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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.


      
        Breast cancer mortality in women ages 20-49 significantly dropped between 2010 and 2020
        Breast cancer deaths among women ages 20-49 declined significantly between 2010 and 2020, according to a new study.

      

      
        Engineers develop wearable heart attack detection tech
        Every second counts when it comes to detecting and treating heart attacks. A new technology may be able to identify heart attacks faster and more accurately than traditional methods.

      

      
        Engineers advance toward a fault-tolerant quantum computer
        Researchers demonstrated extremely strong nonlinear light-matter coupling in a quantum circuit. Stronger coupling enables faster quantum readout and operations, ultimately improving the accuracy of quantum operations.

      

      
        Increasing physical activity in middle age may protect against Alzheimer's disease
        An increase in physical activity between the ages of 45 and 65 could help prevent Alzheimer's disease, while inactivity may be detrimental to brain health.

      

      
        Children's reading and writing develop better when they are trained in handwriting
        Researchers explored how manual and keyboard practice influenced children's abilities in their reading and writing learning process. 5-year-olds were taught an artificial alphabet using different techniques, and the conclusion was that children who are trained with pencil and paper assimilate new letters and words better.

      

      
        A virtual reality game integrating smell to fight cognitive decline
        Aiming to address age-related cognitive decline, a growing global health challenge, a team of researchers has developed a VR-based smell-training system to help combat it. This innovative VR game activates memory pathways by incorporating olfactory stimulation in a virtual environment. This game-based method offers an engaging platform for maintaining cognitive function and reducing the risk of neurodegenerative diseases such as dementia in older adults.

      

      
        Landmark experiment sheds new light on the origins of consciousness
        An experiment seven years in the making has uncovered new insights into the nature of consciousness and challenges two prominent, competing scientific theories: Integrated Information Theory (IIT) and Global Neuronal Workspace Theory (GNWT). The findings mark a pivotal moment in the goal to understand the elusive origins consciousness.

      

      
        One of Earth's ancient volcanic mysteries solved
        A new study traces a 120-million-year-old 'super-eruption' to its source, offering new insights into Earth's complex geological history.

      

      
        Restoring oil wells back to nature with moss
        In what could represent a milestone in ecological restoration, researchers have implemented a method capable of restoring peatlands at tens of thousands of oil and gas exploration sites in Western Canada. The project involves lowering the surface of these decommissioned sites, known as well pads, and transplanting native moss onto them to effectively recreate peatlands. This is the first time researchers have applied the method to scale on an entire well pad. The study found that the technique re...

      

      
        'Scratching' more than the ocean's surface to map global microplastic movement
        An international team of scientists has moved beyond just 'scratching the surface,' to understand how microplastics move through and impact the global ocean. For the first time, scientists have mapped microplastic distribution from the surface to the deep sea at a global scale -- revealing not only where plastics accumulate, but how they infiltrate critical ocean systems. Researchers synthesized depth-profile data from 1,885 stations collected between 2014 and 2024 to map microplastic distributio...

      

      
        When sea stars fall, sea otters rise: Sea otters benefit from prey boom triggered by loss of ochre sea stars
        In 2013, a sea star wasting syndrome decimated populations of Pisaster along the west coast of North America and along the Monterey Peninsula in California, where this study was conducted. The orange and purple stars have a hungry appetite for mussels in the rocky intertidal. Without the voracious sea stars lurking around, mussel populations exploded, expanding in cover from around five percent to more than 18 percent within three years. In the wake of the sea star die-off, mussels became a major...

      

      
        Giant croclike carnivore fossils found in the Caribbean
        Imagine a crocodile built like a greyhound -- that's a sebecid. Standing tall, with some species reaching 20 feet in length, they dominated South American landscapes after the extinction of dinosaurs until about 11 million years ago. Or at least, that's what paleontologists thought. A new study shows the Caribbean Islands were a refuge for the last sebecid populations at least 5 million years after they went extinct everywhere else.

