we were shocked when this alloy displayed exceptionally high toughness," said co-corresponding author Punit Kumar, a postdoctoral researcher in the group.

According to Cook, most RMEAs have a fracture toughness less than 10 MPa[?]m, which makes them some of the most brittle metals on record. The best cryogenic steels, specially engineered to resist fracture, are about 20 times tougher than these materials. Yet the niobium, tantalum, titanium, and hafnium (Nb45Ta25Ti15Hf15) RMEA alloy was able to beat even the cryogenic steel, clocking in at over 25 times tougher than typical RMEAs at room temperature.

But engines don't operate at room temperature. The scientists evaluated strength and toughness at five temperatures total: -196degC (the temperature of liquid nitrogen), 25degC (room temperature), 800degC, 950degC, and 1200degC. The last temperature is about 1/5 the surface temperature of the sun.




The team found that the alloy had the highest strength in the cold and became slightly weaker as the temperature rose, but still boasted impressive figures throughout the wide range. The fracture toughness, which is calculated from how much force it takes to propagate an existing crack in a material, was high at all temperatures.

Unraveling the atomic arrangements

Almost all metallic alloys are crystalline, meaning that the atoms inside the material are arranged in repeating units. However, no crystal is perfect, they all contain defects. The most prominent defect that moves is called the dislocation, which is an unfinished plane of atoms in the crystal. When force is applied to a metal it causes many dislocations to move to accommodate the shape change. For example, when you bend a paper clip which is made of aluminum, the movement of dislocations inside the paper clip accommodates the shape change. However, the movement of dislocations becomes more difficult at lower temperatures and as a result many materials become brittle at low temperatures because dislocations cannot move. This is why the steel hull of the Titanic fractured when it hit an iceberg. Elements with high melting temperatures and their alloys take this to the extreme, with many remaining brittle up to even 800degC. However, this RMEA bucks the trend, withstanding snapping even at temperatures as low as liquid nitrogen (-196degC).

To understand what was happening inside the remarkable metal, co-investigator Andrew Minor and his team analyzed the stressed samples, alongside unbent and uncracked control samples, using four-dimensional scanning transmission electron microscopy (4D-STEM) and scanning transmission electron microscopy (STEM) at the National Center for Electron Microscopy, part of Berkeley Lab's Molecular Foundry.

The electron microscopy data revealed that the alloy's unusual toughness comes from an unexpected side effect of a rare defect called a kink band. Kink bands form in a crystal when an applied force causes strips of the crystal to collapse on themselves and abruptly bend. The direction in which the crystal bends in these strips increases the force that dislocations feel, causing them to move more easily. On the bulk level, this phenomenon causes the material to soften (meaning that less force has to be applied to the material as it is deformed). The team knew from past research that kink bands formed easily in RMEAs, but assumed that the softening effect would make the material less tough by making it easier for a crack to spread through the lattice. But in reality, this is not the case.

"We show, for the first time, that in the presence of a sharp crack between atoms, kink bands actually resist the propagation of a crack by distributing damage away from it, preventing fracture and leading to extraordinarily high fracture toughness," said Cook.

The Nb45Ta25Ti15Hf15 alloy will need to undergo a lot more fundamental research and engineering testing before anything like a jet plane turbine or SpaceX rocket nozzle is made from it, said Ritchie, because mechanical engineers rightfully require a deep understanding of how their materials perform before they use them in the real world. However, this study indicates that the metal has potential to build the engines of the future.

This research was conducted by David H. Cook, Punit Kumar, Madelyn I. Payne, Calvin H. Belcher, Pedro Borges, Wenqing Wang, Flynn Walsh, Zehao Li, Arun Devaraj, Mingwei Zhang, Mark Asta, Andrew M. Minor, Enrique J. Lavernia, Diran Apelian, and Robert O. Ritchie, scientists at Berkeley Lab, UC Berkeley, Pacific Northwest National Laboratory, and UC Irvine, with funding from the Department of Energy (DOE) Office of Science. Experimental and computational analysis was conducted at the Molecular Foundry and the National Energy Research Scientific Computing Center -- both are DOE Office of Science user facilities.
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To find life in the universe, look to deadly Venus | ScienceDaily
Despite surface temperatures hot enough to melt lead, lava-spewing volcanoes, and puffy clouds of sulfuric acid, uninhabitable Venus offers vital lessons about the potential for life on other planets, a new paper argues.


						
"We often assume that Earth is the model of habitability, but if you consider this planet in isolation, we don't know where the boundaries and limitations are," said UC Riverside astrophysicist and paper first author Stephen Kane. "Venus gives us that."

Published today in the journal Nature Astronomy, the paper compiles much of the known information about Earth and Venus. It also describes Venus as an anchor point from which scientists can better understand the conditions that preclude life on planets around other stars.

Though it also features a pressure cooker-like atmosphere that would instantly flatten a human, Earth and Venus share some similarities. They have roughly the same mass and radius. Given the proximity to that planet, it's natural to wonder why Earth turned out so differently.

Many scientists assume that insolation flux, the amount of energy Venus receives from the sun, caused a runaway greenhouse situation that ruined the planet.

"If you consider the solar energy received by Earth as 100%, Venus collects 191%. A lot of people think that's why Venus turned out differently," Kane said. "But hold on a second. Venus doesn't have a moon, which is what gives Earth things like ocean tides and influenced the amount of water here."

In addition to some of the known differences, more NASA missions to Venus would help clear up some of the unknowns. Scientists don't know the size of its core, how it got to its present, relatively slow rotation rate, how its magnetic field changed over time, or anything about the chemistry of the lower atmosphere.




"Venus doesn't have a detectable magnetic field. That could be related to the size of its core," Kane said. "Core size also give us information about how a planet cools itself. Earth has a mantle circulating heat from its core. We don't know what's happening inside Venus."

A terrestrial planet's interior also influences its atmosphere. That is the case on Earth, where our atmosphere is largely the result of volcanic outgassing.

NASA does have twin missions to Venus planned for the end of this decade, and Kane is assisting with both of them. The DAVINCI mission will probe the acid-filled atmosphere to measure noble gases and other chemical elements.

"DAVINCI will measure the atmosphere all the way from the top to the bottom. That will really help us build new climate models and predict these kinds of atmospheres elsewhere, including on Earth, as we keep increasing the amount of CO2," Kane said.

The VERITAS mission, led by NASA's Jet Propulsion Laboratory, won't land on the surface but it will allow scientists to create detailed 3D landscape reconstructions, revealing whether the planet has active plate tectonics or volcanoes.

"Currently, our maps of the planet are very incomplete. It's very different to understand how active the surface is, versus how it may have changed through time. We need both kinds of information," Kane said.




Ultimately, the paper advocates for missions like these to Venus for two main reasons. One is the ability, with better data, to use Venus to ensure inferences about life on farther-flung planets are correct.

"The sobering part of the search for life elsewhere in the universe is that we're never going to have in situ data for an exoplanet. We aren't going there, landing, or taking direct measurements of them," Kane said.

"If we think another planet has life on the surface, we might not ever know we're wrong, and we'd be dreaming about a planet with life that doesn't have it. We are only going to get that right by properly understanding the Earth-size planets we can visit, and Venus gives us that chance."

The other reason to research Venus is that it offers a preview of what Earth's future could look like.

"One of the main reasons to study Venus is because of our sacred duties as caretakers of this planet, to preserve its future. My hope is that through studying the processes that produced present-day Venus, especially if Venus had a more temperate past that's now devastated, there are lessons there for us. It can happen to us. It's a question of how and when," Kane said.
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Giant galactic explosion exposes galaxy pollution in action | ScienceDaily
A team of international researchers studied galaxy NGC 4383, in the nearby Virgo cluster, revealing a gas outflow so large that it would take 20,000 years for light to travel from one side to the other.


						
The discovery was published today in the journal Monthly Notices of the Royal Astronomical Society.

Lead author Dr Adam Watts, from The University of Western Australia node at the International Centre for Radio Astronomy Research (ICRAR), said the outflow was the result of powerful stellar explosions in the central regions of the galaxy that could eject enormous amounts of hydrogen and heavier elements.

The mass of gas ejected is equivalent to more than 50 million Suns.

"Very little is known about the physics of outflows and their properties because outflows are very hard to detect," Dr Watts said.

"The ejected gas is quite rich in heavy elements giving us a unique view of the complex process of mixing between hydrogen and metals in the outflowing gas.

"In this particular case, we detected oxygen, nitrogen, sulphur and many other chemical elements."

Gas outflows are crucial to regulate how fast and for how long galaxies can keep forming stars. The gas ejected by these explosions pollutes the space between stars within a galaxy, and even between galaxies, and can float in the intergalactic medium forever.




The high-resolution map was produced with data from the MAUVE survey, co-led by ICRAR researchers Professors Barbara Catinella and Luca Cortese, who were also co-authors of the study.

The survey used the MUSE Integral Field Spectrograph on the European Southern Observatory's Very Large Telescope, located in northern Chile.

"We designed MAUVE to investigate how physical processes such as gas outflows help stop star formation in galaxies," Professor Catinella said.

"NGC 4383 was our first target, as we suspected something very interesting was happening, but the data exceeded all our expectations.

"We hope that in the future, MAUVE observations reveal the importance of gas outflows in the local Universe with exquisite detail."
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Switching off the light to see better | ScienceDaily
Researchers at Osaka University employ fluorescent molecules that can switch on and off, along with selective illumination in a plane, to create sharper microscope images that can be used to visualize internal cell structures or cell clusters.


						
To study living organisms at ever smaller length scales, scientists must devise new techniques to overcome the so-called diffraction limit. This is the intrinsic limitation on a microscope's ability to focus on objects smaller than the wavelength of light being used. Structured illumination microscopy is one of the super-resolution techniques that can help, by illuminating sinusoidal-patterned light on a sample to obtain a sharper image. However, background light from out-of-focus regions can still smear out the final picture.

In a study recently published in the journal Nature Methods, researchers from Osaka University demonstrated a new approach for super-resolution microscopy capable of observing structures inside a single cell or a cell cluster. This was accomplished by selecting only a desired plane to image using thin "light sheet" illumination, projected perpendicular to the lens, to switch on fluorophores. "We show that selective-plane activation allows us to image dense microstructures inside cells with excellent sharpness not readily available previously," lead author of the study, Kenta Temma says. That is, sinusoidal "structured" light selectively excited only a thin plane where on-state fluorophores were localized, which allowed for background-free super-resolution imaging.

While some previous methods utilized random fluorescence emission from single molecules, or "donut" shaped second light source to deactivate or deplete fluorescent sources outside of a desired area, this new method can be gentler on cells that might be damaged by intense or long exposure to light. The researchers believe that their approach is especially effective when trying to understand what is happening in living systems with spatial structure, which can often exhibit background light outside the desired focal plane. This includes organoids, which are artificial assemblies of different cell types meant to reproduce the behavior of actual body organs much better compared with collections of cells cultured on a flat petri dish. "We anticipate that our technique will be useful for future biological studies of 3D cell clusters, including organoids," says senior author, Katsumasa Fujita. The same could apply to other complex biological systems.
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New sensing checks for 3D printed products could overhaul manufacturing sector | ScienceDaily

A commercially viable sensing technology and associated imaging algorithm to assess the quality of such components currently does not exist. If the additive manufacturing (3D Printing) of metallic components could satisfy the safety and quality standards in industries there could be significant commercial advantages in the manufacturing sector.

The key breakthrough is the use of ultrasonic array sensors, which are essentially the same as those used in medical imaging in, for example, creating images of babies in the womb. However, these new laser based versions would not require the sensor to be in contact with the material.

Author Professor Anthony Mulholland, head of the School of Engineering Maths and Technology, explained: "There is a potential sensing method using a laser based ultrasonic array and we are using mathematical modelling to inform the design of the this equipment ahead of its in situ deployment."

The team built a mathematical model that incorporated the physics of ultrasonic waves propagating through a layered (as additively manufactured) metallic material, which took into account the variability one gets between each manufactured component.

The mathematical formula is made up of the design parameters associated with the ultrasonic laser and the nature of the particular material. The output is a measure of how much information will be produced by the sensor to enable the mechanical integrity of the component to be assessed. The input parameters can then be varied to maximise this information content.

It is hoped their discovery will accelerate the design and deployment of this proposed solution to this manufacturing opportunity.




Professor Mullholland added: "We can then work with our industry partners to produce a means of assessing the mechanical integrity of these safety critical components at the manufacturing stage.

"This could then lead to radically new designs (by taking full advantage of 3D printing), quicker and more cost effective production processes, and significant commercial and economic advantage to UK manufacturing."

Now the team plan to use the findings to help their experimental collaborators who are designing and building the laser based ultrasonic arrays.

These sensors will then be deployed in situ by robotic arms in a controlled additive manufacturing environment. They will maximise the information content in the data produced by the sensor and create bespoke imaging algorithms to generate tomographic images of the interior of components supplied by their industry partners. Destructive means will then be employed to assess the quality of the tomographic images produced.

Professor Mullholland concluded: "Opening up 3D printing in the manufacture of safety critical components, such as those found in the aerospace industry, would provide significant commercial advantage to UK industry.

"The lack of a means of assessing the mechanical integrity of such components is the major blockage in taking this exciting opportunity forward. This study has built a mathematical model that simulates the use of a new laser based sensor, that could provide the solution to this problem, and this study will accelerate the sensor's design and deployment."
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2D materials rotate light polarization | ScienceDaily
German and Indian physicists have shown that ultra-thin two-dimensional materials such as tungsten diselenide can rotate the polarisation of visible light by several degrees at certain wavelengths under small magnetic fields suitable for use on chips.


						
It has been known for centuries that light exhibits wave-like behaviour in certain situations. Some materials are able to rotate the polarisation, i.e. the direction of oscillation, of the light wave when the light passes through the material. This property is utilised in a central component of optical communication networks known as an "optical isolator" or "optical diode." This component allows light to propagate in one direction but blocks all light in the other direction. In a recent study, German and Indian physicists have shown that ultra-thin two-dimensional materials such as tungsten diselenide can rotate the polarisation of visible light by several degrees at certain wavelengths under small magnetic fields suitable for use on chips. The scientists from the University of Munster, Germany, and the Indian Institute of Science Education and Research (IISER) in Pune, India, have published their findings in the journal Nature Communications.

One of the problems with conventional optical isolators is that they are quite large with sizes ranging between several millimetres and several centimetres. As a result, researchers have not yet been able to create miniaturised integrated optical systems on a chip that are comparable to everyday silicon-based electronic technologies. Current integrated optical chips consist of only a few hundred elements on a chip. By comparison, a computer processor chip contains many billions of switching elements. The work of the German-Indian team is therefore a step forward in the development of miniaturised optical isolators. The 2D materials used by the researchers are only a few atomic layers thick and therefore a hundred thousand times thinner than a human hair.

"In the future, two-dimensional materials could become the core of optical isolators and enable on-chip integration for today's optical and future quantum optical computing and communication technologies," says Prof Rudolf Bratschitsch from the University of Munster. Prof Ashish Arora from IISER adds: "Even the bulky magnets, which are also required for optical isolators, could be replaced by atomically thin 2-D magnets." This would drastically reduce the size of photonic integrated circuits.

The team deciphered the mechanism responsible for the effect they found: Bound electron-hole pairs, so-called excitons, in 2D semiconductors rotate the polarisation of the light very strongly when the ultra-thin material is placed in a small magnetic field. According to Ashish Arora, "conducting such sensitive experiments on two-dimensional materials is not easy because the sample areas are very small." The scientists had to develop a new measuring technique that is around 1,000 times faster than previous methods.
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Predicting cardiac arrhythmia 30 minutes before it happens | ScienceDaily
Atrial fibrillation is the most common cardiac arrhythmia worldwide with around 59 million people concerned in 2019. This irregular heartbeat is associated with increased risks of heart failure, dementia and stroke. It constitutes a significant burden to healthcare systems, making its early detection and treatment a major goal. Researchers from the Luxembourg Centre for Systems Biomedicine (LCSB) of the University of Luxembourg have recently developed a deep-learning model capable of predicting the transition from a normal cardiac rhythm to atrial fibrillation. It gives early warnings on average 30 minutes before onset, with an accuracy of around 80%. These results, published in the scientific journal Patterns, pave the way for integration into wearable technologies, allowing early interventions and better patient outcomes.


						
During atrial fibrillation, the heart's upper chambers beat irregularly and are out of sync with the ventricles. Reverting to a regular rhythm can require intensive interventions, from shocking the heart back to normal sinus rhythm to the removal of a specific area responsible for faulty signals. Being able to predict an episode of atrial fibrillation early enough would allow patients to take preventive measures to keep their cardiac rhythm stable. However, current methods based on the analysis of heart rate and electrocardiogram (ECG) data are only able to detect atrial fibrillation right before its onset and do not provide an early warning.

"In contrast, our work departs from this approach to a more prospective prediction model," explains Prof. Jorge Goncalves, head of the Systems Control group at the LCSB. "We used heart rate data to train a deep learning model that can recognise different phases -- sinus rhythm, pre-atrial fibrillation and atrial fibrillation -- and calculate a "probability of danger" that the patient will have an imminent episode." When approaching atrial fibrillation, the probability increases until it crosses a specific threshold, providing an early warning.

This artificial intelligence model, called WARN (Warning of Atrial fibRillatioN), was trained and tested on 24h-recordings collected from 350 patients at Tongji Hospital (Wuhan, China) and gave early warnings, on average 30 minutes before the start of atrial fibrillation, with great accuracy. Compared to previous work on arrhythmia prediction, WARN is the first method to provide a warning far from onset.

"Another interesting aspect is that our model has a high performance using only R-to-R intervals, basically just heart rate data, that can be acquired from easy-to-wear and affordable pulse signal recorders such as smartwatches," highlights Dr Marino Gavidia, first author of the publication, who worked on this project during his PhD within the Systems Control group and the Doctoral Training Unit CriTiCS (see box below). "These devices can be used by patients on a daily basis, so our results open possibilities for the development of real-time monitoring and early warnings from comfortable wearable devices," adds Dr Arthur Montanari, a LCSB researcher involved in the project.

Additionally, the deep-learning model developed by the researchers could be implemented in smartphones to process the data from a smartwatch. This low computational cost makes it ideal for integration into wearable technologies. The long-term objective is for patients to be able to continuously monitor their cardiac rhythm and receive early warnings that can provide sufficient time to take antiarrhythmic medication or use some targeted treatments to prevent the onset of atrial fibrillation. This in turn would reduce emergency interventions and improve patient outcomes.

"Moving forward, we will focus on developing personalised models. The daily use of a simple smartwatch constantly provides new information on personal heart dynamics, enabling us to continuously refine and retrain our model for that patient to achieve enhanced performance with even earlier warnings," concludes Prof. Goncalves. "Eventually, this approach could even lead to new clinical trials and innovative therapeutic interventions."
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AI weather forecasts captured Ciaran's destructive path | ScienceDaily
Artificial intelligence (AI) can quickly and accurately predict the path and intensity of major storms, a new study has demonstrated.


						
The research, based on an analysis of November 2023's Storm Ciaran, suggests weather forecasts that use machine learning can produce predictions of similar accuracy to traditional forecasts faster, cheaper, and using less computational power.

Published in npj Climate and Atmospheric Science, the University of Reading study highlights the rapid progress and transformative potential of AI in weather prediction.

Professor Andrew Charlton-Perez, who led the study, said: "AI is transforming weather forecasting before our eyes. Two years ago, modern machine learning techniques were rarely being applied to make weather forecasts. Now we have multiple models that can produce 10-day global forecasts in minutes.

"There is a great deal we can learn about AI weather forecasts by stress-testing them on extreme events like Storm Ciaran. We can identify their strengths and weaknesses and guide the development of even better AI forecasting technology to help protect people and property. This is an exciting and important time for weather forecasting."

Promise and pitfalls

To understand the effectiveness of AI-based weather models, scientists from the University of Reading compared AI and physics-based forecasts of Storm Ciaran -- a deadly windstorm that hit northern and central Europe in November 2023 which claimed 16 lives in northern Europe and left more than a million homes without power in France.

The researchers used four AI models and compared their results with traditional physics-based models. The AI models, developed by tech giants like Google, Nvidia and Huawei, were able to predict the storm's rapid intensification and track 48 hours in advance. To a large extent, the forecasts were 'indistinguishable' from the performance of conventional forecasting models, the researchers said. The AI models also accurately captured the large-scale atmospheric conditions that fuelled Ciaran's explosive development, such as its position relative to the jet stream -- a narrow corridor of strong high-level winds.

The machine learning technology underestimated the storm's damaging winds, however. All four AI systems underestimated Ciaran's maximum wind speeds, which in reality gusted at speeds of up to 111 knots at Pointe du Raz, Brittany. The authors were able to show that this underestimation was linked to some of the features of the storm, including the temperature contrasts near its centre, that were not well predicted by the AI systems.

To better protect people from extreme weather like Storm Ciaran, the researchers say further investigation of the use of AI in weather prediction is urgently needed. Development of machine learning models could mean artificial intelligence is routinely used in weather prediction in the near future, saving forecasters time and money.
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Magnetic with a pinch of hydrogen | ScienceDaily
Magnetic two-dimensional materials consisting of one or a few atomic layers have only recently become known and promise interesting applications, for example for the electronics of the future. So far, however, it has not been possible to control the magnetic states of these materials well enough. A German-American research team led by the Helmholtz-Zentrum Dresden-Rossendorf (HZDR) and Dresden University of Technology (TUD) is now presenting in the journal Nano Letters an innovative idea that could overcome this shortcoming -- by allowing the 2D layer to react with hydrogen.


						
2D materials are ultra-thin, in some cases consisting of a single atomic layer. Due to their special properties, this still young class of materials offers exciting prospects for spintronics and data storage. In 2017, experts discovered a new variant -- 2D materials that are magnetic. However, these systems have so far been difficult to switch back and forth between two magnetic states -- a prerequisite for the construction of new types of electronic components -- through targeted chemical influences. To overcome this problem, a research team from the HZDR and TUD led by junior research group leader Rico Friedrich set their sights on a special group of 2D materials: layers obtained from crystals in which relatively strong chemical bonds exist: so-called non-van der Waals 2D materials.

Twenty years ago, the later Physics Noble Prize winners Konstantin Novoselov and Andre Geim were able to produce a 2D material in a targeted manner for the first time: Using adhesive tape, they peeled off a thin layer from a graphite crystal, thereby isolating single-layer carbon, so-called graphene. The simple trick worked because the individual layers of graphite are only loosely bound chemically. Incidentally, this is exactly what makes it possible to draw lines on paper with a pencil.

"Only in recent years has it been possible to detach individual layers from crystals using liquid-based processes, in which the layers are much more strongly bound than in graphite," explains Rico Friedrich, head of the "DRESDEN-concept" junior research group AutoMaT. "The resulting 2D materials are much more chemically active than graphene, for example." The reason: these layers have unsaturated chemical bonds on their surface and therefore a strong tendency to bind with other substances.

Turn 35 into 4

Friedrich and his team came up with the following idea: if the reactive surface of these 2D materials were made to react with hydrogen, it should be possible to influence specifically the magnetic properties of the thin layers. However, it was unclear which of the 2D systems were particularly suitable for this. To answer this question, the experts combed through their previously developed database of 35 novel 2D materials and carried out detailed and extensive calculations using density functional theory. The challenge was to ensure the stability of the hydrogen-passivated systems in terms of energetic, dynamic and thermal aspects and to determine the correct magnetic state -- a task that could only be accomplished with the support of several high-performance computing centers.

When the hard work was done, four promising 2D materials remained. The group took a closer look at these once again. "In the end, we were able to identify three candidates that could be magnetically activated by hydrogen passivation," reports Friedrich. A material called cadmium titanate (CdTiO3) proved to be particularly remarkable -- it becomes ferromagnetic, i.e. a permanent magnet, through the influence of hydrogen. The three candidates treated with hydrogen should be easy to control magnetically and could therefore be suitable for new types of electronic components. As these layers are extremely thin, they could be easily integrated into flat device components -- an important aspect for potential applications.

Experiments are already underway

"The next step is to confirm our theoretical findings experimentally," says Rico Friedrich. "And several research teams are already trying to do this, for example at the University of Kassel and the Leibniz Institute for Solid State and Materials Research in Dresden." But also at HZDR and TUD the research on 2D materials is continuing: among other things, Friedrich and his team are working on new types of 2D materials that could be relevant for energy conversion and storage in the long term. One focus is on the possible splitting of water into oxygen and hydrogen. The green hydrogen obtained this way could then be used, for example, as energy storage medium for times when there is too little solar and wind power available.
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More economical and sustainable rechargeable batteries | ScienceDaily
Lithium salts make batteries powerful but expensive. An ultralow-concentration electrolyte based on the lithium salt LiDFOB may be a more economical and more sustainable alternative. Cells using these electrolytes and conventional electrodes have been demonstrated to have high performance, as reported by a research team to the journal Angewandte Chemie. In addition, the electrolyte could facilitate both production and recycling of the batteries.


						
Lithium-ion batteries (LIBs) provide power to smartphones and tablets, drive electric vehicles, and store electricity at power plants. The main components of most LIBs are lithium cobalt oxide (LCO) cathodes, graphite anodes, and liquid electrolytes that deliver mobile ions for the decoupled cathode and anode reactions. These electrolytes determine the properties of the interphase layer that forms on the electrodes and thus affect features such as battery cycling performance. However, commercial electrolytes are still mostly based on a system formulated over 30 years ago: 1.0 to 1.2 mol/L lithium hexafluorophosphate (LiPF6) in carboxylic acid esters ("carbonate solvent"). Over the last ten years, high-concentration electrolytes (> 3 mol/L) have been developed, increasing battery performance by favoring the formation of robust inorganic-dominated interphase layers. However, these electrolytes have high viscosity, poor wetting ability, and inferior conductivity. The large amounts of lithium salts required also make them very expensive, often a critical parameter for feasibility. To reduce costs, research has also begun into ultralow-concentration electrolytes (< 0.3 mol/L). The drawback for these has been that the battery cell decomposes more solvent than the few salt anions, which leads to an organic-dominated and less stable interphase layer.

A team led by Jinliang Yuan, Lan Xia, and Xianyong Wu at Ningbo University (China) and the University of Puerto Rico-Rio Piedras Campus (USA) has now developed an ultralow-concentration electrolyte that may be suitable for practical application in lithium-ion batteries: LiDFOB/EC-DMC. LiDFOB (lithium difluoro(oxalato)borate) is a common additive and significantly cheaper than LiPF6. EC-DMC (ethyl carbonate/dimethyl carbonate) is a commercial carbonate solvent. The electrolyte has a potentially record-breaking low salt content of 2 weight percent (0.16 mol/L) but a sufficiently high ionic conductivity (4.6 mS/cm) to operate a battery. In addition, the properties of the DFOB- anions allow for the formation of an inorganic-dominated, robust interphase layer on LCO and graphite electrodes, resulting in outstanding cycling stability in half and full cells.

While the LiPF6 in current use decomposes in the presence of moisture, releasing highly toxic and corrosive hydrogen fluoride gas (HF), LiDFOB is water- and air-stable. Instead of strict dry room conditions, LIBs with LiDFOB can be made under ambient conditions -- an additional cost-saving feature. Recycling would also be significantly less problematic and lead to more sustainability.
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Simulated microgravity affects sleep and physiological rhythms | ScienceDaily
Simulated effects of microgravity significantly affect rhythmicity and sleep in humans, a new study from the University of Surrey finds. Such disturbances could negatively affect the physiology and performance of astronauts in space.


						
Previous findings have shown that astronauts exposed to microgravity, simulated via 60 days of constant bed rest at a six-degree head-down tilt angle, experience changes to physiology, including immune suppression, increased inflammation, and reduced muscle mass and bone density. However, a less-studied aspect of physiology concerning the effects of microgravity is sleep and biological rhythms.

Lead author Dr Maria-Angeles Bonmati-Carrion, a post-doctoral researcher at the University of Surrey (currently at CIBERFES (Carlos III Health Institute), University of Murcia and Principal Investigator at Murcian Institute of Biosanitary Research, said:

"This is the first time that sleep and various biological rhythms have been evaluated from an integrative perspective in a head-down tilt bed rest protocol for this long (60 days). We are confident that these findings will serve in designing new protocols aimed at improving sleep and rhythmic robustness in space. In addition, our results can also be applied to other processes such as ageing or the impact of constant posture in our sleep and rhythms."

In a study coordinated by the European Space Agency at the MEDES space clinic in Toulouse, 20 men completed a 90-day protocol consisting of two weeks of baseline, before 60 days of constant bed rest at a six-degree head-down tilt angle, simulating the effects of microgravity experienced by astronauts. The protocol concluded with two weeks of recovery.

To assess the impact of simulated microgravity, the research team analysed wrist skin temperature, motor activity, light exposure, and diurnal sleepiness throughout the 90-day protocol. Sleep was assessed through electroencephalogram (EEG) over a 24-hour time series during two days in baseline, three days in bed rest, and once in recovery. During those sessions, saliva sampling allowed measurement of the phase and amplitude of melatonin, a hormone that regulates sleep-wake cycles and cortisol secretion, the body's main stress hormone.

Researchers observed a decrease in the amplitude of temperature, activity and sleepiness rhythms during bed rest. Sleep duration decreased at the beginning of bed rest, and on average, participants slept less than 6.5 hours during the night throughout the study. Researchers note that partial sleep deprivation of a similar extent has been found to result in changes in immune system function and inflammatory status during both bed rest and spaceflight. The reverse was found for daytime sleep (naps), with an increase in naps, particularly at the beginning of the study, being detected.




Results also confirmed the temporal association between peripheral skin temperature and melatonin secretion, even under bed rest conditions. However, the association of peripheral temperature with different sleep stages (wrist skin temperature increases as sleep becomes deeper) was lost during bed rest, which could indicate a disruption in thermoregulation processes related to sleep.

Senior author Professor Simon Archer, Professor of Molecular Biology of Sleep at the University of Surrey, said:

"Biological rhythms are disrupted, and sleep is restricted in space flight and this impacts on physiology and performance. The normal posture cycle is a significant reinforcement signal for biological rhythmicity and its removal in this protocol and absence in space flight likely contributes to reduction in rhythmic amplitudes of many of the variables studied here. These results have important implications for future spaceflight but also for conditions where individuals are confined to long-term bed rest."

Professor Derk-Jan Dijk, Director of the Surrey Sleep Research Centre, said:

"Research conducted in large cohorts, such as the UK biobank, has previously provided evidence for the predictive value of amplitude of 24-hour rhythmicity for future health. The current data emphasize that this important aspect of human physiology and behaviour can be disrupted by conditions such as prolonged bedrest and spaceflight."

This study was published in the journal npj Microgravity and received funding from the BBSRC. Additional results relating to disruption to gene expression in this study were recently published in iScience.
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Superradiant atoms could push the boundaries of how precisely time can be measured | ScienceDaily
Superradiant atoms can help us measure time more precisely than ever. In a new study, researchers from the University of Copenhagen present a new method for measuring the time interval, the second, mitigating some of the limitations that today's most advanced atomic clocks encounter. The result could have broad implications in areas such as space travel, volcanic eruptions and GPS systems.


						
The second is the most precisely-defined unit of measurement, compared to other base units such as the kilogram, meter, and degree Kelvin. Time is currently measured by atomic clocks in different places around the world, which together, tell us what time it is. Using radio waves, atomic clocks continuously send signals that synchronize our computers, phones and wristwatches.

Oscillations are the key to keeping time. In a grandfather clock, these oscillations are from a pendulum's swinging from side to side every second, while in an atomic clock, it is a laser beam which corresponds to an energy transition in strontium and oscillates about a million billion times per second.

But according to PhD fellow Eliot Bohr from the Niels Bohr Institute -- great-grandson of Niels Bohr -- even atomic clocks could become more precise. This is because the detection laser, used by most modern atomic clocks to read the oscillation of atoms, heats up the atoms so much that they escape -- which degrades precision.

"Because the atoms constantly need to be replaced with fresh new atoms, while new atoms are being prepared, the clock loses time ever so slightly.Therefore, we are attempting to overcome some of the current challenges and limitations of the world's best atomic clocks by, among other things, reusing the atoms so that they don't need to be replaced as often," explains Eliot Bohr who was employed at the Niels Bohr Institute when he did the research, but who is now PhD fellow at the University of Colorado.

He is the lead author of a new study published in the scientific journal Nature Communications, which uses an innovative and perhaps more efficient way of measuring time.

Superradiance and cooling to absolute zero

The current methodology consists of a hot oven that spits roughly 300 million strontium atoms into an extraordinarily chilly ball of cold atoms known as a magneto-optical trap, or MOT. The temperature of these atoms is approximately -273 degC -- very near absolute zero -- and there are two mirrors with a light field in between them to enhance the atomic interactions. Together with his research colleagues, Bohr has developed a new method to read out the atoms.




"When the atoms land in the vacuum chamber, they lie completely still because it is so cold, which makes it possible to register their oscillations with the two mirrors at opposing ends of the chamber," explains Eliot Bohr.

The reason why the researchers don't need to heat the atoms with a laser and destroy them is thanks to a quantum physical phenomenon known as 'superradiance'. The phenomenon occurs when the group of strontium atoms is entangled and at the same time emits light in the field between the two mirrors.

"Themirrors cause the atoms to behave as a single unit. Collectively, they emit a powerful light signal that we can use to read out the atomic state, a crucial step for measuring time. This method heats up the atoms minimally, so It all happens without replacing the atoms, and this has the potential to make it a more precise measurement method," explains Bohr.

GPS, space missions and volcanic eruptions

According to Eliot Bohr, the new research result may be beneficial for developing a more accurate GPS system. Indeed, the roughly 30 satellites that constantly circle Earth and tell us where we are need atomic clocks to measure time.

"Whenever satellites determine the position of your phone or GPS, you are using an atomic clock in a satellite. The precision of the atomic clocks is so important that If that atomic clock is off by a microsecond, it means an inaccuracy of about 100 meters on the Earth's surface," explains Eliot Bohr.




Future space missions are another area where the researcher foresees more precise atomic clocks making a significant impact.

"When people and crafts are sent out into space, they venture even further away from our satellites. Consequently, the requirements for precise time measurements to navigate in space are much greater," he says.

The result could also be helpful in the development of a new generation of smaller, portable atomic clocks that could be used for more than "just" measuring time.

"Atomic clocks are sensitive to gravitational changes and can therefore be used to detect changes in Earth's mass and gravity, and this could help us predict when volcanic eruptions and earthquakes will occur," says Bohr.

Bohr emphasizes that while the new method using superradiant atoms is very promising, it is still a "proof of concept" which needs further refinement. .

The research was conducted by the team of Jorg Helge Muller and Jan Thomsen at the Niels Bohr Institute, in collaboration with PhD students Sofus Laguna Kristensen and Julian Robinson-Tait, and postdoc Stefan Alaric Schaffer. The project also included contributions from theorists Helmut Ritsch and Christoph Hotter from the University of Innsbruck, as well as Tanya Zelevinsky from Columbia University.
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Despite AI advancements, human oversight remains essential | ScienceDaily
State-of-the-art artificial intelligence systems known as large language models (LLMs) are poor medical coders, according to researchers at the Icahn School of Medicine at Mount Sinai. Their study, published in the April 19 online issue of NEJM AI, emphasizes the necessity for refinement and validation of these technologies before considering clinical implementation.


						
The study extracted a list of more than 27,000 unique diagnosis and procedure codes from 12 months of routine care in the Mount Sinai Health System, while excluding identifiable patient data. Using the description for each code, the researchers prompted models from OpenAI, Google, and Meta to output the most accurate medical codes. The generated codes were compared with the original codes and errors were analyzed for any patterns.

The investigators reported that all of the studied large language models, including GPT-4, GPT-3.5, Gemini-pro, and Llama-2-70b, showed limited accuracy (below 50 percent) in reproducing the original medical codes, highlighting a significant gap in their usefulness for medical coding. GPT-4 demonstrated the best performance, with the highest exact match rates for ICD-9-CM (45.9 percent), ICD-10-CM (33.9 percent), and CPT codes (49.8 percent).

GPT-4 also produced the highest proportion of incorrectly generated codes that still conveyed the correct meaning. For example, when given the ICD-9-CM description "nodular prostate without urinary obstruction," GPT-4 generated a code for "nodular prostate," showcasing its comparatively nuanced understanding of medical terminology. However, even considering these technically correct codes, an unacceptably large number of errors remained.

The next best-performing model, GPT-3.5, had the greatest tendency toward being vague. It had the highest proportion of incorrectly generated codes that were accurate but more general in nature compared to the precise codes. In this case, when provided with the ICD-9-CM description "unspecified adverse effect of anesthesia," GPT-3.5 generated a code for "other specified adverse effects, not elsewhere classified."

"Our findings underscore the critical need for rigorous evaluation and refinement before deploying AI technologies in sensitive operational areas like medical coding," says study corresponding author Ali Soroush, MD, MS, Assistant Professor of Data-Driven and Digital Medicine (D3M), and Medicine (Gastroenterology), at Icahn Mount Sinai. "While AI holds great potential, it must be approached with caution and ongoing development to ensure its reliability and efficacy in health care."

One potential application for these models in the health care industry, say the investigators, is automating the assignment of medical codes for reimbursement and research purposes based on clinical text.




"Previous studies indicate that newer large language models struggle with numerical tasks. However, the extent of their accuracy in assigning medical codes from clinical text had not been thoroughly investigated across different models," says co-senior author Eyal Klang, MD, Director of the D3M's Generative AI Research Program. "Therefore, our aim was to assess whether these models could effectively perform the fundamental task of matching a medical code to its corresponding official text description."

The study authors proposed that integrating LLMs with expert knowledge could automate medical code extraction, potentially enhancing billing accuracy and reducing administrative costs in health care.

"This study sheds light on the current capabilities and challenges of AI in health care, emphasizing the need for careful consideration and additional refinement prior to widespread adoption," says co-senior author Girish Nadkarni, MD, MPH, Irene and Dr. Arthur M. Fishberg Professor of Medicine at Icahn Mount Sinai, Director of The Charles Bronfman Institute of Personalized Medicine, and System Chief of D3M.

The researchers caution that the study's artificial task may not fully represent real-world scenarios where LLM performance could be worse.

Next, the research team plans to develop tailored LLM tools for accurate medical data extraction and billing code assignment, aiming to improve quality and efficiency in health care operations.

The study is titled "Generative Large Language Models are Poor Medical Coders: A Benchmarking Analysis of Medical Code Querying."

The remaining authors on the paper, all with Icahn Mount Sinai except where indicated, are: Benjamin S. Glicksberg, PhD; Eyal Zimlichman, MD (Sheba Medical Center and Tel Aviv University, Israel); Yiftach Barash, (Tel Aviv University and Sheba Medical Center, Israel); Robert Freeman, RN, MSN, NE-BC; and Alexander W. Charney, MD, PhD.

This research was supported by the AGA Research Foundation's 2023 AGA-Amgen Fellowship to-Faculty Transition Award AGA2023-32-06 and an NIH UL1TR004419 award.

The researchers affirm that the study was conducted without the use of any Protected Health Information ("PHI").
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AI and physics combine to reveal the 3D structure of a flare erupting around a black hole | ScienceDaily
Scientists believe the environment immediately surrounding a black hole is tumultuous, featuring hot magnetized gas that spirals in a disk at tremendous speeds and temperatures. Astronomical observations show that within such a disk, mysterious flares occur up to several times a day, temporarily brightening and then fading away. Now a team led by Caltech scientists has used telescope data and an artificial intelligence (AI) computer-vision technique to recover the first three-dimensional video showing what such flares could look like around Sagittarius A* (Sgr A*, pronounced sadge-ay-star), the supermassive black hole at the heart of our own Milky Way galaxy.


						
The 3D flare structure features two bright, compact features located about 75 million kilometers (or half the distance between Earth and the Sun) from the center of the black hole. It is based on data collected by the Atacama Large Millimeter Array (ALMA) in Chile over a period of 100 minutes directly after an eruption seen in X-ray data on April 11, 2017.

"This is the first three-dimensional reconstruction of gas rotating close to a black hole," says Katie Bouman, assistant professor of computing and mathematical sciences, electrical engineering and astronomy at Caltech, whose group led the effort described in a new paper in Nature Astronomy.

Aviad Levis, a postdoctoral scholar in Bouman's group and lead author on the new paper, emphasizes that while the video is not a simulation, it is also not a direct recording of events as they took place. "It is a reconstruction based on our models of black hole physics. There is still a lot of uncertainty associated with it because it relies on these models being accurate," he says.

Using AI informed by physics to figure out possible 3D structures 

To reconstruct the 3D image, the team had to develop new computational imaging tools that could, for example, account for the bending of light due to the curvature of space-time around objects of enormous gravity, such as a black hole.

The multidisciplinary team first considered if it would be possible to create a 3D video of flares around a black hole in June 2021. The Event Horizon Telescope (EHT) Collaboration, of which Bouman and Levis are members, had already published the first image of the supermassive black hole at the core of a distant galaxy, called M87, and was working to do the same with EHT data from Sgr A*. Pratul Srinivasan of Google Research, a co-author on the new paper, was at the time visiting the team at Caltech. He had helped develop a technique known as neural radiance fields (NeRF) that was then just starting to be used by researchers; it has since had a huge impact on computer graphics. NeRF uses deep learning to create a 3D representation of a scene based on 2D images. It provides a way to observe scenes from different angles, even when only limited views of the scene are available.




The team wondered if, by building on these recent developments in neural network representations, they could reconstruct the 3D environment around a black hole. Their big challenge: From Earth, as anywhere, we only get a single viewpoint of the black hole.