      

      
        Will the vegetables of the future be fortified using tiny needles?
        Researchers have shown they can inexpensively nanomanufacture silk microneedles to precisely fortify crops, monitor plant health, and detect soil toxins.

      

      
        Synchrotron in a closet: Bringing powerful 3D X-ray microscopy to smaller labs
        For the first time, researchers can study the microstructures inside metals, ceramics and rocks with X-rays in a standard laboratory without needing to travel to a particle accelerator, according to engineers.

      

      
        Study suggests dance and lullabies aren't universal human behaviors
        Social singing and dance are often assumed to be hard-wired into the human condition; studies have supported the conclusion that these are common across cultures. But new research from an anthropologist challenges the idea that dance and lullabies are universal among humans. The study draws on 43 years of research with an Indigenous population in Paraguay.

      

      
        New machine algorithm could identify cardiovascular risk at the click of a button
        An automated machine learning program has been able to identify potential cardiovascular incidents or fall and fracture risks based on bone density scans taken during routine clinical testing.

      

      
        Heart disease deaths worldwide linked to chemical widely used in plastics
        Daily exposure to certain chemicals used to make plastic household items could be linked to more than 356,000 global deaths from heart disease in 2018 alone, a new analysis of population surveys shows. While the chemicals, called phthalates, are in widespread use globally, the Middle East, South Asia, East Asia, and the Pacific bore a much larger share of the death toll than others -- about three-fourths of the total.

      

      
        Rainfall triggers extreme humid heat in tropics and subtropics
        Scientists believe they have found a way to improve warning systems for vulnerable communities threatened by humid heatwaves, which are on the rise due to climate change and can be damaging and even fatal to human health. The study analysed how patterns of recent rainfall can interact with dry or moist land conditions to influence the risk of extreme humid heat in the global tropics and subtropics.

      

      
        Move more, think sharper
        A brisk walk, a splash of water aerobics, or even a light jog around the block -- if your heart rate goes up then so too will your brain health according to new research.

      

      
        Global study links consumption of ultraprocessed foods to preventable premature deaths
        A study analyzing data from nationally representative dietary surveys and mortality data from eight countries (Australia, Brazil, Canada, Chile, Colombia, Mexico, United Kingdom, and United States) shows that premature deaths attributable to consumption of ultraprocessed foods (UPFs) increase significantly according to their share in individuals' total energy intake. The new study reinforces the call for global action to reduce UPF consumption, supported by regulatory and fiscal policies that fos...

      

      
        A vast molecular cloud, long invisible, is discovered near solar system
        Astrophysicists have discovered a potentially star-forming cloud that is one of the largest single structures in the sky and among the closest to the sun and Earth ever to be detected. The scientists have named the molecular hydrogen cloud 'Eos,' after the Greek goddess of mythology who is the personification of dawn.

      

      
        Elephant instead of wild boar? What could have been in Europe
        Even under today's climatic conditions, the long-extinct straight-tusked elephant could still live in Europe. This is the conclusion of a recent study. For this finding, the research group combined fossil finds with reconstructions of past climates.

      

      
        Family first: Scientists reveal long-tailed tits' remarkable family bonds
        Forget fleeting friendships the social secrets of the long-tailed tit has revealed an extraordinary level of family commitment even during migratory journeys. Birds that babysit: scientists reveal long-tailed tits' remarkable family bonds.

      

      
        Layered semiconductor shows potential for next-gen data storage
        A squishy, layered material that dramatically transforms under pressure could someday help computers store more data with less energy. That's according to a new study that shows a hybrid zinc telluride-based material can undergo surprising structural changes when squeezed together like a molecular sandwich.

      

      
        High-wire act: Soft robot can carry cargo up and down steep aerial wires
        Researchers have created a light-powered soft robot that can carry loads through the air along established tracks, similar to cable cars or aerial trams. The soft robot operates autonomously, can climb slopes at angles of up to 80 degrees, and can carry loads up to 12 times its weight.