The team thought that they might be able to overcome this problem because gas behaves in a somewhat predictable way as it moves around the black hole. Consider the analogy of trying to capture a 3D image of a child wearing an inner tube around their waist. To capture such an image with the traditional NeRF method, you would need photos taken from multiple angles while the child remained stationary. But in theory, you could ask the child to rotate while the photographer remained stationary taking pictures. The timed snapshots, combined with information about the child's rotation speed, could be used to reconstruct the 3D scene equally well. Similarly, by leveraging knowledge of how gas moves at different distances from a black hole, the researchers aimed to solve the 3D flare reconstruction problem with measurements taken from Earth over time.

With this insight in hand, the team built a version of NeRF that takes into account how gas moves around black holes. But it also needed to consider how light bends around massive objects such as black holes. Under the guidance of co-author Andrew Chael of Princeton University, the team developed a computer model to simulate this bending, also known as gravitational lensing.

With these considerations in place, the new version of NeRF was able to recover the structure of orbiting bright features around the event horizon of a black hole. Indeed, the initial proof-of-concept showed promising results on synthetic data.

A flare around Sgr A* to study

But the team needed some real data. That's where ALMA came in. The EHT's now famous image of Sgr A* was based on data collected on April 6-7, 2017, which were relatively calm days in the environment surrounding the black hole. But astronomers detected an explosive and sudden brightening in the surroundings just a few days later, on April 11. When team member Maciek Wielgus of the Max Planck Institute for Radio Astronomy in Germany went back to the ALMA data from that day, he noticed a signal with a period matching the time it would take for a bright spot within the disk to complete an orbit around Sgr A*. The team set out to recover the 3D structure of that brightening around Sgr A*.




ALMA is one of the most powerful radio telescopes in the world. However, because of the vast distance to the galactic center (more than 26,000 light-years), even ALMA does not have the resolution to see Sgr A*'s immediate surroundings. What ALMA measures are light curves, which are essentially videos of a single flickering pixel, which are created by collecting all of the radio-wavelength light detected by the telescope for each moment of observation.

Recovering a 3D volume from a single-pixel video might seem impossible. However, by leveraging an additional piece of information about the physics that are expected for the disk around black holes, the team was able to get around the lack of spatial information in the ALMA data.

Strongly polarized light from the flares provided clues

ALMA doesn't just capture a single light curve. In fact, it provides several such "videos" for each observation because the telescope records data relating to different polarization states of light. Like wavelength and intensity, polarization is a fundamental property of light and represents which direction the electric component of a light wave is oriented with respect to the wave's general direction of travel. "What we get from ALMA is two polarized single-pixel videos," says Bouman, who is also a Rosenberg Scholar and a Heritage Medical Research Institute Investigator. "That polarized light is actually really, really informative."

Recent theoretical studies suggest that hot spots forming within the gas are strongly polarized, meaning the light waves coming from these hot spots have a distinct preferred orientation direction. This is in contrast to the rest of the gas, which has a more random or scrambled orientation. By gathering the different polarization measurements, the ALMA data gave the scientists information that could help localize where the emission was coming from in 3D space.

Introducing Orbital Polarimetric Tomography

To figure out a likely 3D structure that explained the observations, the team developed an updated version of its method that not only incorporated the physics of light bending and dynamics around a black hole but also the polarized emission expected in hot spots orbiting a black hole. In this technique, each potential flare structure is represented as a continuous volume using a neural network. This allows the researchers to computationally progress the initial 3D structure of a hotspot over time as it orbits the black hole to create a whole light curve. They could then solve for the best initial 3D structure that, when progressed in time according to black hole physics, matched the ALMA observations.

The result is a video showing the clockwise movement of two compact bright regions that trace a path around the black hole. "This is very exciting," says Bouman. "It didn't have to come out this way. There could have been arbitrary brightness scattered throughout the volume. The fact that this looks a lot like the flares that computer simulations of black holes predict is very exciting."

Levis says that the work was uniquely interdisciplinary: "You have a partnership between computer scientists and astrophysicists, which is uniquely synergetic. Together, we developed something that is cutting edge in both fields -- both the development of numerical codes that model how light propagates around black holes and the computational imaging work that we did."

The scientists note that this is just the beginning for this exciting technology. "This is a really interesting application of how AI and physics can come together to reveal something that is otherwise unseen," says Levis. "We hope that astronomers could use it on other rich time-series data to shed light on complex dynamics of other such events and to draw new conclusions."
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New copper-catalyzed C-H activation strategy | ScienceDaily
Inspired by what human liver enzymes can do, Scripps Research chemists have developed a new set of copper-catalyzed organic synthesis reactions for building and modifying pharmaceuticals and other molecules. The new reactions are expected to be widely used in drug discovery and optimization, as well as in other chemistry-based industries.


						
In their study, which initially published in an unedited version on March 28, 2024, in Nature, the chemists showed that their new methods can be used to perform two modifications -- called dehydrogenations and lactonizations -- on a broad class of inexpensive starting compounds. The reactions require only a simple copper-based catalyst, whereas related reactions typically require much more cumbersome and expensive methods -- though this specific type of reaction was previously inaccessible by any organic synthesis method.

"This new two-mode approach could be particularly useful for late-stage modifications and diversifications of natural products and drug molecules," says study senior author Jin-Quan Yu, PhD, Frank and Bertha Hupp Professor of Chemistry and Bristol Myers Squibb Endowed Chair in Chemistry at Scripps Research.

The study's first authors were postdoctoral research associate Shupeng Zhou, PhD, and doctoral student Annabel Zhang, PhD, both of the Yu lab during the study.

The initial goal of the research was to find a new and better method for what chemists call carbon-hydrogen (CH) activation, in which a hydrogen atom on the carbon backbone of an organic compound is detached and replaced with something else -- a valuable tool for drug synthesis.

In this case, the Yu lab -- which has a history of innovations in CH activation chemistry -- sought a better way to do CH activations that replace the hydrogen with an oxygen atom. This is a common transformation in the construction or modification of biologically active molecules, though chemists haven't had laboratory methods for doing it that are as simple, direct and broadly useful as they would like.

Yu and his team looked to nature for inspiration, in particular to cytochrome P450 enzymes, which are found in most living organisms, and help clear potentially toxic molecules in the human liver. Cytochrome P450 enzymes perform oxygen-for-hydrogen reactions very efficiently. Some of these enzymes have the additional ability to catalyze a different hydrogen-removal process called dehydrogenation, which can be used to strip hydrogens from two carbons simultaneously, allowing other atoms -- or clusters of atoms -- to replace them. The chemists set themselves the ambitious goal of finding a general organic synthesis method for doing either the oxygenation or dehydrogenation reaction, as these versatile "bimodal" enzymes do in living cells.




After months of experimentation, Yu's team found that, through chemical transformations similar to those done by the bimodal cytochrome P450 enzymes, they could efficiently make compounds called unsaturated primary amides -- a class that includes many drug molecules -- by dehydrogenating inexpensive starting compounds called methoxyamides. For the catalyst, they needed only copper fluoride -- also inexpensive and easy to use.

As the chemists explored the breadth of their new dehydrogenation method using different specific starting compounds, they observed trace amounts of a type of molecule called a lactone, indicating that an oxygenation reaction had occurred. Ultimately, they were able to determine the reaction conditions that favored this oxygenation or "lactonization" over the dehydrogenation. In other words, like the bimodal enzymes that had inspired them, they were able to control whether their approach led down one reaction path or the other.

The team demonstrated the remarkable versatility of this set of reactions by using it to modify -- via dehydrogenation or lactonization, or both -- a wide variety of starting compounds, including the neurological drug valproic acid and the cholesterol-lowering drug gemfibrozil. (Modifications of existing complex molecules to create potentially better variants are a common drug discovery and optimization technique.)

Yu and his group are currently developing a similar approach for making and modifying lactone- and amide-related compounds called lactams, which include some antibiotics.

"We've already had a lot of interest in this new approach from pharma industry chemists," Yu says.

"Copper-catalyzed dehydrogenation or lactonization of C(sp3)[?]H bonds" was co-authored by Shupeng Zhou, Zi-Jun Zhang and Jin-Quan Yu.

Support for the research was provided by the National Institutes of Health (2R01GM084019).
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New beta-decay measurements in mirror nuclei pin down the weak nuclear force | ScienceDaily
The Standard Model of Particle Physics is scientists' best understanding of the forces that describe how subatomic particles interact. The Standard Model encompasses four forces: the strong nuclear force, the weak nuclear force, the electromagnetic force, and the gravitational force. All four forces govern the way our universe works. However, the weak nuclear force is exceptionally difficult to study as it is overshadowed by the much greater effects of the strong nuclear and electromagnetic forces. Scientists have gained new insights into the weak nuclear force from detailed studies of the beta decays of the "mirror" nuclei lithium-8 and boron-8. Mirror nuclei are atoms with reversed numbers of protons and neutrons. For example, lithium-8 has three protons and five neutrons, while boron-8 has five protons and three neutrons.


						
Scientists have performed a new, more sensitive measurement of beta decay properties to hunt for a theorized feature of the weak nuclear force not currently included in the Standard Model. The weak nuclear force drives the process of nuclear beta decay. In beta decay, a proton or neutron in a nucleus emits a beta particle (an electron or its anti-particle, a positron) and a neutrino. The properties of the beta decays of the radioactive mirror nuclei lithium-8 and boron-8 are in perfect agreement with the predictions of the Standard Model. This effort combines state-of-the-art experimental and theoretical methods and paves the way for future advances in the study of the weak nuclear force.

A team of nuclear scientists from Lawrence Livermore National Laboratory, Argonne National Laboratory, and Louisiana State University precisely measured the beta-decay properties of the "mirror" nuclei lithium-8 and boron-8 to better understand the weak nuclear force. Mirror nuclei have the same total number of protons and neutrons, but the numbers of each particle are reversed. Mirror nuclei provide an opportunity to study the weak nuclear force with increased sensitivity. The predicted signature of many of the sought-after new effects would give rise to opposite contributions in the two different nuclei. This would allow scientists to compare the lithium-8 and boron-8 results to isolate the contributions to the decay from each nucleus.

By studying both these nuclei with the Beta-decay Paul Trap, a device that holds clouds of ions in vacuum, the researchers determined the energies and directions of the emitted beta particle and two alpha particles with high precision. This approach allowed the researchers to reconstruct the full decay properties, including the contribution from the unseen neutrino. The Standard Model (SM) predicts the distribution of emission angles for the beta particle and neutrino, and any observed difference would reveal new aspects of the weak nuclear force. The team was looking for differences smaller than 1%, which required a thorough understanding of the apparatus and detection system, paired with a newly developed first-principle approach using "Symmetry-Adapted No-Core Shell Model theory" to account for a number of small effects that arise from the complicated environment of the nucleus. The results were the highest precision of their kind and confirmed the SM prediction with increased confidence.
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Shoe technology reduces risk of diabetic foot ulcers | ScienceDaily
Researchers have developed a new shoe insole technology that helps reduce the risk of diabetic foot ulcers, a dangerous open sore that can lead to hospitalization and leg, foot or toe amputations.


						
"The goal of this innovative insole technology is to mitigate the risk of diabetic foot ulcers by addressing one of their most significant causes: skin and soft tissue breakdown due to repetitive stress on the foot during walking," said Muthu B.J. Wijesundara, principal research scientist at The University of Texas at Arlington Research Institute (UTARI).

Affecting about 39 million people in the U.S., diabetes can damage the small blood vessels that supply blood to the nerves, leading to poor circulation and foot sores, also called ulcers. About one-third of people with diabetes develop foot ulcers during their lifetime. In the U.S., more than 160,000 lower extremity amputations are performed annually due to complications from diabetic foot ulcers, costing the American health system about $30 billion a year. Those who have foot ulcers often die at younger ages than those without ulcers.

"Although many shoe insoles have been created over the years to try to alleviate the problem of foot ulcers, studies have shown that their success in preventing them is marginal," Wijesundara said. "We took the research a step further by creating a pressure-alternating shoe insole that works by cyclically relieving pressure from different areas of the foot, thereby providing periods of rest to the soft tissues and improving blood flow. This approach aims to maintain the health of the skin and tissues, thereby reducing the risk of diabetic foot ulcers."

In an article in the peer-reviewed International Journal of Lower Extremity Wounds, Wijesundara and UTA colleagues Veysel Erel, Aida Nasirian and Yixin Gu, along with Larry Lavery of UT Southwestern Medical Center, described their innovative insole technology. After this successful pilot project, the next step for the research team will be refining the technology to make it more accessible for users with varying weights and shoe sizes.

"Considering the impact of foot ulcers, it's exciting that we may be able to make a real difference in the lives of so many people," Wijesundara said.

This work was supported by a $229,480 grant from the National Institute of Aging of the National Institutes of Health, grant number 7R21AG061471.
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Compact quantum light processing | ScienceDaily
An international collaboration of researchers, led by Philip Walther at University of Vienna, have achieved a significant breakthrough in quantum technology, with the successful demonstration of quantum interference among several single photons using a novel resource-efficient platform. The work published in the journal Science Advances represents a notable advancement in optical quantum computing that paves the way for more scalable quantum technologies.


						
Interference among photons, a fundamental phenomenon in quantum optics, serves as a cornerstone of optical quantum computing. It involves harnessing the properties of light, such as its wave-particle duality, to induce interference patterns, enabling the encoding and processing of quantum information.

In traditional multi-photon experiments, spatial encoding is commonly employed, wherein photons are manipulated in different spatial paths to induce interference. These experiments require intricate setups with numerous components, making them resource-intensive and challenging to scale. In contrast, the international team, comprising scientists from University of Vienna, Politecnico di Milano, and Universite libre de Bruxells, opted for an approach based on temporal encoding. This technique manipulates the time domain of photons rather than their spatial statistics. To realize this approach, they developed an innovative architecture at the Christian Doppler Laboratory at the University of Vienna, utilizing an optical fiber loop. This design enables repeated use of the same optical components, facilitating efficient multi-photon interference with minimal physical resources.

First author Lorenzo Carosini explains: "In our experiment, we observed quantum interference among up to eight photons, surpassing the scale of most of existing experiments. Thanks to the versatility of our approach, the interference pattern can be reconfigured and the size of the experiment can be scaled, without changing the optical setup." The results demonstrate the significant resource efficiency of the implemented architecture compared to traditional spatial-encoding approaches, paving the way for more accessible and scalable quantum technologies.
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The biggest barrier to a vibrant second-hand EV market? Price | ScienceDaily
As early adopters of electric vehicles (EVs) trade up for the latest models, the used EV market is beginning to mature in the United States. Yet many potential buyers, particularly low-income drivers, are skeptical of EV's conveniences and are put off by the price, according to a study conducted at Rutgers University-New Brunswick.


						
"While the transition to electric vehicles is an important piece of reducing greenhouse-gas emissions, the market for used electric vehicles in the U.S. remains dominated by wealthy households," said Wei San Loh, a former graduate student of the Edward J. Bloustein School of Planning and Public Policy at Rutgers-New Brunswick whose study is published in the journal Transportation Research Part D: Transport and Environment "Our findings offer clues as to why that might be."

To understand what motivates buyers of different income strata to purchase second-hand electric battery vehicles, Loh and Robert B. Noland, director of the Rutgers Alan M. Voorhees Transportation Center, designed and conducted a nationwide survey of EV owners. Participants were recruited via electric vehicle discussion groups on Reddit and Facebook.

In addition to demographic and socio-economic data, participants were asked questions related to pre-purchase concerns, specifically on battery performance, charging availability, price, driving range, availability of used EVs on the market and the cost of installing a home charger.

In total, 1,167 owners of used electric vehicles in more than a dozen states were surveyed between September and October 2022.

By isolating for household income, the researchers found price, charging availability and battery performance are the top concerns for buyers when considering the purchase of a used electric vehicle. The concerns weren't shared universally, however.

Those with annual incomes below $50,000 were more likely to be concerned about availability of charging stations than those making more than $150,000, while those at the lowest end of the income spectrum were 32 percent less likely to worry about battery performance than those at the highest. Loh said lower-income drivers typically have shorter commutes, which could explain the disparity.




Additionally, owners of used EVs with annual household earnings below the national median of $75,000 were more concerned with price than those whose household incomes top $150,000 per year.

"Taken together, these findings suggest that EV demand may still not be widespread for lower-income households in the U.S.," Noland said. "Encouraging nationwide EV adoption will require broader uptake of new and used EVs from all income levels."

Loh, who now works at the University of Michigan as a senior statistician, said policy changes could help promote greater used EV uptake across income groups. Increasing the availability of charging stations and expanding subsidies for used vehicle purchases are two oft-discussed ideas, she said.

"Buyers will always compare EVs to combustion engines," Loh said. "That's why we need to think creatively about making it more attractive for people from different income brackets to consider the used EV option."
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Weather prediction models can also forecast satellite displacements | ScienceDaily
Researchers at the Institute for Atmospheric and Earth System Research (INAR) at the University of Helsinki have found that modern weather models can accurately predict the energy that Earth emits and reflects into space, which directly affects the movements of low Earth-orbiting (LEO) satellites. By leveraging these models, the researchers gained insights into how LEO satellites respond to weather events below, such as tropical cyclones with tall and reflective clouds. The results were published in the Journal of Geophysical Research in April.


						
In the study, the researchers utilized numerical weather models. They are sophisticated computer simulators that predict future atmospheric conditions based on current observations and laws of physics.

"Numerical weather models not only simulate weather patterns but also calculate various parameters, including the Earth's energy emissions and reflections under various weather conditions. By analysing these simulations, we sought to understand how changes in weather, such as cloud cover and storms, influence the movement of satellites, affecting their ability to fulfil their intended duties," says Sanam Motlaghzadeh, lead author of the study and doctoral researcher at INAR, funded by the Nessling Foundation.

Improved satellite operations

The significance of the findings lies in their potential to enhance satellite tracking and control, improving the efficiency and reliability of satellite operations.

"Understanding how weather affects satellites also enhances the accuracy of satellite-based measurements used in climate studies. These findings address a critical challenge in satellite data reliability, namely, determining the precise orbits of satellites, on which the weather events have effect," Motlaghzadeh explains.

Satellites play a crucial role in monitoring vegetation, tracking water resources, and observing glacier evolution through various measurement techniques. These measurements, including image capture and height and gravity field measurements, are essential for studying climate change and its impacts.

A better understanding of satellite movements can also aid in climate monitoring and disaster management. Utilizing advanced weather models can further refine satellite-based measurements, facilitating more effective study and mitigation of environmental issues.

"Understanding how satellites interact with Earth's atmosphere offers valuable insights into our planet and how it changes over time. The findings contribute to more accurate satellite-based monitoring of terrestrial water resources, and hence to food security, Motlaghzadeh says.
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        Human activities have an intense impact on Earth's deep subsurface fluid flow
        Hydrologists predict human-induced underground fluid fluxes to rise with climate change mitigation strategies like carbon sequestration.

      

      
        Artificial intelligence helps scientists engineer plants to fight climate change
        Scientists are using artificial intelligence software to analyze plant root systems, laying out a protocol that can be applied to gather data on crop and model plant phenotypes (physical characteristics) more efficiently and with equal or greater accuracy than existing methods.

      

      
        How light can vaporize water without the need for heat
        Researchers discovered that light can cause evaporation of water from a surface without the need for heat. This 'photomolecular effect' could be important for understanding climate change and for improving some industrial processes.

      

      
        Positive perceptions of solar projects
        A new survey has found that for residents living within three miles of a large-scale solar development, positive attitudes outnumbered negative attitudes by almost a 3-to-1 margin. Researchers surveyed almost 1,000 residents living near solar projects.

      

      
        Hurricanes jeopardize carbon-storing New England forests
        Many American companies are relying on carbon offsets to reduce their carbon footprint, especially those who have pledged to achieve 'net-zero emissions.' Sequestering carbon in forests is an example of a nature-based solution that is being used to address climate change, but a new study suggests that hurricanes could pose a risk. The results show that a single hurricane may wipe out 5% to 10% of total above-ground forest carbon, through tree damage, in New England.

      

      
        Social media can be used to increase fruit and vegetable intake in young people
        Researchers have found that people following healthy eating accounts on social media for as little as two weeks ate more fruit and vegetables and less junk food.

      

      
        Giant viruses infect deadly parasite
        The single-celled organism Naegleria fowleri ranks among the deadliest human parasites. Researchers have now discovered viruses that infect this harmful microbe. Named Naegleriavirus, these belong to the giant viruses, a group known for their unusually large particles and complex genomes.

      

      
        Researchers unveil PI3K enzyme's dual accelerator and brake mechanisms
        The enzyme PI3K plays a critical role in cell migration. Scientists have long understood this function. But researchers have recently unveiled that a subunit of this enzyme also has the ability to slam on the breaks to this process.

      

      
        How parasites shape complex food webs
        A new study sheds light on how parasites, often overlooked, can dramatically affect the balance between predator and prey populations. Researchers developed a groundbreaking mathematical framework that predicts when predators, prey, and parasites can coexist, considering factors like random fluctuations and parasite effects on both populations. This research provides a valuable tool for conservation by helping predict how parasites influence ecosystem resilience and informing strategies to protec...

      

      
        This salt battery harvests osmotic energy where the river meets the sea
        Estuaries -- where freshwater rivers meet the salty sea -- are great locations for birdwatching and kayaking. In these areas, waters containing different salt concentrations mix and may be sources of sustainable, 'blue' osmotic energy. Researchers report creating a semipermeable membrane that harvests osmotic energy from salt gradients and converts it to electricity. The new design had an output power density more than two times higher than commercial membranes in lab demonstrations.

      

      
        AI tool recognizes serious ocular disease in horses
        Researchers have developed a deep learning tool that is capable of reliably diagnosing moon blindness in horses based on photos.

      

      
        Modeling broader effects of wildfires in Siberia
        As wildfires in Siberia become more common, global climate modeling estimates significant impacts on climate, air quality, health, and economies in East Asia and across the northern hemisphere.

      

      
        Researchers find oldest undisputed evidence of Earth's magnetic field
        A new study has recovered a 3.7-billion-year-old record of Earth's magnetic field, and found that it appears remarkably similar to the field surrounding Earth today.

      

      
        Shoreline model predicts long-term future of storm protection and sea-level rise
        Researchers have created a coastal evolution model to analyze how coastal management activities on barrier islands, meant to adapt to sea-level rise, can disrupt natural processes that are keeping the barrier islands above water. Replenishing beaches and clearing over-washed roads may not be the best long term strategy.

      

      
        High-resolution lidar sees birth zone of cloud droplets
        Scientists demonstrated the first-ever remote observations of the fine-scale structure at the base of clouds. The results show that the air-cloud interface is a transition zone where aerosol particles suspended in Earth's atmosphere give rise to the droplets that ultimately form clouds. The research will enable scientists to gain insight into how changes in atmospheric aerosol levels could affect clouds and climate.

      

      
        Bioluminescence first evolved in animals at least 540 million years ago
        Bioluminescence first evolved in animals at least 540 million years ago in a group of marine invertebrates called octocorals, according to the results of a new study. The study focuses on an ancient group of marine invertebrates that includes soft corals, pushes back the previous oldest dated example of trait by nearly 300 million years.

      

      
        Frog species evolved rapidly in response to road salts
        When we think of evolution, we think of a process that happens over hundreds or thousands of years. In research recently published, a species of frog that has evolved over the course of merely 25 years. The adaptation was spurred on by something many assume is innocuous: salt.

      

      
        Critical minerals recovery from electronic waste
        A nontoxic separation process recovers critical minerals from electronic scrap waste.

      

      
        Asian monsoon lofts ozone-depleting substances to stratosphere
        Powerful monsoon winds, strengthened by a warming climate, are lofting unexpectedly large quantities of ozone-depleting substances high into the atmosphere over East Asia, according to new research. The study found that the East Asian Monsoon delivers more than twice the concentration of very short-lived ozone-depleting substances into the upper troposphere and lower stratosphere than previously reported.

      

      
        World's chocolate supply threatened by devastating virus
        A rapidly spreading virus threatens the health of the cacao tree and the dried seeds from which chocolate is made, jeopardizing the global supply of the world's most popular treat. Researchers have developed a new strategy: using mathematical data to determine how far apart farmers can plant vaccinated trees to prevent mealybugs from jumping from one tree to another and spreading the virus.

      

      
        Livestock abortion surveillance could protect livelihoods and detect emerging global pathogens
        A study suggests timely reporting and investigating of livestock abortions is feasible in rural areas and can provide insights into emerging infectious diseases.

      

      
        Warming climate is putting more metals into Colorado's mountain streams
        Warming temperatures are causing a steady rise in copper, zinc and sulfate in the waters of Colorado mountain streams affected by acid rock drainage. Concentrations of these metals have roughly doubled in these alpine streams over the past 30 years, presenting a concern for ecosystems, downstream water quality and mining remediation, according to a new study. Natural chemical weathering of bedrock is the source of the rising acidity and metals, but the ultimate driver of the trend is climate chan...

      

      
        Researchers create artificial cells that act like living cells
        Researchers describe the steps they took to manipulate DNA and proteins -- essential building blocks of life -- to create cells that look and act like cells from the body. This accomplishment, a first in the field, has implications for efforts in regenerative medicine, drug delivery systems and diagnostic tools.

      

      
        Marginalized communities developed 'disaster subculture' when living through extreme climate events
        An assistant professor conducted a study in which he lived among one of the poorest, most marginalized communities in Seoul, South Korea. In the ethnographic study, he asked residents how they dealt with extreme heat. He found they tended to accept the conditions, stating there was not much that could be done. That shows people accepted extreme climate events, despite evidence showing this should not be normal, which bodes the argument social work as a field has much to do to help address climate...

      

      
        'Sunny day flooding' increases fecal contamination of coastal waters
        A new study finds that 'sunny day flooding,' which occurs during high tides, increases the levels of fecal bacteria in coastal waters. While the elevated bacteria levels in the coastal waters tend to dissipate quickly, the findings suggest policymakers and public health officials should be aware of potential risks associated with tidal flooding.

      

      
        Toward unification of turbulence framework -- weak-to-strong transition discovered in turbulence
        Astrophysicists have made a significant step toward solving the last puzzle in magnetohydrodynamic turbulence theory by observing the weak to strong transition in the space plasma turbulence surrounding Earth with newly developed multi-spacecraft analysis methods.

      

      
        Study compares salmonella rates in backyard, commercial poultry farm samples
        Researchers find less Salmonella on backyard poultry farms. But concerns remain about the prevalance of multidrug-resistant bacteria on both large and small farms.

      

      
        Laser-treated cork absorbs oil for carbon-neutral ocean cleanup
        Researchers use laser treatments to transform ordinary cork into a powerful tool for treating oil spills. They tested variations of a fast-pulsing laser treatment, closely examining the nanoscopic structural changes and measuring the ratio of oxygen and carbon in the material, changes in the angles with which water and oil contact the surface, and the material's light wave absorption, reflection, and emission across the spectrum to determine its durability after multiple cycles of warming and coo...

      

      
        Tropical fish are invading Australian ocean water
        A study of shallow-water fish communities on rocky reefs in south-eastern Australia has found climate change is helping tropical fish species invade temperate Australian waters.

      

      
        No bull: How creating less-gassy cows could help fight climate change
        A new study has revealed breeding less-flatulent cows and restoring agricultural land could significantly reduce rising methane emission levels, which play a considerable role in climate change.

      

      
        Odor-causing bacteria in armpits targeted using bacteriophage-derived lysin
        A research team has synthesized a lysin that during in vitro experiments targets bacteria responsible for producing odors in human armpits.

      

      
        Dengue fever infections have negative impacts on infant health for three years
        Dengue infections in pregnant women may have a negative impact on the first years of children's lives, new research has found.

      

      
        Fossil frogs share their skincare secrets
        Palaeontologists have solved a hundred-year-old mystery of how some fossil frogs preserve their fleshy parts -- it's all down to their skin. Palaeontologists studied 45-million-year-old fossil frogs from the Geiseltal site in central Germany. Remarkably, the fossils show full body outlines of the soft tissues. The team discovered that the excellent condition of the fossil frogs is due to preservation of ancient skin remnants.

      

      
        The spiciness of mustard may depend on soil microbes
        New study finds microbes may influence the taste of mustard seeds.

      

      
        AI tool creates 'synthetic' images of cells for enhanced microscopy analysis
        Researchers have developed a method to use an image generation AI model to create realistic images of single cells, which are then used as 'synthetic data' to train an AI model to better carry out single-cell segmentation.

      

      
        World's oases threatened by desertification, even as humans expand them
        Oases are important habitats and water sources for dryland regions, sustaining 10% of the world's population despite taking up about 1.5% of land area. But in many places, climate change and anthropogenic activities threaten oases' fragile existence. New research shows how the world's oases have grown and shrunk over the past 25 years as water availability patterns changed and desertification encroaches on these wet refuges.

      

      
        Liquid droplets shape how cells respond to change
        New research has shown that cells regulate cAMP/PKA signaling by forming liquid droplets that segregate excess PKA catalytic subunits where they can do no harm. Some cancers may block the formation of liquid droplets, leading to hyperactive signaling and tumor formation.

      

      
        Scientists discover the cellular functions of a family of proteins integral to inflammatory diseases
        In a scientific breakthrough, researchers have revealed the biological mechanisms by which a family of proteins known as histone deacetylases (HDACs) activate immune system cells linked to inflammatory bowel disease (IBD) and other inflammatory diseases.

      

      
        Everest mountaineer's letters digitized
        Letters written by the famous mountaineer George Mallory have been made available to a global audience for the first time, in the centenary year of his fatal attempt to scale Everest.

      

      
        3 in 5 parents play short order cook for young children who don't like family meal
        While most parents of preschool and elementary aged children strive to give their children a balanced, nutritional diet, some of their strategies to promote healthy eating may backfire, a national poll suggests.

      

      
        Switching off the light to see better
        Researchers used structured light and switchable fluorescent molecules to reduce the background light from the out-of-plane regions of microscope samples. This method allowed for the acquisition of images that surpassed the conventional resolution limit, and it may be useful for further study of cell clusters and other biological systems.

      

      
        Feedback loop that is melting ice shelves in West Antarctica revealed
        New research has uncovered a feedback loop that may be accelerating the melting of the floating portions of the West Antarctic Ice Sheet, pushing up global sea levels. The study sheds new light on the mechanisms driving the melting of ice shelves beneath the surface of the ocean, which have been unclear until now.

      

      
        AI weather forecasts captured Ciaran's destructive path
        The study highlights the rapid progress and transformative potential of AI in weather prediction.

      

      
        The enemy within: How pathogens spread unrecognized in the body
        Some pathogens hide inside human cells to enhance their survival. Researchers have uncovered a unique tactic certain bacteria use to spread in the body without being detected by the immune system. In their study, they reveal the crucial role of a bacterial nanomachine in this infection process.

      

      
        Breakthrough rice bran nanoparticles show promise as affordable and targeted anticancer agent
        Plant-derived nanoparticles have demonstrated significant anticancer effects. Researchers recently developed rice bran-derived nanoparticles (rbNPs) that efficiently suppressed cell proliferation and induced programmed cell death of only cancer cells. Furthermore, rbNPs successfully suppressed the growth of tumors in mice having aggressive adenocarcinoma in their peritoneal cavity, without any adverse effects. Given their low production costs and high efficacy, rbNPs hold great promise for develo...

      

      
        To accelerate biosphere science, reconnect three scientific cultures
        Researchers who study Earth's biosphere tend to operate from one of three scientific cultures, each with distinct ways of conducting science, and which have been operating mostly independently from one another. The authors identify and explain the three cultures, and suggest that reconnecting them could help accelerate biosphere science.

      

      
        Invasive species sound off about impending ecosystem changes
        Anticipating changes to ecosystems is often at best an educated guess, but what if there was a way to better tune into possible changes occurring? Researchers have discovered that the silent growth of non-native invasive plants can affect the soundscape of an ecosystem. These altered soundscapes, the acoustic patterns of a landscape through space and time, may provide a key to better observing the hard-to-see physical and biological changes occurring in an ecosystem as they are beginning.

      

      
        New compound from blessed thistle promotes functional nerve regeneration
        Blessed thistle (Cnicus benedictus) is a plant in the family Asteraceae. For centuries, it has been used as a medicinal herb as an extract or tea, e.g. to aid the digestive system. Researchers have now found a completely novel use for Cnicin. Animal models as well as human cells have shown that Cnicin significantly accelerates axon (nerve fibers) growth.

      

      
        'Itinerant breeding' in East Coast shorebird species
        A study has found direct evidence of a species -- the American woodcock, a migratory shorebird from eastern and central North America -- that overlaps periods of migration and reproduction, a rare breeding strategy known as 'itinerant breeding.'

      

      
        'Forgotten city:' the identification of Dura-Europos' neglected sister site in Syria
        The Dura-Europos site in modern-day Syria is famous for its exceptional state of preservation. Like Pompeii, this ancient city has yielded many great discoveries, and serves as a window into the world of the ancient Hellenistic, Parthian, and Roman periods. Yet despite the prominence of Dura-Europos in Near Eastern scholarship, there is another city, only some miles down the Euphrates river, that presents a long-neglected opportunity for study.
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Human activities have an intense impact on Earth's deep subsurface fluid flow | ScienceDaily
The impact of human activities -- such as greenhouse gas emissions and deforestation -- on Earth's surface have been well-studied. Now, hydrology researchers from the University of Arizona have investigated how humans impact Earth's deep subsurface, a zone that lies hundreds of meters to several kilometers beneath the planet's surface.


						
"We looked at how the rates of fluid production with oil and gas compare to natural background circulation of water and showed how humans have made a big impact on the circulation of fluids in the subsurface," said Jennifer McIntosh, a professor in the UArizona Department of Hydrology and Atmospheric Sciences and senior author of a paper in the journal Earth's Future detailing the findings.

"The deep subsurface is out of sight and out of mind for most people, and we thought it was important to provide some context to these proposed activities, especially when it comes to our environmental impacts," said lead study author Grant Ferguson, an adjunct professor in the UArizona Department of Hydrology and Atmospheric Sciences and a professor in the University of Saskatchewan's School of Environment and Sustainability.

In the future, these human-induced fluid fluxes are projected to increase with strategies that are proposed as solutions for climate change, according the study. Such strategies include: geologic carbon sequestration, which is capturing and storing atmospheric carbon dioxide in underground porous rocks; geothermal energy production, which involves circulating water through hot rocks for generating electricity; and lithium extraction from underground mineral-rich brine for powering electric vehicles. The study was done in collaboration with researchers from the University of Saskatchewan in Canada, Harvard University, Northwestern University, the Korea Institute of Geosciences and Mineral Resources, and Linnaeus University in Sweden.

"Responsible management of the subsurface is central to any hope for a green transition, sustainable future and keeping warming below a few degrees," said Peter Reiners, a professor in the UArizona Department of Geosciences and a co-author of the study.

With oil and natural gas production, there is always some amount of water, typically saline, that comes from the deep subsurface, McIntosh said. The underground water is often millions of years old and acquires its salinity either from evaporation of ancient seawater or from reaction with rocks and minerals. For more efficient oil recovery, more water from near-surface sources is added to the salt water to make up for the amount of oil removed and to maintain reservoir pressures. The blended saline water then gets reinjected into the subsurface. This becomes a cycle of producing fluid and reinjecting it to the deep subsurface.

The same process happens in lithium extraction, geothermal energy production and geologic carbon sequestration, the operations of which involve leftover saline water from the underground that is reinjected.




"We show that the fluid injection rates or recharge rates from those oil and gas activities is greater than what naturally occurs," McIntosh said.

Using existing data from various sources, including measurements of fluid movements related to oil and gas extraction and water injections for geothermal energy, the team found that the current fluid movement rates induced by human activities are higher compared to how fluids moved before human intervention.

As human activities like carbon capture and sequestration and lithium extraction ramp up, the researchers also predicted how these activities might be recorded in the geological record, which is the history of Earth as recorded in the rocks that make up its crust.

Human activities have the potential to alter not just the deep subsurface fluids but also the microbes that live down there, McIntosh said. As fluids move around, microbial environments may be altered by changes in water chemistry or by bringing new microbial communities from Earth's surface to the underground.

For example, with hydraulic fracturing, a technique that is used to break underground rocks with pressurized liquids for extracting oil and gas, a deep rock formation that previously didn't have any detectable number of microbes might have a sudden bloom of microbial activity.

There remain a lot of unknowns about Earth's deep subsurface and how it is impacted by human activities, and it's important to continue working on those questions, McIntosh said.

"We need to use the deep subsurface as part of the solution for the climate crisis," McIntosh said. "Yet, we know more about the surface of Mars than we do about water, rocks and life deep beneath our feet."
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Artificial intelligence helps scientists engineer plants to fight climate change | ScienceDaily
The Intergovernmental Panel on Climate Change (IPCC) declared that removing carbon from the atmosphere is now essential to fighting climate change and limiting global temperature rise. To support these efforts, Salk scientists are harnessing plants' natural ability to draw carbon dioxide out of the air by optimizing their root systems to store more carbon for a longer period of time.


						
To design these climate-saving plants, scientists in Salk's Harnessing Plants Initiative are using a sophisticated new research tool called SLEAP -- an easy-to-use artificial intelligence (AI) software that tracks multiple features of root growth. Created by Salk Fellow Talmo Pereira, SLEAP was initially designed to track animal movement in the lab. Now, Pereira has teamed up with plant scientist and Salk colleague Professor Wolfgang Busch to apply SLEAP to plants.

In a study published in Plant Phenomics on April 12, 2024, Busch and Pereira debut a new protocol for using SLEAP to analyze plant root phenotypes -- how deep and wide they grow, how massive their root systems become, and other physical qualities that, prior to SLEAP, were tedious to measure. The application of SLEAP to plants has already enabled researchers to establish the most extensive catalog of plant root system phenotypes to date.

What's more, tracking these physical root system characteristics helps scientists find genes affiliated with those characteristics, as well as whether multiple root characteristics are determined by the same genes or independently. This allows the Salk team to determine what genes are most beneficial to their plant designs.

"This collaboration is truly a testament to what makes Salk science so special and impactful," says Pereira. "We're not just 'borrowing' from different disciplines -- we're really putting them on equal footing in order to create something greater than the sum of its parts."

Prior to using SLEAP, tracking the physical characteristics of both plants and animals required a lot of labor that slowed the scientific process. If researchers wanted to analyze an image of a plant, they would need to manually flag the parts of the image that were and weren't plant -- frame-by-frame, part-by-part, pixel-by-pixel. Only then could older AI models be applied to process the image and gather data about the plant's structure.

What sets SLEAP apart is its unique use of both computer vision (the ability for computers to understand images) and deep learning (an AI approach for training a computer to learn and work like the human brain). This combination allows researchers to process images without moving pixel-by-pixel, instead skipping this intermediate labor-intensive step to jump straight from image input to defined plant features.




"We created a robust protocol validated in multiple plant types that cuts down on analysis time and human error, while emphasizing accessibility and ease-of-use -- and it required no changes to the actual SLEAP software," says first author Elizabeth Berrigan, a bioinformatics analyst in Busch's lab.

Without modifying the baseline technology of SLEAP, the researchers developed a downloadable toolkit for SLEAP called sleap-roots (available as open-source software here). With sleap-roots, SLEAP can process biological traits of root systems like depth, mass, and angle of growth. The Salk team tested the sleap-roots package in a variety of plants, including crop plants like soybeans, rice, and canola, as well as the model plant species Arabidopsis thaliana -- a flowering weed in the mustard family. Across the variety of plants trialed, they found the novel SLEAP-based method outperformed existing practices by annotating 1.5 times faster, training the AI model 10 times faster, and predicting plant structure on new data 10 times faster, all with the same or better accuracy than before.

Together with massive genome sequencing efforts for elucidating the genotype data in large numbers of crop varieties, these phenotypic data, such as a plant's root system growing especially deep in soil, can be extrapolated to understand the genes responsible for creating that especially deep root system.

This step -- connecting phenotype and genotype -- is crucial in Salk's mission to create plants that hold on to more carbon and for longer, as those plants will need root systems designed to be deeper and more robust. Implementing this accurate and efficient software will allow the Harnessing Plants Initiative to connect desirable phenotypes to targetable genes with groundbreaking ease and speed.

"We have already been able to create the most extensive catalogue of plant root system phenotypes to date, which is really accelerating our research to create carbon-capturing plants that fight climate change," says Busch, the Hess Chair in Plant Science at Salk. "SLEAP has been so easy to apply and use, thanks to Talmo's professional software design, and it's going to be an indispensable tool in my lab moving forward."

Accessibility and reproducibility were at the forefront of Pereira's mind when creating both SLEAP and sleap-roots. Because the software and sleap-roots toolkit are free to use, the researchers are excited to see how sleap-roots will be used around the world. Already, they have begun discussions with NASA scientists hoping to utilize the tool not only to help guide carbon-sequestering plants on Earth, but also to study plants in space.

At Salk, the collaborative team is not yet ready to disband -- they are already embarking on a new challenge of analyzing 3D data with SLEAP. Efforts to refine, expand, and share SLEAP and sleap-roots will continue for years to come, but its use in Salk's Harnessing Plants Initiative is already accelerating plant designs and helping the Institute make an impact on climate change.

Other authors include Lin Wang, Hannah Carrillo, Kimberly Echegoyen, Mikayla Kappes, Jorge Torres, Angel Ai-Perreira, Erica McCoy, Emily Shane, Charles Copeland, Lauren Ragel, Charidimos Georgousakis, Sanghwa Lee, Dawn Reynolds, Avery Talgo, Juan Gonzalez, Ling Zhang, Ashish Rajurkar, Michel Ruiz, Erin Daniels, Liezl Maree, and Shree Pariyar of Salk.

The work was supported by the Bezos Earth Fund, the Hess Corporation, the TED Audacious Project, and the National Institutes of Health (RF1MH132653).
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How light can vaporize water without the need for heat | ScienceDaily
It's the most fundamental of processes -- the evaporation of water from the surfaces of oceans and lakes, the burning off of fog in the morning sun, and the drying of briny ponds that leaves solid salt behind. Evaporation is all around us, and humans have been observing it and making use of it for as long as we have existed.


						
And yet, it turns out, we've been missing a major part of the picture all along.

In a series of painstakingly precise experiments, a team of researchers at MIT has demonstrated that heat isn't alone in causing water to evaporate. Light, striking the water's surface where air and water meet, can break water molecules away and float them into the air, causing evaporation in the absence of any source of heat.

The astonishing new discovery could have a wide range of significant implications. It could help explain mysterious measurements over the years of how sunlight affects clouds, and therefore affect calculations of the effects of climate change on cloud cover and precipitation. It could also lead to new ways of designing industrial processes such as solar-powered desalination or drying of materials.

The findings, and the many different lines of evidence that demonstrate the reality of the phenomenon and the details of how it works, are described in the journal PNAS, in a paper by Carl Richard Soderberg Professor of Power Engineering Gang Chen, postdocs Guangxin Lv and Yaodong Tu, and graduate student James Zhang.

The authors say their study suggests that the effect should happen widely in nature -- everywhere from clouds to fogs to the surfaces of oceans, soils, and plants -- and that it could also lead to new practical applications, including in energy and clean water production. "I think this has a lot of applications," Chen says. "We're exploring all these different directions. And of course, it also affects the basic science, like the effects of clouds on climate, because clouds are the most uncertain aspect of climate models."

A newfound phenomenon

The new work builds on research reported last year, which described this new "photomolecular effect" but only under very specialized conditions: on the surface of specially prepared hydrogels soaked with water. In the new study, the researchers demonstrate that the hydrogel is not necessary for the process; it occurs at any water surface exposed to light, whether it's a flat surface like a body of water or a curved surface like a droplet of cloud vapor.




Because the effect was so unexpected, the team worked to prove its existence with as many different lines of evidence as possible. In this study, they report 14 different kinds of tests and measurements they carried out to establish that water was indeed evaporating -- that is, molecules of water were being knocked loose from the water's surface and wafted into the air -- due to the light alone, not by heat, which was long assumed to be the only mechanism involved.

One key indicator, which showed up consistently in four different kinds of experiments under different conditions, was that as the water began to evaporate from a test container under visible light, the air temperature measured above the water's surface cooled down and then leveled off, showing that thermal energy was not the driving force behind the effect.

Other key indicators that showed up included the way the evaporation effect varied depending on the angle of the light, the exact color of the light, and its polarization. None of these varying characteristics should happen because at these wavelengths, water hardly absorbs light at all -- and yet the researchers observed them.

The effect is strongest when light hits the water surface at an angle of 45 degrees. It is also strongest with a certain type of polarization, called transverse magnetic polarization. And it peaks in green light -- which, oddly, is the color for which water is most transparent and thus interacts the least.

Chen and his co-researchers have proposed a physical mechanism that can explain the angle and polarization dependence of the effect, showing that the photons of light can impart a net force on water molecules at the water surface that is sufficient to knock them loose from the body of water. But they cannot yet account for the color dependence, which they say will require further study.

They have named this the photomolecular effect, by analogy with the photoelectric effect that was discovered by Heinrich Hertz in 1887 and finally explained by Albert Einstein in 1905. That effect was one of the first demonstrations that light also has particle characteristics, which had major implications in physics and led to a wide variety of applications, including LEDs. Just as the photoelectric effect liberates electrons from atoms in a material in response to being hit by a photon of light, the photomolecular effect shows that photons can liberate entire molecules from a liquid surface, the researchers say.




"The finding of evaporation caused by light instead of heat provides new disruptive knowledge of light-water interaction," says Xiulin Ruan, professor of mechanical engineering at Purdue University, who was not involved in the study. "It could help us gain new understanding of how sunlight interacts with cloud, fog, oceans, and other natural water bodies to affect weather and climate. It has significant potential practical applications such as high-performance water desalination driven by solar energy. This research is among the rare group of truly revolutionary discoveries which are not widely accepted by the community right away but take time, sometimes a long time, to be confirmed."

Solving a cloud conundrum

The finding may solve an 80-year-old mystery in climate science. Measurements of how clouds absorb sunlight have often shown that they are absorbing more sunlight than conventional physics dictates possible. The additional evaporation caused by this effect could account for the longstanding discrepancy, which has been a subject of dispute since such measurements are difficult to make.

"Those experiments are based on satellite data and flight data," Chen explains. "They fly an airplane on top of and below the clouds, and there are also data based on the ocean temperature and radiation balance. And they all conclude that there is more absorption by clouds than theory could calculate. However, due to the complexity of clouds and the difficulties of making such measurements, researchers have been debating whether such discrepancies are real or not. And what we discovered suggests that hey, there's another mechanism for cloud absorption, which was not accounted for, and this mechanism might explain the discrepancies."

Chen says he recently spoke about the phenomenon at an American Physical Society conference, and one physicist there who studies clouds and climate said they had never thought about this possibility, which could affect calculations of the complex effects of clouds on climate. The team conducted experiments using LEDs shining on an artificial cloud chamber, and they observed heating of the fog, which was not supposed to happen since water does not absorb in the visible spectrum. "Such heating can be explained based on the photomolecular effect more easily," he says.

Lv says that of the many lines of evidence, "the flat region in the air-side temperature distribution above hot water will be the easiest for people to reproduce." That temperature profile "is a signature" that demonstrates the effect clearly, he says.

Zhang adds: "It is quite hard to explain how this kind of flat temperature profile comes about without invoking some other mechanism" beyond the accepted theories of thermal evaporation. "It ties together what a whole lot of people are reporting in their solar desalination devices," which again show evaporation rates that cannot be explained by the thermal input.

The effect can be substantial. Under the optimum conditions of color, angle, and polarization, Lv says, "the evaporation rate is four times the thermal limit."

Already, since publication of the first paper, the team has been approached by companies that hope to harness the effect, Chen says, including for evaporating syrup and drying paper in a paper mill. The likeliest first applications will come in the areas of solar desalinization systems or other industrial drying processes, he says. "Drying consumes 20 percent of all industrial energy usage," he points out.

Because the effect is so new and unexpected, Chen says, "This phenomenon should be very general, and our experiment is really just the beginning." The experiments needed to demonstrate and quantify the effect are very time-consuming. "There are many variables, from understanding water itself, to extending to other materials, other liquids and even solids," he says.

The work was partly supported by an MIT Bose Award.
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Positive perceptions of solar projects | ScienceDaily
As solar energy development accelerates, how do Americans actually feel about those large scale solar, or LSS, farms they see along the highway or near their neighborhood? A new survey has found that for residents living within three miles of a large-scale solar development, positive attitudes outnumbered negative attitudes by almost a 3-to-1 margin.


						
Researchers at Lawrence Berkeley National Laboratory, Michigan State University and the University of Michigan surveyed almost 1,000 residents living near solar projects -- the first time a representative survey of this kind has been deployed nationally.

Among these respondents, 42% support additional development in their community, compared to 18% who would oppose further projects. At the same time, more than 80% of the respondents were unaware of the project prior to construction and a third did not know until completing the survey.

Doug Bessette, associate professor for energy systems in the Department of Community Sustainability at Michigan State University's College of Agriculture and Natural Resources, was one of the leads on the project.

"The responses from residents were generally positive, which is good to see considering the amount of solar that is likely to be developed in the coming years," Bessette said. "At the same time, we saw more negative attitudes associated with larger projects and somewhat less support amongst neighbors living really close, within a quarter mile of projects, so there's a lot of work to be done."

Positive attitudes were indeed more common among residents living farther from LSS projects than for those living closer to them. The largest projects tend to provoke negative attitudes, while projects under 100 megawatts -- those requiring less than roughly 600 acres or one square mile -- tend to receive mostly positive responses. Factors like aesthetics, economics and perceptions of fairness in the planning process strongly influence attitudes.

Residents largely oppose increased state-level decision-making on future LSS siting, preferring increased opportunities for community participation and feedback. They also expressed a preference for local hiring, procurement and ownership. For reliable information about what impact a proposed project might have on their community, residents trust existing energy project neighbors, community organizations and university staff.




Jake White, a doctoral student, who contributed to the survey, said, "Our findings show that LSS neighbors want to be engaged more, with respondents strongly supporting increased opportunities for participation in planning processes. This demonstrates a big opportunity for improvement in LSS planning processes -- hopefully leading to better outcomes for all."

When it comes to future LSS projects, respondents favored disturbed sites, such as landfills, as opposed to farmland. There is also a need for communications efforts to increase awareness and engage neighbors when projects come to communities.

So while there is more work to be done, this survey's results indicate moderate support for solar going forward, with further analysis planned to gauge influencing factors and address equity concerns.

"We were happy to see this last one," Bessette notes.
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Hurricanes jeopardize carbon-storing New England forests | ScienceDaily
As American companies and public policies strive to mitigate their carbon dioxide emissions, many are relying on carbon offsets to reduce their carbon footprint, especially those who have pledged to achieve "net-zero emissions."


						
Sequestering carbon in forests is an example of a nature-based solution that is being used to address climate change, but a new study suggests that hurricanes could pose a risk.

Offset programs involve investments organizations or individuals can make in projects that cut carbon emissions, such as solar energy, or that can store carbon, such as preserving and enhancing forests.

As it happens, New England is one of the most heavily forested regions in the U.S. with Maine at 83%, New Hampshire at 80%, and Vermont at 74%.

In the California carbon market, the largest regulatory U.S. carbon market, 3% of a carbon offset project is reserved for catastrophic risks such as hurricanes and other storm events.

Wildfires, which comprise their own separate risk category, can also deplete forests that store carbon, known as "carbon stocks," and have typically been the focus of prior research on disturbances to such stocks.

The study finds that a single hurricane may wipe out 5% to 10% of total aboveground forest carbon, through tree damage, in New England. The results are published in Global Change Biology.




"Our results reveal that carbon offset programs in the U.S. do not adequately account for the risk of hurricanes, as a single storm could wipe out everything the program has set aside to ensure against risk," says lead author Shersingh Joseph Tumber-Davila, an assistant professor of environmental studies at Dartmouth and investigator at Harvard Forest where he conducted this work.

While New England hasn't experienced many severe hurricanes in recent decades, they are an important driver of long-term ecosystem change. The Hurricane of 1938, for example, caused widespread tree damage in New England, leading to the salvaging of 500 million board feet of lumber in the Granite State alone, according to the Society for the Protection of New Hampshire Forests.

Hurricanes obtain their energy from the ocean and typically impact the southeastern coastal regions of the U.S.; however, they are a dominant disturbance agent in the Northeast as well.

"As the climate warms and sea surface temperatures continue to rise, hurricanes could get stronger and will have the capacity to stay on land longer, with the potential to move inland and northward into the heavily forested regions of the Northeast," says Tumber-Davila.

For the study, the research team examined the 10 most powerful hurricanes that had an impact on land in New England over the past century, including Hurricane Bob in August 1991, and analyzed how the region's forests would be impacted if one of those storms were to hit today.

They mapped the trees -- the aboveground forest carbon in New England -- using USDA Forest Service Forest Inventory and Analysis Program data and mapped the hurricanes using tracking and wind speed data to simulate a storm's path and strength in a geographic area. They determined how susceptible a forest was to wind damage based on the height and type of the trees. The team applied meteorological predictions to estimate the potential future strength of hurricanes.




The study finds that a projected 8% and 16% increase in hurricane wind speeds leads to a nearly 11- and 25-fold increase in high-severity impacts that would likely cause widespread tree death.

"In the context of climate change mitigation, the forest sector is unique in that carbon moves both into and out of the system," says senior author Jonathan Thompson, a senior ecologist and research director at Harvard Forest, which is based in Petersham, Massachusetts. "When mitigation programs look to forests, they often focus only on carbon moving into the forest through sequestration but our research shows the potential for carbon to move back into the atmosphere via hurricanes."

To estimate how long it would take for the forest carbon to be emitted from the downed trees due to the given hurricane, the researchers took into account wood decay rates and estimated the timber products that could be made from the salvaged wood based on regional timber product reports.

The results show that it takes nearly 19 years for trees knocked over by a hurricane to become a net emission and 100 years for most of the downed carbon (90%) to be emitted.

One hurricane however, can lead to the release of the 10-year equivalent of carbon sequestered in New England's forests.

Tumber-Davila says the study suggests that future hurricanes need to be considered as using New England forests to capture and store carbon from the atmosphere becomes more popular.

"If forest carbon stocks are going to continue to be used as a nature-based climate solution, we have to be critical about evaluating its longevity and risks, to make sure that we're doing something that actually has an impact," says Tumber-Davila.
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Social media can be used to increase fruit and vegetable intake in young people | ScienceDaily
Researchers from Aston University have found that people following healthy eating accounts on social media for as little as two weeks ate more fruit and vegetables and less junk food.


						
Previous research has shown that positive social norms about fruit and vegetables increases individuals' consumption. The research team sought to investigate whether positive representation of healthier food on social media would have the same effect. The research was led by Dr Lily Hawkins, whose PhD study it was, supervised by Dr Jason Thomas and Professor Claire Farrow in the School of Psychology.

The researchers recruited 52 volunteers, all social media users, with a mean age of 22, and split them into two groups. Volunteers in the first group, known as the intervention group, were asked to follow healthy eating Instagram accounts in addition to their usual accounts. Volunteers in the second group, known as the control group, were asked to follow interior design accounts. The experiment lasted two weeks, and the volunteers recorded what they ate and drank during the time period.

Overall, participants following the healthy eating accounts ate an extra 1.4 portions of fruit and vegetables per day and 0.8 fewer energy dense items, such as high-calorie snacks and sugar-sweetened drinks, per day. This is a substantial improvement compared to previous educational and social media-based interventions attempting to improve diets.

Dr Thomas and the team believe affiliation is a key component of the change in eating behaviour. For example, the effect was more pronounced amongst participants who felt affiliated with other Instagram users.

The 2018 NHS Health Survey for England study showed that only 28% of the UK population consumed the recommended five portions of fruit and vegetables per day. Low consumption of such food is linked to heart disease, cancer and stroke, so identifying ways to encourage higher consumption is vital. Exposing people to positive social norms, using posters in canteens encouraging vegetable consumption, or in bars to discourage dangerous levels of drinking, have been shown to work. Social media is so prevalent now that the researchers believe it could be an ideal way to spread positive social norms around high fruit and vegetable consumption, particularly amongst younger people.

Dr Thomas said:

"This is only a pilot intervention study at the moment, but it's quite an exciting suite of findings, as it suggests that even some minor tweaks to our social media accounts might lead to substantial improvements in diet, at zero cost! Our future work will examine whether such interventions actually do change our perceptions of what others are consuming, and also, whether these interventions produce effects that are sustained over time."

Dr Hawkins, who is now at the University of Exeter, said:

"Our previous research has demonstrated that social norms on social media may nudge food consumption, but this pilot demonstrates that this translates to the real world. Of course, we would like to now understand whether this can be replicated in a larger, community sample."
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Giant viruses infect deadly parasite | ScienceDaily

Naegleri species are single-celled amoebae, found globally in water bodies. Notably, one species, Naegleria fowleri, thrives in warm waters above 30degC and causes primary amoebic meningoencephalitis (PAM), a rare but almost invariably fatal brain infection. A research team led by Patrick Arthofer and Matthias Horn from the University of Vienna's Center for Microbiology and Environmental Systems Science (CeMESS) has now isolated giant viruses that infect various Naegleria species.

Giant viruses, scientifically termed Nucleocytoviricota, are a virus group identified just two decades ago, primarily infecting single-celled organisms. These viruses rival bacteria in size, boasting unique structures and genetic traits previously thought exclusive to cellular life. Their discovery sparked debates over the definition of viruses and the origins of life.

"The newly discovered Naegleriaviruses were isolated from a waste water treatment plant in Klosterneuburg near Vienna and represent only the fourth isolate from a group called Klosneuviruses," says Patrick Arthofer. This discovery and the characterization of Naegleriaviruses were made possible through international collaboration with researchers from the universities in Poitiers, the Canary Islands, and the US-based Joint Genome Institute.

Naegleriaviruses are taken up mistakenly as a food source but destroy their amoeba hosts within just few hours. They exhibit a structure familiar in giant viruses, infecting host cells via a so-called stargate structure that facilitates DNA entry. Within hours, a structure known as a virus factory forms inside the amoeba cell, replicating viral genetic material outside the nucleus and assembling hundreds of new virus particles. To keep the host cell alive during this process, Naegleriaviruses likely use special proteins that suppress the cell's natural immune response, preventing premature cell death. Only after successful viral replication does cell destruction and virus release occur.

Viruses are employed in phage therapy to combat bacterial pathogens. "The newly identified Naegleriaviruses may not be suitable to treat Naegleria infections, given the challenging accessibility of the brain, where infections occur. However, this discovery opens the door to the possibility of preventative treatment of at-risk water bodies, such as during swimming pool water treatment, but this would first require further research. Regardless, the discovery of these viruses will enhance our understanding of both Naegleria biology and the viruses that infect them," says Matthias Horn.
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Researchers unveil PI3K enzyme's dual accelerator and brake mechanisms | ScienceDaily
A group of researchers have expanded conventional knowledge on a critical enzyme that controls cell migration. In a recent publication in the journal Nature Communications, they reported that phosphoinositide 3-kinase (PI3K) not only acts as an accelerator to prompt cell motility, but it also has a built-in brake mechanism that impedes migration.


						
"PI3K is a major signaling enzyme that has been extensively studied for over 30 years due to its roles in fundamental cellular functions like growth, survival, movement and metabolism," points out Hideaki Matsubayashi, lead author of the study and assistant professor at Tohoku University's Frontier Research Institute for Interdisciplinary Sciences (FRIS). "It plays a critical part in cell migration and invasion, something that, when dysregulated, can cause many pathologies. Our work revealed that PI3K can also actively restrain these same migratory processes through a separate non-catalytic endocytic mechanism originating from its p85b subunit."

Using a combination of bioinformatics, molecular modeling, biochemical binding assays and live-cell imaging, Matsubayashi and his colleagues demonstrated that a disordered region within p85b's inter-SH2 domain directly binds to the endocytic protein AP2. This part of PI3K can activate a cellular process that pulls certain molecules into the cell, and it does so without needing the enzyme's typical lipid-modification function.

When the researchers disrupted the binding, the mutated p85b did not function as it should. Instead of regulating cell movement through its brake mechanism, it built up in specific sites within the cell. This leads to cells moving faster and more persistently, indicating a loss of the brake mechanism's control over cell migration.

"Remarkably, this single PI3K enzyme has opposing accelerator and brake pedals built into its molecular framework," added Matsubayashi. "The endocytic mechanism helps regulate PI3K's activity to ensure that cell movement is controlled at the right times and in the right places for important biological processes."

This braking role was found to be specific to just the p85b subunit. And since the p85b subunit of PI3K is linked to cancer-promoting properties, deeper understanding of PI3K regulation and its isoform specificity could lead to novel therapeutic strategies, such that selectively inhibit the cancerous aspect of PI3K, while preserving the normal functions of PI3K in healthy cells.
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How parasites shape complex food webs | ScienceDaily

"Food webs are intricate networks where species interact with each other," says Dr Weini Huang Reader in Mathematical Biology. "Parasites, a massive but often overlooked component of these webs, can significantly impact their stability by affecting both predator and prey populations."

The research team is a new interdisciplinary collaboration between the group of Professor Christophe Eizaguirre, Professor of Evolutionary and Conservation Genetics in the school of Biological and Behavioural Sciences and Dr Weini Huang, Reader in Mathematical Biology in the School of Mathematical Sciences. Together with two earlier career researchers, Ana C. Hijar Islas and Amy Milne, they thoughtfully investigated this complex system through mathematical analysis and stochastic simulations, which considers microscopic events like reproduction, death, competition, infection, and predation at the individual level.

The study revealed that stochasticity, random fluctuations in population sizes, plays a significant role in determining whether species coexist or go extinct, particularly at the boundary between these states.

Dr Weini Huang and Amy Milne played a crucial role in developing the model's mathematical framework. Dr Huang explains: "We found that the relative abundance of infected and uninfected individuals can be reversed between the prey and predator populations. This counterintuitive finding suggests that the interplay of direct and indirect parasite effects plays a significant role in shaping infection prevalence throughout the food web."

Professor Eizaguirre emphasises the importance of this research: "Understanding how parasites influence food web dynamics is crucial for predicting the impact of environmental changes on ecosystem health but also risks of spread of invasive diseases. Our findings provide a valuable framework for exploring risks of certain parasites to become invasive as they are move with their hosts"

"Our findings provide a valuable foundation for understanding how these systems evolve over time," concludes Dr Weini Huang. The team have developed a further study built upon this framework by incorporating the evolution of key parameters, such as reproduction costs and infection probability, under the combined influence of ecological and evolutionary pressures."

This research has the potential to inform conservation efforts by providing a deeper understanding of how parasites can influence the resilience of ecosystems. By incorporating parasite dynamics into ecological models, conservation biologists can develop more effective strategies to protect vulnerable species and maintain healthy ecosystems.
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This salt battery harvests osmotic energy where the river meets the sea | ScienceDaily
Estuaries -- where freshwater rivers meet the salty sea -- are great locations for birdwatching and kayaking. In these areas, waters containing different salt concentrations mix and may be sources of sustainable, "blue" osmotic energy. Researchers in ACS Energy Letters report creating a semipermeable membrane that harvests osmotic energy from salt gradients and converts it to electricity. The new design had an output power density more than two times higher than commercial membranes in lab demonstrations.


						
Osmotic energy can be generated anywhere salt gradients are found, but the available technologies to capture this renewable energy have room for improvement. One method uses an array of reverse electrodialysis (RED) membranes that act as a sort of "salt battery," generating electricity from pressure differences caused by the salt gradient. To even out that gradient, positively charged ions from seawater, such as sodium, flow through the system to the freshwater, increasing the pressure on the membrane. To further increase its harvesting power, the membrane also needs to keep a low internal electrical resistance by allowing electrons to easily flow in the opposite direction of the ions. Previous research suggests that improving both the flow of ions across the RED membrane and the efficiency of electron transport would likely increase the amount of electricity captured from osmotic energy. So, Dongdong Ye, Xingzhen Qin and colleagues designed a semipermeable membrane from environmentally friendly materials that would theoretically minimize internal resistance and maximize output power.

The researchers' RED membrane prototype contained separate (i.e., decoupled) channels for ion transport and electron transport. They created this by sandwiching a negatively charged cellulose hydrogel (for ion transport) between layers of an organic, electrically conductive polymer called polyaniline (for electron transport). Initial tests confirmed their theory that decoupled transport channels resulted in higher ion conductivity and lower resistivity compared to homogenous membranes made from the same materials. In a water tank that simulated an estuary environment, their prototype achieved an output power density 2.34 times higher than a commercial RED membrane and maintained performance during 16 days of non-stop operation, demonstrating its long-term, stable performance underwater. In a final test, the team created a salt battery array from 20 of their RED membranes and generated enough electricity to individually power a calculator, LED light and stopwatch.

Ye, Qin and their team members say their findings expand the range of ecological materials that could be used to make RED membranes and improve osmotic energy-harvesting performance, making these systems more feasible for real-world use.

The authors acknowledge funding from the National Natural Science Foundation of China.
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AI tool recognizes serious ocular disease in horses | ScienceDaily
Researchers at the LMU Equine Clinic have developed a deep learning tool that is capable of reliably diagnosing moon blindness in horses based on photos.


						
Colloquially known as moon blindness, equine recurrent uveitis (ERU) is an inflammatory ocular disease in horses, which can lead to blindness or loss of the affected eye. It is one of the most common eye diseases in horses and has a major economic impact. Correct and swift diagnosis is very important to minimize lasting damage. A team led by Professor Anna May from the LMU Equine Clinic has developed and trained a deep learning tool that reliably recognizes the disease and can support veterinary doctors in the making of diagnoses, as the researchers report in a current study.

In an online survey, the researchers asked some 150 veterinarians to evaluate 40 photos. The pictures showed a mixture of healthy eyes, eyes with ERU, and eyes with other diseases. Working on the basis of image analyses, the deep learning tool was given the task of evaluating the same photos. Subsequently, May compared the results of the veterinarians against those of the AI. She discovered that veterinary doctors specialized in horses interpreted the pictures correctly 76 percent of the time, while the remaining vets from small animal or mixed practices were right 67 percent of the time. "With the deep learning tool, the probability of getting a correct answer was 93 percent," says May. "Although the differences were not statistically significant, they nonetheless show that the AI reliably recognizes an ERU and has great potential as a tool for supporting veterinary doctors."

The tool is web-app-based and simple to use. All you need is a smartphone. "It's not meant to replace veterinarians, but can help them reach the correct diagnosis. It is particularly valuable for less experienced professionals or for horse owners in regions where vets are few and far between," emphasizes May. Through the early detection of ERU, affected horses can receive appropriate treatment more quickly, which can be decisive in slowing down the progress of the disease and saving the afflicted eyes.
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Modeling broader effects of wildfires in Siberia | ScienceDaily
As wildfires in Siberia become more common, global climate modeling estimates significant impacts on climate, air quality, health, and economies in East Asia and across the northern hemisphere.


						
The global effects of increasing wildfires in Siberia have been modeled by researchers at Hokkaido University and colleagues at the University of Tokyo and Kyushu University. The results, published in the journal Earth's Future, suggest significant and widespread effects on air quality, climate, health, and economics under the most extreme wildfire scenarios.

The authors performed global numerical simulation experiments to evaluate how the increased intensity of wildfires in Siberia would affect air quality, premature mortality, and economy through increased atmospheric aerosols (air pollution particles) under the present climate and near-future global warming scenarios.

"Our modeling reveals a cooling effect broadly across the northern hemisphere and worsened air quality in extensive downwind regions," says Associate Professor Teppei Yasunari of the Hokkaido team.

A major impact of wildfires on the atmosphere is their emission of atmospheric aerosols -- mixtures of tiny particles suspended in the air. These aerosols affect air quality and can have wide-ranging effects on climate.

This research focused on the Siberian wildfires using a Japanese global climate modeling system called the Model for Interdisciplinary Research on Climate version 5 (MIROC5), combined with other models, such as the aerosol model SPRINTARS. The analysis combined atmospheric effects with exploring coupled influences between the atmosphere and the oceans.

The simulated atmospheric cooling effect across broad areas throughout the northern hemisphere is likely linked to the reflection of sunlight from the aerosol particles. The research suggests this may induce a partial suppression of warming under the near-future global warming conditions near the Siberian wildfire areas.




Under the most extreme wildfire scenario, another significant impact will be worsened air quality due to particulate and gas (aerosol precursor) pollution emissions, not only in the local regions but also across large areas of East Asia that are generally downwind of the wildfires.

"Our results suggest that increased efforts are needed to limit the effects of the Siberian wildfires somehow to prevent excess deaths, respiratory and other illnesses, and economic losses because it is hard to prevent the occurrence of Siberian wildfires in such large areas," Yasunari says.

The modeling suggests that the estimated direct impact of increased deaths due to air pollution could incur health-related costs in the order of 10 billion US dollars annually. However, this study did not consider substantial further costs and secondary social effects that could result from non-fatal illnesses, leading to workplace absences and reduced educational opportunities. Therefore, a greater level of costs may be possible in reality.

The surprisingly broad significance of wildfires in Siberia assessed by the global sensitivity simulations with the global climate model suggests that the model's performance should be further refined to allow quantitatively improved estimated impacts that will assist efforts to understand and mitigate the effects.

"Our findings send a critical message about the broad effect of increased particulate matter due to massive wildfires in the atmosphere on climate and air quality, which will become ever more significant as the worldwide changes due to global warming proceed," Yasunari concludes.
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Researchers find oldest undisputed evidence of Earth's magnetic field | ScienceDaily
A new study, led by the University of Oxford and MIT, has recovered a 3.7-billion-year-old record of Earth's magnetic field, and found that it appears remarkably similar to the field surrounding Earth today. The findings have been published today in the Journal of Geophysical Research.


						
Without its magnetic field, life on Earth would not be possible since this shields us from harmful cosmic radiation and charged particles emitted by the Sun (the 'solar wind'). But up to now, there has been no reliable date for when the modern magnetic field was first established.

In the new study, the researchers examined an ancient sequence of iron-containing rocks from Isua, Greenland. Iron particles effectively act as tiny magnets that can record both magnetic field strength and direction when the process of crystallization locks them in place. The researchers found that rocks dating from 3.7 billion years ago captured a magnetic field strength of at least 15 microtesla comparable to the modern magnetic field (30 microtesla).

These results provide the oldest estimate of the strength of Earth's magnetic field derived from whole rock samples, which provide a more accurate and reliable assessment than previous studies which used individual crystals.

Lead researcher Professor Claire Nichols (Department of Earth Sciences, University of Oxford) said: 'Extracting reliable records from rocks this old is extremely challenging, and it was really exciting to see primary magnetic signals begin to emerge when we analysed these samples in the lab. This is a really important step forward as we try and determine the role of the ancient magnetic field when life on Earth was first emerging.'

Whilst the magnetic field strength appears to have remained relatively constant, the solar wind is known to have been significantly stronger in the past. This suggests that the protection of Earth's surface from the solar wind has increased over time, which may have allowed life to move onto the continents and leave the protection of the oceans.

Earth's magnetic field is generated by mixing of the molten iron in the fluid outer core, driven by buoyancy forces as the inner core solidifies, which create a dynamo. During Earth's early formation, the solid inner core had not yet formed, leaving open questions about how the early magnetic field was sustained. These new results suggest the mechanism driving Earth's early dynamo was similarly efficient to the solidification process that generates Earth's magnetic field today.




Understanding how Earth's magnetic field strength has varied over time is also key for determining when Earth's inner, solid core began to form. This will help us to understand how rapidly heat is escaping from Earth's deep interior, which is key for understanding processes such as plate tectonics.

A significant challenge in reconstructing Earth's magnetic field so far back in time is that any event which heats the rock can alter preserved signals. Rocks in the Earth's crust often have long and complex geological histories which erase previous magnetic field information. However, the Isua Supracrustal Belt has a unique geology, sitting on top of thick continental crust which protects it from extensive tectonic activity and deformation. This allowed the researchers to build a clear body of evidence supporting the existence of the magnetic field 3.7 billion years ago.

The results may also provide new insights into the role of our magnetic field in shaping the development of Earth's atmosphere as we know it, particularly regarding atmospheric escape of gases. A currently unexplained phenomenon is the loss of the unreactive gas xenon from our atmosphere more than 2.5 billion years ago. Xenon is relatively heavy and therefore unlikely to have simply drifted out of our atmosphere. Recently, scientists have begun to investigate the possibility that charged xenon particles were removed from the atmosphere by the magnetic field.

In the future, researchers hope to expand our knowledge of Earth's magnetic field prior to the rise of oxygen in Earth's atmosphere around 2.5 billion years ago by examining other ancient rock sequences in Canada, Australia, and South Africa. A better understanding of the ancient strength and variability of Earth's magnetic field will help us to determine whether planetary magnetic fields are critical for hosting life on a planetary surface and their role in atmospheric evolution.
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Shoreline model predicts long-term future of storm protection and sea-level rise | ScienceDaily
Researchers in North Carolina have created a simulation model to analyze how coastal management activities meant to protect barrier islands from sea-level rise can disrupt the natural processes that are keeping barrier islands above water.


						
"Coastal management strategies intended to protect people, property and infrastructure from storm impacts can, over decades, increase vulnerability, even leading to the loss of barrier islands, especially as sea-level rise rates increase," said A. Brad Murray, professor of geomorphology and coastal processes at Duke University's Nicholas School of the Environment.

He and other researchers in North Carolina created a computer model that simulates dynamics of barrier island systems over the next two centuries, showing how natural processes that create and maintain these systems affect communities and infrastructure, and how human efforts to protect communities and infrastructure, in turn, affect those natural processes. They published a pair of studies on the work April 9, 2024 in Earth Futures.

Barrier islands are narrow offshore landforms that run parallel to the mainland coastline. These are dynamic features, naturally gaining elevation and migrating landward as sea level rises or sediment supply dwindles. Barrier islands absorb wave energy before waves hit the mainland, which can lessen coastal storm surge and flooding. The United States has the greatest extent of barriers worldwide, stretching across much of the Southeast and Gulf of Mexico.

Coastal communities on barrier islands, which have long grappled with eroding shorelines and coastal storms, now face substantial sea-level rise due to climate change. They are already encountering increased risks of coastal flooding and threats to critical infrastructure.

Many of these coastal communities rely on federally subsidized "beach nourishment" -- the artificial widening of beaches with sand -- or engineered solutions, such as the construction of artificially high dunes, to adapt to changing climate threats.

Some of these solutions, however, interrupt natural processes that have kept barriers above sea level.




Sand deposited on these islands when storm waves knock down dunes is essential to maintain barriers' width and elevation. But on developed barriers, storm fallout -- including overwashed sand on roads -- are hazards.

"Counterintuitively, the more successful humans are in preventing storm impacts, the less resilient the barrier system becomes in the long term," said co-author, Laura Moore, professor of coastal geomorphology at the University of North Carolina at Chapel Hill. "Difficult tradeoffs are going to be inevitable when it comes to managing the coast with the hope of preserving coastal living as we know it."

The researchers' modelling demonstrates that how long a barrier remains habitable varies with different coastal management strategies and climate scenarios.

For example, the model showed that shifting away from the practices of protecting roads with tall dunes and bulldozing overwashed sand off paved surfaces may allow barriers that would have become uninhabitable to rebound and keep up with sea level rise longer.

Adopting management strategies that allow one segment of the shoreline to evolve naturally -- such as building a long bridge to replace part of a highway -- can increase the barrier system's resilience in that area. However, management strategies in one area affect erosion rates in adjacent areas.

Increasing long-term resilience in one area can come at the cost of higher shoreline stabilization costs for neighboring communities. Given these connections along the shore, stakeholders in neighboring coastal areas may benefit from collaborating, the authors noted.

"There's no perfect solution," said the study's lead author, Katherine Anarde, assistant professor of coastal engineering at North Carolina State University. "Understanding an entire barrier system and how it responds to different coastal management decisions is critical to assessing the sustainability of coastal development over the coming decades. The model helps us consider several factors in managing coastal areas to ensure we're not unintentionally making things worse in the long run, and to weigh the tradeoffs."

The National Science Foundation, University of Virginia, and the Gulf Research Program Early-Career Research Fellowship co-funded this study.
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High-resolution lidar sees birth zone of cloud droplets | ScienceDaily
A team led by atmospheric scientists at the U.S. Department of Energy's Brookhaven National Laboratory has demonstrated the first-ever remote observations of the fine-scale structure at the base of clouds. The results, just published in the Nature publication NPJ Climate and Atmospheric Science, show that the air-cloud interface is not a perfect boundary but rather is a transition zone where aerosol particles suspended in Earth's atmosphere give rise to the droplets that ultimately form clouds.


						
"We are interested in this 'droplet activation zone,' where most cloud droplets are initially formed at the cloud base, because the number of droplets formed there will affect the later stages and properties of the cloud -- including how much sunlight a cloud reflects and the likelihood of precipitation," said Brookhaven atmospheric scientist Fan Yang, the first author on the paper.

"If there are more aerosols in the atmosphere, clouds tend to have more droplets, but the droplets will each be smaller, which means they can reflect more sunlight," Yang said. "This might help to cool our warming Earth," he noted.

But to accurately predict the impacts of these aerosol-cloud interactions on the climate system, scientists need a way to measure cloud droplet number concentrations -- without having to fly up into lots of clouds to collect samples.

"This remains one of the biggest challenges in our field," Yang said.

The new remote-sensing measurements and method provide a novel way to estimate droplet concentration, which will enable scientists to gain insight into how changes in atmospheric aerosol levels could affect clouds and climate.

Seeing clouds in finer detail

Atmospheric lidars -- which send laser beams into the atmosphere and measure the signals of light backscattered from molecules, aerosols, and cloud droplets in the atmosphere -- have been widely used to measure the distance to the cloud base. But traditional lidars can't resolve detailed structures within the cloud base because they typically have a resolution of 10 meters or more.




"Ten meters is like the height of a building," said Yang, noting the ability of this scale to detect large objects. "But to know how many floors or windows that building has, you'd need much finer resolution."

To see details within the cloud base, the Brookhaven team worked with colleagues at Stevens Institute of Technology (SIT) and Raymetrics S.A. to build a new kind of lidar. Their device, described in an earlier publication, is a time-gated, time-correlated, single-photon counting lidar (T2 lidar) with a resolution down to 10 centimeters. That's two orders of magnitude higher resolution than traditional atmospheric lidars.

"With such a high resolution, the T2 lidar observations reveal the transition zone where aerosol particles absorb water vapor to be transformed into cloud droplets," Yang said.

"We used our unprecedented fine-scale T2 observations of the cloud base region to develop a theoretical model to estimate cloud droplet concentration based on T2-measured backscatter signals," he added.

One unique feature of the T2 lidar is the application of the time-gating technique -- forcing the detector to open its "eye" to make measurements in a narrow observational window in the atmosphere.

"This time gating allows us to 'look' at a specific region of interest within the cloud. This is different from a conventional lidar, where the lidar's 'eye' is generally open, being ready to capture back-scattered photons nearly all the time," Yang said.




By setting the time delay between the T2 lidar's laser pulse and the eye opening to different time intervals, the scientists can sample signals at different regions through the cloud.

The device also has a very high repetition rate, firing 20,000 laser pulses per second.

"We can learn about cloud properties from how the back-scattered signals are distributed within the observational window," Yang said.

Application for cloud chamber observations

To make the technique truly useful for accurate remote real-world measurements, the T2 lidar will have to be properly calibrated. That is, scientists need to fully understand how the measured light signals match up with the real-world cloud properties so they can fine-tune the computational algorithms they've written to relate one to the other.

Traditional lidar measurements of atmospheric clouds are sometimes cross-checked and calibrated by flying an aircraft through clouds to capture droplet samples. Scientists try to calibrate the lidar readings with the "true" properties of droplets from the in-situ aircraft measurements.

"The problem is, the remote sensing and in-situ measurements are usually not co-located," Yang said. That is, it's highly unlikely that an upward pointing lidar with a coarse resolution and a plane flying horizontally to collect a thin sample stream are gathering data on the same part of the cloud at the same time.

To improve on this situation, the Brookhaven and SIT team is using a technique similar to what they used in the T2 lidar to build a lidar with even finer resolution -- down to one centimeter. By using this higher-resolution lidar to make observations in a lab-based cloud chamber, they'll be able to match up backscattering signals with in-situ measurements of cloud physical properties taken at the same time and in the same location.

"Then we can take the lidar back out into the real atmosphere and be more confident in how our lidar measurements relate to cloud properties such as droplet number, concentration, and distribution," Yang said.

"This is just a start," Yang noted. "Our study highlights the benefits of applying advanced technologies to observe atmospheric clouds at submeter scales, which can open up new avenues for advancing our understanding of cloud microphysical properties and processes that are crucial to weather and climate."

The development of the T2 lidar was supported by Brookhaven National Laboratory Program Development and Laboratory Directed Research and Development funding. Collaborators received additional support from the National Science Foundation and the DOE Office of Science (BER).
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Bioluminescence first evolved in animals at least 540 million years ago | ScienceDaily
Bioluminescence first evolved in animals at least 540 million years ago in a group of marine invertebrates called octocorals, according to the results of a new study from scientists with the Smithsonian's National Museum of Natural History.


						
The results, published today, April 23, in the Proceedings of the Royal Society B, push back the previous record for the luminous trait's oldest dated emergence in animals by nearly 300 million years, and could one day help scientists decode why the ability to produce light evolved in the first place.

Bioluminescence -- the ability of living things to produce light via chemical reactions -- has independently evolved at least 94 times in nature and is involved in a huge range of behaviors including camouflage, courtship, communication and hunting. Until now, the earliest dated origin of bioluminescence in animals was thought to be around 267 million years ago in small marine crustaceans called ostracods.

But for a trait that is literally illuminating, bioluminescence's origins have remained shadowy.

"Nobody quite knows why it first evolved in animals," said Andrea Quattrini, the museum's curator of corals and senior author on the study.

But for Quattrini and lead author Danielle DeLeo, a museum research associate and former postdoctoral fellow, to eventually tackle the larger question of why bioluminescence evolved, they needed to know when the ability first appeared in animals.

In search of the trait's earliest origins, the researchers decided to peer back into the evolutionary history of the octocorals, an evolutionarily ancient and frequently bioluminescent group of animals that includes soft corals, sea fans and sea pens. Like hard corals, octocorals are tiny colonial polyps that secrete a framework that becomes their refuge, but unlike their stony relatives, that structure is usually soft. Octocorals that glow typically only do so when bumped or otherwise disturbed, leaving the precise function of their ability to produce light a bit mysterious.




"We wanted to figure out the timing of the origin of bioluminescence, and octocorals are one of the oldest groups of animals on the planet known to bioluminesce," DeLeo said. "So, the question was when did they develop this ability?"