      

      
        Drug combination reduces breast cancer risk and improves metabolic health in rats
        Researchers investigated the combined effects of bazedoxifene and conjugated estrogens in rat models as an alternative to tamoxifen.

      

      
        Using humor in communication helps scientists connect, build trust
        Scientists aren't comedians, but it turns out a joke or two can go a long way. That's according to a new study that found when researchers use humor in their communication -- particularly online -- audiences are more likely to find them trustworthy and credible.

      

      
        Geoengineering technique could cool planet using existing aircraft
        A technique to cool the planet, in which particles are added to the atmosphere to reflect sunlight, would not require developing special aircraft but could be achieved using existing large planes, according to a new modelling study.

      

      
        'Wood you believe it?' Engineers fortify wood with eco-friendly nano-iron
        With more than 181.5 billion tons of wood produced globally each year, a new method could revolutionize how we build sustainably. By infusing red oak with ferrihydrite using a simple, low-cost process, researchers strengthened the wood at the cellular level without adding weight or altering flexibility -- offering a durable, eco-friendly alternative to steel and concrete. The treated wood retains its natural behavior but gains internal durability -- paving the way for greener alternatives in cons...

      

      
        Climate change increases the risk of simultaneous wildfires
        Climate change is increasing the risk of wildfires in many regions of the world. This is due partly to specific weather conditions -- known as fire weather -- that facilitate the spread of wildfires. Researchers have found that fire weather seasons are increasingly overlapping between eastern Australia and western North America. The research team examined the causes of this shift and its implications for cross-border cooperation between fire services in Canada, the US, and Australia.

      

      
        Scientists observe how blobs form crystals and discover a new crystal type
        Crystals -- from sugar and table salt to snowflakes and diamonds -- don't always grow in a straightforward way. Researchers have now captured this journey from amorphous blob to orderly structures. In exploring how crystals form, the researchers also came across an unusual, rod-shaped crystal that hadn't been identified before, naming it 'Zangenite' for the graduate student who discovered it.

      

      
        Low iron could cause brain fog during menopause transition
        New research sheds light on an understudied area of science: iron levels in the blood and their relationship to cognitive performance in women transitioning into menopause. The findings are good news for women experiencing brain fog and other symptoms.

      

      
        United States sees disproportionate increase in body mass index rates of more than 60
        In the past 20 years, the average rate of obesity among adults in the United States has risen by approximately 30 percent, but the rate of those with the most severe forms of obesity, or those with a body mass index, or BMI, of more than 60 kg/m2, increased by 210 percent. Researchers analyzed national health data from 2001 through 2023, and discovered the alarming increase in the numbers of patients with the most severe forms of obesity.

      

      
        Natural killer cells remember and effectively target ovarian cancer
        Researchers have uncovered a unique ability of a special subtype of natural killer cells in the immune system, called adaptive NK cells, to remember ovarian tumors and effectively attack them. The discovery could pave the way for new, more powerful immunotherapies for difficult-to-treat cancers.

      

      
        New look at galactic region surrounding our solar system: Lyman-alpha emissions
        The NASA New Horizons spacecraft's extensive observations of Lyman-alpha emissions have resulted in the first-ever map from the galaxy at this important ultraviolet wavelength, providing a new look at the galactic region surrounding our solar system.

      

      
        Extreme rainfall: A long-standing hypothesis on temperature dependence finally settled?
        Flash floods resulting from extreme rainfall pose a major risk to people and infrastructure, especially in urban areas. Higher temperatures due to global climate change affect continuous rainfall and short rain showers in somewhat equal measure. However, if both types of precipitation occur at the same time, as is typical for thunderstorm cloud clusters, the amount of precipitation increases more strongly with increasing temperature, as shown in a recent study.