Not coincidentally, Quattrini and Catherine McFadden with Harvey Mudd College had completed an extremely detailed, well-supported evolutionary tree of the octocorals in 2022. Quattrini and her collaborators created this map of evolutionary relationships, or phylogeny, using genetic data from 185 species of octocorals.

With this evolutionary tree grounded in genetic evidence, DeLeo and Quattrini then situated two octocoral fossils of known ages within the tree according to their physical features. The scientists were able to use the fossils' ages and their respective positions in the octocoral evolutionary tree to date to figure out roughly when octocoral lineages split apart to become two or more branches. Next, the team mapped out the branches of the phylogeny that featured living bioluminescent species.

With the evolutionary tree dated and the branches that contained luminous species labeled, the team then used a series of statistical techniques to perform an analysis called ancestral state reconstruction.

"If we know these species of octocorals living today are bioluminescent, we can use statistics to infer whether their ancestors were highly probable to be bioluminescent or not," Quattrini said. "The more living species with the shared trait, the higher the probability that as you move back in time that those ancestors likely had that trait as well."

The researchers used numerous different statistical methods for their ancestral state reconstruction, but all arrived at the same result: Some 540 million years ago, the common ancestor of all octocorals were very likely bioluminescent. That is 273 million years earlier than the glowing ostracod crustaceans that previously held the title of earliest evolution of bioluminescence in animals.




DeLeo and Quattrini said that the octocorals' thousands of living representatives and relatively high incidence of bioluminescence suggests the trait has played a role in the group's evolutionary success. While this further begs the question of what exactly octocorals are using bioluminescence for, the researchers said the fact that it has been retained for so long highlights how important this form of communication has become for their fitness and survival.

Now that the researchers know the common ancestor of all octocorals likely already had the ability to produce its own light, they are interested in a more thorough accounting of which of the group's more than 3,000 living species can still light up and which have lost the trait. This could help zero in on a set of ecological circumstances that correlate with the ability to bioluminesce and potentially illuminate its function.

To this end, DeLeo said she and some of her co-authors are working on creating a genetic test to determine if an octocoral species has functional copies of the genes underlying luciferase, an enzyme involved in bioluminescence. For species of unknown luminosity, such a test would enable researchers to get an answer one way or the other more rapidly and more easily.

Aside from shedding light on the origins of bioluminescence, this study also offers evolutionary context and insight that can inform monitoring and management of these corals today. Octocorals are threatened by climate change and resource-extraction activities, particularly fishing, oil and gas extraction and spills, and more recently by marine mineral mining.

This research supports the museum's Ocean Science Center, which aims to advance and share knowledge of the ocean with the world. DeLeo and Quattrini said there is still much more to learn before scientists can understand why the ability to produce light first evolved, and though their results place its origins deep in evolutionary time, the possibility remains that future studies will discover that bioluminescence is even more ancient.

This study includes authors affiliated with Florida International University, the Monterey Bay Aquarium Research Institute, Nagoya University, Harvey Mudd College and University of California, Santa Cruz.

The research was supported by the Smithsonian, the David and Lucile Packard Foundation, Japan Science and Technology Agency and the U.S. National Science Foundation.
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Frog species evolved rapidly in response to road salts | ScienceDaily
When we think of evolution, we think of a process that happens over hundreds or thousands of years. In research recently published, a team led by Rick Relyea, Ph.D., professor of biological sciences and David M. Darrin '40 Senior Endowed Chair at Rensselaer Polytechnic Institute, found a species of frog that has evolved over the course of merely 25 years. The adaptation was spurred on by something many assume is innocuous: salt.


						
"We've been applying de-icing salts to reduce car accidents in snowy and icy conditions in the United States for 80 years, and we currently apply four times more road salt than we did in the 1970s," said Relyea. "However, the number of studies on its impacts to our environment are relatively few. We're beginning to learn that when salt drains into fresh water, it can kill animals, stunt the growth of fish, cause sex changes in frogs, and make animals more prone to diseases."

"Amphibians like to breed in wetlands, which have smaller water volumes than lakes, so the salt concentrations in wetlands can accumulate to very high levels," said Relyea. "In our study, the highest salt concentration was found in a wetland adjacent to a parking lot that's been there for 25 years, where the salt concentrations are nearly 100 times higher than in pristine wetlands. We found that over the course of just 10 generations, these wood frogs evolved a much higher salt tolerance."

The research team collected frog eggs from nine populations and allowed them to hatch into tadpoles. Then the team examined whether populations of tadpoles from more salt-polluted waters had evolved higher salt tolerance. Tadpoles collected from the saltiest wetland experienced a notably longer time until death when exposed to salt than the eight other populations collected from other areas close to roads and with varying levels of salt, suggesting an evolved tolerance. However, the frogs' ability to adapt does not mean that we should expect them to survive if salt levels increase even more.

Relyea hopes that insights gained from this study will help protect many species of plants and animals that are being exposed to salt pollution.

"The fact that these amphibians rapidly evolved to deal with high salt levels suggests that we have time to avoid extinction, in this species and probably many other species," said Relyea. "Fortunately, cities and towns around the country are learning how they can apply less salt with the same level of safety, by applying it in smarter ways. Everyone across the political spectrum can agree to this win-win proposition: we can apply less salt and protect the environment, while maintaining safe roads and saving money for governments and taxpayers."

"The effects of human activity on our environment must be understood and mitigated," said Curt Breneman, Ph.D., dean of Rensselaer's School of Science. "Thanks to Professor Relyea's research, we have evidence of the effect of road salt on one species. Fortunately, while these results show that certain amphibians can adapt quickly to some environmental toxins, they also provide a warning that scientific and policy solutions must be found to mitigate such pollution."

Relyea was joined in research by Brian Mattes, Candace Schermerhorn, and Isaac Shepard of Rensselaer.
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Critical minerals recovery from electronic waste | ScienceDaily
There's some irony in the fact that devices that seem indispensable to modern life -- mobile phones, personal computers, and anything battery-powered -- depend entirely on minerals extracted from mining, one of the most ancient of human industries. Once their usefulness is spent, we typically return these objects to the Earth in landfills, by the millions.


						
But what if we could "mine" electronic waste (e-waste), recovering the useful minerals contained within them, instead of throwing them away? A clever method of recovering valuable minerals from e-waste, developed by a research team at the Department of Energy's Pacific Northwest National Laboratory, is showing promise to do just that. Materials separation scientist Qingpu Wang will present recent success in selectively recovering manganese, magnesium, dysprosium, and neodymium, minerals critical to modern electronics, at the 2024 Materials Research Society (MRS) Spring Meeting on April 25, 2024, in Seattle, WA.

Go with the flow

Just as a prism splits white light into a dazzling rainbow of colors based on distinct wavelengths, so too can metals be separated from one another using their individual properties. However, current separation methods are slow, as well as chemical- and energy-intensive. These barriers make the recovery of valuable minerals from e-waste streams economically unfeasible.

In contrast, the PNNL research team used a simple mixed-salt water-based solution and their knowledge of metal properties to separate valuable minerals in continuously flowing reaction chambers.

The method, detailed in two complementary research articles and presented this week, is based on the behavior of different metals when placed in a chemical reaction chamber where two different liquids flow together continuously. The research team exploited the tendency of metals to form solids at different rates over time to separate and purify them.

"Our goal is to develop an environmentally friendly and scalable separation process to recover valuable minerals from e-waste," said Wang. "Here we showed that we can spatially separate and recover nearly pure rare earth elements without complex, expensive reagents or time-consuming processes."

The research team, which included materials scientist Chinmayee Subban, who also holds a joint appointment with the University of Washington, first reported in February 2024 successfully separating two essential rare earth elements, neodymium and dysprosium, from a mixed liquid. The two separate and purified solids formed in the reaction chamber in 4 hours, versus the 30 hours typically needed for conventional separation methods. These two critical minerals are used to manufacture permanent magnets found in computer hard drives and wind turbines, among other uses. Until now, separating these two elements with very similar properties has been challenging. The ability to economically recover them from e-waste could open up a new market and source of these key minerals.




Recovering minerals from e-waste is not the only application for this separation technique. The research team is exploring the recovery of magnesium from sea water as well as from mining waste and salt lake brines.

"Next, we are modifying the design of our reactor to recover a larger amount of product efficiently," added Wang.

Recovering manganese from simulated battery waste

Using a complementary technique, Wang and his colleague Elias Nakouzi, a PNNL materials scientist, showed that they can recover nearly pure manganese (>96%) from a solution that mimics dissolved lithium-ion battery waste. Battery-grade manganese is produced by a handful of companies globally and is used primarily in the cathode, or negative pole of the battery.

In this study, the research team used a gel-based system to separate the materials based on the different transport and reactivity rates of the metals in the sample.

"The beauty in this process is its simplicity," Nakouzi said. "Rather than relying on high-cost or specialty materials, we pared things back to thinking about the basics of ion behavior. And that's where we found inspiration."

The team is expanding the scope of the research and will be scaling up the process through a new PNNL initiative, Non-Equilibrium Transport Driven Separations (NETS), which is developing environmentally friendly new separations to provide a robust, domestic supply chain of critical minerals and rare earth elements.




"We expect this approach to be broadly relevant to chemical separations from complex feed streams and diverse chemistries -- enabling more sustainable materials extraction and processing," said Nakouzi.

The research studies reported at MRS received support from a Laboratory Directed Research and Development Program and the NETS initiative at PNNL.
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Asian monsoon lofts ozone-depleting substances to stratosphere | ScienceDaily
Powerful monsoon winds, strengthened by a warming climate, are lofting unexpectedly large quantities of ozone-depleting substances high into the atmosphere over East Asia, new research shows.


						
The study, led by the U.S. National Science Foundation National Center for Atmospheric Research (NSF NCAR) and NASA, found that the East Asian Monsoon delivers more than twice the concentration of very short-lived ozone-depleting substances into the upper troposphere and lower stratosphere than previously reported.

The research team drew on airborne observations taken during a major 2022 Asian field campaign: the Asian Summer Monsoon Chemistry and Climate Impact Project (ACCLIP). The findings raise questions about the pace of the recovery of the ozone layer, which shields Earth from the Sun's harmful ultraviolet radiation.

"It was a real surprise to fly through a plume with all those very short-lived ozone-depleting substances," said NSF NCAR scientist Laura Pan, the lead author of the study. "These chemicals may have a significant impact on what will happen with the ozone layer, and it's critical to quantify them."

The study was published in the Proceedings of the National Academy of Sciences. It was funded by NSF, NASA, and NOAA, and co-authored by a large team of international scientists.

The role of monsoons

For thousands of years, people have viewed the Asian summer monsoon as important because of its impacts on local communities. Recently, however, scientists analyzing satellite observations have begun discovering that monsoon storms and winds play an additional role: carrying pollutants high in the atmosphere, where they can influence the world's climate system.




ACCLIP investigated the chemical content of air that was borne by the two primary monsoons in the region -- the South and the East Asian Monsoon -- from Earth's surface to as high up as the stratosphere. Once at that altitude, the chemicals can have far-reaching climate impacts because air in the stratosphere spreads out globally and remains for months to years, unlike the lower atmosphere where air masses turn over weekly.

The ACCLIP observations revealed that the East Asian Monsoon delivered higher levels of pollutants to the upper atmosphere than the South Asian Monsoon during 2022. The scientists measured carbon monoxide levels of up to 320 parts per billion -- a remarkably high level to be found at an altitude of 15 kilometers (about 9 miles). Carbon monoxide is often a sign of industrial pollution, and the measurements indicated that the East Asian Monsoon was closely aligned with emissions of pollutants at the surface.

Pan, Elliot Atlas of the University of Miami, and their co-authors looked into a class of chemicals known as very short-lived organic chlorine compounds, which can destroy ozone but persist only for a relatively short time in the atmosphere (months to years). In contrast, ozone-depleting chlorofluorocarbons (CFCs) remain in the atmosphere for decades to centuries or more and are therefore viewed as a far more significant threat to the ozone layer.

For that reason, the landmark 1987 Montreal Protocol on Substances that Deplete the Ozone Layer focused on phasing out CFCs and other long-lived substances. The international treaty and subsequent revisions have enabled stratospheric ozone to begin recovering. A 2022 United Nations assessment concluded that the ozone layer, including an ozone hole over the Antarctic, will be largely restored over the next several decades.

The Montreal Protocol, however, did not limit the continued manufacture and use of very short-lived ozone-depleting substances. Emissions of these chemicals have soared in South and East Asia, including highly industrialized regions of East China.

In an unfortunate coincidence, those regions lie directly under the East Asian Monsoon, which, of the world's eight regional monsoons, is the one that is predicted to strengthen the most with global warming.




The combination of the monsoon's powerful updrafts occurring in the same region as the increasing emissions of short-lived chlorine compounds has resulted in the unexpectedly high quantity of the chemicals being swept into the stratosphere.

The analysis of the aircraft measurements by Pan and her co-authors revealed high levels of five short-lived chlorine compounds: dichloromethane (CH2Cl2), chloroform (CHCl3), 1,2-dichloroethane (C2H4Cl2), tetrachloroethene (C2Cl4), and 1,2-dichloropropane (C3H6Cl2).

Pan said more research is needed to analyze the potential implications for ozone recovery. The paper also notes that scientists will need to incorporate the new findings into climate models, as stratospheric ozone has complex effects on Earth's temperature.

"These new observations are important for identifying that the East Asian Monsoon is a significant pathway for large amounts of pollution to rise from the surface to the stratosphere," Pan said. "Though we expected to observe pollutant impact in the region, the amount of very short-lived ozone-depleting substances we actually observed certainly came as quite a surprise. The potential impacts of the high levels of these chemicals will need to be taken into consideration for projections of both the recovery of stratospheric ozone as well as climate change."
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World's chocolate supply threatened by devastating virus | ScienceDaily
A rapidly spreading virus threatens the health of the cacao tree and the dried seeds from which chocolate is made, jeopardizing the global supply of the world's most popular treat.


						
About 50% of the world's chocolate originates from cacao trees in the West Africa countries of Ivory Coast and Ghana. The damaging virus is attacking cacao trees in Ghana, resulting in harvest losses of between 15 and 50%. Spread by small insects called mealybugs that eat the leaves, buds and flowers of trees, the cacao swollen shoot virus disease (CSSVD) is among the most damaging threats to the root ingredient of chocolate.

"This virus is a real threat to the global supply of chocolate," said Benito Chen-Charpentier, professor of mathematics at The University of Texas at Arlington and an author of "Cacao sustainability: The case of cacao swollen-shoot virus co-infection" in the journal PLoS One. "Pesticides don't work well against mealybugs, leaving farmers to try to prevent the spread of the disease by cutting out infected trees and breeding resistant trees. But despite these efforts, Ghana has lost more than 254 million cacao trees in recent years."

Farmers can combat the mealybugs by giving vaccines to the trees to inoculate them from the virus. But the vaccines are expensive, especially for low-wage farmers, and vaccinated trees produce a smaller harvest of cacao, compounding the devastation of the virus.

Chen-Charpentier and colleagues from the University of Kansas, Prairie View A&M, the University of South Florida and the Cocoa Research Institute of Ghana have developed a new strategy: using mathematical data to determine how far apart farmers can plant vaccinated trees to prevent mealybugs from jumping from one tree to another and spreading the virus.

"Mealybugs have several ways of movement, including moving from canopy to canopy, being carried by ants or blown by the wind," Chen-Charpentier said. "What we needed to do was create a model for cacao growers so they could know how far away they could safely plant vaccinated trees from unvaccinated trees in order to prevent the spread of the virus while keeping costs manageable for these small farmers."

By experimenting with mathematical patterning techniques, the team created two different types of models that allow farmers to create a protective layer of vaccinated cacao trees around unvaccinated trees.

"While still experimental, these models are exciting because they would help farmers protect their crops while helping them achieve a better harvest," Chen-Charpentier said. "This is good for the farmers' bottom line, as well as our global addiction to chocolate."
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Livestock abortion surveillance could protect livelihoods and detect emerging global pathogens | ScienceDaily
A small-scale surveillance system in Tanzania for reporting livestock abortions could help protect livelihoods and provide insights on potential livestock-to-human infections.


						
The research, published April 16 as a Reviewed Preprint in eLife, is described by editors as an important study with convincing findings of potential interest to the fields of veterinary medicine, public health and epidemiology.

Loss of livestock through abortion is a major concern for the worldwide livestock industry, resulting in significant economic loss and posing a direct threat to public health through transmission of infection. The impact of livestock abortion on the world's poorest livestock keepers is likely to be substantial -- from the direct loss of high-quality food sources and reduced income from sales of milk or meat.

"Effective livestock health surveillance provides critical data for evidence-based approaches to disease control and management, but requires reliable, high-quality and timely data drawn from multiple sources," says lead author Felix Lankester, Clinical Associate Professor at the Paul G. Allen School for Global Health, Washington State University, Washington, US, and the Global Animal Health Tanzania, Arusha, Tanzania. "Event-based surveillance can detect early events that signal emerging human health risks, and surveillance of livestock abortion events has clear potential for identifying and preventing outbreaks of emerging diseases. However, there is limited information on the current practices, effectiveness and challenges of livestock abortion surveillance, particularly in low and middle-income countries."

To address this gap, researchers set up a pilot livestock surveillance system in northern Tanzania in 15 wards across five districts, with a mix of pastoral, agropastoral and smallholder livestock keepers. Livestock field officers (LFOs; government employees equivalent to para-veterinarians) received training on the safe investigation of livestock abortion and were requested to report any incidents of abortions, stillbirths and perinatal death. If the cases could be followed up within 72 hours of the abortion event, further investigation including blood, milk and vaginal swabs were collected from the aborting dam, alongside tissue and swab samples from the foetus and placenta. These were tested for a wide range of infectious agents and antibodies.

Between 2017 and 2019, 215 abortion cases were reported from 150 households in 13 of the 15 wards. Of these 215 cases, 70% were reported by three (20%) of the LFOs. Most abortions were investigated within two days, and none were investigated more than four days later. Placental and foetal tissues were only collected in 24% and 34% of cases, respectively, often because these tissues were not found, but vaginal and milk samples were collected in 99% and 78% of cases.

Although data was only available for a limited number of abortions, the results revealed important insights into likely patterns and causes. For example, abortions occurred more often in the dry season, and in non-indigenous cross-bred or exotic animals than in indigenous breeds. More than a fifth of dams that aborted were reported to have experienced a previous abortion, with several experiencing multiple abortion losses, which may suggest that animals suffering recurrent abortion events may have a chronic infection that would warrant their removal from breeding stock or prevent their use as a food source.

The study emphasises the potential risks of exposure to zoonotic pathogens -- infectious agents that could potentially jump from livestock to humans. In cases where an infectious agent was detected, 79% were zoonotic, and in nearly a quarter of these cases, someone had assisted with the aborted delivery, likely without any personal protective equipment. Of these, 20% were female and of reproductive age, and therefore of heightened risk from certain pathogens.

"Our study has demonstrated that livestock abortion surveillance, even at a relatively small scale, can capture valuable information about livestock pathogens, including those that are zoonotic," says senior author Sarah Cleaveland, Professor of Comparative Epidemiology at the School of Biodiversity, One Health & Veterinary Medicine, University of Glasgow, UK. "Moreover, our pilot demonstrates the utility and feasibility of livestock abortion surveillance in rural areas and highlights that engaging field officers, establishing practical and robust field sample collections and ensuring prompt reporting of cases and feedback of results are key elements of effectiveness."
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Warming climate is putting more metals into Colorado's mountain streams | ScienceDaily
Warming temperatures are causing a steady rise in copper, zinc and sulfate in the waters of Colorado mountain streams affected by acid rock drainage. Concentrations of these metals have roughly doubled in these alpine streams over the past 30 years, a new study finds, presenting a concern for ecosystems, downstream water quality and mining remediation.


						
Natural chemical weathering of bedrock is the source of the rising acidity and metals, but the ultimate driver of the trend is climate change, the report found.

"Heavy metals are a real challenge for ecosystems," said lead author Andrew Manning, a geologist with the U.S. Geological Survey in Denver. "Some are quite toxic. We are seeing regional, statistically significant trends in copper and zinc, two key metals that are commonly a problem in Colorado. It's not ambiguous and it's not small."

The study was published in Water Resources Research AGU's peer reviewed journal for original research on the movement and management of Earth's water.

Although the mechanism coupling warming temperatures to increased sulfide weathering is still an open research question, the new results point to exposure of rock once sealed away by ice as a top suspect, Manning said. The sudden appearance of "rusting Arctic rivers" flowing out of regions of thawing permafrost in the last couple of years is likely the same process, magnified.

Colorado is riddled with patches of bedrock rich in metal sulfides. Shiny iron sulfide, familiar to many Coloradans as fool's gold, or pyrite, is the most common of these sulfide minerals, but copper, zinc and other metal sulfides are also common.

Exposure to air oxidizes the metal sulfides in bedrock, releasing the metals into groundwater, which flows into surface streams. Rusty red deposits in streambeds are distinctive signs of iron sulfide oxidation. Sulfides also acidify the water, which can accelerate weathering. Some alpine streams sampled were found have a pH as low as 3 or 4.




The study drew on 40 years of water chemistry data, taking final samples from all sites in 2021, from 22 headwater streams in 17 watersheds that are naturally acidic and metal-rich enough to limit aquatic plants and animals. Sampling sites were above 3,000 meters (10,000 feet) elevation and included a mix of pristine, untouched areas and places that had been mined historically, but left alone for 50 to 100 years.

"The key point is no recent mining or remediation work has been done," Manning said. "These watersheds have just been sitting there responding to nothing other than the climate."

Warming, drying mountains

Mountain streams were sampled from mid-July to November, spanning the late summer and fall low-flow period. Long-term records of flow volume from nearby stream gauges show streamflows have been dwindling with warming temperatures and smaller snowpacks, suggesting smaller water volumes could explain the higher metal concentrations.

But Manning and his colleagues found less water could only account for half the effect they observed. To reach the concentrations they were seeing, the mountains had to be putting metals and sulfate into streams at a faster rate.

As these metal-rich mountain streams flow down into larger rivers, the effect of the extra metal load is diluted, the researchers noted.




"I don't think this is a big red flag for major metropolitan or agriculture users way downstream at lower elevations," Manning said, "but some of our mountain communities get their water only a short distance down from these mineralized streams." To help mitigate the water quality risk, managers could benefit from advance knowledge of what metals are entering the stream, and where and how fast they are increasing, Manning said.

More metals and acidity in these mountain streams could also impact decisions about where to invest limited funds for remediation of those that have been altered by historical mining, and where to stock fish to benefit tourism.

Local case, global pattern

Colorado's watersheds are a dramatic case because of the unusual abundance of bedrock metal sulfides, Manning said, but scientists are observing more subtle rising sulfate concentrations in mountain streams around the world. The new study is the first to statistically connect accelerated sulfide weathering to rising temperatures on a large scale across an entire region.

The study found the biggest gains in metal loads in the highest, coldest mountain streams. Manning said this pattern points to thawing underground ice. Colorado's highest elevations have annual average temperatures close to zero degrees Celsius (32 degrees Fahrenheit), putting them right at the boundary conditions for permafrost. Some peaks have warmed past the freezing threshold since 1980.

"Ice is like armor. Melt it and you create windows for groundwater to get into rock that has not seen water and oxygen for millennia, and it will begin to oxidize quite quickly," Manning said.

Other possible mechanisms are falling water tables exposing fresh rock to air and melting rock glaciers releasing pockets of concentrated metals stored in the ice. Wetlands accumulate metals and may release a burst when water returns after dry periods. The study did not find a correlation between rates of rising metal concentrations and the presence of wetlands, rock glaciers or factors linked to falling water tables, although these could be playing a role in other regions. But all these possible mechanisms are consequences of climate change.

"There's just no other logical explanation than this is a changing climate signal," Manning said. "Nothing else would reach all these watersheds universally."
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Researchers create artificial cells that act like living cells | ScienceDaily

"With this discovery, we can think of engineering fabrics or tissues that can be sensitive to changes in their environment and behave in dynamic ways," says Freeman, whose lab is in the Applied Physical Sciences Department of the UNC College of Arts and Sciences.

Cells and tissues are made of proteins that come together to perform tasks and make structures. Proteins are essential for forming the framework of a cell, called the cytoskeleton. Without it, cells wouldn't be able to function. The cytoskeleton allows cells to be flexible, both in shape and in response to their environment.

Without using natural proteins, the Freeman Lab built cells with functional cytoskeletons that can change shape and react to their surroundings. To do this, they used a new programmable peptide-DNA technology that directs peptides, the building blocks of proteins, and repurposed genetic material to work together to form a cytoskeleton.

"DNA does not normally appear in a cytoskeleton," Freeman says. "We reprogrammed sequences of DNA so that it acts as an architectural material, binding the peptides together. Once this programmed material was placed in a droplet of water, the structures took shape."

The ability to program DNA in this way means scientists can create cells to serve specific functions and even fine-tune a cell's response to external stressors. While living cells are more complex than the synthetic ones created by the Freeman Lab, they are also more unpredictable and more susceptible to hostile environments, like severe temperatures.

"The synthetic cells were stable even at 122 degrees Fahrenheit, opening up the possibility of manufacturing cells with extraordinary capabilities in environments normally unsuitable to human life," Freeman says.

Instead of creating materials that are made to last, Freeman says their materials are made to task -- perform a specific function and then modify themselves to serve a new function. Their application can be customized by adding different peptide or DNA designs to program cells in materials like fabrics or tissues. These new materials can integrate with other synthetic cell technologies, all with potential applications that could revolutionize fields like biotechnology and medicine.

"This research helps us understand what makes life," Freeman says. "This synthetic cell technology will not just enable us to reproduce what nature does, but also make materials that surpass biology."
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Marginalized communities developed 'disaster subculture' when living through extreme climate events | ScienceDaily
Locations around the globe are experiencing climate disasters on a regular basis. But some of the most marginalized populations experience disasters so often it has come to be normalized.


						
A new study from the University of Kansas found residents of one Seoul, South Korea, neighborhood have grown so accustomed to living through extreme climate events they have developed a "disaster subculture" that challenges both views of reality and how social agencies can help.

Joonmo Kang, assistant professor of social welfare, spent a year living in Jjokbang-chon, an extremely impoverished neighborhood in Seoul, as part of an ethnographic research project. Residents there routinely live through extreme heat and cold in tiny, 70-square-foot units about the size of a closet. Over the course of a year, he interviewed residents about their experiences and worked with local social agencies to understand how they worked with the residents.

Residents regularly expressed a sort of indifference to extreme heat and climate change, stating they had no options or even that "every day is a disaster." While that seeming difference with reality can potentially be caused by several factors, it shows that social work has a challenge in how to respond to climate disasters and their everyday effects, Kang said.

The study, published in the International Journal of Social Welfare, is part of Kang's larger body of work in climate justice and eco social work. Through that lens, he said hopes to learn more about how climate change affects certain groups and populations and how social work can respond.

"For this paper I wanted to highlight the lived experiences of so-called slum housing in Seoul, South Korea, where I'm originally from," Kang said. "But heat and climate disasters don't just happen there, it happens throughout the Global North, even in the wealthiest countries. I want to see how this affects lives in the most marginalized communities."

In his ethnographic study, Kang had informal conversations and semi-structed interviews with the residents of Jjokbang-chon. One resident reported how he simply sits still and tries not to move during the hottest times. Others reported they did not go to government-provided cooling centers because they were too far away and the effort to get there would outweigh riding out the heat.




"All year around, all four seasons are filled with distress; every day is a disaster. When every day is like that, when every day is a disaster, when our daily lives are a disaster, the weather doesn't matter. It's not like the summer or the winter becomes particularly hard," one resident said.

Other residents reported living in a jjokbang was preferable to previous experiences of homelessness. Even though they were not allowed by landlords to install cooling systems beyond fans -- and the facilities were not equipped to handle them -- residents seemed resigned to accept living in extreme conditions.

"This research focused on how people make meaning of extreme weather. The findings revealed they developed a 'disaster subculture,'" Kang said. "When they experience this, it causes them to reflect a sense of normalcy. One of the main things I found was even though it's been widely reported these living conditions can be a living hell, people told me, 'It is what it is.' I was really struck by that."

Building a tolerance to seemingly intolerable climate may be difficult to understand, but a community organizer who works with the Jjokbang-chon population offered insight into why residents may express such acceptance.

"It might also be their way of telling us, 'I am trying my best to adjust,' and at the same time even though they have a desire to get out of here, they might just be saying that because they don't have the resources or the means to turn things around," the organizer said. "Being stuck in that situation for a long period of time, they might have gotten used to it or even built a tolerance because they can't change their reality, and as a result leads to a sense of acceptance, like a shrug of resignation."

The field of social work has a responsibility, however, to serve the world's most vulnerable populations, Kang writes, and understanding their lived experiences is key to doing so effectively.




Kang compared the situation to the boiling frog metaphor, in which a frog in a pot of slowly heated water does not jump out before it is cooked. People living in extreme conditions can be exposed to trauma for long periods, but unlike the frog, can offer insight into how to address the issue.

"Their own views of vulnerability and reality did not seem to align with what was objectively true. This shows we need to address the everyday reality and root causes and why people are living in these conditions."

In ongoing and future work, Kang said he would further explore how to advocate for and empower marginalized communities to address climate issues that affect them every day.

"The folks who live these experiences know best. They have agency, and we need to listen to them," Kang said. "I think it can be a waste of money and effort if we don't listen to what people want and need and work with them to address climate-related issues."
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'Sunny day flooding' increases fecal contamination of coastal waters | ScienceDaily
A new study finds that "sunny day flooding," which occurs during high tides, increases the levels of fecal bacteria in coastal waters. While the elevated bacteria levels in the coastal waters tend to dissipate quickly, the findings suggest policymakers and public health officials should be aware of potential risks associated with tidal flooding.


						
"Historically we see the highest levels of fecal bacteria contamination in coastal waterways after it rains, because the rain washes contaminants into the waterways," says Natalie Nelson, corresponding author of a paper on the study and an associate professor of biological and agricultural engineering at North Carolina State University. "Due to sea level rise, we're seeing an increase in flooding in coastal areas at high tide -- even when there isn't any rainfall. We wanted to see whether sunny day floods were associated with increases in fecal bacteria contamination in waterways."

For the study, researchers collected water samples every day for two summer months at three sites along a single waterway in coastal North Carolina. Two perigean spring tides occurred during the two-month sampling period. Perigean spring tides are tides characterized by especially pronounced high and low tides, caused by the moon's gravitational pull.

The researchers increased their collection of samples at each monitoring site on the days of the perigean spring tides, to capture changes in water quality throughout the tidal cycle. During the high-water levels of the perigean spring tides, water also came up out of some local storm drains and caused minor flooding. The researchers took samples of those floodwaters as well.

"We found that the floodwaters themselves had relatively high levels of fecal bacteria," Nelson says. "To be clear, these floods were inches deep; we're talking about very minor flooding as tidal waters pushed up through the storm grates. However, we've seen children playing in these sort of sunny day floodwaters, and the levels of fecal bacteria we detected were above the levels deemed safe for recreational waters."

"Our findings with regard to the coastal waters were more nuanced," says Megan Carr, lead author of the study and a Ph.D. student at NC State. "On the one hand, we did see higher concentrations of fecal bacteria in coastal waters as the floodwaters and perigean spring tides receded. On the other hand, we did not see this in every instance and in every location -- and we also found that the higher concentrations of fecal bacteria usually only lasted for a few hours."

In other words, perigean spring tides do raise some concerns about fecal bacteria and water quality in coastal waters, but they don't appear to cause concentrations of fecal bacteria at the same level as stormwater runoff caused by rainfall.




"It's important to note that these results are from samples that we took in one area along a large waterway," Nelson says. "The results are likely to vary significantly, depending on the size of the waterway. For example, post-flood contamination could last longer in waterways smaller than the waterway that we sampled. That's something that would benefit from additional research.

"Sea levels are going to continue rising for the foreseeable future," Nelson says. "So we are definitely going to see more sunny day flooding, and those floods will be getting worse. We need to continue studying the impact that these tidal floods have on our water quality, because the more we understand, the better able we will be to make informed decisions about public health and safety."

The paper, "Fecal Bacteria Contamination of Floodwaters and a Coastal Waterway from Tidally-Driven Stormwater Network Inundation," is published in the open-access journal GeoHealth. First author of the paper is Megan Carr, a Ph.D. student at NC State. The paper was co-authored by Angela Harris and Katherine Anarde, both assistant professors of civil, construction and environmental engineering at NC State; Nora Sauers, Gabe Da Silva and Catherine Gamewell, who are undergraduates at NC State; Adam Gold of the Environmental Defense Fund; and Miyuki Hino of the University of North Carolina at Chapel Hill.

The research was done with support from the National Science Foundation, under grant number 2047609; and from the U.S. Geological Survey Southeast Climate Adaptation Science Center.
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Toward unification of turbulence framework -- weak-to-strong transition discovered in turbulence | ScienceDaily
Astrophysicists from the University of Potsdam have made a significant step toward solving the last puzzle in magnetohydrodynamic turbulence theory by observing the weak to strong transition in the space plasma turbulence surrounding Earth with newly developed multi-spacecraft analysis methods. Their pioneering discovery was published today in the journal Nature Astronomy.


						
Turbulence is ubiquitous in nature. It exists everywhere, from our daily lives to the distant universe, while being labelled as "the last great unsolved problem of classical physics" by Richard Feynman. Prof. Dr. Huirong Yan and her group from the Institute of Physics and Astronomy at the University of Potsdam and DESY have now discovered a long-predicted phenomenon: the weak-to-strong transition in small amplitude space plasma turbulence. The discovery was made by analyzing data from ESA's Cluster mission -- a constellation of four spacecraft flying in formation around Earth and investigating how the Sun and the Earth interact.

The weak-to-strong transition in Alfvenic turbulence is the most critical, yet observationally unconfirmed, prediction of magnetohydrodynamic (MHD) turbulence theory in the last three decades. It is exceptionally difficult because the three-dimensional sampling of turbulence fluctuations was not available yet. Therefore, the research team developed new multi-spacecraft analysis methods to obtain three-dimensional information on velocity and magnetic field fluctuations, allowing direct comparisons between observations and theory. "The observational confirmation of the weak-to-strong transition solves the last puzzle in MHD turbulence theory: It proves that the turbulence self-organizes from linear 2D wave-like fluctuations to strong 3D turbulence during the energy cascade (i.e., energy transfer across scales) with increasing nonlinearity, regardless of the initial level of disturbances, highlighting the universality of strong MHD turbulence," says Huirong Yan, professor for plasma astrophysics at the University of Potsdam and leading scientist at DESY.

As the result, those findings substantially deepen our knowledge of ubiquitous turbulence, and their implications extend beyond the study of turbulence itself to particle transport and acceleration, magnetic reconnection, star formation, and all other relevant physical processes from our Earth to remote universe.
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Study compares salmonella rates in backyard, commercial poultry farm samples | ScienceDaily
In a comparison of differently sized poultry farms, researchers at North Carolina State University found that rates of Salmonella in fecal and environmental samples were more prevalent on larger commercial farms than on smaller backyard farms.


						
Perhaps more importantly, multidrug resistance was found in Salmonella samples from both types of production systems, even though antibiotics are not used on backyard farms and are only used sparingly on commercial farms.

The findings could help small and larger farms understand more about the spread of Salmonella in their respective systems.

"We wanted to look at backyard broiler farms; broilers are chickens that are raised for meat consumption rather than egg consumption," said Jessica Parzygnat, an NC State Ph.D. graduate and first author of a paper describing the research. "Broiler chickens are the top consumed meat in the U.S. and the world, but there's not much research on backyard farms, which are growing in popularity in the U.S.

"The Centers for Disease Control has been issuing warnings on Salmonella outbreaks from backyard poultry farms in the last several years, so we wanted to see what pathogens are on backyard farms but also compare that to commercial farms."

Researchers tested 10 backyard and 10 commercial flocks. The smallest backyard flock was 22 birds and the largest was 1,000 birds; all backyard farm birds lived outdoors. Commercial farms, meanwhile, had tens of thousands of birds that lived indoors.

The researchers tested bird fecal samples, as well as environmental conditions like litter, soil, and feeders, for the presence of Salmonella, in addition to other pathogens. Researchers also examined compost samples on backyard farms.




"We tried to examine where Salmonella is prevalent on farms through testing bird fecal samples and also the environment around them," Parzygnat said. "We found less Salmonella on backyard farms (19.1% of samples) than commercial farms (52.3% of samples). We expected that, because previous studies had shown low rates of Salmonella on backyard farms. At the same time, our rates of Salmonella in samples on backyard farms were higher than in other studies looking at backyard poultry in the U.S.

"Both types of farm managers need to be careful with their birds," Parzygnat continued. "There's a feeling that backyard birds are safer than commercial birds, but even though we found less Salmonella, the proportion of Salmonella in backyard farms and commercial farms that were multidrug resistant -- meaning that they showed resistance to three or more classes of antibiotics -- was actually not significantly different."

Parzygnat says that common-sense prevention measures can help consumers avoid Salmonella effects, including cooking chicken thoroughly and avoiding cross contamination while handling and preparing poultry.

"Salmonella can be natural inhabitants of the bird gastrointestinal tract and the birds won't really show signs of illness," she said. "I think one of the major concerns my research highlights is the antibiotic resistance associated with it because that really heightens the concern of infection."

The paper appears in Foodborne Pathogens and Disease. NC State's Sid Thakur is the paper's corresponding author. Co-authors include Rocio Crespo, Mary Fosnaught and Lyndy Harden from NC State; Muhammed Muyyarrikkandy from South Dakota State University; and Dawn Hull from Walter Reed Army Institute of Research. Funding was provided by the USDA NIFA under SAS Grant 410553 and the FDA GenomeTrakr program under grant 5U19FD007113.
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Laser-treated cork absorbs oil for carbon-neutral ocean cleanup | ScienceDaily
Researchers use laser treatments to transform ordinary cork into a powerful tool for treating oil spills. They tested variations of a fast-pulsing laser treatment, closely examining the nanoscopic structural changes and measuring the ratio of oxygen and carbon in the material, changes in the angles with which water and oil contact the surface, and the material's light wave absorption, reflection, and emission across the spectrum to determine its durability after multiple cycles of warming and cooling. The laser treatments not only help to better absorb oil, but also work to keep water out.


						
Oil spills are deadly disasters for ocean ecosystems. They can have lasting impacts on fish and marine mammals for decades and wreak havoc on coastal forests, coral reefs, and the surrounding land. Chemical dispersants are often used to break down oil, but they often increase toxicity in the process.

In Applied Physics Letters, by AIP Publishing, researchers from Central South University, Huazhong University of Science and Technology, and Ben-Gurion University of the Negev used laser treatments to transform ordinary cork into a powerful tool for treating oil spills.

They wanted to create a nontoxic, effective oil cleanup solution using materials with a low carbon footprint, but their decision to try cork resulted from a surprising discovery.

"In a different laser experiment, we accidentally found that the wettability of the cork processed using a laser changed significantly, gaining superhydrophobic (water-repelling) and superoleophilic (oil-attracting) properties," author Yuchun He said. "After appropriately adjusting the processing parameters, the surface of the cork became very dark, which made us realize that it might be an excellent material for photothermal conversion."

"Combining these results with the eco-friendly, recyclable advantages of cork, we thought of using it for marine oil spill cleanup," author Kai Yin said. "To our knowledge, no one else has tried using cork for cleaning up marine oil spills."

Cork comes from the bark of cork oak trees, which can live for hundreds of years. These trees can be harvested about every seven years, making cork a renewable material. When the bark is removed, the trees amplify their biological activity to replace it and increase their carbon storage, so harvesting cork helps mitigate carbon emissions.




The authors tested variations of a fast-pulsing laser treatment to achieve the optimal balance of characteristics in the cork that can be achieved at low cost. They closely examined nanoscopic structural changes and measured the ratio of oxygen and carbon in the material, changes in the angles with which water and oil contact the surface, and the material's light wave absorption, reflection, and emission across the spectrum to determine its durability after multiple cycles of warming and cooling.

The photothermal properties endowed in cork through this laser processing allow the cork to warm quickly in the sun. The deep grooves also increase the surface area exposed to sunlight, so the cork can be warmed by just a little sunlight in 10-15 seconds. This energy is used to heat up spilled oil, lowering its viscosity and making it easier to collect. In experiments, the laser-treated cork collected oil out of water within 2 minutes.

The laser treatments not only help to better absorb oil, but also work to keep water out.

"When the cork undergoes a fast-pulsing laser treatment, its surface microstructure becomes rougher," Yin said. "This micro- to nano-level roughness enhances hydrophobicity."

As a result, the cork collects the oil without absorbing water, so the oil can be extracted from the cork and possibly even reused.

"Oil recovery is a complex and systematic task, and participating in oil recovery throughout its entire life cycle is our goal," Yuchun He said. "The next step is to prepare electrothermal materials using polyurethane foam as the skeleton for oil adsorption, combining photothermal and electrothermal techniques to form an all-weather oil recovery system."
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Tropical fish are invading Australian ocean water | ScienceDaily
A University of Adelaide study of shallow-water fish communities on rocky reefs in south-eastern Australia has found climate change is helping tropical fish species invade temperate Australian waters.


						
"The fish are travelling into these Australian ecosystems as larvae caught in the Eastern Australian Current, which is strengthening due to the warming climate," said the University of Adelaide's Professor Ivan Nagelkerken, Chief Investigator of the study.

"These larvae would not normally survive in the cooler Australian ocean water, but the warming Eastern Australian Current keeps the baby fish warm and increases their likelihood of survival."

The novel populations of tropical fish in temperate ecosystems are not having much of an impact now, but may do in the future.

"Because water temperatures in temperate Australia are still a bit cool, these tropical fish do not grow to their maximum size and therefore are not fully competing with temperate Australian fish -- yet," says Professor David Booth of the University of Technology Sydney, a co-Chief Investigator of the study.

"However, under increasing future ocean warming these tropical fish will eventually grow to their full size, and their diets will start to overlap more and more with those of temperate fish.

"It is the expectation that these tropical fish will be permanently established in temperate Australia, where they will become serious competitors with the native temperate fish that have historically lived there."

While the University of Adelaide study, led by PhD student Minami Sasaki, focused on fish communities off New South Wales, Professor Nagelkerken says similar changes in water temperature are also being seen in south-western Australia and overseas.




He says the fish migration observed in this study is "an ongoing process that has strengthened in the last few decades due to ocean warming."

The broader impacts on the ecosystems these fish invade are not yet clear.

""Tropical herbivores overgraze temperate kelp, but for the tropical invertebrate eaters, we are not sure yet what it means for the ecosystem itself," says Professor Nagelkerken.

An earlier study led by University of Adelaide PhD candidates Chloe Hayes and Angus Mitchell, and also involving Okinawa Institute of Science and Technology Graduate University and University of Technology Sydney, showed tropical generalists might fare better than the specialist temperate fish they're muscling in on.

"We've seen that ocean warming physiologically benefits tropical generalists but disadvantages temperate specialists, which may mean the generalists will be more successful in the initial stages of climate change," says Hayes.

"Generalist tropical species that are less fussed about what they eat or what habitats they use as shelter appear to be the most successful tropical invaders."

"This could make survival difficult for Australian fish that are native to these rapidly warming temperate environments," Professor Nagelkerken says.
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No bull: How creating less-gassy cows could help fight climate change | ScienceDaily
A Curtin University study has revealed breeding less-flatulent cows and restoring agricultural land could significantly reduce rising methane emission levels, which play a considerable role in climate change.


						
The food system, including grazing animals such as cows, generates major sources of methane mainly due to cattle digestion, manure decomposition and land use for grazing.

To look for solutions, researchers from the Curtin University Sustainability Policy Institute analysed 27 academic publications and identified dozens of potential strategies to reduce methane emissions from Australia's beef and dairy sectors.

Study lead Merideth Kelliher said the fastest way to lower methane emissions would be to convert farmland into wetlands and forests, however there was a lot of scope for improvement by altering the operations of the dairy and beef sectors.

"For example, changing what breeding objectives include can permanently reduce methane production," Ms Kelliher said.

"Studies have found low emission cattle have inheritable genetic traits which can significantly reduce methane production if included in national breeding objectives.

"While more research is needed to identify the best traits for low emission cows, consideration should also be given to land use emissions and identifying suitable agricultural land for restoration to natural habitat."

Other strategies to emerge from the study include finding ways for cows to reach maturity faster, improving wastewater management at beef processing plants and providing ozonated water (water treated with ozone gas to remove impurities), feeding cattle more grains than grass and adding certain legumes, seaweeds or other compounds to cattle feed.




Co-author and Curtin Professor of Sustainability Dora Marinova said this was the first time such analysis had been conducted and was important given methane emissions are increasing along with global demand for beef and dairy products.

"As the world's second biggest beef exporter, Australia contributes to global methane levels significantly," Professor Marinova said.

"Despite being a signatory of the Paris Agreement to reduce greenhouse emissions and a supporter of the Global Methane Pledge, Australia is yet to commit to methane reduction targets.

"Australia needs to explore ways to meet its objectives -- this study outlines several potential strategies which are practical, cost-effective and scientifically supported to help inform local and international policy makers' efforts to reduce the impact of climate change."

Co-author and Curtin Research Fellow Dr Diana Bogueva said this scenario analysis is important also for consumers to better understand the environmental footprint of their food choices.
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Odor-causing bacteria in armpits targeted using bacteriophage-derived lysin | ScienceDaily
Body odor from the armpits comes from bacteria metabolizing sweat produced by the apocrine glands. These bacteria are native to our skin, but the odors produced differ among people. Generally, people use deodorants on their armpits, but perhaps there is a way to get rid of the bacteria.


						
To find out, a research team led by Osaka Metropolitan University Professor Satoshi Uematsu and Associate Professor Kosuke Fujimoto at the Graduate School of Medicine collected body fluid samples from the armpits of 20 men that were deemed healthy. In advance, a subjective olfactory panel classified them into two types of odors, with 11 having a more noticeable smell. The researchers analyzed the matter produced from bacterial metabolism and the DNA of the skin microflora and found an increased presence of odor-causing precursors in those 11 samples along with a proliferation of Staphylococcus hominis bacteria.

The team then synthesized a lysin from a bacteriophage, or virus that attacks bacteria, that infects S. hominis. During in vitro experiments, this lysin was found to target only S. hominis, not other bacteria normally present on the skin.

"We performed a large-scale metagenomic analysis of the skin microflora using the SHIROKANE supercomputer at the University of Tokyo and found that S. hominis is important in the development of odor," said Assistant Professor Miho Uematsu in the Department of Immunology and Genomics. "The identification of the lysin that attacks S. hominis is also the result of the comprehensive genome analysis."

Dr. Miki Watanabe, who is part of the Department of Immunology and Genomics and the Department of Dermatology added: "Axillary [armpit] odors are one of the few dermatological disorders in which bacteria are the primary cause. Although many patients suffer from axillary odors, there are few treatment options. We believe that this study will lead to a new therapy."
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Dengue fever infections have negative impacts on infant health for three years | ScienceDaily
Dengue infections in pregnant women may have a negative impact on the first years of children's lives, new research has found.


						
Dengue fever is the most prevalent mosquito-borne disease globally and poses a threat to half of the world's population. There has been a dramatic rise in cases over recent years, with cases in the Americas reaching more than three million cases in 2023. Since January 2024, Brazil has reported more than 3.5 million cases, marking the largest dengue outbreak on record.

The paper, co-authored by Dr Livia Menezes from the University of Birmingham and Dr Martin Foureaux Koppensteiner from the University of Surrey, has been published in the American Economic Journal: Applied Economics.

The study looks at a large data set of dengue fever infections in expectant mothers from Minas Gerais, Brazil, and the resulting birth outcomes. It finds that babies born to women who were infected with dengue fever during their pregnancy had lower birth weights, increasing the risk of newborns being classed as having a very and extremely low birth weight by 67% and 133%, respectively.

Dr Livia Menezes, Assistant Professor in Economics at the University of Birmingham and co-author of the study said: "Even though dengue is a very common mosquito-borne disease, there has not been much attention given to the impact it has on birth outcomes and as a result, what can be done to improve them and protect pregnant women and their children.

"This paper sets out robust research which shows that being infected with dengue fever, even with a mild case, whilst pregnant can have a significant impact on the health of the child once born. These birth outcomes can even have longer-term impacts, for example, previous research has shown that low birth weight can negatively affect socio-economic outcomes and health in adulthood."

The researchers also found that children whose mothers were infected with dengue fever whilst pregnant had a 27% increased risk of being hospitalised from birth to age three. The highest risk of hospitalisation for these children comes in their second year of life, where there is a 76% increase.




Dr Martin Foureaux Koppensteiner, Associate Professor in Economics at the University of Surrey said: "These negative birth outcomes are not only limited to the health of individual children and mothers, but they have a much wider impact for communities where dengue fever is common. Hospitalisations and ongoing health issues resulting from maternal infections all have a cost, and one that could be avoided, or at least minimised with increased awareness and improved policy.

"We strongly suggest that dengue fever should be considered alongside the TORCH infections to manage and avoid when pregnant, which currently include Toxoplasmosis, Rubella, HIV, syphilis, chicken pox, Zika, and influenza among others."

The study also highlights the possible consequences of climate change expanding the reach of dengue fever. While the disease has historically been limited to tropical and subtropical regions, it now has an established presence in over 120 countries. Aedes mosquitoes, which carry and transmit dengue, have found breeding grounds in countries previously unaffected, including Croatia, France, Portugal, and the southern states of the USA.

Dr Menezes concludes: "As the planet heats, we can expect to see dengue fever become even more common in countries that have previously not had high infection rates. This is a problem that needs to be taken seriously, and quickly.

"Policy changes and things like vector control, updated risk communication with key groups and vaccine adoption can all reduce the risk of pregnant women being infected with dengue. Action needs to be taken by governments and health organisations to provide better protection for pregnant women and their children."
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Fossil frogs share their skincare secrets | ScienceDaily
Palaeontologists at University College Cork (UCC), Ireland, have solved a hundred-year-old mystery of how some fossil frogs preserve their fleshy parts -- it's all down to their skin.


						
Palaeontologists Daniel Falk and Prof. Maria McNamara, together with scientists from Ireland, Germany and the UK, studied 45-million-year-old fossil frogs from the Geiseltal site in central Germany. Remarkably, the fossils show full body outlines of the soft tissues. The team discovered that the excellent condition of the fossil frogs is due to preservation of ancient skin remnants.

The team studied the fossils with high-precision techniques including scanning electron microscopy, synchrotron-X-ray analyses, and infrared spectroscopy. These techniques were not available when the fossils were first discovered in the early twentieth century.

"The quality of preservation of the fossil frog skin is amazing -- even subcellular structures, such as collagen fibres, are preserved." said study lead, PhD researcher Daniel Falk. "The skin of the frogs is replicated in the mineral calcium phosphate, which helped it survive for millions of years."

"The preservation of the skin is so good that we can even work out the habitat of the fossil frogs," said Daniel. "The preserved skin shows adaptations to prevent drying out, which suggests that these fossil frogs actually spent most of their time on land."

"Fossil soft tissues often reveal hidden information about the biology of animals," said senior author Prof. Maria McNamara. "We discovered that the fossil frog skin is preserved in the same way as fossil frogs from other sites in Europe.

"This discovery is very exciting because it overturns scientific opinion that has lasted for almost one hundred years. What's more, the repeated pattern of fossil preservation tells us that frogs evolved special adaptations to life on dry land over 45 million years ago."

The research highlights the usefulness of historic fossil collections and the need to re-evaluate historic specimens using modern techniques.

The study is part of a research cooperation between UCC, the Martin-Luther-University Halle-Wittenberg (Germany), the Natural History Museum Bamberg (Germany) and the University of Oxford (UK) with funding from the Irish Research Council, the European Research Council and the International Association of Sedimentologists. The study is published today in the journal Scientific Reports.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240423113048.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The spiciness of mustard may depend on soil microbes | ScienceDaily
Serious wine drinkers often have their preferences: some prefer sweet hints of chocolate in a Malbec from Argentina, while others are drawn to a spicy and fruity Cabernet Sauvignon from Napa Valley. Wine connoisseurs firmly believe that the soil in which grapes are grown determines how it tastes.


						
Can microbes in the soil also contribute to taste?

In a recent study published in New Phytologist, former PhD student Corrine Walsh at the Cooperative Institute for Research in Environmental Sciences (CIRES) at the University of Colorado Boulder and CIRES Fellow Noah Fierer ran one of the first experiments to figure out if soil microorganisms like bacteria and fungi influence the flavor of a crop. Their target: the spiciness of mustard seeds.

"I thought that was an interesting question," Walsh said. "We know microbes and plants communicate via chemicals -- could those chemicals impact plant flavor?"

Previous research has confirmed that soil properties influence plant characteristics like growth, seasonal cycles, disease resistance, and nutrient absorption. What remains a mystery is whether or not soil microbes influence a plant's flavor. Testing for this is difficult -- past studies have surveyed plants grown in different locations and regions, making it tricky to isolate the role of microbes alone.

"It is often claimed that the types of microbes found in soil should influence crop flavor," said Fierer, who's also a professor at the Department of Ecology and Evolutionary Biology. "We set out to test this claim, but it wasn't easy -- soil microbes are tough to study."

Walsh and Fierer decided to take a unique approach: They used a greenhouse study and grew mustard plants while inoculating the plants with a liquid inoculum of microbes from soils in aspen groves, fields of sagebrush, ponderosa pine forests, and agricultural pastures, all in Colorado. The potting soil, temperature, watering, and nutrients were held constant -- only the microbes varied.




They chose mustard because it's easy to grow. Mustard is a part of the Brassica family which includes broccoli, cabbage, and horseradish -- spicy and bitter vegetables. These spicy and bitter flavors, and the spicy flavor of mustard seeds, all come from glucosinolates, chemicals that help Brassica plants defend against insects and pests.

"When you cook them they have that kind of sulfury smell," Walsh said. "The glucosinolates have a sulfur compound in them, and that's what you're smelling when you cook."

After harvesting the mustard seeds, the researchers tested for spiciness. And no, the results didn't rely on a taste test. Rather, they measured glucosinolate concentrations in the mustard seeds to observe different flavor chemicals.

But, Walsh found, controlling biology is hard.

"The way the microbiomes diverged over time throughout the experiment made it hard to test some of our hypotheses of microbes affecting flavor," said Walsh. "We found a relationship between the microbiome and seed chemistry, but the direction and mechanism of that relationship remain unknown."

In short, researchers concluded there is some evidence of a relationship between microbes and the spiciness of mustard, but why mustard gets spicier in response to certain microbes remains unknown. However, the work is an important contribution as it adds to our understanding of the myriad ways soil microbes can influence plants.

"We do now know that microbes are worth considering in this venue," Walsh said. "There is excitement about using microbial inoculants ("probiotics") to do other things for crops, like protect against drought, or increase productivity. Maybe those products are impacting flavor as well"
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AI tool creates 'synthetic' images of cells for enhanced microscopy analysis | ScienceDaily
Observing individual cells through microscopes can reveal a range of important cell biological phenomena that frequently play a role in human diseases, but the process of distinguishing single cells from each other and their background is extremely time consuming -- and a task that is well-suited for AI assistance.


						
AI models learn how to carry out such tasks by using a set of data that are annotated by humans, but the process of distinguishing cells from their background, called "single-cell segmentation," is both time-consuming and laborious. As a result, there are limited amount of annotated data to use in AI training sets. UC Santa Cruz researchers have developed a method to solve this by building a microscopy image generation AI model to create realistic images of single cells, which are then used as "synthetic data" to train an AI model to better carry out single cell-segmentation.

The new software is described in a new paper published in the journal iScience. The project was led by Assistant Professor of Biomolecular Engineering Ali Shariati and his graduate student Abolfazl Zargari. The model, called cGAN-Seg, is freely available on GitHub.

"The images that come out of our model are ready to be used to train segmentation models," Shariati said. "In a sense we are doing microscopy without a microscope, in that we are able to generate images that are very close to real images of cells in terms of the morphological details of the single cell. The beauty of it is that when they come out of the model, they are already annotated and labeled. The images show a ton of similarities to real images, which then allows us to generate new scenarios that have not been seen by our model during the training."

Images of individual cells seen through a microscope can help scientists learn about cell behavior and dynamics over time, improve disease detection, and find new medicines. Subcellular details such as texture can help researchers answer important questions, like if a cell is cancerous or not.

Manually finding and labeling the boundaries of cells from their background is extremely difficult, however, especially in tissue samples where there are many cells in an image. It could take researchers several days to manually perform cell segmentation on just 100 microscopy images.

Deep learning can speed up this process, but an initial data set of annotated images is needed to train the models -- at least thousands of images are needed as a baseline to train an accurate deep learning model. Even if the researchers can find and annotate 1,000 images, those images may not contain the variation of features that appear across different experimental conditions.




"You want to show your deep learning model works across different samples with different cell types and different image qualities," Zargari said. "For example if you train your model with high quality images, it's not going to be able to segment the low quality cell images. We can rarely find such a good data set in the microscopy field."

To address this issue, the researchers created an image-to-image generative AI model that takes a limited set of annotated, labeled cell images and generates more, introducing more intricate and varied subcellular features and structures to create a diverse set of "synthetic" images. Notably, they can generate annotated images with a high density of cells, which are especially difficult to annotate by hand and are especially relevant for studying tissues. This technique works to process and generate images of different cell types as well as different imaging modalities, such as those taken using fluorescence or histological staining.

Zargari, who led the development of the generative model, employed a commonly used AI algorithm called a "cycle generative adversarial network" for creating realistic images. The generative model is enhanced with so-called "augmentation functions" and a "style injecting network," which helps the generator to create a wide variety of high quality synthetic images that show different possibilities for what the cells could look like. To the researchers' knowledge, this is the first time style injecting techniques have been used in this context.

Then, this diverse set of synthetic images created by the generator are used to train a model to accurately carry out cell segmentation on new, real images taken during experiments.

"Using a limited data set, we can train a good generative model. Using that generative model, we are able to generate a more diverse and larger set of annotated, synthetic images. Using the generated synthetic images we can train a good segmentation model -- that is the main idea," Zagari said.

The researchers compared the results of their model using synthetic training data to more traditional methods of training AI to carry out cell segmentation across different types of cells. They found that their model produces significantly improved segmentation compared to models trained with conventional, limited training data. This confirms to the researchers that providing a more diverse dataset during training of the segmentation model improves performance.

Through these enhanced segmentation capabilities, the researchers will be able to better detect cells and study variability between individual cells, especially among stem cells. In the future, the researchers hope to use the technology they have developed to move beyond still images to generate videos, which can help them pinpoint which factors influence the fate of a cell early in its life and predict their future.

"We are generating synthetic images that can also be turned into a time lapse movie, where we can generate the unseen future of cells," Shariati said. "With that, we want to see if we are able to predict the future states of a cell, like if the cell is going to grow, migrate, differentiate or divide."
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World's oases threatened by desertification, even as humans expand them | ScienceDaily
Oases are important habitats and water sources for dryland regions, sustaining 10% of the world's population despite taking up about 1.5% of land area. But in many places, climate change and anthropogenic activities threaten oases' fragile existence. New research shows how the world's oases have grown and shrunk over the past 25 years as water availability patterns changed and desertification encroaches on these wet refuges.


						
"Although the scientific community has always emphasized the importance of oases, there has not been a clear map of the global distribution of oases," said Dongwei Gui, a geoscientist at the Chinese Academy of Science who led the study. "Oasis research has both theoretical and practical significance for achieving United Nations Sustainable Development Goals and promoting sustainable development in arid regions."

The study found that oases around the world grew by more than 220,149 square kilometers (85,000 square miles) from 1995 to 2020, mostly due to intentional oasis expansion projects in Asia. But desertification drove the loss of 134,300 square kilometers (51,854 square miles) of oasis over the same period, also mostly in Asia, leading to a net growth of 86,500 square kilometers (about 33,400 square miles) over the study period.

The findings highlight the risk climate change and anthropogenic stressors pose to these wet sanctuaries and can inform water resource management and sustainable development in arid regions. The study was published in the AGU journal Earth's Future, which publishes interdisciplinary research on the past, present and future of our planet and its inhabitants.

The birth and death of an oasis

Oases are important sources of water for humans, plants and animals in the world's drylands, supporting a majority of productivity and life in deserts. They form when groundwater flows and settles into low-lying areas, or when surface meltwater flows downslope from adjacent mountain ranges and pools. The existence of an oasis depends primarily on having a reliable source of water that is not rainfall. Today, oases are found in 37 countries; 77% of oases are located in Asia, and 13% are found in Australia.

Gui and his co-investigators wanted to understand the global distribution and dynamic changes of oases and see how they respond to a changing environment, such as variations in climate, water resources and human activities. Using data from the European Space Agency's Climate Change Initiative Land Cover Product, the team categorized the land surface into seven categories: forest, grassland, shrub, cropland, water, urban and desert.




The researchers used satellite data to look for green, vegetated areas within dryland areas, indicating an oasis, and tracked changes over 25 years. Changes in the greenness of vegetation indicated changes in land use and oasis health, the latter of which can be influenced by both human activity and climate change. They also looked at changes in land surface type to find conversions of land use.

The researchers found that global oasis area increased by 220,800 square kilometers (85,251 square miles) over the 25-year timeframe. Most of that increase was from humans intentionally converting desert land into oases using runoff water and groundwater pumping, creating grasslands and croplands. The increase was concentrated in China, where management efforts have contributed more than 60% of the growth, Gui said. For example, more than 95% of the population in China's Xinjiang Uygur Autonomous Region lives within an oasis, motivating conservation and a 16,700 square kilometer (6,448 square mile) expansion of the oasis, Gui said.

Countering human efforts to expand oases, desertification contributed to oasis loss. Worldwide, the researchers found there was a loss of more than 134,000 square kilometers (51,738 square miles) of oasis land over the past 25 years. The researchers estimate that changes to oases have directly affected about 34 million people around the world.

Overall, between gains and losses, oases had a net growth of 86,500 square kilometers (33,397 square miles) from 1995 to 2020 -- but most gains were from the artificial expansion of oases, which may not be sustainable in the future.

Long-term oasis sustainability

The study highlighted ways to sustain healthy oases, including suggestions for improving water resource management, promoting sustainable land use and management and encouraging water conservation and efficient use. These efforts are especially important as the climate continues to change, Gui said.




Humans' overexploitation of dwindling groundwater can limit oasis sustainability, as well as long-term glacier loss. While higher temperatures increase glacier melt, temporarily boosting oases' water supplies, "as glaciers gradually disappear, the yield of meltwater will eventually decrease, leading to the shrinkage of oases once again," Gui said.

International cooperation plays a crucial role in oasis sustainability, Gui said.

"Due to the unique mechanism of oasis formation, a river basin often nurtures multiple oases across several countries, making transboundary cooperation key to addressing water scarcity and promoting sustainable development," he said.

By the numbers, from 1995 to 2020:
    	Oases gained 85,000 square miles, mostly from artificial expansion projects
    	Oases lost 52,000 square miles from desertification and water scarcity
    	Oases gained a net area of about 33,400 square miles, but that mostly artificial growth is not sustainable
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Liquid droplets shape how cells respond to change | ScienceDaily
New research by scientists at University of California San Diego has shown that cells regulate cAMP/PKA signaling by forming liquid droplets that segregate excess PKA catalytic subunits where they can do no harm. Some cancers may block the formation of liquid droplets, leading to hyperactive signaling and tumor formation. Healthy cells respond appropriately to changes in their environment. They do this by sensing what's happening outside and relaying a command to the precise biomolecule in the precise domain that can carry out the necessary response. When the message gets to the right domain at the right time, your body stays healthy. When it ends up at the wrong place at the wrong time, you can get diseases such as diabetes or cancer.


						
The routes that messages take inside a cell are called signaling pathways. Cells use only a few signaling pathways to respond simultaneously to hundreds of external signals, so those pathways need to be tightly regulated. New research by scientists at University of California San Diego has uncovered a surprising way that cells regulate signaling pathways. They found that when there are too many messages floating around inside a cell, the messengers form liquid droplets, sequestering themselves away where they can do no harm. The work was recently published in Molecular Cell.

"Liquid droplets organize cellular biochemical activities according to spatiotemporal regulation," says Jin Zhang, Ph.D., professor of pharmacology at UC San Diego School of Medicine and senior author on the study.

The scientists worked with one of the main routes for cellular communication. It's called the cAMP/PKA signaling pathway for its two main actors -- cAMP (cyclic adenosine monophosphate) and PKA (cAMP-dependent protein kinase). When cAMP receives a signal from the cell's surface, it activates PKA. PKA relays the message to the appropriate domain, whether it's telling a specific gene to produce more protein or stimulating an enzyme to maintain a healthy level of glucose in the blood.

It's not that simple, though. PKA carries messages to hundreds of different domains. According to Zhang, "At one moment, PKA needs to be active on the plasma membrane. But the next moment, it needs to come off the plasma membrane and be active on the mitochondrial membrane. Ten minutes later, it really needs to be in the nucleus to turn on transcription."

To complicate matters, sometimes cells turn on too much cAMP and PKA. When that occurs, cell signaling becomes hyperactive and indiscriminate. Explains Zhang, "Different microdomains control different things. Let's say you want the cAMP level to be high around calcium channels but low 10 nanometers away. How does the cell achieve that? By controlling cAMP." But, she goes on, "PKA is the same. Typically, it's recruited to specific domains by anchoring proteins. But if the PKA activity is too high, it will activate domains it's not supposed to be activating. That's loss of specificity."

That's why, according to the new research, cells form liquid droplets to ensure that the right message gets to the right domain at the right time. When the scientists analyzed the composition of the liquid droplets, as well as the timing of when they were formed, they found that cells formed the droplets using a subunit of PKA when too much cAMP and PKA were being turned on. In that way, the droplets sequestered the excess cAMP and PKA and tamped down non-specific signaling.




In previous work, the authors found that a rare type of liver cancer called Fibrolamellar Carcinoma (FLC) blocks formation of these liquid droplets, resulting in uncontrolled cell signaling. "We think that disappearance of the liquid droplets is one major contributor to this hyperactive signaling that leads to tumorigenesis," said Zhang.

FLC is a rare but devastating disease. It typically affects people under the age of 40 with healthy livers. The authors of this paper are hoping to investigate whether other cancers also cause a loss of liquid droplets and what the molecular mechanisms are behind it. Their ultimate goal is to design a molecular therapeutic to treat FLC -- "anything," says Zhang, "that helps us address the unmet needs of FLC patients."

The authors of this study include Julia C. Hardy, Emily H. Pool, Jessica G.H. Bruystens, Xin Zhou, Qingrong Li, Daojia R. Zhou, Max Palay, Gerald Tan, Lisa Chen, Jaclyn L.C. Choi, Ha Neul Lee Dong Wang, Susan S. Taylor, Sohum Mehta, Jin Zhang at University of California San Diego and Stefan Strack at University of Iowa.

This work was supported by the National Institutes of Health and Fibrolamellar Cancer Foundation.
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Scientists discover the cellular functions of a family of proteins integral to inflammatory diseases | ScienceDaily
In a scientific breakthrough, Mount Sinai researchers have revealed the biological mechanisms by which a family of proteins known as histone deacetylases (HDACs) activate immune system cells linked to inflammatory bowel disease (IBD) and other inflammatory diseases.


						
This discovery, reported in Proceedings of the National Academy of Sciences (PNAS), could potentially lead to the development of selective HDAC inhibitors designed to treat types of IBD such as ulcerative colitis and Crohn's disease.

"Our understanding of the specific function of class II HDACs in different cell types has been limited, impeding development of therapies targeting this promising drug target family," says senior author Ming-Ming Zhou, PhD, Dr. Harold and Golden Lamport Professor in Physiology and Biophysics and Chair of the Department of Pharmacological Sciences at the Icahn School of Medicine at Mount Sinai. "Through our proof-of-concept study, we're unraveling the mechanisms of class II HDACs, providing essential knowledge to explore their therapeutic potential for safer and more effective disease treatments."

The Mount Sinai team focused specifically on class IIa HDACs, which exhibit more tissue-specific functions than class I HDACs, which act more broadly. Among the 18 histone deacetylases discovered to date in mammals, HDAC4 and HDAC7 -- both class IIa HDACs -- stand out for their roles in regulating the development and differentiation of Th17 cells. These cells are known for producing interleukin-17 (IL-17), a highly inflammatory cytokine associated with a spectrum of disorders, including IBD, multiple sclerosis, and rheumatoid arthritis. Given the strong correlation between excessive Th17 cell activity and human disease, scientists have focused on pharmacological or genetic interventions targeting HDAC4/7 to mitigate Th17 cell-mediated inflammation.

In their groundbreaking study, the Mount Sinai researchers delineated a previously unrecognized mechanism by which HDAC4 and HDAC7 operate independently yet cooperatively to govern Th17 cell differentiation and transcription. Transcription is the initial step of gene expression involving copying of the DNA sequence to generate RNA molecules; it is crucial for most biological processes.

"The role of class IIa HDACs in Th17 cells and inflammatory disease has been largely unexplored until now," notes lead author Ka Lung Cheung, PhD, Assistant Professor of Pharmacological Sciences at Icahn Mount Sinai. "Mechanistically, we've discovered that class IIa HDACs orchestrate both gene transcriptional activation and repression to steer the process of Th17 cell differentiation. This significant revelation deepens our comprehension of the previously ambiguous role of class IIa HDACs in biology and human disease."

As a critical aspect of their investigation, the research team found that a potent class IIa HDAC inhibitor, TMP269, influenced the differentiation of Th17 cells in a mouse model of ulcerative colitis. This pivotal discovery underscores the potential of pharmacological inhibition of class IIa HDACs as a promising therapeutic approach for addressing Th17-related inflammatory and autoimmune diseases, the study reported.

Expanding on this foundation of knowledge, researchers in the Zhou Lab and the Cheung Lab at Mount Sinai plan to concentrate on refining class IIa HDAC inhibitors with better efficacies for treating various types of Th17-mediated diseases.

"While our study primarily examined inflammatory bowel disease, specifically colitis," says Dr. Zhou, "we believe our findings pave the way for extensive research into advanced therapies targeting severe inflammation in various other pathologies within the human body."
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Everest mountaineer's letters digitized | ScienceDaily
Letters written by the famous mountaineer George Mallory have been made available to a global audience for the first time, in the centenary year of his fatal attempt to scale Everest.


						
An alumnus of Magdalene College, Cambridge, Mallory is known for purportedly replying "because it's there" when asked by a reporter why he wanted to climb Everest. There is still debate about whether he and his climbing partner Andrew 'Sandy' Irvine did in fact make it to the top of the mountain.

The bulk of the collection is made up of letters written between Mallory and his wife Ruth from the time of their engagement in 1914 until his death on Everest in 1924. Among them are the very last letter he wrote before his final Everest summit attempt and three letters that were retrieved from his body in 1999. These letters survived 75 years in his jacket pocket before his body was discovered.

The letters cover some fascinating topics including:
    	His first reconnaissance mission to Everest in 1921. There were no existing records or maps, it was uncharted and this was the mission to see if it was even possible to get to the base of Everest.
    	His second mission to scope out Everest. This mission ended in disaster when eight Sherpas were swept off the mountain and killed in an avalanche. Mallory blamed himself for this tragic accident in his letters.
    	His service in the First World War including his eyewitness accounts of being in the Artillery during the Battle of the Somme.
    	Letters from his 1923 visit to the USA in the middle of prohibition, visiting speakeasies, asking for milk and being served whiskey through a secret hatch.

The letters to Mallory from his wife Ruth are a major source of women's social history, covering a wide variety of topics about her life as a woman living through the First World War.

The letters are free to view on the Magdalene College website.

College Archivist Katy Green said: "It has been a real pleasure to work with these letters. Whether it's George's wife Ruth writing about how she was posting him plum cakes and a grapefruit to the trenches (he said the grapefruit wasn't ripe enough), or whether it's his poignant last letter where he says the chances of scaling Everest are "50 to1 against us," they offer a fascinating insight into the life of this famous Magdalene alumnus."

Extracts from the letters include:




From Mallory's final letter to his wife Ruth before the attempt:

"Darling I wish you the best I can -- that your anxiety will be at an end before you get this -- with the best news. Which will also be the quickest. It is 50 to 1 against us but we'll have a whack yet & do ourselves proud. Great love to you. Ever your loving, George."

From the only surviving letter from the Everest period in the Archive that Ruth Mallory wrote to her husband.

"I am keeping quite cheerful and happy but I do miss you a lot. I think I want your companionship even more than I used to. I know I have rather often been cross and not nice and I am very sorry but the bottom reason has nearly always been because I was unhappy at getting so little of you. I know it is pretty stupid to spoil the times I do have you for those when I don't."

From a letter from Mallory's sister Mary Brooke, written from Colombo, Sri Lanka:

"I hope you have been getting the weather reports all right -- it will be very interesting to hear whether you can trace a connection with our weather & how long afterwards. Since sending you the observatory report yesterday we have had the most terrific storm... It was most violent for nearly three hours so if you get the same you had better be on the look out..." 
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3 in 5 parents play short order cook for young children who don't like family meal | ScienceDaily
While most parents of preschool and elementary aged children strive to give their children a balanced, nutritional diet, some of their strategies to promote healthy eating may backfire, a national poll suggests.


						
One in eight parents require children to eat everything on their plate, according to the University of Michigan Health C.S. Mott Children's Hospital National Poll on Children's Health. And while just one in three believe the standard American diet is healthy for kids, few have tried alternative, potentially more nutritional menus at home.

"Feeding young children can be difficult due to general pickiness, hesitancy to try unfamiliar foods and constantly evolving food preferences," said Mott Poll co-director and Mott pediatrician Susan Woolford, M.D.

"The preschool and elementary age is an important time to establish healthy eating patterns. Yet parents' concern about whether their child is eating enough or if they're getting the nutrients they need may lead them to adopt practices that actually sabotage their efforts to get kids to have healthy eating habits in the short and long term."

The nationally representative report is based on 1,083 responses of parents of children ages 3-10 surveyed in February.

More on poll findings:

Parents' beliefs on nutritional diets vary

Just a third of parents think the standard American diet is healthy compared to half who seem to rank the Mediterranean higher in nutritional value. Still, few have tried alternative diets for their child.




"Parents may recognize the standard diet in the U.S. includes high amounts of saturated fats, added sugars, sodium, and refined carbohydrates, which can generate an excess intake of calories beyond nutritional needs and contribute to health problems," Woolford said.

"However, despite this recognition and evidence suggesting that other diet options may help avoid many illnesses, only about 9% have tried the Mediterranean diet for their children and fewer have tried giving their children a vegetarian diet."

Parents should ensure children are still getting adequate nutrition if they do try diets that eliminate certain food categories, she adds. Diets that limit animal products, for example, will require alternative protein sources such as meat substitutes, tofu, or legumes for children.

And while ketogenic diets have become popular among adults, they are generally not appropriate for children.

Family dining rules may promote or hinder a child's healthy diet 

Fifteen percent of parents say their family rule is that kids finish what's on their plate, while more than half say children must try some of everything and a little less than a third say no to dessert if meals go unfinished.




But parents who try to force kids to eat may encourage portions that go beyond feeling full, Woolford cautions.

"Requiring children to eat everything on their plate, or withholding dessert unless all other foods are eaten, can lead to overconsumption, especially if portion sizes are too large for the child's age," she said.

She agrees with the recommendation that "parents provide, and the child decides." This makes parents responsible for providing healthy options while allowing children to select which foods they will eat and the amount they want to consume.

Parents often play personal chef

Sixty percent of parents will make something separate if their child doesn't like the food that's on the dinner table -- and this often leads to a less healthy alternative, Woolford says.

"Rather than allowing the child to choose an alternate menu, parents should provide a balanced meal with at least one option that their child is typically willing to eat," she said.

"Then if their child chooses not to eat, parents should not worry as this will not cause healthy children any harm and they will be more likely to eat the options presented at the next meal."

She points out that children learn through watching and imitating, so it's beneficial for parents to model healthy eating through a well-balanced diet while their child's eating habits and taste preferences mature.

Avoiding snacks between meals may also help children have a better appetite and increase willingness to eat offered foods.

Picky eating and protesting veggies among biggest battles

Parents describe their biggest challenges with making sure their child gets a healthy diet as the child being a picky eater, the higher cost of healthy food and food waste. Fewer say they don't have time to prepare healthy food.

Nearly all parents polled report trying at least one strategy to get their child to eat vegetables as part of a healthy diet, such as serving vegetables every day, fixing vegetables how their child prefers, trying vegetables their child hasn't had before and letting children pick out vegetables at the grocery store.

Others involve children with preparing the vegetables, hide vegetables in other foods or offer a reward for finishing vegetables.

"Unsurprisingly, parents said pickiness and getting kids to eat veggies were among major challenges during mealtimes," Woolford said.

"Parents should try to include children in meal decisions, avoid pressuring food consumption and provide a variety of healthy options at each meal so kids feel more control."

Right sizing food may be difficult

Portion size is key to mitigating the risk of childhood obesity, but it can be hard for parents to "right-size" a child portion.

In determining portion size for their child, nearly 70% of parents polled give their child slightly less than adults in the family while fewer let their child choose how much to take, use predetermined portions from the package or give their child the same portions as adults.

Woolford recommends parents seek sources to help. The U.S. Department of Agriculture, for example, provides a visual called "MyPlate" that can help parents estimate the recommended balance of the major food groups and offers guidance on estimating portion size.

Healthy eating starts at the grocery store

When grocery shopping or planning meals, parents polled say they try to limit the amount of certain foods to help their child to maintain a healthy diet, with more than half limiting foods with added sugars and processed foods.

But it may be difficult to identify unhealthy food. Added sugars or processing may be present in foods marketed or packaged as healthy, Woolford says.

Parents should read labels, avoiding the marketing on the front of packages and focusing instead on the details on the back. They should pay particular attention to nutrition information and ingredient lists -- especially if they're long with unrecognizable items -- as well as sodium, added sugars, and fat.

Woolford also encourages involving children in grocery trips, spending time in the produce section and asking them what they may like to try.

"Have them help in the process of choosing the healthiest options, not ones that necessarily directly advertise to children, but foods that they are willing to try that are lower in sugar, fat and salt," she said.

"Spend most of the time in the produce section and try to make it fun by maybe selecting new options from different parts of the world that they haven't tried before."
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Switching off the light to see better | ScienceDaily
Researchers at Osaka University employ fluorescent molecules that can switch on and off, along with selective illumination in a plane, to create sharper microscope images that can be used to visualize internal cell structures or cell clusters.


						
To study living organisms at ever smaller length scales, scientists must devise new techniques to overcome the so-called diffraction limit. This is the intrinsic limitation on a microscope's ability to focus on objects smaller than the wavelength of light being used. Structured illumination microscopy is one of the super-resolution techniques that can help, by illuminating sinusoidal-patterned light on a sample to obtain a sharper image. However, background light from out-of-focus regions can still smear out the final picture.

In a study recently published in the journal Nature Methods, researchers from Osaka University demonstrated a new approach for super-resolution microscopy capable of observing structures inside a single cell or a cell cluster. This was accomplished by selecting only a desired plane to image using thin "light sheet" illumination, projected perpendicular to the lens, to switch on fluorophores. "We show that selective-plane activation allows us to image dense microstructures inside cells with excellent sharpness not readily available previously," lead author of the study, Kenta Temma says. That is, sinusoidal "structured" light selectively excited only a thin plane where on-state fluorophores were localized, which allowed for background-free super-resolution imaging.

While some previous methods utilized random fluorescence emission from single molecules, or "donut" shaped second light source to deactivate or deplete fluorescent sources outside of a desired area, this new method can be gentler on cells that might be damaged by intense or long exposure to light. The researchers believe that their approach is especially effective when trying to understand what is happening in living systems with spatial structure, which can often exhibit background light outside the desired focal plane. This includes organoids, which are artificial assemblies of different cell types meant to reproduce the behavior of actual body organs much better compared with collections of cells cultured on a flat petri dish. "We anticipate that our technique will be useful for future biological studies of 3D cell clusters, including organoids," says senior author, Katsumasa Fujita. The same could apply to other complex biological systems.
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Feedback loop that is melting ice shelves in West Antarctica revealed | ScienceDaily
New research has uncovered a feedback loop that may be accelerating the melting of the floating portions of the West Antarctic Ice Sheet, pushing up global sea levels.


						
The study, published in Science Advances, sheds new light on the mechanisms driving the melting of ice shelves beneath the surface of the ocean, which have been unclear until now.

The West Antarctic Ice Sheet has been losing mass in recent decades, contributing to global sea level rise. If it were to melt entirely, global sea levels would rise by around five meters.

It's known that Circumpolar Deep Water (CDW), a water mass that is up to 4degC above local freezing temperatures, is flowing beneath the ice shelves in West Antarctica and melting them from below. Since so much of the West Antarctic Ice Sheet lies below sea level, it is particularly vulnerable to this warm water intrusion and may further retreat in the future.

Previous observations and models have revealed that eastward undercurrents are transporting this warm water to cavities under the ice shelves. Despite its significance, the mechanism driving this undercurrent has remained elusive.

Professor Alberto Naveira Garabato, from the University of Southampton, a coauthor of the paper, says: "Our findings suggest a positive feedback loop: as the ice shelf melts more rapidly, more freshwater is produced, leading to a stronger undercurrent and more heat being transported toward the ice shelves."

"This cycle could speed up the melting of ice shelves, potentially making the West Antarctic Ice Sheet less stable in the future."

Researchers from the University of California Los Angeles, MIT and the University of Southampton, used high-resolution simulations to investigate the dynamics of the undercurrent.




Dr Alessandro Silvano from the University of Southampton, a coauthor on the study, said: "These simulations reveal that this deep current conveying warm waters toward the ice shelves is driven by the very same ice shelf melting that such warm waters cause."

Their models suggest that when the warm CDW interacts with the ice shelf, it melts the ice and mixes with the lighter, melted freshwater.

This water then rises through the layers of water above it. As it does, it spreads out and stretches the layer of CDW vertically. This stretching creates a swirling motion in the water.

If there's a trough (a kind of underwater valley) near the coast, this swirling motion is then carried away from the ice shelf cavity toward the edge of the shelf by the movement of pressure within the water. This movement helps drive a current along the slope of the seafloor, directing more warm water toward the ice shelf.

The underwater current forms a bit farther away from the ice shelf, so as more ice melts, the current gets stronger, carrying even more warm water toward the ice shelf.

Dr Silvano added: "Scientific models that don't include the cavities under ice shelves are probably overlooking this positive feedback loop. Our results suggest it's an important factor that could affect how quickly ice shelves melt and how stable the West Antarctic Ice Sheet is over time."

The research was funded by the National Science Foundation and the Natural Environment Research Council.
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AI weather forecasts captured Ciaran's destructive path | ScienceDaily
Artificial intelligence (AI) can quickly and accurately predict the path and intensity of major storms, a new study has demonstrated.