      

      
        Left or right arm? New research reveals why vaccination site matters for immune response
        Scientists have uncovered why vaccines can elicit a stronger immune response if they are administered in the same arm.

      

      
        Bacteria's mysterious viruses can fan flames of antibiotic damage
        Scientists built a model that allows them to diminish phage communities from a mouse gut microbiome -- and then bring them back -- without affecting the bacteria. On a test run of their model, researchers found evidence that phages may increase gut bacteria's sensitivity to antibiotics.

      

      
        Influenza virus hacks cell's internal system
        The influenza virus manipulates the body's gene regulation system to accelerate its own spread. A new study also shows that an already approved drug could help strengthen immune defenses -- though its effect in humans remains to be confirmed.

      

      
        Personality traits shape our prosocial behavior
        Why do some people do more for the community than others? A new study now shows that personality traits such as extraversion and agreeableness correlate with volunteering and charitable giving.

      

      
        Breakthrough extends fuel cell lifespan beyond 200,000 hours, paving the way for clean long-haul trucking
        Researchers have developed a new catalyst design capable of pushing the projected fuel cell catalyst lifespans to 200,000 hours. The research marks a significant step toward the widespread adoption of fuel cell technology in heavy-duty vehicles, such as long-haul tractor trailers. While platinum-alloy catalysts have historically delivered superior chemical reactions, the alloying elements leach out over time, diminishing catalytic performance. The degradation is further accelerated by the demandi...

      

      
        Updated equestrian helmet ratings system adds racing and high-speed events
        Falling off a horse at high-speed changes the impact to the rider's head and the parameters for a quality helmet, according to new research. The findings indicate that head impacts during falls at high speed generate unique head rotation, which in turn, directly affects helmet behavior.

      

      
        Urine test could reveal early prostate cancer
        A newly published study indicates that prostate cancer can be diagnosed at an early stage through a simple urine sample. With the aid of AI and extensive analyses of gene activity in tumors, they have identified new biomarkers of high diagnostic precision.

      

      
        How math helps to protect crops from invasive disease
        New research demonstrates how mathematical modeling can predict outbreaks of toxic fungi in Texas corn crops -- offering a potential lifeline to farmers facing billions in harvest losses.

      

      
        Study using simulations highlights power of pooled data in environmental health research
        Conflicting findings in environmental epidemiology have long stalled consensus on the health effects of toxic chemicals. A new study suggests that one major reason for these inconsistencies may be the limited exposure ranges in individual studies -- leading to underpowered results and unclear conclusions.

      

      
        Largest osteoarthritis genetic study uncovers pathways to new therapies and repurposed drugs
        Researchers have uncovered multiple new genes and genetic pathways that could lead to repurposing hundreds of existing drugs for osteoarthritis, the most common form of arthritis.

      

      
        Blackberries with no thorns? Scientist assembles genome of a blackberry in major step to breed better fruit
        New blackberry varieties could provide a boon for farmers looking to rebound after the decline of Florida citrus and who see an opportunity to meet the growing demand for blackberries, which have soared in popularity in recent years.

      

      
        Trouble hearing in noisy places and crowded spaces? Researchers say new algorithm could help hearing aid users
        BU researchers develop a brain-inspired algorithm that can help people with hearing loss pick out conversations in noisy, crowded spaces.

      

      
        New research shatters long-held beliefs about asteroid Vesta
        For decades, scientists believed Vesta, one of the largest objects in our solar system's asteroid belt, wasn't just an asteroid and eventually concluded it was more like a planet with a crust, mantle and core. Now, new research flips this notion on its head. Astronomers reveals Vesta doesn't have a core. These findings startled researchers who, until that point, assumed Vesta was a protoplanet that never grew to a full planet.