						
The research, based on an analysis of November 2023's Storm Ciaran, suggests weather forecasts that use machine learning can produce predictions of similar accuracy to traditional forecasts faster, cheaper, and using less computational power.

Published in npj Climate and Atmospheric Science, the University of Reading study highlights the rapid progress and transformative potential of AI in weather prediction.

Professor Andrew Charlton-Perez, who led the study, said: "AI is transforming weather forecasting before our eyes. Two years ago, modern machine learning techniques were rarely being applied to make weather forecasts. Now we have multiple models that can produce 10-day global forecasts in minutes.

"There is a great deal we can learn about AI weather forecasts by stress-testing them on extreme events like Storm Ciaran. We can identify their strengths and weaknesses and guide the development of even better AI forecasting technology to help protect people and property. This is an exciting and important time for weather forecasting."

Promise and pitfalls

To understand the effectiveness of AI-based weather models, scientists from the University of Reading compared AI and physics-based forecasts of Storm Ciaran -- a deadly windstorm that hit northern and central Europe in November 2023 which claimed 16 lives in northern Europe and left more than a million homes without power in France.

The researchers used four AI models and compared their results with traditional physics-based models. The AI models, developed by tech giants like Google, Nvidia and Huawei, were able to predict the storm's rapid intensification and track 48 hours in advance. To a large extent, the forecasts were 'indistinguishable' from the performance of conventional forecasting models, the researchers said. The AI models also accurately captured the large-scale atmospheric conditions that fuelled Ciaran's explosive development, such as its position relative to the jet stream -- a narrow corridor of strong high-level winds.

The machine learning technology underestimated the storm's damaging winds, however. All four AI systems underestimated Ciaran's maximum wind speeds, which in reality gusted at speeds of up to 111 knots at Pointe du Raz, Brittany. The authors were able to show that this underestimation was linked to some of the features of the storm, including the temperature contrasts near its centre, that were not well predicted by the AI systems.

To better protect people from extreme weather like Storm Ciaran, the researchers say further investigation of the use of AI in weather prediction is urgently needed. Development of machine learning models could mean artificial intelligence is routinely used in weather prediction in the near future, saving forecasters time and money.
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The enemy within: How pathogens spread unrecognized in the body | ScienceDaily
Some pathogens hide inside human cells to enhance their survival. Researchers led by Prof. Marek Basler at the Biozentrum, University of Basel, have uncovered a unique tactic certain bacteria use to spread in the body without being detected by the immune system. In their study, they reveal the crucial role of a bacterial nanomachine in this infection process.


						
The inside of a cell provides as a hiding place for various pathogens. By residing in the cell, the bacteria can evade the immune response and spread within the body. Among these invaders are Burkholderia bacteria, including the species B. pseudomallei. This pathogenis known for causing melioidosis, a serious infectious disease prevalent in tropical regions. Due to the high mortality rate and the pathogen's resistance to many antibiotics, B. pseudomallei is considered a potential biothreat agent.

In the less harmful relative B. thailandensis, the team led by Professor Marek Basler at the Biozentrum, University of Basel, has uncovered a cunning tactic the pathogen uses to spread within the tissue. "The bacteria are equipped with a nano-sized speargun, the so-called type VI secretion system, T6SS for short," says Basler. "Burkholderia uses this T6SS to move from one cell to another without being recognized by the immune system." The findings, recently published in the journal Cell Host & Microbe, change the current view of the T6SS's role in Burkholderia infections.

Pathogen uses nanomachine to spread from cell to cell

From previous studies, it is already known that these intracellular pathogens rely on an unusual spread strategy: After entering the cell, they make use of cellular components, such as actin, to move to the cell membrane and form protrusions into the neighboring cell. Using their T6SS-speargun, the bacteria can also fuse the two cells allowing them to spread.

Unique strategy to spread undetected

By investigating the role of T6SS in more detail, the researchers have discovered a so far unknown and unique escape strategy of these bacteria. "We were surprised to see that Burkholderia can spread not only by inducing cell fusion but also by directly moving from cell to cell," explains first author Dr. Miro Plum. The detachment of the protrusion from the cell membrane results in the formation of a vacuole within the neighboring cell. The pathogen inside this vacuole then breaks free by utilizing its T6SS to disrupt the surrounding cell membrane.

Surprisingly, spreading this way also enables the bacteria to infect new cells without alarming the immune system. "Normally, infected cells sense invaders by detecting damaged cell membranes, initiating immune responses to eliminate the pathogen," emphasizes Plum. "However, cells fail to detect T6SS-disrupted membranes." So, the pathogen remains undetected and can infect new cells.

Exploring the survival tactics of intracellular pathogens

Equipped with the T6SS nanomachine, Burkholderia bacteria can pursue a dual strategy: cell fusion and directly moving from one cell to another. "Our results advance the understanding of infections caused by Burkholderia, particularly its strategies for spreading and immune evasion," concludes Basler. The researchers now want to explore the mechanisms that specifically trigger the T6SS assembly in bacteria inside the protrusions to gain deeper insights into the survival tactics of this intracellular pathogen.
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Breakthrough rice bran nanoparticles show promise as affordable and targeted anticancer agent | ScienceDaily
Plant-derived nanoparticles have demonstrated significant anticancer effects. Researchers recently developed rice bran-derived nanoparticles (rbNPs) that efficiently suppressed cell proliferation and induced programmed cell death of only cancer cells. Furthermore, rbNPs successfully suppressed the growth of tumors in mice having aggressive adenocarcinoma in their peritoneal cavity, without any adverse effects. Given their low production costs and high efficacy, rbNPs hold great promise for developing affordable and safe anticancer agents.


						
Several types of conventional cancer therapies, such as radiotherapy or chemotherapy, destroy healthy cells along with cancer cells. In advanced stages of cancer, tissue loss from treatments can be substantial and even fatal. Cutting-edge cancer therapies that employ nanoparticles can specifically target cancer cells, sparing healthy tissue. Recent studies have demonstrated that plant-derived nanoparticles (pdNPs) that have therapeutic effects can be an effective alternative to traditional cancer treatments. However, no pdNPs have been approved as anticancer therapeutic agents till date.

Rice bran is a byproduct generated during rice refining process that has limited utility and low commercial value. However, it contains several compounds with anticancer properties, such as g-oryzanol and g-tocotrienol. To explore these therapeutic properties of rice bran, a team of researchers led by Professor Makiya Nishikawa from Tokyo University of Science (TUS) in Japan developed nanoparticles from rice bran and tested their effectiveness in mice models. Their study, published in Volume 22 of Journal of Nanobiotechnology on 16 March 2024, was co-authored by Dr. Daisuke Sasaki, Ms. Hinako Suzuki, Associate Professor Kosuke Kusamori, and Assistant Professor Shoko Itakura from TUS.

"In recent years, an increasing number of new drug modalities are being developed. At the same time, development costs associated with novel therapies have increased dramatically, contributing to the burden of medical expenses. To address this issue, we used rice bran, an industrial waste with anticancer properties, to develop nanoparticles," explains Prof. Nishikawa.

The study evaluated the anticancer effects of rice bran-derived nanoparticles (rbNPs), which were obtained by processing and purifying a suspension of Koshihikari rice bran in water. When a cancer cell line named colon26 was treated with rbNPs, cell division was arrested and programmed cell death was induced, indicating strong anticancer effects of the nanoparticles. The observed anticancer activity of rbNPs can be attributed to g-tocotrienol and g-oryzanol, that are easily taken up by cancer cells resulting in cell cycle arrest and programmed cell death. Additionally, rbNPs reduced the expression of proteins, such as b-catenin (a protein associated with Wnt signaling pathway involved in cell proliferation) and cyclin D1, which are known to promote cancer recurrence and metastases. Moreover, the rbNPs reduced the expression of b-catenin only in colon26 cells without affecting the non-cancerous cells.

"A key concern in the context of pdNPs is their low pharmacological activity compared to pharmaceutical drugs. However, rbNPs exhibited higher anticancer activity than DOXIL(r), a liposomal pharmaceutical formulation of doxorubicin. Additionally, doxorubicin is cytotoxic to both cancer cells and non-cancerous cells, whereas rbNPs are specifically cytotoxic to cancer cells, suggesting that rbNPs are safer than doxorubicin," highlights Prof.Nishikawa.

To confirm the anticancer properties of rbNPs in the living body, the researchers injected rbNPs into mice having aggressive adenocarcinoma in their peritoneal cavity (enclosed by the diaphragm, abdominal muscles, and pelvis and houses organs like intestines, liver, and kidneys). They observed significant suppression of tumor growth with no adverse effects on the mice. Additionally, the rbNPs significantly inhibited metastatic growth of murine melanoma B16-BL6 cells in a lung metastasis mouse model.

Rice bran has several attributes that make it an excellent source of therapeutic pdNPs. Firstly, it is economic as compared to many other sources of pdNPs. Nearly 40% of the rice bran is discarded in Japan, providing a readily available source of raw material. Secondly, the preparation efficiency of rbNPs is higher than that of previously reported pdNPs. Besides being practical and safe as an anticancer therapeutic, the physicochemical properties of rbNPs are very stable. However, a few parameters, such as establishment of separation technologies at the pharmaceutical level, assessing production process control parameters, and evaluation of efficacy and safety in human cancer cell lines and xenograft animal models, must be investigated prior to clinical trials in humans.

In conclusion, rice bran, an agricultural waste product, is a source of therapeutic pdNPs that are affordable, effective, and safe, and has the potential to revolutionize cancer treatment in the future.

"By establishing a manufacturing method for rice bran nanoparticles with stable quality and confirming their safety and effectiveness, we can develop drugs for cancer treatment that are sustainable, eco-friendly, and affordable. Consequently, we may be able to help more cancer patients maintain good physical and mental health after treatment," concludes Prof. Nishikawa.
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To accelerate biosphere science, reconnect three scientific cultures | ScienceDaily
Researchers who study Earth's biosphere tend to operate from one of three scientific cultures, each with distinct ways of conducting science, and which have been operating mostly independently from one another, find the authors of a Perspective published in PNAS onApril 19, 2024.SFI Professors Christopher Kempes and Geoffrey West, together with External Professor Brian Enquist (University of Arizona) identify and explain the three cultures, and suggest that reconnecting them could help accelerate biosphere science.


						
The first culture -- variance -- is what we all participate in when we take part in bird counts or collect bugs or wildflowers. It is naming and observing the details of biology. The second -- exactitude -- emphasizes models that use ever more data and ever-finer detail and resolution. "Exactitude culture would be the perspective that the best model of the world is a world-sized model," says Kempes. The third -- coarse-grained culture -- focuses on generalities, simplifications, and underlying principles. This approach tries to work out the big picture. These cultures exist across science but are currently relatively disconnected in the biosciences.

"Ultimately, good science needs and incorporates all of these cultures," says West. "And good science -- meaning a deep understanding that explains what we know and observe, provides new insights, and makes predictions that can be tested -- underlies long-term solutions to big problems. It is critical for informing practitioners and policy-makers in addressing the huge problems of the 21st century. This has become a matter of great urgency for addressing the future of the planet and the sustainability of our entire socio-economic enterprise."

But there is a lag in developing a predictive science of the biosphere. Critics suggest the cause could be a lack of data, an inadequate number of experiments, or the complex nature of the biosphere. "We suggest it's more than that," says Enquist. "In large part, the lag is due to unresolved tension between these three scientific cultures." And that tension limits how quickly science can progress, how deeply we can understand, and our ability to make predictions. "Synthetic, synergistic, and integrated science -- science that can address increasingly more complex problems -- occurs when all three cultures are merged," he says.

The authors point to the theory of evolution as one example. Charles Darwin and Alfred Russel Wallace each started in variance culture but also thought in terms of general principles. They independently developed the (very coarse-grained) theory of evolution. Later, this theory was combined with genetics to produce mathematical theories for population genetics, leading to the Modern Evolutionary Synthesis. That theory, in turn, has been elaborated with models and modern computing by exactitude culture.

Inevitably, tension arises when integrating cultures, but that can be a good thing for science -- these tensions reveal assumptions, which leads to a transparent understanding of the key variables and mechanisms driving the system, says Enquist. Integration makes predictions more effective by continually challenging theory with data, and provides a mechanism of iteration. That, in turn, allows scientists to rapidly refine their assumptions and predictions, and guides new data collection.

To move towards integration, the authors suggest the biosphere science community engage more with historians of science, and increase outreach, workshops, undergraduate courses, awards, and funding on transculturalism in science. Finally, scientific journals need to promote papers that transcend not just disciplines, but cultures as well.

As the Modern Evolutionary Synthesis showed, biologists haven't always been divided by culture and they needn't be now. By breaking down artificial academic and intellectual barriers, biosphere scientists will open the door to rapid, revolutionary, and urgently needed scientific progress, says Kempes. "All it really takes is people taking interest in the other scientific cultures."
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Invasive species sound off about impending ecosystem changes | ScienceDaily
Anticipating changes to ecosystems is often at best an educated guess, but what if there was a way to better tune into possible changes occurring?


						
A team of researchers led by Grace O'Malley, a Ph.D. candidate in biological sciences, and Gabrielle Ripa, a Ph.D. student in plant and environmental sciences, have discovered that the silent growth of non-native invasive plants can affect the soundscape of an ecosystem. These altered soundscapes, the acoustic patterns of a landscape through space and time, may provide a key to better observing the hard-to-see physical and biological changes occurring in an ecosystem as they are beginning.

This novel research approach was published this month in the journal of the Ecological Society of America to serve as an invitation to other researchers. Investigating soundscapes is not new, but the idea of looking at the soundscape of an entire ecosystem rather than focusing on a single species within a habitat is new and growing.

"It's kind of a new way of thinking, in terms of thinking about the ecosystem as a whole instead of about this frog species or this bird species," said O'Malley, who, along with Ripa are affiliated graduate students with the Invasive Species Collaborative. "Think about it across all taxonomic levels."

In about 66 areas, many within a 20-minute drive from Virginia Tech's Blacksburg campus, the researchers set up devices to record five to 15 minutes of each hour. They then compared the sounds from locations invaded by non-native plant species to locations restored to their native state.

"We use these teeny recorders with an SD card that are specifically designed for recording wildlife acoustics," Ripa said. "I was not prepared for how much data we collected. It's insane."

"I was surprised that we were able to observe differences between the two habitats in such a short amount of time," O'Malley said, referring to an early two-week period for the pilot study. "The invasive plants may actually be changing the soundscape."

The recording sites included the Jefferson National Forest, Pandapas Pond, and several parks in the Town of Blacksburg because of the town's restoration efforts to remove many invasive plant species. The data collected for this study can also contribute to a variety of other types of research that includes ecosystems.




"The Town of Blacksburg has been doing a lot of work on autumn olive removal, which is one of our focal species," said O'Malley.

Having identified gaps in current knowledge and methods, the team suggests further research that delves into several mechanisms by which invasive plant species may alter an ecosystem soundscape and the consequences these unwanted acoustic interrupters could have on the system as a whole.

"It's a call to other scientists that this is something that we think could be going on," Ripa said. "We offer suggestions as to what we think could be reasons why invasive plants might be impacting soundscapes and some potential mechanisms that maybe we should be looking into."

Born out of a whimsical idea suggested by Jacob Barney, professor of invasive plant ecology, the invasive species soundscape concept has now developed into a potential and viable research avenue.

Barney teamed up with Meryl Mims, associate professor of biological sciences who studies bullfrogs and uses acoustics in her research, to look into the possible role of acoustics regarding invasive plants. This led to a pilot study grant from the Institute for Creativity, Arts, and Technology and a collaboration with David Franushich, artist and multimedia designer at the institute.

"This project has been exciting, inspiring, and above all else, fun. Sound is an integral part of how we and other organisms experience and understand our surroundings. The study of the soundscape -- and how we are changing it through the introduction of invasive species -- is something people connect with," Mims said. "The formal research is important, but the opportunity to extend the research and ideas to a broader audience through our science-art collaboration has been very rewarding."

The team received a second grant from the Global Change Center in 2023 to help expand the research, which is still ongoing. Preliminary results are significant in the context of a dearth of scholarly research in this area, prompting the researchers to reach out to other scientists to consider a whole ecosystem acoustic avenue.




"No one's asked this type of question in this type of system. It's a completely novel area, and it's not really being studied," said Ripa.

Invasive plants do alter ecosystems, and this new study indicates that there may be a way to gain better insight, if only we listen.

The researchers involved in this study include the following:
    	Jacob N. Barney, professor, School of Plant and Environmental Sciences in the College of Agriculture and Life Sciences, director of the Invasive Species Collaborative, and faculty affiliate with the Global Change Center and Fralin Life Sciences Institute
    	Joseph Drake, postdoctoral researcher in the Department of Biological Sciences in the College of Science, steering committee member of the Invasive Species Collaborative, and affiliate with the Global Change Center and Fralin Life Sciences Institute
    	David Franusich, artist and multimedia designer in the Institute for Creativity, Arts, and Technology
    	Meryl C. Mims, associate professor of biological sciences in the College of Science, steering committee member of the Invasive Species Collaborative, and faculty affiliate with the Global Change Center and Fralin Life Sciences Institute
    	Grace O'Malley, Ph.D. candidate in biological sciences in the College of Science and affiliate with the Global Change Center and Fralin Life Sciences Institute
    	Gabrielle N. Ripa, Ph.D. student in the School of Plant and Environmental Sciences in the College of Agriculture and Life Sciences and affiliate with the Global Change Center and Fralin Life Sciences Institute
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New compound from blessed thistle promotes functional nerve regeneration | ScienceDaily
Researchers from the University of Cologne have found a new use for Cnicin, a substance produced in blessed thistle.


						
Blessed thistle (Cnicus benedictus) is a plant in the family Asteraceae and also grows in our climate. For centuries, it has been used as a medicinal herb as an extract or tea, e.g. to aid the digestive system. Researchers at the Center for Pharmacology of University Hospital Cologne and at the Faculty of Medicine of the University of Cologne have now found a completely novel use for Cnicin under the direction of Dr Philipp Gobrecht and Professor Dr Dietmar Fischer. Animal models as well as human cells have shown that Cnicin significantly accelerates axon (nerve fibres) growth. The study 'Cnicin promotes functional nerve regeneration' was published in Phytomedicine.

Rapid help for nerves

Regeneration pathways of injured nerves in humans and animals with long axons are accordingly long. This often makes the healing process lengthy and even frequently irreversible because the axons cannot reach their destination on time. An accelerated regeneration growth rate can, therefore, make a big difference here, ensuring that the fibres reach their original destination on time before irreparable functional deficits can occur. The researchers demonstrated axon regeneration in animal models and human cells taken from retinae donated by patients. Administering a daily dose of Cnicin to mice or rats helped improve paralysis and neuropathy much more quickly.

Compared to other compounds, Cnicin has one crucial advantage: it can be introduced into the bloodstream orally (by mouth). It does not have to be given by injection. "The correct dose is very important here, as Cnicin only works within a specific therapeutic window. Doses that are too low or too high are ineffective. This is why further clinical studies on humans are crucial," said Fischer. The University of Cologne researchers are currently planning relevant studies. The Center for Pharmacology is researching and developing drugs to repair the damaged nervous system.

The current study received funding of around 1,200,000 euros from the Federal Ministry of Education and Research within the framework of the project PARREGERON.
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'Itinerant breeding' in East Coast shorebird species | ScienceDaily
Migration and reproduction are two of the most demanding events in a bird's annual cycle, so much so that the vast majority of migratory birds separate the two tasks into different times of the year.


						
But a study by University of Rhode Island researchers has found direct evidence of a species -- the American woodcock, a migratory shorebird from eastern and central North America -- that overlaps periods of migration and reproduction, a rare breeding strategy known as "itinerant breeding." Their work, backed by collaborators across the East Coast, was published today in the biological sciences journal Proceedings of the Royal Society B.

"I think this is a very exciting moment for bird researchers," said Colby Slezak, a URI Ph.D. student in biological and environmental sciences who led the study. "It's interesting to see that these distinct periods in a bird's annual cycle are not so cut and dried. We often think of migration, breeding, fall migration and wintering as separate events. But woodcock are combining two of these into one period, which is interesting because both are so energetically expensive."

"Each year the period of migration is distinct from the period of breeding in the vast majority of migratory birds, presumably because doing so at the same time is simply too costly," said Scott McWilliams, URI professor in natural resources science and principal investigator on the study. "This paper provides the best documented case of a migratory bird that is an itinerant breeder. Such itinerant breeding is exceptionally rare, and documenting exceptions often proves the rules of nature."

The American woodcock -- also called a timberdoodle, bogsucker, night partridge, and Labrador twister, among many more -- is a migratory shorebird that occurs throughout eastern and central North America but its populations have been declining over the past half century. The species is known for its long, needlelike bill that can extract earthworms from deep in the ground and the males' elaborate mating dance and "peent" call to attract females, Slezak said.

While there are about a dozen bird species in the world believed to be itinerant breeders, the study is the first to show direct evidence of the rare strategy. "They've suspected other species of being itinerant breeders, but this is the first time we've had detailed GPS-tracking data and on-the-ground verification of nests to confirm that this was happening." said Slezak, of Broadalbin, New York.

To do that, the study benefitted from the work of scores of biologists from federal, state and non-governmental agencies along the American woodcock's flyway, from the southern U.S. into Canada, who tagged more than 350 females with GPS transmitters between 2019 and 2022. That initiative was part of the University of Maine's Eastern Woodcock Migration Research Cooperative.




Slezak, whose work on the study was part of his dissertation research, organized and analyzed the tracking data and alerted collaborators along the bird's range to verify possible nesting locations. URI graduate students Liam Corcoran, Megan Gray and Shannon Wesson also worked on other aspects of the woodcock project, all part of a collaborative research program with biologists from the Rhode Island Department of Environmental Management Division of Fish & Wildlife.

"I was looking for really short movement patterns during the breeding season to find suspected nests," Slezak said. "Relying on all of these collaborators from across the East Coast, I would reach out to them to tell them there was a suspected nest. They would travel out to the sites, sometimes quite far. It was amazing that we got the buy-in that we did."

Based on GPS tracking of more than 200 females, the URI study found that more than 80% of the tagged females nested more than once during migration -- some up to six times. During northward migration, females traveled an average of 800 kilometers between first and second nests, and shorter distances between subsequent nests, the study said. During 2021-22, URI researchers oversaw onsite verification of 26 nests from 22 females. Four females nested more than once, three of which migrated a substantial distance northward after their first nest attempt, the study said.

"There are many records of woodcock males singing along their migration routes, which has always been a mystery because it's energetically expensive," said Slezak. "With this new data on females, we're seeing that females are also nesting in the south early, moving north and nesting as they go. So, these males are probably getting breeding opportunities along the way."

While migration and reproduction take a lot of energy, American woodcock reduce the cost in other ways, Slezak said. They have shorter migration distances than other species and have the flexibility of using various young-forest habitats. Also, females are larger than males and their eggs are small relative to the size of the females.

"A lot of birds probably can't do it because they don't have these lower reproductive costs that woodcock have evolved to do," he said.




Another evolutionary driver of itinerant breeding in woodcock could be predation. While they use a variety of habitats -- wetlands, young forests with different tree types -- they often nest near edges of open fields, leaving them prone to numerous predators.

"We think most of these post-nesting migratory movements are in response to predation events," he said. "They're sitting on the nest and something comes and eats the eggs. The female takes off and keeps migrating north before trying to nest again. What we don't know is: if the female has a successful nest, does she stop nesting the rest of the year?"

Despite steady declines in woodcock populations and their preferred young forest habitat over the last half century, the study offers a glimmer of hope for woodcock, and other itinerant breeders facing the challenges of ongoing human development and climate change.

"Itinerant breeders may be more flexible in their response to environmental change because they are willing to breed in a wide variety of places," said Slezak. "So as long as some suitable habitat remains, the consequences may be less."
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'Forgotten city:' the identification of Dura-Europos' neglected sister site in Syria | ScienceDaily
The Dura-Europos site in modern-day Syria is famous for its exceptional state of preservation. Like Pompeii, this ancient city has yielded many great discoveries, and serves as a window into the world of the ancient Hellenistic, Parthian, and Roman periods. Yet despite the prominence of Dura-Europos in Near Eastern scholarship, there is another city, only some miles down the Euphrates river, that presents a long-neglected opportunity for study. A new paper in the Journal of Near Eastern Studies, entitled "The Ancient City of Giddan/Eddana (Anqa, Iraq), the 'Forgotten Twin' of Dura-Europos," identifies the city of Anqa as a near mirror image of Dura-Europos, of the same size, comparable composition, and potentially equal value to scholars of the region.


						
Anqa is located just across the Syrian border from Dura-Europos, in the present-day Al-Qaim district of the Anbar Governorate in Iraq. Its remains include an identifying tell mound, at the northern end of the site, a polygonal inner wall circuit, and a large outer defensive wall, or enceinte. Situated at a point where the Euphrates floodplain drastically narrows, the city would have controlled movement between the populous section of the valley upstream and the trade route downstream linking Syria, Northern Mesopotamia, and Babylonia, giving it great strategic and economic significance. However, the site was ignored entirely by archaeologists until the 1850 publication of a British Middle Euphrates expedition survey. A more thorough study of the site was performed in the late 1930s by Aurel Stein, including aerial photographs of the standing structures, but even after these forays, there was little desire to learn more than the geographical location of this twin city to Dura-Europos.

One reason for the disparity in interest between Anqa and Dura-Europos, posits article author Simon James, is the history of British and French colonial intervention in the region. In 1920, as a result of the San Remo conference, Iraq was seized for British control, and Syria for French. As James writes, the "new political, military, and administrative boundary created a barrier to research and understanding of the earlier history of the region as a whole." Yet while Dura-Europos and some other sites in Iraq and Syria have suffered from looting, destruction, and civilian death as a consequence of conflict in the region, Anqa has remained relatively untouched. As further archaeological inquiry is performed, Anqa may continue to provide valuable insight into the history of the Middle Euphrates. And furthermore, as methods of digital scholarship bring thinkers together "despite political borders," the practice of studying sites like it may even, in the words of Simon James, help "address the consequences of colonialism in archaeology."
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        Positive perceptions of solar projects
        A new survey has found that for residents living within three miles of a large-scale solar development, positive attitudes outnumbered negative attitudes by almost a 3-to-1 margin. Researchers surveyed almost 1,000 residents living near solar projects.

      

      
        Computer game in school made students better at detecting fake news
        A computer game helped upper secondary school students become better at distinguishing between reliable and misleading news.

      

      
        Shoreline model predicts long-term future of storm protection and sea-level rise
        Researchers have created a coastal evolution model to analyze how coastal management activities on barrier islands, meant to adapt to sea-level rise, can disrupt natural processes that are keeping the barrier islands above water. Replenishing beaches and clearing over-washed roads may not be the best long term strategy.

      

      
        Infected: Understanding the spread of behavior
        A team of researchers found that long-tie connections accelerate the speed of social contagion.

      

      
        Marginalized communities developed 'disaster subculture' when living through extreme climate events
        An assistant professor conducted a study in which he lived among one of the poorest, most marginalized communities in Seoul, South Korea. In the ethnographic study, he asked residents how they dealt with extreme heat. He found they tended to accept the conditions, stating there was not much that could be done. That shows people accepted extreme climate events, despite evidence showing this should not be normal, which bodes the argument social work as a field has much to do to help address climate...

      

      
        New study uncovers lasting financial hardship associated with cancer diagnosis for working-age adults in the U.S.
        A new study highlights the lasting financial impact of a cancer diagnosis for many working-age adults and their families in the United States. It shows a cancer diagnosis and the time required for its treatment can result in employment disruptions, loss of household income and loss of employment-based health insurance coverage, leading to financial hardship.

      

      
        'Sunny day flooding' increases fecal contamination of coastal waters
        A new study finds that 'sunny day flooding,' which occurs during high tides, increases the levels of fecal bacteria in coastal waters. While the elevated bacteria levels in the coastal waters tend to dissipate quickly, the findings suggest policymakers and public health officials should be aware of potential risks associated with tidal flooding.

      

      
        Major milestone reached for key weapons component
        Scientists have completed a crucial weapons component development milestone, prior to full rate production.

      

      
        Hey Dave, I've got an idea for you: What's the potential of AI-led workshopping?
        Sure, ChatGPT can write a poem about your pet in the style of T.S Eliot, but generative artificial intelligence (AI) chatbots have a potentially more useful role to play in idea generation according to a new study.

      

      
        Eye-opener: Pupils enlarge when people focus on tasks
        Normally, a person's pupils naturally widen (or dilate) in low-light environments to allow more light into the eye. However, in a new study, researchers reported that a person's pupils also dilate when they are concentrating on tasks. In particular, they found that the more a person's eyes dilated during the task, the better they did on tests measuring their working memory.

      

      
        Life goals and their changes drive success
        Though life goals change over time, a study of teen goals indicates that goals of education and high prestige can drive success.

      

      
        Japan's premodern concept of nature at root of distinctive mindset in early childhood education
        Observers of Japanese early childhood education and care have pointed to the mindset of educators watching over and waiting on preschoolers as being an intriguing tendency. This mimamoru approach has its roots in a premodern concept of nature.

      

      
        New sensing checks for 3D printed products could overhaul manufacturing sector
        A sensing technology that can assess the quality of components in fields such as aerospace could transform UK industry.

      

      
        Social programs save millions of lives, especially in times of crisis
        Primary health care, conditional cash transfers and social pensions have prevented 1.4 million deaths of all ages in Brazil over the past two decades, according to a new study. If expanded, these programs could avert an additional 1.3 million deaths and 6.6 million hospitalizations by 2030.

      

      
        The biggest barrier to a vibrant second-hand EV market? Price
        As early adopters of electric vehicles (EVs) trade up for the latest models, the used EV market is beginning to mature in the United States. Yet many potential buyers, particularly low-income drivers, are skeptical of EV's conveniences and are put off by the price.

      

      
        How reflecting on gratitude received from family can make you a better leader
        New research shows that leaders who take the time to reflect on receiving gratitude from family members can enhance their leadership effectiveness in the office.

      

      
        Climate change will increase value of residential rooftop solar panels across US, study shows
        Climate change will increase the future value of residential rooftop solar panels across the United States by up to 19% by the end of the century, according to a new study.

      

      
        One third of China's urban population at risk of city sinking, new satellite data shows
        Land subsidence is overlooked as a hazard in cities, according to new research. Scientists used satellite data that accurately and consistently maps land movement across China.
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Positive perceptions of solar projects | ScienceDaily
As solar energy development accelerates, how do Americans actually feel about those large scale solar, or LSS, farms they see along the highway or near their neighborhood? A new survey has found that for residents living within three miles of a large-scale solar development, positive attitudes outnumbered negative attitudes by almost a 3-to-1 margin.


						
Researchers at Lawrence Berkeley National Laboratory, Michigan State University and the University of Michigan surveyed almost 1,000 residents living near solar projects -- the first time a representative survey of this kind has been deployed nationally.

Among these respondents, 42% support additional development in their community, compared to 18% who would oppose further projects. At the same time, more than 80% of the respondents were unaware of the project prior to construction and a third did not know until completing the survey.

Doug Bessette, associate professor for energy systems in the Department of Community Sustainability at Michigan State University's College of Agriculture and Natural Resources, was one of the leads on the project.

"The responses from residents were generally positive, which is good to see considering the amount of solar that is likely to be developed in the coming years," Bessette said. "At the same time, we saw more negative attitudes associated with larger projects and somewhat less support amongst neighbors living really close, within a quarter mile of projects, so there's a lot of work to be done."

Positive attitudes were indeed more common among residents living farther from LSS projects than for those living closer to them. The largest projects tend to provoke negative attitudes, while projects under 100 megawatts -- those requiring less than roughly 600 acres or one square mile -- tend to receive mostly positive responses. Factors like aesthetics, economics and perceptions of fairness in the planning process strongly influence attitudes.

Residents largely oppose increased state-level decision-making on future LSS siting, preferring increased opportunities for community participation and feedback. They also expressed a preference for local hiring, procurement and ownership. For reliable information about what impact a proposed project might have on their community, residents trust existing energy project neighbors, community organizations and university staff.




Jake White, a doctoral student, who contributed to the survey, said, "Our findings show that LSS neighbors want to be engaged more, with respondents strongly supporting increased opportunities for participation in planning processes. This demonstrates a big opportunity for improvement in LSS planning processes -- hopefully leading to better outcomes for all."

When it comes to future LSS projects, respondents favored disturbed sites, such as landfills, as opposed to farmland. There is also a need for communications efforts to increase awareness and engage neighbors when projects come to communities.

So while there is more work to be done, this survey's results indicate moderate support for solar going forward, with further analysis planned to gauge influencing factors and address equity concerns.

"We were happy to see this last one," Bessette notes.
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Computer game in school made students better at detecting fake news | ScienceDaily
A computer game helped upper secondary school students become better at distinguishing between reliable and misleading news. This is shown by a study conducted by researchers at Uppsala University and elsewhere.


						
"This is an important step towards equipping young people with the tools they need to navigate in a world full of disinformation. We all need to become better at identifying manipulative strategies -- prebunking, as it is known -- since it is virtually impossible to discern deep fakes, for example, and other AI-generated disinformation with the naked eye," says Thomas Nygren, Professor of Education at Uppsala University.

Along with three other researchers, he conducted a study involving 516 Swedish upper secondary school students in different programmes at four schools. The study, published in the Journal of Research on Technology in Education, investigated the effect of the game Bad News in a classroom setting -- this is the first time the game has been scientifically tested in a normal classroom. The game has been created for research and teaching, and the participants assume the role of spreader of misleading news. The students in the study either played the game individually, in pairs or in whole class groups with a shared scorecard -- all three methods had positive effects. This surprised the researchers, who believed students would learn more by working at the computer together.

"The students improved their ability to identify manipulative techniques in social media posts and to distinguish between reliable and misleading news," Nygren comments.

The study also showed that students who already had a positive attitude towards trustworthy news sources were better at distinguishing disinformation, and this attitude became significantly more positive after playing the game. Moreover, many students improved their assessments of credibility and were able to explain how they could identify manipulative techniques in a more sophisticated way.

The researchers noted that competitive elements in the game made for greater interest and enhanced its benefit. They therefore conclude that the study contributes insights for teachers into how serious games can be used in formal instruction to promote media and information literacy.

"Some people believe that gamification can enhance learning in school. However, our results show that more gamification in the form of competitive elements does not necessarily mean that students learn more -- though it can be perceived as more fun and interesting," Nygren says.

Participating researchers: Carl-Anton Werner Axelsson (Malardalen and Uppsala), Thomas Nygren (Uppsala), Jon Roozenbeek (Cambridge) and Sander van der Linden (Cambridge).
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Shoreline model predicts long-term future of storm protection and sea-level rise | ScienceDaily
Researchers in North Carolina have created a simulation model to analyze how coastal management activities meant to protect barrier islands from sea-level rise can disrupt the natural processes that are keeping barrier islands above water.


						
"Coastal management strategies intended to protect people, property and infrastructure from storm impacts can, over decades, increase vulnerability, even leading to the loss of barrier islands, especially as sea-level rise rates increase," said A. Brad Murray, professor of geomorphology and coastal processes at Duke University's Nicholas School of the Environment.

He and other researchers in North Carolina created a computer model that simulates dynamics of barrier island systems over the next two centuries, showing how natural processes that create and maintain these systems affect communities and infrastructure, and how human efforts to protect communities and infrastructure, in turn, affect those natural processes. They published a pair of studies on the work April 9, 2024 in Earth Futures.

Barrier islands are narrow offshore landforms that run parallel to the mainland coastline. These are dynamic features, naturally gaining elevation and migrating landward as sea level rises or sediment supply dwindles. Barrier islands absorb wave energy before waves hit the mainland, which can lessen coastal storm surge and flooding. The United States has the greatest extent of barriers worldwide, stretching across much of the Southeast and Gulf of Mexico.

Coastal communities on barrier islands, which have long grappled with eroding shorelines and coastal storms, now face substantial sea-level rise due to climate change. They are already encountering increased risks of coastal flooding and threats to critical infrastructure.

Many of these coastal communities rely on federally subsidized "beach nourishment" -- the artificial widening of beaches with sand -- or engineered solutions, such as the construction of artificially high dunes, to adapt to changing climate threats.

Some of these solutions, however, interrupt natural processes that have kept barriers above sea level.




Sand deposited on these islands when storm waves knock down dunes is essential to maintain barriers' width and elevation. But on developed barriers, storm fallout -- including overwashed sand on roads -- are hazards.

"Counterintuitively, the more successful humans are in preventing storm impacts, the less resilient the barrier system becomes in the long term," said co-author, Laura Moore, professor of coastal geomorphology at the University of North Carolina at Chapel Hill. "Difficult tradeoffs are going to be inevitable when it comes to managing the coast with the hope of preserving coastal living as we know it."

The researchers' modelling demonstrates that how long a barrier remains habitable varies with different coastal management strategies and climate scenarios.

For example, the model showed that shifting away from the practices of protecting roads with tall dunes and bulldozing overwashed sand off paved surfaces may allow barriers that would have become uninhabitable to rebound and keep up with sea level rise longer.

Adopting management strategies that allow one segment of the shoreline to evolve naturally -- such as building a long bridge to replace part of a highway -- can increase the barrier system's resilience in that area. However, management strategies in one area affect erosion rates in adjacent areas.

Increasing long-term resilience in one area can come at the cost of higher shoreline stabilization costs for neighboring communities. Given these connections along the shore, stakeholders in neighboring coastal areas may benefit from collaborating, the authors noted.

"There's no perfect solution," said the study's lead author, Katherine Anarde, assistant professor of coastal engineering at North Carolina State University. "Understanding an entire barrier system and how it responds to different coastal management decisions is critical to assessing the sustainability of coastal development over the coming decades. The model helps us consider several factors in managing coastal areas to ensure we're not unintentionally making things worse in the long run, and to weigh the tradeoffs."

The National Science Foundation, University of Virginia, and the Gulf Research Program Early-Career Research Fellowship co-funded this study.
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Infected: Understanding the spread of behavior | ScienceDaily
Human beings are likely to adopt the thoughts, beliefs, and behaviors of those around them.


						
Simple decisions like what local store is best to shop at to more complex ones like vaccinating a child are influenced by these behavior patterns and social discourse.

"We choose to be in networks, both offline and online, that are compatible with our own thinking," explained Amin Rahimian, assistant professor of industrial engineering at the University of Pittsburgh Swanson School of Engineering. "The social contagion of behavior through networks can help us understand how and why new norms, products, and ideas are adopted."

Initially, researchers thought highly clustered ties that are close together in networks created the perfect environment for the spread of complex behaviors that require significant social reinforcement. However, Rahimian, alongside a team of researchers from Massachusetts Institute of Technology (MIT) and Harvard University, counter these ideas. Long ties, which are created through randomly rewired edges that make them 'longer,' accelerate the spread of social contagions. For example, in the age of social media, long ties can facilitate broader reach across different demographics and heterogeneous populations. Rather than just communicating with one's neighbor, one may also be connecting with someone in another state -- even another country.

By using mathematical and statistical methods, the researchers were able to analyze the rate of spread over circular lattices with long ties and show that having a small probability of adoption below the contagion threshold is enough to ensure that random rewiring accelerates the spread of these contagions.

"Mechanisms that we identify for spread on circular lattices remain valid in higher dimensions," explained Rahimian.

Similar network dynamics arise in the study of neural activity in the brain.

"We are interested in the implications of these results for a better understanding of network structures that facilitate the spread of bursting activity in various brain regions," explained Jonathan Rubin, professor in Pitt's Department of Mathematics.

This research suggests those wanting to achieve fast, total spread would benefit from implementing intervention points across network neighborhoods with long-tie connections to other network regions, explained Dean Eckles, associate professor of marketing at MIT.

"Further work could study such strategies for seeding complex behaviors," Eckles continued.
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Marginalized communities developed 'disaster subculture' when living through extreme climate events | ScienceDaily
Locations around the globe are experiencing climate disasters on a regular basis. But some of the most marginalized populations experience disasters so often it has come to be normalized.


						
A new study from the University of Kansas found residents of one Seoul, South Korea, neighborhood have grown so accustomed to living through extreme climate events they have developed a "disaster subculture" that challenges both views of reality and how social agencies can help.

Joonmo Kang, assistant professor of social welfare, spent a year living in Jjokbang-chon, an extremely impoverished neighborhood in Seoul, as part of an ethnographic research project. Residents there routinely live through extreme heat and cold in tiny, 70-square-foot units about the size of a closet. Over the course of a year, he interviewed residents about their experiences and worked with local social agencies to understand how they worked with the residents.

Residents regularly expressed a sort of indifference to extreme heat and climate change, stating they had no options or even that "every day is a disaster." While that seeming difference with reality can potentially be caused by several factors, it shows that social work has a challenge in how to respond to climate disasters and their everyday effects, Kang said.

The study, published in the International Journal of Social Welfare, is part of Kang's larger body of work in climate justice and eco social work. Through that lens, he said hopes to learn more about how climate change affects certain groups and populations and how social work can respond.

"For this paper I wanted to highlight the lived experiences of so-called slum housing in Seoul, South Korea, where I'm originally from," Kang said. "But heat and climate disasters don't just happen there, it happens throughout the Global North, even in the wealthiest countries. I want to see how this affects lives in the most marginalized communities."

In his ethnographic study, Kang had informal conversations and semi-structed interviews with the residents of Jjokbang-chon. One resident reported how he simply sits still and tries not to move during the hottest times. Others reported they did not go to government-provided cooling centers because they were too far away and the effort to get there would outweigh riding out the heat.




"All year around, all four seasons are filled with distress; every day is a disaster. When every day is like that, when every day is a disaster, when our daily lives are a disaster, the weather doesn't matter. It's not like the summer or the winter becomes particularly hard," one resident said.

Other residents reported living in a jjokbang was preferable to previous experiences of homelessness. Even though they were not allowed by landlords to install cooling systems beyond fans -- and the facilities were not equipped to handle them -- residents seemed resigned to accept living in extreme conditions.

"This research focused on how people make meaning of extreme weather. The findings revealed they developed a 'disaster subculture,'" Kang said. "When they experience this, it causes them to reflect a sense of normalcy. One of the main things I found was even though it's been widely reported these living conditions can be a living hell, people told me, 'It is what it is.' I was really struck by that."

Building a tolerance to seemingly intolerable climate may be difficult to understand, but a community organizer who works with the Jjokbang-chon population offered insight into why residents may express such acceptance.

"It might also be their way of telling us, 'I am trying my best to adjust,' and at the same time even though they have a desire to get out of here, they might just be saying that because they don't have the resources or the means to turn things around," the organizer said. "Being stuck in that situation for a long period of time, they might have gotten used to it or even built a tolerance because they can't change their reality, and as a result leads to a sense of acceptance, like a shrug of resignation."

The field of social work has a responsibility, however, to serve the world's most vulnerable populations, Kang writes, and understanding their lived experiences is key to doing so effectively.




Kang compared the situation to the boiling frog metaphor, in which a frog in a pot of slowly heated water does not jump out before it is cooked. People living in extreme conditions can be exposed to trauma for long periods, but unlike the frog, can offer insight into how to address the issue.

"Their own views of vulnerability and reality did not seem to align with what was objectively true. This shows we need to address the everyday reality and root causes and why people are living in these conditions."

In ongoing and future work, Kang said he would further explore how to advocate for and empower marginalized communities to address climate issues that affect them every day.

"The folks who live these experiences know best. They have agency, and we need to listen to them," Kang said. "I think it can be a waste of money and effort if we don't listen to what people want and need and work with them to address climate-related issues."
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New study uncovers lasting financial hardship associated with cancer diagnosis for working-age adults in the U.S. | ScienceDaily
A new study led by researchers at the American Cancer Society (ACS) highlights the lasting financial impact of a cancer diagnosis for many working-age adults and their families in the United States. It shows a cancer diagnosis and the time required for its treatment can result in employment disruptions, loss of household income and loss of employment-based health insurance coverage, leading to financial hardship. When combined with high out-of-pocket costs for cancer care, nearly 60% of working-age cancer survivors report at least one type of financial hardship, such as being unable to afford medical bills, distress and worry, or delaying or forgoing needed care because of cost. The findings are published in CA: A Cancer Journal for Clinicians.


						
"While the rising costs of cancer care and subsequent medical financial hardship for cancer survivors and families are well-documented in the United States, little attention has been paid to how employment and household income can be affected by a cancer diagnosis and treatment," said lead study author Dr. Robin Yabroff, scientific vice president, health services research at the American Cancer Society. "With nearly half of cancer survivors of working age and not yet age-eligible for Medicare coverage, understanding the potential effects of cancer diagnosis and treatment on employment, income, and access to employer-based health insurance coverage is essential."

Study researchers used a composite patient case to illustrate the potential adverse consequences of cancer diagnosis and treatment, including employment disruptions while receiving cancer care, loss of income for unpaid time away from work, and loss of access to employment-based health insurance coverage, if unable to maintain employment. The authors also summarize existing research and provide nationally representative estimates of multiple aspects of financial hardship from 2019-2021, the most recently available years of the National Health Interview Survey (NHIS). The NHIS collects information about health conditions, including but not limited to cancer diagnoses, health status, employment, health insurance, socioeconomic status and experience with health care from nearly 90,000 individuals in 35,000 households each year.

"There are opportunities for a variety of stakeholders to mitigate financial hardship and assist patients with cancer and their families," added Dr. Yabroff. "Federal, state and local policies can increase availability of comprehensive and affordable health insurance coverage and ensure job protections for working adults."

"Today's findings reiterate the critical role access to affordable, quality care and paid family medical leave plays in reducing the financial toll of cancer on those diagnosed -- particularly while they are of working age," said Lisa Lacasse, president of the American Cancer Society Cancer Action Network (ACS CAN). "A majority of cancer patients and survivors (74%) report being forced to miss work due to their illness, most of whom report missing more than four weeks of work, according to an ACS CAN study. No one should be forced to choose between their treatment and their employment. To truly protect patients from the high costs of cancer, Congress must enact paid family and medical leave as well as provide tangible options for affordable health coverage outside of employer-sponsored plans by making permanent the enhanced Marketplace subsidies that allow millions who otherwise have no affordable coverage option to enroll in Marketplace plans."

Study authors emphasize that employers, cancer care delivery organizations and non-profit organizations can also guide efforts to help patients with cancer avoid financial hardship. Employers can offer robust coverage and benefits options, paid and unpaid leave and other workplace accommodations to help reduce employment disruptions and loss of income during cancer treatment. Within cancer care delivery, providers can screen patients for financial hardship, connect patients with relevant services, and make referrals for occupational medicine, rehabilitation care and physical therapy to facilitate return to work and usual activities during and after cancer treatment.

Other ACS authors involved in this study include: Jingxuan Zhao, Dr. Xuesong Han and Dr. Zhiyuan Zheng.
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'Sunny day flooding' increases fecal contamination of coastal waters | ScienceDaily
A new study finds that "sunny day flooding," which occurs during high tides, increases the levels of fecal bacteria in coastal waters. While the elevated bacteria levels in the coastal waters tend to dissipate quickly, the findings suggest policymakers and public health officials should be aware of potential risks associated with tidal flooding.


						
"Historically we see the highest levels of fecal bacteria contamination in coastal waterways after it rains, because the rain washes contaminants into the waterways," says Natalie Nelson, corresponding author of a paper on the study and an associate professor of biological and agricultural engineering at North Carolina State University. "Due to sea level rise, we're seeing an increase in flooding in coastal areas at high tide -- even when there isn't any rainfall. We wanted to see whether sunny day floods were associated with increases in fecal bacteria contamination in waterways."

For the study, researchers collected water samples every day for two summer months at three sites along a single waterway in coastal North Carolina. Two perigean spring tides occurred during the two-month sampling period. Perigean spring tides are tides characterized by especially pronounced high and low tides, caused by the moon's gravitational pull.

The researchers increased their collection of samples at each monitoring site on the days of the perigean spring tides, to capture changes in water quality throughout the tidal cycle. During the high-water levels of the perigean spring tides, water also came up out of some local storm drains and caused minor flooding. The researchers took samples of those floodwaters as well.

"We found that the floodwaters themselves had relatively high levels of fecal bacteria," Nelson says. "To be clear, these floods were inches deep; we're talking about very minor flooding as tidal waters pushed up through the storm grates. However, we've seen children playing in these sort of sunny day floodwaters, and the levels of fecal bacteria we detected were above the levels deemed safe for recreational waters."

"Our findings with regard to the coastal waters were more nuanced," says Megan Carr, lead author of the study and a Ph.D. student at NC State. "On the one hand, we did see higher concentrations of fecal bacteria in coastal waters as the floodwaters and perigean spring tides receded. On the other hand, we did not see this in every instance and in every location -- and we also found that the higher concentrations of fecal bacteria usually only lasted for a few hours."

In other words, perigean spring tides do raise some concerns about fecal bacteria and water quality in coastal waters, but they don't appear to cause concentrations of fecal bacteria at the same level as stormwater runoff caused by rainfall.




"It's important to note that these results are from samples that we took in one area along a large waterway," Nelson says. "The results are likely to vary significantly, depending on the size of the waterway. For example, post-flood contamination could last longer in waterways smaller than the waterway that we sampled. That's something that would benefit from additional research.

"Sea levels are going to continue rising for the foreseeable future," Nelson says. "So we are definitely going to see more sunny day flooding, and those floods will be getting worse. We need to continue studying the impact that these tidal floods have on our water quality, because the more we understand, the better able we will be to make informed decisions about public health and safety."

The paper, "Fecal Bacteria Contamination of Floodwaters and a Coastal Waterway from Tidally-Driven Stormwater Network Inundation," is published in the open-access journal GeoHealth. First author of the paper is Megan Carr, a Ph.D. student at NC State. The paper was co-authored by Angela Harris and Katherine Anarde, both assistant professors of civil, construction and environmental engineering at NC State; Nora Sauers, Gabe Da Silva and Catherine Gamewell, who are undergraduates at NC State; Adam Gold of the Environmental Defense Fund; and Miyuki Hino of the University of North Carolina at Chapel Hill.

The research was done with support from the National Science Foundation, under grant number 2047609; and from the U.S. Geological Survey Southeast Climate Adaptation Science Center.
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Major milestone reached for key weapons component | ScienceDaily
Sandia National Laboratories and the Kansas City National Security Campus completed a crucial weapons component development milestone, prior to full rate production.


						
The Mark 21 Replacement Fuze interfaces with the W87-0 warhead for deployment onto the Minuteman III and, eventually, the Sentinel Intercontinental Ballistic Missile.

The first production unit of the replacement fuze was approved through the National Nuclear Security Administration's rigorous Quality Assurance Inspection Procedure in March.

The Mark 21 fuze, an integrated assembly of Sandia-designed logic and sensing devices, directs the warhead to initiate firing sequences at the correct point in targeting parameters. The Mark 21 Fuze Replacement Program is a Strategic Partnership Program effort between the NNSA and the U.S. Air Force.

"Sandia's role is to deliver a fuze that meets the Air Force's requirements. Completing the first production unit is a visible milestone in maintaining a credible deterrent," said Brad Boswell, a director in Sandia's nuclear deterrence modernization program. "It demonstrates that we are providing the necessary capability for the U.S. nuclear deterrent into the future."

Designing the fuze

As the lead design agency of the Mark 21 fuze, Sandia was responsible for incorporating Air Force requirements into a form, fit and functional package that interfaces with the Mk21 aeroshell, MMIII missile and W87-0 warhead. Work began in 2011.




"The early engineering work takes a lot of time. While some of it is done in parallel, much of the work must be sequential," said Bob Oetken, a former program manager for the fuze program. "We're doing a very specific job that requires, in many cases, custom parts."

Sandia worked closely with the Kansas City National Security Campus to ensure the design was producible and delivered on schedule. While the Kansas City National Security Campus is producing and assembling the fuze, Sandia is manufacturing some of the parts.

Fuze qualification

Before production of the fuze began, a significant amount of time was spent qualifying the design, which ensures the design meets Air Force specifications. It includes analysis through testing and other engineering tools to ensure the fuze will function as intended.

"Qualification involves significant resources and time. We are in a very rigorous business. Some of the qualification is used to verify that we are meeting requirements and took as long as three years from concept to delivery," Oetken said.

The program has conducted numerous tests, including environmental, ground and flight tests, to ensure the fuze withstands multiple difficult environments, such as acceleration, vibration and thermal environments expected during missile launch and ballistic reentry.




Stockpile assessment

Now that the fuze is in full rate production, Sandia's responsibilities shift.

"As the design agency, Sandia is responsible for the component until the weapon is retired. Sandia is accountable for ensuring that the weapon with the fuze attached is safe, secure and reliable," Boswell said.

As part of the stockpile assessment, Sandia will conduct surveillance through processes such as modeling and simulation and flight and ground testing to ensure the fuze continues to work as intended.

Partnering for great results

Completing the first production unit of the Mark 21 fuze is the culmination of more than a decade of work and collaboration, not just at Sandia, but by NNSA and the Department of Defense.

"This first production unit marks a significant milestone not just for Sandia but the broader nuclear security enterprise, particularly our partners at the Kansas City National Security Campus," Boswell said. "While we stop to recognize this achievement, we must also acknowledge this is the start of the next phase of our partnership as we work to meet key production milestones to deliver the quantity of fuzes needed to meet the needs of the stockpile."
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Hey Dave, I've got an idea for you: What's the potential of AI-led workshopping? | ScienceDaily
In a paper published in JOSPT Open (Journal of Orthopaedic and Sports Physical Therapy), UTS Graduate School of Health Senior Lecturer in Physiotherapy Dr Joshua Pate and PhD candidate Rebecca Fechner write that AI chatbots offer a novel avenue for idea generation, simulating multidisciplinary workshops that traditionally require significant time and resources.


						
"We sought to simulate a multidisciplinary workshop on a complex clinical research question using three freely available AI chatbots -- ChatGPT, Bing Creative Mode and Google Bard -- aiming to broaden and accelerate the co-generation of ideas," Dr Pate said.

"Our focus was on AI's practical applications in educational and clinical settings, particularly to address the challenge of pain in schools, but the findings likely generalise for wider applications -- essentially anyone wanting help brainstorming on problem solving, policy or practice.

"We found that the different chatbots provided some different responses to each of the prompts, but overall the most prominent responses were similar. In our simulation they consistently suggested an online platform or curriculum for pain science education in schools.

"So, the consistency in responses suggested some reliability of the chatbots in co-generating ideas, while the differences between chatbots offered a range of perspectives, enriching the brainstorming process.

"These freely available chatbots are accessible tools for broadening participation in idea generation across various domains.

"While the technology might not be good at the details right now, the chatbots are very good at finding new perspectives and connecting dots in previously unexplored ways."

Dr Pate said the study highlights the potential for AI to contribute to educational strategies and clinical research, leveling the field for resource-limited settings. "By demonstrating the chatbots' ability to seemingly simulate complex workshops, we provide a proof-of-concept that could influence future research methodologies and policy making," he said.
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Eye-opener: Pupils enlarge when people focus on tasks | ScienceDaily
Working memory is one of the brain's executive functions, a skill that allows humans to process information without losing track of what they're doing.


						
In the short term, working memory allows the brain to complete an immediate task, like loading the dishwasher. Long term, it helps the brain decide what to store for future use, such as whether more dishwasher soap will be needed.

University of Texas at Arlington researchers know that working memory varies greatly among individuals, but they aren't sure exactly why. To better understand, Matthew Robison, assistant professor of psychology, and doctoral student Lauren D. Garner conducted an experiment to see if studying a person's pupils (the centers of their eyes) was a good indicator of working memory.

Normally, a person's pupils naturally widen (or dilate) in low-light environments to allow more light into the eye. However, in their new study published in the peer-reviewed journal Attention, Perception & Psychophysics, the researchers reported that a person's pupils also dilate when they are concentrating on tasks. In particular, they found that the more a person's eyes dilated during the task, the better they did on tests measuring their working memory.

"What we found was that the lowest performers on the tasks showed less pupil dilation," Robison said. "For the highest-performing participants, their pupil dilations were both larger overall and the individuals were more discerning about the information they were asked to recall."

For the study, he and Garner recruited 179 undergraduate students at UT Arlington. Participants completed several working memory tasks where they were presented with information and then asked to remember it for a few seconds. During the tasks, participants had their pupils continuously measured using an eye-tracker, similar to what optometrists use during eye exams.

"We found that people who more intensely and consistently paid attention, as measured by their pupils being dilated more, performed better on the memory tasks," said Robison. "Importantly, we found high performers also showed more pupil sensitivity compared to low-performing participants. This is exciting research because it adds another valuable piece of the puzzle to our understanding of why working memory varies between individuals."

This work was supported by funding from the U.S. Naval Research Laboratory (N00173-22-2-C006) and U.S. Army Research Institute (W911NF-23-1-0300).
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Life goals and their changes drive success | ScienceDaily

As future-thinkers, adolescents spend significant time contemplating these types of questions about their life goals. A new study from the University of Houston shows that as people grow from teenagers to young adults, they tend to change the importance they place on certain life goals, but one thing is certain: The existence of high prestige and education goals, as well as their positive development, can drive success.

"Adolescents who endorsed higher levels of prestige and education goals tended to have higher educational attainment, income, occupational creativity, occupational prestige and job complexity after 12 years," reports Rodica Damian, associate professor of psychology in the Journal of Personality and Social Psychology. The paper's first author, Andreea Sutu, is a former graduate student of Damian's. Also on the team are former UH assistant professor Kevin Hoff and Sif Einarsdottir of the University of Iceland.

No prior studies have investigated associations between life goal development and educational or occupational outcomes.

Damian and colleagues found that goals fluctuate -- some dreams and goals of youth fall away while some, related to family (like being close to your relatives), relationships (like having good friendships or a romantic partner) and community (like being involved in your neighborhood or helping others) stay strong. These goals might become even more significant as people get older.

"Life goals are expected to change over time and these changes are expected to have consequences for future life outcomes, including occupational outcomes," said Damian. "By understanding how changes in life goals relate to educational and occupational outcomes (above and beyond adolescent levels), we show how changes within individuals may also predict desired educational and occupational attainment."

The study examined how life goals developed with age and how adolescent levels of goals, and their development through young adulthood, related to educational attainment and occupational outcomes in young adulthood. The study used two nationally representative samples of Icelandic youth followed longitudinally across 12 years from late adolescence to young adulthood.

"For educational attainment, the strongest effects were found for education goals. Both initial levels and slopes of education goals were positively associated with educational attainment in both samples," said Damian. "This indicates that adolescents with higher education goals, and those who showed a more positive change pattern in education goals, had higher educational attainment in young adulthood."

Education and prestige goals emerged as the most consistent predictors of later income and that changes in these goals across time were the most consistent predictors of later occupational prestige and complexity.

"Our work highlights the importance of better understanding sources of goal development in adolescence and young adulthood. Overall, our focus on life goal development, educational attainment and occupational outcomes informs theoretical and practical understanding about the importance of life goals for real-world outcomes," said Damian.
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Japan's premodern concept of nature at root of distinctive mindset in early childhood education | ScienceDaily
Observers of Japanese early childhood education and care have pointed to the mindset of educators watching over and waiting on preschoolers as being an intriguing tendency. This mimamoru approach has its roots in a premodern concept of nature, according to Professor Yosuke Hirota at the Graduate School of Literature and Human Sciences of Osaka Metropolitan University.


						
Professor Hirota looked into the works of Sozo Kurahashi (1882-1955) and Kitaro Nishida (1870-1945) to see how this concept of nature from the past made its way into education in the present day. Kurahashi's writing on education influenced early childhood education and care in Japan, while Nishida was one of the prominent philosophers of Kurahashi's time.

It is well known in classical literary studies that the concept of nature in Japan had two meanings: voluntary, "from the self," and spontaneous, "beyond the self." What Professor Hirota found is that this concept has been carried over into modern education in Japan.

"Japanese educational philosophy has maintained a balance between acting by one's will and entrusting oneself to something beyond its will," stated Professor Hirota.

Kurahashi developed a theory of guidance (yudo), likened to guiding the course of a river as it continues its inevitable flow. Professor Hirota said the achievement of his paper has been to find that this theory of guidance has its roots in Japan's traditional concept of nature.

The paper was published in History of Education.
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New sensing checks for 3D printed products could overhaul manufacturing sector | ScienceDaily

A commercially viable sensing technology and associated imaging algorithm to assess the quality of such components currently does not exist. If the additive manufacturing (3D Printing) of metallic components could satisfy the safety and quality standards in industries there could be significant commercial advantages in the manufacturing sector.

The key breakthrough is the use of ultrasonic array sensors, which are essentially the same as those used in medical imaging in, for example, creating images of babies in the womb. However, these new laser based versions would not require the sensor to be in contact with the material.

Author Professor Anthony Mulholland, head of the School of Engineering Maths and Technology, explained: "There is a potential sensing method using a laser based ultrasonic array and we are using mathematical modelling to inform the design of the this equipment ahead of its in situ deployment."

The team built a mathematical model that incorporated the physics of ultrasonic waves propagating through a layered (as additively manufactured) metallic material, which took into account the variability one gets between each manufactured component.

The mathematical formula is made up of the design parameters associated with the ultrasonic laser and the nature of the particular material. The output is a measure of how much information will be produced by the sensor to enable the mechanical integrity of the component to be assessed. The input parameters can then be varied to maximise this information content.

It is hoped their discovery will accelerate the design and deployment of this proposed solution to this manufacturing opportunity.




Professor Mullholland added: "We can then work with our industry partners to produce a means of assessing the mechanical integrity of these safety critical components at the manufacturing stage.

"This could then lead to radically new designs (by taking full advantage of 3D printing), quicker and more cost effective production processes, and significant commercial and economic advantage to UK manufacturing."

Now the team plan to use the findings to help their experimental collaborators who are designing and building the laser based ultrasonic arrays.

These sensors will then be deployed in situ by robotic arms in a controlled additive manufacturing environment. They will maximise the information content in the data produced by the sensor and create bespoke imaging algorithms to generate tomographic images of the interior of components supplied by their industry partners. Destructive means will then be employed to assess the quality of the tomographic images produced.

Professor Mullholland concluded: "Opening up 3D printing in the manufacture of safety critical components, such as those found in the aerospace industry, would provide significant commercial advantage to UK industry.

"The lack of a means of assessing the mechanical integrity of such components is the major blockage in taking this exciting opportunity forward. This study has built a mathematical model that simulates the use of a new laser based sensor, that could provide the solution to this problem, and this study will accelerate the sensor's design and deployment."
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Social programs save millions of lives, especially in times of crisis | ScienceDaily
Primary health care, conditional cash transfers and social pensions have prevented 1.4 million deaths of all ages in Brazil over the past two decades, according to a study coordinated by the Barcelona Institute for Global Health (ISGlobal), a centre supported by "la Caixa" Foundation. If expanded, these programmes could avert an additional 1.3 million deaths and 6.6 million hospitalisations by 2030.


						
The COVID-19 pandemic has exacerbated poverty and social inequalities worldwide, particularly in low- and middle-income countries (LMICs). In addition, the economic consequences of the ongoing war in Ukraine and soaring inflation are expected to push even more people into poverty in the coming years. This is what we call a polycrisis: multiple crises interacting in such a way that their combined impact is greater than the sum of the parts.

In terms of public health, worsening socioeconomic conditions mean higher rates of disease and death, especially among the most vulnerable people in LMICs. But social programmes can mitigate the health consequences of economic crises. Brazil has led one of the largest welfare state expansions over the past two decades, implementing a public universal healthcare system along with conditional cash transfer programmes (Programa Bolsa Familia) for the poorest families and social pensions (Beneficio de Prestacao Continuada) for the elderly and disabled.

Reductions in hospitalisations and deaths

In this study, ISGlobal researcher Davide Rasella and his team evaluated the combined effect of these three programmes (conditional cash transfers, social pensions and primary health care) on hospitalisations and deaths over almost two decades (from 2004 to 2019). "This is the first study to conduct a nationwide combined evaluation of cash transfers, social pensions, and primary health care for a such long period in a LMIC," says Rasella, who coordinated the study.

Using data from 2,548 Brazilian municipalities, they show that high coverage of the three programmes led to reductions in overall hospitalisation and mortality rates, particularly among children under five years of age and adults over 70. A total of 1.46 million deaths were averted between 2004 and 2019. The research team then used forecasting methods to show that extending the programmes to the newly poor and vulnerable could avert up to 1.3 million additional deaths by 2030.

"We clearly show that expanding these three programmes is a viable strategy to mitigate the health impact of the current global polycrisis," says Daniella Cavalcanti, co-first author of the study. "On the contrary, fiscal austerity measures would only result in a large number of preventable deaths."
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The biggest barrier to a vibrant second-hand EV market? Price | ScienceDaily
As early adopters of electric vehicles (EVs) trade up for the latest models, the used EV market is beginning to mature in the United States. Yet many potential buyers, particularly low-income drivers, are skeptical of EV's conveniences and are put off by the price, according to a study conducted at Rutgers University-New Brunswick.


						
"While the transition to electric vehicles is an important piece of reducing greenhouse-gas emissions, the market for used electric vehicles in the U.S. remains dominated by wealthy households," said Wei San Loh, a former graduate student of the Edward J. Bloustein School of Planning and Public Policy at Rutgers-New Brunswick whose study is published in the journal Transportation Research Part D: Transport and Environment "Our findings offer clues as to why that might be."

To understand what motivates buyers of different income strata to purchase second-hand electric battery vehicles, Loh and Robert B. Noland, director of the Rutgers Alan M. Voorhees Transportation Center, designed and conducted a nationwide survey of EV owners. Participants were recruited via electric vehicle discussion groups on Reddit and Facebook.

In addition to demographic and socio-economic data, participants were asked questions related to pre-purchase concerns, specifically on battery performance, charging availability, price, driving range, availability of used EVs on the market and the cost of installing a home charger.

In total, 1,167 owners of used electric vehicles in more than a dozen states were surveyed between September and October 2022.

By isolating for household income, the researchers found price, charging availability and battery performance are the top concerns for buyers when considering the purchase of a used electric vehicle. The concerns weren't shared universally, however.

Those with annual incomes below $50,000 were more likely to be concerned about availability of charging stations than those making more than $150,000, while those at the lowest end of the income spectrum were 32 percent less likely to worry about battery performance than those at the highest. Loh said lower-income drivers typically have shorter commutes, which could explain the disparity.




Additionally, owners of used EVs with annual household earnings below the national median of $75,000 were more concerned with price than those whose household incomes top $150,000 per year.

"Taken together, these findings suggest that EV demand may still not be widespread for lower-income households in the U.S.," Noland said. "Encouraging nationwide EV adoption will require broader uptake of new and used EVs from all income levels."

Loh, who now works at the University of Michigan as a senior statistician, said policy changes could help promote greater used EV uptake across income groups. Increasing the availability of charging stations and expanding subsidies for used vehicle purchases are two oft-discussed ideas, she said.

"Buyers will always compare EVs to combustion engines," Loh said. "That's why we need to think creatively about making it more attractive for people from different income brackets to consider the used EV option."
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How reflecting on gratitude received from family can make you a better leader | ScienceDaily
The longstanding advice to "check your baggage at the door" may not be the best way for leaders to engage and empower their employees. Instead, acknowledging that leaders are complete individuals with experiences outside of the office is a key factor in assisting them with the challenging, exhausting and often thankless work they do daily.


						
According to new research from the University of Florida, leaders who reflect on gratitude that they receive from family members at home feel higher levels of prosocial impact -- the perception that one is making a positive difference in the lives of others -- which consequently motivates them to engage in more helpful and empowering behavior toward their employees at work.

"Perceiving that you've made a difference in the lives of those you love satisfies basic psychological needs which then carry over into the office by motivating you to be more helpful and empowering toward your direct reports," noted researcher Klodiana Lanaj, Martin L. Schaffel Professor at the UF Warrington College of Business.

The key to unlocking the power of gratitude from family members is in reflecting on and savoring those events of appreciation because this prolongs and amplifies the experience, Lanaj explained.

"Taking a few minutes in the morning to reflect on and write about a time when a family member said 'thank you' for something you did at home can motivate you as a leader to be more responsive to your employees' work needs and to empower them to have a voice in important decisions at work," she said. "Our research suggests that positive events that happen at home don't need to stay there. Instead, they can follow leaders at work in ways that benefit their employees."

The researchers -- Jasmine Hu of the Ohio State University, who led the study, Daniel Kim of UF Warrington, and Lanaj -- surveyed more than 300 leaders and 100 of their employees across various industries. In three field experiments, they assigned leaders to reflect and write about gratitude received at home before they started their workday. Those same days, the researchers also surveyed leaders and their followers, who all reported on leaders' helping and empowering behaviors toward their employees that day at work. They found consistent results -- as reported by both leaders and followers across the three studies -- that reflecting on gratitude received at home made leaders more helpful and empowering toward their employees at work.

"Our work suggests that gratitude expressions at home may be beneficial not only for the recipient leaders, but also for their employees, who then experienced more help and empowerment from these leaders," Kim said. "Therefore, family members showing appreciation for each other may not only benefit their relationship but also improve their loved ones' work experiences."

Lanaj and Kim recommend that leaders follow two simple steps to benefit from this gratitude reflection.
    	First thing in the morning, before you start your workday, take a few minutes to recall a time when you did something good for a family member and your family member showed appreciation to you for this behavior.
    	Close your eyes and imagine yourself being back in the event you just recalled (because savoring the event amplifies its effects). In three to five sentences, describe what you did, what your family member said/did in the situation and your feelings after receiving your family member's appreciation.

"Gratitude has been found to have numerous benefits for recipients, but not much work has examined leaders as recipients of gratitude," Kim said. "Our work shows that by creating opportunities for leaders to engage in such gratitude reflections, organizations can foster a positive and supportive work environment that encourages prosocial behavior and enhances overall leadership effectiveness."
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Climate change will increase value of residential rooftop solar panels across US, study shows | ScienceDaily
Climate change will increase the future value of residential rooftop solar panels across the United States by up to 19% by the end of the century, according to a new University of Michigan-led study.


						
The study defines the value of solar, or VOS, as household-level financial benefits from electricity bill savings plus revenues from selling excess electricity to the grid -- minus the initial installation costs.

For many U.S. households, increased earnings from residential rooftop solar could total up to hundreds of dollars annually by the end of the century, say the authors of the study, which is scheduled for publication April 19 in the journal Nature Climate Change.

"Given the average 25-year lifespan of a rooftop solar installation, a system built today will nearly experience 2050 weather," said study senior author Michael Craig, assistant professor of energy systems at the U-M School for Environment and Sustainability and of industrial and operations engineering at U-M's College of Engineering.

"So, it's important for households to think of future value when building solar. If households do so, our findings indicate they would see even greater value from solar, and might decide to build more."

Public awareness of the increased future value of rooftop solar could spur greater adoption of the technology, which in turn could accelerate efforts to decarbonize the power-generation system in the United States and globally, the study shows.

The expected financial gains seen in the study were driven largely by increased demand for residential air-conditioning as the climate warms. The other key factor affecting the value of rooftop photovoltaic systems, the researchers say, is future solar-panel performance in response to climate change.




Craig and colleagues analyzed data from 2,000 households in 17 U.S. cities and estimated air-conditioning demand and solar-panel performance under future climates using a moderate climate-warming scenario called RCP-4.5.

The value of rooftop solar panels increased in nearly all the cities, in both warm and cold locations. Miami saw the largest increase in value, while only Minneapolis saw a decrease in the financial benefits of rooftop solar for households.

"This is the first study to quantify the value of rooftop solar under climate change, and we show that households across the U.S. will realize greater cost savings from rooftop solar under future weather than under historic weather," said study lead author Mai Shi, a former U-M visiting doctoral student now at Tsinghua University in Beijing.

As home-cooling demands rise, a greater proportion of solar-generated electricity will be used to cool the home, rather than being sold to the electrical grid, benefiting owners of rooftop solar systems, according to the study.

That's because -- in many states -- solar energy used to power a home reduces the homeowner's electric bill by the full retail cost of electricity, while electricity that is sent to the grid is credited at a lower rate.

"Greater cooling demand means more solar power is consumed at the household rather than sent back to the grid," Craig said. "And it's generally more valuable for a rooftop photovoltaic owner to consume the power generated by their PV panel, rather than exporting it to the grid."

Under the moderate RCP-4.5 climate scenario, demand for residential space cooling is expected to increase in all 17 cities studied. Cooling demand will increase by an average of 35% by mid-century and by an average of 64% by the end of the century, across all households in all of the cities, the researchers say.




The other key factor affecting the future value of residential rooftop photovoltaics is solar-panel performance in response to rising air temperatures and changes in cloud cover.

Solar panels work best in cool, sunny weather. As air temperature or cloud cover increase, the amount of electricity generated by a solar panel declines. The study found that future solar-panel performance will vary from place to place across the U.S., depending on weather conditions.

In cities such as Ann Arbor, Austin, Chicago, Dallas, Detroit, Houston, Louisville and Milwaukee, rising air temperatures will decrease solar panel efficiency, but reduced cloud cover will likely increase the amount of sunlight reaching panels, on average. The two factors "are opposing but roughly comparable," meaning they cancel each other out, the researchers say.

But cities such as Baltimore, Boston, Los Angeles, Minneapolis, New York City and Phoenix are expected to be both warmer and cloudier in response to climate change, which will "significantly decrease" the electrical output of rooftop solar.

Even so, increased cooling demand in all 17 cities will likely outweigh changes in panel electrical output, resulting in financial gains for owners of rooftop solar in nearly every case, according to the study. Minneapolis, where limited future increases in cooling demand will combine with decreased electrical output from rooftop solar panels, is an exception.

While future financial gains from rooftop solar will be reaped mainly by households that can afford to install panels, various programs are in place to increase accessibility, so that more people share in the anticipated benefits, Craig says.

For example, there are programs that defray the costs of solar, opening it up to lower-income individuals. Governments can also install rooftop solar on public buildings, such as subsidized housing, to cover the capital costs while providing solar benefits to tenants. And community solar programs can benefit entire communities, including households that lack the means or ability to access rooftop solar themselves.

In addition to Craig and Shi, the other author of the Nature Climate Change paper is Xi Lu of Tsinghua University.

The study was supported by the National Key R&D Program of China, U.S. National Science Foundation, National Natural Science Foundation of China and Carbon Neutrality and Energy System Transformation Project.
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One third of China's urban population at risk of city sinking, new satellite data shows | ScienceDaily
Land subsidence is overlooked as a hazard in cities, according to scientists from the University of East Anglia (UEA) and Virginia Tech.


						
Writing in the journal Science, Prof Robert Nicholls of the Tyndall Centre for Climate Change Research at UEA and Prof Manoochehr Shirzaei of Virginia Tech and United Nations University for Water, Environment and Health, Ontario, highlight the importance of a new research paper analysing satellite data that accurately and consistently maps land movement across China.

While they say in their comment article that consistently measuring subsidence is a great achievement, they argue it is only the start of finding solutions. Predicting future subsidence requires models that consider all drivers, including human activities and climate change, and how they might change with time.

The research paper, published in the same issue, considers 82 cities with a collective population of nearly 700 million people. The results show that 45% of the urban areas that were analysed are sinking, with 16% falling at a rate of 10mm a year or more.

Nationally, roughly 270 million urban residents are estimated to be affected, with nearly 70 million experiencing rapid subsidence of 10mm a year or more. Hotspots include Beijing and Tianjin.

Coastal cities such as Tianjin are especially affected as sinking land reinforces climate change and sea-level rise. The sinking of sea defences is one reason why Hurricane Katrina's flooding brought such devastation and death-toll to New Orleans in 2005.

Shanghai -- China's biggest city -- has subsided up to 3m over the past century and continues to subside today. When subsidence is combined with sea-level rise, the urban area in China below sea level could triple in size by 2120, affecting 55 to 128 million residents. This could be catastrophic without a strong societal response.




"Subsidence jeopardises the structural integrity of buildings and critical infrastructure and exacerbates the impacts of climate change in terms of flooding, particularly in coastal cities where it reinforces sea-level rise," said Prof Nicholls, who was not involved in the study, but whose research focusses on sea-level rise, coastal erosion and flooding, and how communities can adapt to these changes.

The subsidence is mainly caused by human action in the cities. Groundwater withdrawal, that lowers the water table is considered the most important driver of subsidence, combined with geology and weight of buildings.

In Osaka and Tokyo, groundwater withdrawal was stopped in the 1970s and city subsidence has ceased or greatly reduced showing this is an effective mitigation strategy. Traffic vibration and tunnelling is potentially also a local contributing factor -- Beijing has sinking of 45mm a year near subways and highways. Natural upward or downward land movement also occurs but is generally much smaller than human induced changes.

While human-induced subsidence was known in China before this study, Profs Nicholls and Shirzaei say these new results reinforce the need for a national response. This problem happens in susceptible cities outside China and is a widespread problem across the world.

They call for the research community to move from measurement to understanding implications and supporting responses. The new satellite measurements are delivering new detailed subsidence data but the methods to use this information to work with city planners to address these problems needs much more development. Affected coastal cities in China and more widely need particular attention.

"Many cities and areas worldwide are developing strategies for managing the risks of climate change and sea-level rise," said Prof Nicholls. "We need to learn from this experience to also address the threat of subsidence which is more common than currently recognised."
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      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Holographic displays offer a glimpse into an immersive future
        Researchers have invented a new optical element that brings us one step closer to mixing the real and virtual worlds in an ordinary pair of eyeglasses using high-definition 3D holographic images.

      

      
        Eruption of mega-magnetic star lights up nearby galaxy
        While ESA's satellite INTEGRAL was observing the sky, it spotted a burst of gamma-rays -- high-energy photons -- coming from the nearby galaxy M82. Only a few hours later, ESA's XMM-Newton X-ray space telescope searched for an afterglow from the explosion but found none. An international team realized that the burst must have been an extra-galactic flare from a magnetar, a young neutron star with an exceptionally strong magnetic field.

      

      
        Bioluminescence first evolved in animals at least 540 million years ago
        Bioluminescence first evolved in animals at least 540 million years ago in a group of marine invertebrates called octocorals, according to the results of a new study. The study focuses on an ancient group of marine invertebrates that includes soft corals, pushes back the previous oldest dated example of trait by nearly 300 million years.

      

      
        Squids' birthday influences mating
        The day a male spear squid hatches determines which mating tactic he will use throughout his life, according to new research. Spear squid (Heterololigo bleekeri) that hatch earlier in the season become 'consorts' which fight for mating opportunities. Those which hatch later become 'sneakers,' which use more clandestine mating tactics. Researchers found that the mating tactic determined by the birth date was fixed for the squid's whole life. Understanding how mating tactics are influenced by birth...

      

      
        Frog species evolved rapidly in response to road salts
        When we think of evolution, we think of a process that happens over hundreds or thousands of years. In research recently published, a species of frog that has evolved over the course of merely 25 years. The adaptation was spurred on by something many assume is innocuous: salt.

      

      
        Hey Dave, I've got an idea for you: What's the potential of AI-led workshopping?
        Sure, ChatGPT can write a poem about your pet in the style of T.S Eliot, but generative artificial intelligence (AI) chatbots have a potentially more useful role to play in idea generation according to a new study.

      

      
        Fossil frogs share their skincare secrets
        Palaeontologists have solved a hundred-year-old mystery of how some fossil frogs preserve their fleshy parts -- it's all down to their skin. Palaeontologists studied 45-million-year-old fossil frogs from the Geiseltal site in central Germany. Remarkably, the fossils show full body outlines of the soft tissues. The team discovered that the excellent condition of the fossil frogs is due to preservation of ancient skin remnants.

      

      
        To find life in the universe, look to deadly Venus
        Despite surface temperatures hot enough to melt lead, lava-spewing volcanoes, and puffy clouds of sulfuric acid, uninhabitable Venus offers vital lessons about the potential for life on other planets, a new paper argues.

      

      
        Giant galactic explosion exposes galaxy pollution in action
        Astronomers have produced the first high-resolution map of a massive explosion in a nearby galaxy, providing important clues on how the space between galaxies is polluted with chemical elements.

      

      
        AI and physics combine to reveal the 3D structure of a flare erupting around a black hole
        Based on radio telescope data and models of black hole physics, a team has used neural networks to reconstruct a 3D image that shows how explosive flare-ups in the disk of gas around our supermassive black hole might look.

      

      
        Lemur's lament: When one vulnerable species stalks another
        What can be done when one threatened animal kills another? Scientists studying critically endangered lemurs in Madagascar confronted this difficult reality when they witnessed attacks on lemurs by another vulnerable species, a carnivore called a fosa.

      

      
        New research shines a light on how expert mapmakers see the world differently
        Researchers have found differences between experienced Ordnance Survey (OS) mapmakers and novices in the way that they interpret aerial images for mapmaking, which could lead to improved training processes for new recruits.

      

      
        Octopus inspires new suction mechanism for robots
        A new robotic suction cup which can grasp rough, curved and heavy stone, has been developed by scientists.
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Holographic displays offer a glimpse into an immersive future | ScienceDaily
Setting the stage for a new era of immersive displays, researchers are one step closer to mixing the real and virtual worlds in an ordinary pair of eyeglasses using high-definition 3D holographic images, according to a study led by Princeton University researchers.


						
Holographic images have real depth because they are three dimensional, whereas monitors merely simulate depth on a 2D screen. Because we see in three dimensions, holographic images could be integrated seamlessly into our normal view of the everyday world.

The result is a virtual and augmented reality display that has the potential to be truly immersive, the kind where you can move your head normally and never lose the holographic images from view. "To get a similar experience using a monitor, you would need to sit right in front of a cinema screen," said Felix Heide, assistant professor of computer science and senior author on a paper published April 22 in Nature Communications.

And you wouldn't need to wear a screen in front of your eyes to get this immersive experience. Optical elements required to create these images are tiny and could potentially fit on a regular pair of glasses. Virtual reality displays that use a monitor, as current displays do, require a full headset. And they tend to be bulky because they need to accommodate a screen and the hardware necessary to operate it.

"Holography could make virtual and augmented reality displays easily usable, wearable and ultrathin," said Heide. They could transform how we interact with our environments, everything from getting directions while driving, to monitoring a patient during surgery, to accessing plumbing instructions while doing a home repair.

One of the most important challenges is quality. Holographic images are created by a small chip-like device called a spatial light modulator. Until now, these modulators could only create images that are either small and clear or large and fuzzy. This tradeoff between image size and clarity results in a narrow field of view, too narrow to give the user an immersive experience. "If you look towards the corners of the display, the whole image may disappear," said Nathan Matsuda, research scientist at Meta and co-author on the paper.

Heide, Matsuda and Ethan Tseng, doctoral student in computer science, have created a device to improve image quality and potentially solve this problem. Along with their collaborators, they built a second optical element to work in tandem with the spatial light modulator. Their device filters the light from the spatial light modulator to expand the field of view while preserving the stability and fidelity of the image. It creates a larger image with only a minimal drop in quality.