      

      
        A drug dismantles a metabolic barrier to anti-tumor immunity
        A new study has identified a specific mode of fat uptake by immune cells within tumors that serves as a metabolic checkpoint against anti-cancer immune responses.
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Breast cancer mortality in women ages 20-49 significantly dropped between 2010 and 2020 | ScienceDaily
From 2010 to 2020, breast cancer deaths among women ages 20-49 declined significantly across all breast cancer subtypes and racial/ethnic groups, with marked declines starting after 2016, according to an analysis of data from the Surveillance, Epidemiology, and End Results (SEER) registry presented at the American Association for Cancer Research (AACR) Annual Meeting 2025, held April 25-30.


						
Breast cancer incidence rates in women aged 20 to 49 years have been increasing over the past 20 years across most racial and ethnic groups, but few studies have examined mortality data for patients in this age group, according to Adetunji Toriola, MD, PhD, MPH, professor in the Department of Surgery and Division of Public Health Sciences and Siteman Cancer Center at Washington University School of Medicine.

"Understanding recent trends in mortality will enable us to assess progress over the years and inform where to direct resources to reduce cancer burden in this age group," explained Toriola, who presented the study.

Toriola and colleagues analyzed data from the SEER Program 17 registry, which included data on 11,661 breast cancer deaths among women ages 20-49 between 2010 and 2020. They evaluated breast cancer incidence-based mortality by race and molecular subtypes -- including luminal A, luminal B, human epidermal growth factor receptor 2 (HER2)-enriched, and triple-negative breast cancer -- and identified differences in trends using annual percent changes (APC). Additionally, they performed relative survival analyses by examining the 10-year survival rate for each group and subtype.

Across all subtypes and racial/ethnic groups, incidence-based mortality declined from 9.70 per 100,000 women in 2010 to 1.47/100,000 in 2020. Luminal A had the most pronounced decline among the four subtypes, with a decline throughout the time period and the largest drop in 2017 (-32.88% APC). Triple-negative breast cancer followed a similar trend, with 2018 marking its largest decline (-32.82% APC).

Even though the decline in incidence-based mortality was the largest for luminal A overall, the 10-year relative survival for women with this breast cancer subtype varied depending on age. Among women ages 40-49, luminal A had the highest 10-year survival while among women ages 20-39, luminal A (78.3%) had lower 10-year survival than luminal B (84.2%).

"This was unexpected as luminal A is generally the least aggressive subtype with the most favorable prognosis," Toriola said. "This requires confirmation in other studies but may suggest that luminal A tumors in women ages 20-39 may represent a more biologically heterogeneous and potentially aggressive subgroup."

While incidence-based mortality declined for each of the racial/ethnic groups, non-Hispanic Black women had the highest incidence-based mortality in both 2010 (16.56/100,000) and 2020 (3.41/100,000) and non-Hispanic white women had the lowest incidence-based mortality in 2010 (9.18/100,000) and 2020 (1.16/100,000). Declines became most pronounced for non-Hispanic Black women in 2016 (-24.15% APC), for non-Hispanic Asian/Pacific Islander women in 2013 (-18.46% APC), for Hispanic women in 2017 (-30.15% APC), and for non-Hispanic American Indian and Alaska Native women in 2018 (-47.97% APC).




The 10-year relative survival analysis found that non-Hispanic Black women had the worst survival outcomes, while non-Hispanic white women and non-Hispanic Asian/Pacific Islander women had the best.

"We have made tremendous advances in reducing mortality from breast cancer in young women but there are still opportunities for improvements, especially in relation to eliminating disparities," Toriola said.

Toriola explained that the more drastic declines seen after 2016 likely reflect advancements in treatment options, greater uptake of precision medicine, and expanded access to care and screening in women ages 40-49. For example, he mentioned how the broader adoption of CDK4/6 inhibitors and optimization of endocrine therapy, which began receiving FDA approval and clinical adoption between 2015 and 2016, likely played key roles in improving mortality rates for hormone receptor-positive, HER2-negative cancers -- including luminal A.