Image quality has been a core challenge preventing the practical applications of holographic displays, said Matsuda. "The research brings us one step closer to resolving this challenge," he said.

The new optical element is like a very small custom-built piece of frosted glass, said Heide. The pattern etched into the frosted glass is the key. Designed using AI and optical techniques, the etched surface scatters light created by the spatial light modulator in a very precise way, pushing some elements of an image into frequency bands that are not easily perceived by the human eye. This improves the quality of the holographic image and expands the field of view.

Still, hurdles to making a working holographic display remain. The image quality isn't yet perfect, said Heide, and the fabrication process for the optical elements needs to be improved. "A lot of technology has to come together to make this feasible," said Heide. "But this research shows a path forward."
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Eruption of mega-magnetic star lights up nearby galaxy | ScienceDaily
While ESA's satellite INTEGRAL was observing the sky, it spotted a burst of gamma-rays -- high-energy photons -- coming from the nearby galaxy M82. Only a few hours later, ESA's XMM-Newton X-ray space telescope searched for an afterglow from the explosion but found none. An international team, including researchers from the University of Geneva (UNIGE), realised that the burst must have been an extra-galactic flare from a magnetar, a young neutron star with an exceptionally strong magnetic field. The discovery is published in the journal Nature.


						
On 15 November 2023, ESA's satellite INTEGRAL spotted a sudden explosion from a rare object. For only a tenth of a second, a short burst of energetic gamma-rays appeared in the sky. "The satellite data were received in the INTEGRAL Science Data Centre (ISDC), based on the Ecogia site of the UNIGE Astronomy Department, from where a gamma-ray burst alert was sent out to astronomers worldwide, only 13 seconds after its detection," explains Carlo Ferrigno, senior research associate in the Astronomy Department at UNIGE Faculty of Science, PI of the ISDC and co-author of the publication.

The IBAS (Integral Burst Alert System) software gave an automatic localisation coinciding with the galaxy M82, 12 million light-years away. This alert system was developed and is operated by scientists and engineers from the UNIGE in collaboration with international colleagues.

A curious signal from a nearby galaxy? 

"We immediately realised that this was a special alert. Gamma-ray bursts come from far-away and anywhere in the sky, but this burst came from a bright nearby galaxy," explains Sandro Mereghetti of the National Institute for Astrophysics (INAF-IASF) in Milan, Italy, lead author of the publication and contributor of IBAS. The team immediately requested ESA's XMM-Newton space telescope to perform a follow-up observation of the burst's location as soon as possible. If this had been a short gamma-ray burst, caused by two colliding neutron stars, the collision would have created gravitational waves and have an afterglow in X-rays and visible light.

However, XMM-Newton's observations only showed the hot gas and stars in the galaxy. Using ground-based optical telescopes, including the Italian Telescopio Nazionale Galileo and the French Observatoire de Haute-Provence, they also looked for a signal in visible light, starting only a few hours after the explosion, but again did not find anything. With no signal in X-rays and visible light, and no gravitational waves measured by detectors on Earth (LIGO/VIRGO/KAGRA), the most certain explanation is that the signal came from a magnetar.

Magnetars: mega-magnetic stars, recently dead 

"When stars more massive than eight times the Sun die, they explode in a supernova that leaves a black hole or neutron star behind. Neutron stars are very compact stellar remnants with more than the mass of the Sun packed into a sphere with the size of the Canton of Geneva. They rotate quickly and have strong magnetic fields." explains Volodymyr Savchenko, senior research associate in the Astronomy Department at UNIGE Faculty of Science, and co-author of the publication. Some young neutron stars have extra strong magnetic fields, more than 10,000 times that of typical neutron stars. These are called magnetars. They emit energy away in flares, and occasionally these flares are gigantic.




However, in the past 50 years of gamma-ray observations, only three giant flares have been identified as coming from magnetars in our galaxy. These outbursts are very strong: one that was detected in December 2004, came from 30,000 light-years from us but was still powerful enough to affect the upper layers of Earth's atmosphere, like the Solar flares, coming from much closer to us, do.

The flare detected by INTEGRAL is the first firm confirmation of a magnetar flare outside of the Milky Way. M82 is a bright galaxy where star formation takes place. In these regions, massive stars are born, live short turbulent lives and leave behind a neutron star. "The discovery of a magnetar in this region confirms that magnetars are likely young neutron stars," adds Volodymyr Savchenko. The search for more magnetars will continue in other extra-galactic star-forming regions, to?understand these extraordinary astronomical objects. If astronomers can find many more, they can start to understand how often these flares happen and how neutron stars lose energy in the process.

INTEGRAL, a key instrument in a race against time

Outbursts of such short duration can only be captured serendipitously when an observatory is already pointing in the right direction. This makes INTEGRAL with its large field of view, more than 3000 times greater than the sky area covered by the Moon, so important for these detections.

Carlo Ferrigno explains: "Our automatic data processing system is highly reliable and enables us to alert the community immediately." When unexpected observations like this are picked up, INTEGRAL and XMM-Newton can be flexible in their schedules, which is essential in time-crucial discoveries. In this case, had the observations been performed even just a day later, there would not have been such strong proof that this was indeed a magnetar and not a gamma-ray burst.
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Bioluminescence first evolved in animals at least 540 million years ago | ScienceDaily
Bioluminescence first evolved in animals at least 540 million years ago in a group of marine invertebrates called octocorals, according to the results of a new study from scientists with the Smithsonian's National Museum of Natural History.


						
The results, published today, April 23, in the Proceedings of the Royal Society B, push back the previous record for the luminous trait's oldest dated emergence in animals by nearly 300 million years, and could one day help scientists decode why the ability to produce light evolved in the first place.

Bioluminescence -- the ability of living things to produce light via chemical reactions -- has independently evolved at least 94 times in nature and is involved in a huge range of behaviors including camouflage, courtship, communication and hunting. Until now, the earliest dated origin of bioluminescence in animals was thought to be around 267 million years ago in small marine crustaceans called ostracods.

But for a trait that is literally illuminating, bioluminescence's origins have remained shadowy.

"Nobody quite knows why it first evolved in animals," said Andrea Quattrini, the museum's curator of corals and senior author on the study.

But for Quattrini and lead author Danielle DeLeo, a museum research associate and former postdoctoral fellow, to eventually tackle the larger question of why bioluminescence evolved, they needed to know when the ability first appeared in animals.

In search of the trait's earliest origins, the researchers decided to peer back into the evolutionary history of the octocorals, an evolutionarily ancient and frequently bioluminescent group of animals that includes soft corals, sea fans and sea pens. Like hard corals, octocorals are tiny colonial polyps that secrete a framework that becomes their refuge, but unlike their stony relatives, that structure is usually soft. Octocorals that glow typically only do so when bumped or otherwise disturbed, leaving the precise function of their ability to produce light a bit mysterious.




"We wanted to figure out the timing of the origin of bioluminescence, and octocorals are one of the oldest groups of animals on the planet known to bioluminesce," DeLeo said. "So, the question was when did they develop this ability?"

Not coincidentally, Quattrini and Catherine McFadden with Harvey Mudd College had completed an extremely detailed, well-supported evolutionary tree of the octocorals in 2022. Quattrini and her collaborators created this map of evolutionary relationships, or phylogeny, using genetic data from 185 species of octocorals.

With this evolutionary tree grounded in genetic evidence, DeLeo and Quattrini then situated two octocoral fossils of known ages within the tree according to their physical features. The scientists were able to use the fossils' ages and their respective positions in the octocoral evolutionary tree to date to figure out roughly when octocoral lineages split apart to become two or more branches. Next, the team mapped out the branches of the phylogeny that featured living bioluminescent species.

With the evolutionary tree dated and the branches that contained luminous species labeled, the team then used a series of statistical techniques to perform an analysis called ancestral state reconstruction.

"If we know these species of octocorals living today are bioluminescent, we can use statistics to infer whether their ancestors were highly probable to be bioluminescent or not," Quattrini said. "The more living species with the shared trait, the higher the probability that as you move back in time that those ancestors likely had that trait as well."

The researchers used numerous different statistical methods for their ancestral state reconstruction, but all arrived at the same result: Some 540 million years ago, the common ancestor of all octocorals were very likely bioluminescent. That is 273 million years earlier than the glowing ostracod crustaceans that previously held the title of earliest evolution of bioluminescence in animals.




DeLeo and Quattrini said that the octocorals' thousands of living representatives and relatively high incidence of bioluminescence suggests the trait has played a role in the group's evolutionary success. While this further begs the question of what exactly octocorals are using bioluminescence for, the researchers said the fact that it has been retained for so long highlights how important this form of communication has become for their fitness and survival.

Now that the researchers know the common ancestor of all octocorals likely already had the ability to produce its own light, they are interested in a more thorough accounting of which of the group's more than 3,000 living species can still light up and which have lost the trait. This could help zero in on a set of ecological circumstances that correlate with the ability to bioluminesce and potentially illuminate its function.

To this end, DeLeo said she and some of her co-authors are working on creating a genetic test to determine if an octocoral species has functional copies of the genes underlying luciferase, an enzyme involved in bioluminescence. For species of unknown luminosity, such a test would enable researchers to get an answer one way or the other more rapidly and more easily.

Aside from shedding light on the origins of bioluminescence, this study also offers evolutionary context and insight that can inform monitoring and management of these corals today. Octocorals are threatened by climate change and resource-extraction activities, particularly fishing, oil and gas extraction and spills, and more recently by marine mineral mining.

This research supports the museum's Ocean Science Center, which aims to advance and share knowledge of the ocean with the world. DeLeo and Quattrini said there is still much more to learn before scientists can understand why the ability to produce light first evolved, and though their results place its origins deep in evolutionary time, the possibility remains that future studies will discover that bioluminescence is even more ancient.

This study includes authors affiliated with Florida International University, the Monterey Bay Aquarium Research Institute, Nagoya University, Harvey Mudd College and University of California, Santa Cruz.

The research was supported by the Smithsonian, the David and Lucile Packard Foundation, Japan Science and Technology Agency and the U.S. National Science Foundation.
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Squids' birthday influences mating | ScienceDaily
The day a male spear squid hatches determines which mating tactic he will use throughout his life, according to new research. Spear squid (Heterololigo bleekeri) that hatch earlier in the season become "consorts" which fight for mating opportunities. Those which hatch later become "sneakers," which use more clandestine mating tactics. Researchers found that the mating tactic determined by the birth date was fixed for the squid's whole life. Understanding how mating tactics are influenced by birth date, and the environmental conditions at that time, can help researchers consider how squid might be affected by climate change and the implications for marine resource management.


						
What does your date of birth say about you? Maybe you feel it reveals something about your personality, or perhaps even your destiny. For male spear squid, it can tell us a lot about their love life!

A team of researchers in Japan have found that the mating tactics of Spear squid are heavily influenced by the day they were born. These squid can be classified into two types according to their mating techniques: consorts, which fight off rivals to place their sperm inside a female and then guard her while she lays her eggs; and sneakers, which, as the name implies, steal mating opportunities by covertly depositing their sperm on the outside of a female near where she lays her eggs, in the hope of fertilizing them.

Interestingly, this study found that once a squid mating tactic had been determined by their birth date, they stuck with it. Male squid born between early April and mid-July grow large before starting reproduction and become consorts. Squid which hatch later, between early June and mid-August, are smaller when mating season begins and become sneakers. However, even if an early-born squid grew large enough to become a sneaker in the early breeding season, he would postpone maturing and continue growing until he becomes large enough to be a consort. Squid born in early July had a fifty-fifty chance of using either tactic.

"Our results showed that the hatching date determines the whole life trajectory in this species," said Associate Professor Yoko Iwata from the Atmosphere and Ocean Research Institute at the University of Tokyo. "The difference in hatch date means that the squid experience different environmental conditions in early life, which may influence the growth trajectory. If an extreme environmental event, such as an ocean heat wave, happens during the hatching season, it could affect the squid's mature body size and subsequent mating tactic. This would also impact the amount that could be commercially caught enormously."

In total, the team analyzed over 350 squid, which they either caught themselves or took from commercial catch between 2020 and 2023. These are the first reported results which support the "birth date hypothesis" in an aquatic invertebrate. This hypothesis proposes that date of birth influences a male's reproductive tactics and had previously only been recorded in fish. This new discovery suggests that it may actually occur in a wider variety of animals than previously thought.

One surprising find was that the growth rate of the squid differed to what the team expected. Previous studies have shown that squid are very sensitive to environmental conditions, particularly water temperature. So, the team expected to see this influence squid growth. However, results showed that the growth rate early in life was not so different between consorts and sneakers, even though they grew up during different seasons. This raises new questions about what else may be affecting spear squid growth and reproduction, which the researchers think may be down to a complex mix of environmental factors.

Now the team is analyzing a structure inside the squid called the statolith. Statoliths grow daily and were used in the current study to estimate a squid's age by counting the number of layers, similar to tree-ring dating. In addition to estimating age, microelements contained within the statolith can be used to estimate the ocean condition experienced by the squid at the time that part of the statolith developed. For example, the element strontium can be used to estimate experienced water temperature. By analyzing these microelements, the researchers want to determine what environments individual squid experienced throughout their early life and create a clearer picture of how this might have influenced their mating tactics.

"I am interested in the evolution of animal survival and reproduction strategies, in other words, its life history; and also phenotypic plasticity, that is, how individuals respond to environmental changes," said Iwata. "For several reasons I think that spear squid are an ideal organism to study how environmental and ecological conditions can affect life history."
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Frog species evolved rapidly in response to road salts | ScienceDaily
When we think of evolution, we think of a process that happens over hundreds or thousands of years. In research recently published, a team led by Rick Relyea, Ph.D., professor of biological sciences and David M. Darrin '40 Senior Endowed Chair at Rensselaer Polytechnic Institute, found a species of frog that has evolved over the course of merely 25 years. The adaptation was spurred on by something many assume is innocuous: salt.


						
"We've been applying de-icing salts to reduce car accidents in snowy and icy conditions in the United States for 80 years, and we currently apply four times more road salt than we did in the 1970s," said Relyea. "However, the number of studies on its impacts to our environment are relatively few. We're beginning to learn that when salt drains into fresh water, it can kill animals, stunt the growth of fish, cause sex changes in frogs, and make animals more prone to diseases."

"Amphibians like to breed in wetlands, which have smaller water volumes than lakes, so the salt concentrations in wetlands can accumulate to very high levels," said Relyea. "In our study, the highest salt concentration was found in a wetland adjacent to a parking lot that's been there for 25 years, where the salt concentrations are nearly 100 times higher than in pristine wetlands. We found that over the course of just 10 generations, these wood frogs evolved a much higher salt tolerance."

The research team collected frog eggs from nine populations and allowed them to hatch into tadpoles. Then the team examined whether populations of tadpoles from more salt-polluted waters had evolved higher salt tolerance. Tadpoles collected from the saltiest wetland experienced a notably longer time until death when exposed to salt than the eight other populations collected from other areas close to roads and with varying levels of salt, suggesting an evolved tolerance. However, the frogs' ability to adapt does not mean that we should expect them to survive if salt levels increase even more.

Relyea hopes that insights gained from this study will help protect many species of plants and animals that are being exposed to salt pollution.

"The fact that these amphibians rapidly evolved to deal with high salt levels suggests that we have time to avoid extinction, in this species and probably many other species," said Relyea. "Fortunately, cities and towns around the country are learning how they can apply less salt with the same level of safety, by applying it in smarter ways. Everyone across the political spectrum can agree to this win-win proposition: we can apply less salt and protect the environment, while maintaining safe roads and saving money for governments and taxpayers."

"The effects of human activity on our environment must be understood and mitigated," said Curt Breneman, Ph.D., dean of Rensselaer's School of Science. "Thanks to Professor Relyea's research, we have evidence of the effect of road salt on one species. Fortunately, while these results show that certain amphibians can adapt quickly to some environmental toxins, they also provide a warning that scientific and policy solutions must be found to mitigate such pollution."

Relyea was joined in research by Brian Mattes, Candace Schermerhorn, and Isaac Shepard of Rensselaer.
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Hey Dave, I've got an idea for you: What's the potential of AI-led workshopping? | ScienceDaily
In a paper published in JOSPT Open (Journal of Orthopaedic and Sports Physical Therapy), UTS Graduate School of Health Senior Lecturer in Physiotherapy Dr Joshua Pate and PhD candidate Rebecca Fechner write that AI chatbots offer a novel avenue for idea generation, simulating multidisciplinary workshops that traditionally require significant time and resources.


						
"We sought to simulate a multidisciplinary workshop on a complex clinical research question using three freely available AI chatbots -- ChatGPT, Bing Creative Mode and Google Bard -- aiming to broaden and accelerate the co-generation of ideas," Dr Pate said.

"Our focus was on AI's practical applications in educational and clinical settings, particularly to address the challenge of pain in schools, but the findings likely generalise for wider applications -- essentially anyone wanting help brainstorming on problem solving, policy or practice.

"We found that the different chatbots provided some different responses to each of the prompts, but overall the most prominent responses were similar. In our simulation they consistently suggested an online platform or curriculum for pain science education in schools.

"So, the consistency in responses suggested some reliability of the chatbots in co-generating ideas, while the differences between chatbots offered a range of perspectives, enriching the brainstorming process.

"These freely available chatbots are accessible tools for broadening participation in idea generation across various domains.

"While the technology might not be good at the details right now, the chatbots are very good at finding new perspectives and connecting dots in previously unexplored ways."

Dr Pate said the study highlights the potential for AI to contribute to educational strategies and clinical research, leveling the field for resource-limited settings. "By demonstrating the chatbots' ability to seemingly simulate complex workshops, we provide a proof-of-concept that could influence future research methodologies and policy making," he said.
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Fossil frogs share their skincare secrets | ScienceDaily
Palaeontologists at University College Cork (UCC), Ireland, have solved a hundred-year-old mystery of how some fossil frogs preserve their fleshy parts -- it's all down to their skin.


						
Palaeontologists Daniel Falk and Prof. Maria McNamara, together with scientists from Ireland, Germany and the UK, studied 45-million-year-old fossil frogs from the Geiseltal site in central Germany. Remarkably, the fossils show full body outlines of the soft tissues. The team discovered that the excellent condition of the fossil frogs is due to preservation of ancient skin remnants.

The team studied the fossils with high-precision techniques including scanning electron microscopy, synchrotron-X-ray analyses, and infrared spectroscopy. These techniques were not available when the fossils were first discovered in the early twentieth century.

"The quality of preservation of the fossil frog skin is amazing -- even subcellular structures, such as collagen fibres, are preserved." said study lead, PhD researcher Daniel Falk. "The skin of the frogs is replicated in the mineral calcium phosphate, which helped it survive for millions of years."

"The preservation of the skin is so good that we can even work out the habitat of the fossil frogs," said Daniel. "The preserved skin shows adaptations to prevent drying out, which suggests that these fossil frogs actually spent most of their time on land."

"Fossil soft tissues often reveal hidden information about the biology of animals," said senior author Prof. Maria McNamara. "We discovered that the fossil frog skin is preserved in the same way as fossil frogs from other sites in Europe.

"This discovery is very exciting because it overturns scientific opinion that has lasted for almost one hundred years. What's more, the repeated pattern of fossil preservation tells us that frogs evolved special adaptations to life on dry land over 45 million years ago."

The research highlights the usefulness of historic fossil collections and the need to re-evaluate historic specimens using modern techniques.

The study is part of a research cooperation between UCC, the Martin-Luther-University Halle-Wittenberg (Germany), the Natural History Museum Bamberg (Germany) and the University of Oxford (UK) with funding from the Irish Research Council, the European Research Council and the International Association of Sedimentologists. The study is published today in the journal Scientific Reports.
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To find life in the universe, look to deadly Venus | ScienceDaily
Despite surface temperatures hot enough to melt lead, lava-spewing volcanoes, and puffy clouds of sulfuric acid, uninhabitable Venus offers vital lessons about the potential for life on other planets, a new paper argues.


						
"We often assume that Earth is the model of habitability, but if you consider this planet in isolation, we don't know where the boundaries and limitations are," said UC Riverside astrophysicist and paper first author Stephen Kane. "Venus gives us that."

Published today in the journal Nature Astronomy, the paper compiles much of the known information about Earth and Venus. It also describes Venus as an anchor point from which scientists can better understand the conditions that preclude life on planets around other stars.

Though it also features a pressure cooker-like atmosphere that would instantly flatten a human, Earth and Venus share some similarities. They have roughly the same mass and radius. Given the proximity to that planet, it's natural to wonder why Earth turned out so differently.

Many scientists assume that insolation flux, the amount of energy Venus receives from the sun, caused a runaway greenhouse situation that ruined the planet.

"If you consider the solar energy received by Earth as 100%, Venus collects 191%. A lot of people think that's why Venus turned out differently," Kane said. "But hold on a second. Venus doesn't have a moon, which is what gives Earth things like ocean tides and influenced the amount of water here."

In addition to some of the known differences, more NASA missions to Venus would help clear up some of the unknowns. Scientists don't know the size of its core, how it got to its present, relatively slow rotation rate, how its magnetic field changed over time, or anything about the chemistry of the lower atmosphere.




"Venus doesn't have a detectable magnetic field. That could be related to the size of its core," Kane said. "Core size also give us information about how a planet cools itself. Earth has a mantle circulating heat from its core. We don't know what's happening inside Venus."

A terrestrial planet's interior also influences its atmosphere. That is the case on Earth, where our atmosphere is largely the result of volcanic outgassing.

NASA does have twin missions to Venus planned for the end of this decade, and Kane is assisting with both of them. The DAVINCI mission will probe the acid-filled atmosphere to measure noble gases and other chemical elements.

"DAVINCI will measure the atmosphere all the way from the top to the bottom. That will really help us build new climate models and predict these kinds of atmospheres elsewhere, including on Earth, as we keep increasing the amount of CO2," Kane said.

The VERITAS mission, led by NASA's Jet Propulsion Laboratory, won't land on the surface but it will allow scientists to create detailed 3D landscape reconstructions, revealing whether the planet has active plate tectonics or volcanoes.

"Currently, our maps of the planet are very incomplete. It's very different to understand how active the surface is, versus how it may have changed through time. We need both kinds of information," Kane said.




Ultimately, the paper advocates for missions like these to Venus for two main reasons. One is the ability, with better data, to use Venus to ensure inferences about life on farther-flung planets are correct.

"The sobering part of the search for life elsewhere in the universe is that we're never going to have in situ data for an exoplanet. We aren't going there, landing, or taking direct measurements of them," Kane said.

"If we think another planet has life on the surface, we might not ever know we're wrong, and we'd be dreaming about a planet with life that doesn't have it. We are only going to get that right by properly understanding the Earth-size planets we can visit, and Venus gives us that chance."

The other reason to research Venus is that it offers a preview of what Earth's future could look like.

"One of the main reasons to study Venus is because of our sacred duties as caretakers of this planet, to preserve its future. My hope is that through studying the processes that produced present-day Venus, especially if Venus had a more temperate past that's now devastated, there are lessons there for us. It can happen to us. It's a question of how and when," Kane said.
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Giant galactic explosion exposes galaxy pollution in action | ScienceDaily
A team of international researchers studied galaxy NGC 4383, in the nearby Virgo cluster, revealing a gas outflow so large that it would take 20,000 years for light to travel from one side to the other.


						
The discovery was published today in the journal Monthly Notices of the Royal Astronomical Society.

Lead author Dr Adam Watts, from The University of Western Australia node at the International Centre for Radio Astronomy Research (ICRAR), said the outflow was the result of powerful stellar explosions in the central regions of the galaxy that could eject enormous amounts of hydrogen and heavier elements.

The mass of gas ejected is equivalent to more than 50 million Suns.

"Very little is known about the physics of outflows and their properties because outflows are very hard to detect," Dr Watts said.

"The ejected gas is quite rich in heavy elements giving us a unique view of the complex process of mixing between hydrogen and metals in the outflowing gas.

"In this particular case, we detected oxygen, nitrogen, sulphur and many other chemical elements."

Gas outflows are crucial to regulate how fast and for how long galaxies can keep forming stars. The gas ejected by these explosions pollutes the space between stars within a galaxy, and even between galaxies, and can float in the intergalactic medium forever.




The high-resolution map was produced with data from the MAUVE survey, co-led by ICRAR researchers Professors Barbara Catinella and Luca Cortese, who were also co-authors of the study.

The survey used the MUSE Integral Field Spectrograph on the European Southern Observatory's Very Large Telescope, located in northern Chile.

"We designed MAUVE to investigate how physical processes such as gas outflows help stop star formation in galaxies," Professor Catinella said.

"NGC 4383 was our first target, as we suspected something very interesting was happening, but the data exceeded all our expectations.

"We hope that in the future, MAUVE observations reveal the importance of gas outflows in the local Universe with exquisite detail."
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AI and physics combine to reveal the 3D structure of a flare erupting around a black hole | ScienceDaily
Scientists believe the environment immediately surrounding a black hole is tumultuous, featuring hot magnetized gas that spirals in a disk at tremendous speeds and temperatures. Astronomical observations show that within such a disk, mysterious flares occur up to several times a day, temporarily brightening and then fading away. Now a team led by Caltech scientists has used telescope data and an artificial intelligence (AI) computer-vision technique to recover the first three-dimensional video showing what such flares could look like around Sagittarius A* (Sgr A*, pronounced sadge-ay-star), the supermassive black hole at the heart of our own Milky Way galaxy.


						
The 3D flare structure features two bright, compact features located about 75 million kilometers (or half the distance between Earth and the Sun) from the center of the black hole. It is based on data collected by the Atacama Large Millimeter Array (ALMA) in Chile over a period of 100 minutes directly after an eruption seen in X-ray data on April 11, 2017.

"This is the first three-dimensional reconstruction of gas rotating close to a black hole," says Katie Bouman, assistant professor of computing and mathematical sciences, electrical engineering and astronomy at Caltech, whose group led the effort described in a new paper in Nature Astronomy.

Aviad Levis, a postdoctoral scholar in Bouman's group and lead author on the new paper, emphasizes that while the video is not a simulation, it is also not a direct recording of events as they took place. "It is a reconstruction based on our models of black hole physics. There is still a lot of uncertainty associated with it because it relies on these models being accurate," he says.

Using AI informed by physics to figure out possible 3D structures 

To reconstruct the 3D image, the team had to develop new computational imaging tools that could, for example, account for the bending of light due to the curvature of space-time around objects of enormous gravity, such as a black hole.

The multidisciplinary team first considered if it would be possible to create a 3D video of flares around a black hole in June 2021. The Event Horizon Telescope (EHT) Collaboration, of which Bouman and Levis are members, had already published the first image of the supermassive black hole at the core of a distant galaxy, called M87, and was working to do the same with EHT data from Sgr A*. Pratul Srinivasan of Google Research, a co-author on the new paper, was at the time visiting the team at Caltech. He had helped develop a technique known as neural radiance fields (NeRF) that was then just starting to be used by researchers; it has since had a huge impact on computer graphics. NeRF uses deep learning to create a 3D representation of a scene based on 2D images. It provides a way to observe scenes from different angles, even when only limited views of the scene are available.




The team wondered if, by building on these recent developments in neural network representations, they could reconstruct the 3D environment around a black hole. Their big challenge: From Earth, as anywhere, we only get a single viewpoint of the black hole.

The team thought that they might be able to overcome this problem because gas behaves in a somewhat predictable way as it moves around the black hole. Consider the analogy of trying to capture a 3D image of a child wearing an inner tube around their waist. To capture such an image with the traditional NeRF method, you would need photos taken from multiple angles while the child remained stationary. But in theory, you could ask the child to rotate while the photographer remained stationary taking pictures. The timed snapshots, combined with information about the child's rotation speed, could be used to reconstruct the 3D scene equally well. Similarly, by leveraging knowledge of how gas moves at different distances from a black hole, the researchers aimed to solve the 3D flare reconstruction problem with measurements taken from Earth over time.

With this insight in hand, the team built a version of NeRF that takes into account how gas moves around black holes. But it also needed to consider how light bends around massive objects such as black holes. Under the guidance of co-author Andrew Chael of Princeton University, the team developed a computer model to simulate this bending, also known as gravitational lensing.

With these considerations in place, the new version of NeRF was able to recover the structure of orbiting bright features around the event horizon of a black hole. Indeed, the initial proof-of-concept showed promising results on synthetic data.

A flare around Sgr A* to study

But the team needed some real data. That's where ALMA came in. The EHT's now famous image of Sgr A* was based on data collected on April 6-7, 2017, which were relatively calm days in the environment surrounding the black hole. But astronomers detected an explosive and sudden brightening in the surroundings just a few days later, on April 11. When team member Maciek Wielgus of the Max Planck Institute for Radio Astronomy in Germany went back to the ALMA data from that day, he noticed a signal with a period matching the time it would take for a bright spot within the disk to complete an orbit around Sgr A*. The team set out to recover the 3D structure of that brightening around Sgr A*.




ALMA is one of the most powerful radio telescopes in the world. However, because of the vast distance to the galactic center (more than 26,000 light-years), even ALMA does not have the resolution to see Sgr A*'s immediate surroundings. What ALMA measures are light curves, which are essentially videos of a single flickering pixel, which are created by collecting all of the radio-wavelength light detected by the telescope for each moment of observation.

Recovering a 3D volume from a single-pixel video might seem impossible. However, by leveraging an additional piece of information about the physics that are expected for the disk around black holes, the team was able to get around the lack of spatial information in the ALMA data.

Strongly polarized light from the flares provided clues

ALMA doesn't just capture a single light curve. In fact, it provides several such "videos" for each observation because the telescope records data relating to different polarization states of light. Like wavelength and intensity, polarization is a fundamental property of light and represents which direction the electric component of a light wave is oriented with respect to the wave's general direction of travel. "What we get from ALMA is two polarized single-pixel videos," says Bouman, who is also a Rosenberg Scholar and a Heritage Medical Research Institute Investigator. "That polarized light is actually really, really informative."

Recent theoretical studies suggest that hot spots forming within the gas are strongly polarized, meaning the light waves coming from these hot spots have a distinct preferred orientation direction. This is in contrast to the rest of the gas, which has a more random or scrambled orientation. By gathering the different polarization measurements, the ALMA data gave the scientists information that could help localize where the emission was coming from in 3D space.

Introducing Orbital Polarimetric Tomography

To figure out a likely 3D structure that explained the observations, the team developed an updated version of its method that not only incorporated the physics of light bending and dynamics around a black hole but also the polarized emission expected in hot spots orbiting a black hole. In this technique, each potential flare structure is represented as a continuous volume using a neural network. This allows the researchers to computationally progress the initial 3D structure of a hotspot over time as it orbits the black hole to create a whole light curve. They could then solve for the best initial 3D structure that, when progressed in time according to black hole physics, matched the ALMA observations.

The result is a video showing the clockwise movement of two compact bright regions that trace a path around the black hole. "This is very exciting," says Bouman. "It didn't have to come out this way. There could have been arbitrary brightness scattered throughout the volume. The fact that this looks a lot like the flares that computer simulations of black holes predict is very exciting."

Levis says that the work was uniquely interdisciplinary: "You have a partnership between computer scientists and astrophysicists, which is uniquely synergetic. Together, we developed something that is cutting edge in both fields -- both the development of numerical codes that model how light propagates around black holes and the computational imaging work that we did."

The scientists note that this is just the beginning for this exciting technology. "This is a really interesting application of how AI and physics can come together to reveal something that is otherwise unseen," says Levis. "We hope that astronomers could use it on other rich time-series data to shed light on complex dynamics of other such events and to draw new conclusions."
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Lemur's lament: When one vulnerable species stalks another | ScienceDaily
What can be done when one threatened animal kills another? Scientists studying critically endangered lemurs in Madagascar confronted this difficult reality when they witnessed attacks on lemurs by another vulnerable species, a carnivore called a fosa.


						
This dynamic can be particularly complex when the predation occurs in an isolated or poor-quality habitat, according to research from Washington University in St. Louis and the University of Antananarivo in Madagascar.

In the new paper published in Ecology and Evolution, researchers describe how they were observing small groups of critically endangered diademed sifaka lemurs (Propithecus diadema) at Betampona Strict Nature Reserve when the predator struck.

"We were conducting our daily behavioral observations when we came across a very unusual sight -- a predation attempt by a fosa, which is the biggest predator in Madagascar," said WashU's Giovanna Bonadonna, a postdoctoral research associate in biological anthropology in Arts & Sciences and the study's co-first author.

"What we saw was very rare," Bondadonna said. "There are other small carnivores in Madagascar, but they are not big enough to be able to prey upon an adult diademed sifaka because they are among the biggest lemurs. There are not so many predators that could actually get them."

With slender bodies and long tails, fosas (or fossas, Crytoprocta ferox) have many cat-like features. They are great climbers and are sometimes compared to small cougars, though they are actually part of the weasel family.

The fosa is categorized as vulnerable by the International Union for Conservation of Nature and Natural Resources, and is at risk of extinction, as are almost all of its lemur prey. Fosas also eat other small animals such as birds and rodents.




But they're rarely caught in the act. Fosas are stealthy hunters. Researchers have mostly determined what fosas eat by examining bones and other evidence left behind in scat.

"We noticed that a female diademed sifaka that we were following after the first attack didn't run away very far," said Onja Ramilijaona, a PhD candidate at the University of Antananarivo and the other co-first author of the paper. "Instead she stayed still and remained vigilant, looking at the fosa."

Ramilijaona also documented the later discovery of the remains of another diademed sifaka, presumed to have been killed by a fosa because of the condition of the remains and because of the way that branches had been broken in the area. Signs indicated a struggle in the trees.

The researchers also described other instances over a period of 19 months of observation when fosas appeared to stalk lemurs but were unsuccessful in bringing one down as food.

The impact of predation -- combined with low reproductive rates and potentially high inbreeding of the lemur population of Betampona -- could affect the survival of this species at this site, researchers said.

Created in 1927, Betampona was Madagascar's first protected reserve and comprises about 22 square kilometers (about 5,400 acres) of rainforest on the east coast, surrounded by agricultural land. While the land itself is protected, this forest's relatively small size and isolation mean that it can be difficult for plants and animals to continue to breed and survive at Betampona.




"Although Betampona is one of the best protected reserves in Madagascar, its isolation from other viable forests with lemur populations has created a predicament in which the critically endangered lemurs cannot engage in typical dispersal patterns, leading to genetic and demographic isolation," said Lisa Kelley, executive director of the Saint Louis Zoo Wildcare Institute. "The need to study these populations for a possible genetic management study became clear several years back, once there were indications that there were few infant births and even fewer infant survivals."

The impact of predation -- combined with low reproductive rates and potentially high inbreeding of the lemur population of Betampona -- could affect the survival of this species at this site. (Photo: Onja Ramilijaona)

The Saint Louis Zoo and the Missouri Botanical Garden have conducted work at Betampona since the 1980s with the Madagascar Flora and Fauna Group, an international nonprofit, non-governmental organization that enables institutions to collaborate for the united purpose of conserving Madagascar's biodiversity. Washington University, the Saint Louis Zoo and the Missouri Botanical Garden are also partners in the Living Earth Collaborative. This particular effort is part of a larger project in Madagascar made possible with funding from the Living Earth Collaborative and the Eric P. and Evelyn E. Newman Charitable Foundation.

"These most recent observations of fosa attacks are especially troubling, as the observation of predation attacks, especially by the elusive fosa, are very rare," Kelley said.

"It leads to questions of why the fosa are so bold to predate on lemurs in front of humans, and whether the fosa leave Betampona to hunt elsewhere and then return, or whether they are targeting the lemurs within the reserve," she said. "It is an incredible scenario in which you have a vulnerable species potentially over-predating on several critically endangered species."

Senior authors on the study include Krista Milich and Emily Wroblewski, both assistant professors in the Department of Anthropology in Arts & Sciences at Washington University.

"This population of diademed sifakas is already in bad shape," Bonadonna said. "There is a huge predation pressure that was underestimated until we did this behavioral study. We were able to highlight inbreeding and other factors that may be behind the fact that this population cannot thrive at Betampona.

"It's not that the fosa is the bad guy," Bonadonna said. "It's also in need of conservation. This study really highlights how complicated it can be. Human activities lead to changes in dynamics within ecosystems, having cascading effects beyond even what people realize. Despite the effort to conserve one species, it's really the ecosystem and the balance of that ecosystem that is at stake once the habitat is compromised."
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New research shines a light on how expert mapmakers see the world differently | ScienceDaily
Researchers at Aston University have found differences between experienced Ordnance Survey (OS) mapmakers and novices in the way that they interpret aerial images for mapmaking, which could lead to improved training processes for new recruits.


						
OS is well known for its travel and walking maps, but is also responsible for maintaining Great Britain's national geographic database. Every time a building is demolished or developed, or a new road and path built, the map must be updated.

Aerial photographs are taken of the area that has changed, either from a plane or using drones, and expert mapmakers, known as remote sensing surveyors, will examine the images to identify change and accurately redraw the map of the area.

Image pairs are presented stereoscopically, one to each eye, allowing the remote sensing surveyors to see in 3D and correctly assess the topography, such as ditches, hills and hedges.

Led by Professor Andrew Schofield, a team from Aston University's College of Health and Life Sciences, together with Dr Isabel Sargent, previously at OS, carried out a study to understand how remote sensing surveyors interpret the shadows and highlights in images.

The researchers asked six trained remote sensing surveyors and six novices to assess 10,000 stereoscopic aerial images of hedges and ditches, which had been heavily masked with image distortions.

The stereoscopic images the aerial surveyors use for mapmaking are usually taken on sunny days. The human brain is naturally wired to interpret light as coming from above. However, the light does not come from above in the OS aerial images, it depends on the position of the sun. In the UK, north of the equator, light comes slightly from the south, thus appearing to come from below in images viewed by the surveyors.




The researchers wanted to see how manipulating the direction of the light would affect the surveyors.

Professor Schofield and the team swapped the image pairs between the eyes in half of the trials, so that hedges might look like ditches, and ditches look like hedges. The images were also flipped vertically on half the trials, changing the direction of the light source.

Expert surveyors were found to rely on the stereoscopic cues -- the difference in images seen by the two eyes -- when performing the task.

Novices were more likely to rely on lighting cues -- highlights and shadows -- to judge the shape and relief of an object, and assumed, as is natural, that the lighting came from above.

With the manipulated images, this meant that novices frequently made mistakes. Experts were more accurate, even when the images had been turned upside down, and some had learnt to assume that the light source came from the south, or below.

This is the first time anyone has shown that the natural assumption that light comes from above, which is common amongst many animal species, can be changed through long term experience. The researchers say that it could be used to develop new visual training techniques for remote sensing surveyors. For example, intensive exposure to repeated, difficult images can improve performance via a process called perceptual learning.




Professor Schofield said:

"This is a very exciting result. Others have shown that the light-from-above assumption can be altered by a few degrees, but no one has ever found complete reversals following long term experience.

Dr Sargent said:

"This result will help Ordnance Survey to understand the expertise of their staff and improve surveyor training and procedures."

Remote sensing surveyor Andy Ormerod, who worked on the study, said:

"This research proves that experienced remote sensing surveyors can see the world differently. Whereas non-surveyors are used to seeing the world from one perspective, our brains have learned to view the world as seen from aerial imagery."
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Octopus inspires new suction mechanism for robots | ScienceDaily
A new robotic suction cup which can grasp rough, curved and heavy stone, has been developed by scientists at the University of Bristol.


						
The team, based at Bristol Robotics Laboratory, studied the structures of octopus biological suckers, which have superb adaptive suction abilities enabling them to anchor to rock.

In their findings, published in the journal PNAS today, the researchers show how they were able create a multi-layer soft structure and an artificial fluidic system to mimic the musculature and mucus structures of biological suckers.

Suction is a highly evolved biological adhesion strategy for soft-body organisms to achieve strong grasping on various objects. Biological suckers can adaptively attach to dry complex surfaces such as rocks and shells, which are extremely challenging for current artificial suction cups. Although the adaptive suction of biological suckers is believed to be the result of their soft body's mechanical deformation, some studies imply that in-sucker mucus secretion may be another critical factor in helping attach to complex surfaces, thanks to its high viscosity.

Lead author Tianqi Yue explained: "The most important development is that we successfully demonstrated the effectiveness of the combination of mechanical conformation -- the use of soft materials to conform to surface shape, and liquid seal -- the spread of water onto the contacting surface for improving the suction adaptability on complex surfaces. This may also be the secret behind biological organisms ability to achieve adaptive suction."

Their multi-scale suction mechanism is an organic combination of mechanical conformation and regulated water seal. Multi-layer soft materials first generate a rough mechanical conformation to the substrate, reducing leaking apertures to just micrometres. The remaining micron-sized apertures are then sealed by regulated water secretion from an artificial fluidic system based on the physical model, thereby the suction cup achieves long suction longevity on diverse surfaces but with minimal overflow.

Tianqi added: "We believe the presented multi-scale adaptive suction mechanism is a powerful new adaptive suction strategy which may be instrumental in the development of versatile soft adhesion.




"Current industrial solutions use always-on air pumps to actively generate the suction however, these are noisy and waste energy.

"With no need for a pump, it is well known that many natural organisms with suckers, including octopuses, some fishes such as suckerfish and remoras, leeches, gastropods and echinoderms, can maintain their superb adaptive suction on complex surfaces by exploiting their soft body structures."

The findings have great potential for industrial applications, such as providing a next-generation robotic gripper for grasping a variety of irregular objects.

The team now plan to build a more intelligent suction cup, by embedding sensors into the suction cup to regulate suction cup's behaviour.
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