"We must continue to perform impactful research to ensure further reduction in breast cancer mortality, including research into understanding the tumor biology and molecular mechanisms driving carcinogenesis and treatment response in younger women," Toriola said. "Additionally, we must encourage and provide access to population-based screening in women ages 40-49 and targeted screening in younger high-risk women, and advocate for access to high-quality treatment and care for all women."

Key limitations of this study include a follow-up time limited to 10 years and a relatively smaller number of breast cancer deaths in some racial/ethnic groups.

Funding for this study was provided by the Washington University School of Medicine. Toriola declares no conflicts of interest.
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Engineers develop wearable heart attack detection tech | ScienceDaily
Every second counts when it comes to detecting and treating heart attacks. That's where a new technology from the University of Mississippi comes in to identify heart attacks faster and more accurately than traditional methods.


						
In a study published in Intelligent Systems, Blockchain and Communication Technologies, electrical and computer engineering assistant professor Kasem Khalil shows that a new technology developed at his lab could improve heart attack detection methods without sacrificing accuracy.

"For this issue, a few minutes or even a few extra seconds is going to give this person the care they need before it becomes worse," Khalil said. "Compared to traditional methods, our technology is up to two times faster, while still highly accurate.

"Our target was not only to increase performance for classifying heart attacks. We are also focusing on the design. If we want to make this device a usable machine for any person, that means it has to be something lightweight and economic."

In the United States, someone dies from a heart attack every 40 seconds. Heart disease -- a collection of underlying conditions that can lead to a heart attack -- is the leading cause of death in the United States.

Khalil and his team used artificial intelligence and advanced mathematics to design a chip that can analyze electrocardiograms, known as ECGs -- graphs of the heart's electrical signals -- and detect a heart attack in real-time.

The resulting technology is lightweight and energy efficient enough to be embedded in wearable devices while still being 92.4% accurate -- higher than many current methods.




"We wanted to be able to implement this in a way that is real," said Tamador Mohaidat, a doctoral student in Khalil's lab and co-author of the publication. "This is portable hardware that can be in wearable or monitoring devices.

"This method will save lives because we can monitor the heart in real time."

Mohaidat, from Irbid, Jordan, focused on creating the artificial neural network, while Md. Rahat Kader Khan focused on building the software for the device. Khan, a second-year computer engineering graduate student from Dhaka, Bangladesh, said the Khalil lab is unique in that it focuses on all aspects of the technology they hope to create.

"Some labs only focus on the software part, and they don't think about the hardware that's needed," Khan said. "But in our lab, we focus on the whole product. Each of us has a responsibility, but we work together.

"That's how we optimize the whole system, by focusing on the overall architecture."

Current methods of heart attack detection often must happen in a medical facility. A patient experiencing chest pain or who suspects they're having a heart attack must first go through an electrocardiogram or blood tests to diagnose their condition.




All of that takes time that a patient might not have, the researchers said. If a wearable device such as a watch or a phone can cut down on diagnosis time, patients could get faster treatment.

"When a patient is having a heart attack, the sooner you can treat them, the less likely they are to have permanent damage," Khalil said. "There's a huge time-sensitive element to heart attacks."

While Khalil and his team continue developing the technology, he said he sees other health care applications for these devices.

"We want to be able to predict or identify many problems using technology like this," he said. "Whether that's heart attacks or seizures or dementia. The detection of a disease or condition depends on the disease itself, but we're working to find faster, more efficient ways of doing that."
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Engineers advance toward a fault-tolerant quantum computer | ScienceDaily
In the future, quantum computers could rapidly simulate new materials or help scientists develop faster machine-learning models, opening the door to many new possibilities.


						
But these applications will only be possible if quantum computers can perform operations extremely quickly, so scientists can make measurements and perform corrections before compounding error rates reduce their accuracy and reliability.

The efficiency of this measurement process, known as readout, relies on the strength of the coupling between photons, which are particles of light that carry quantum information, and artificial atoms, units of matter that are often used to store information in a quantum computer.

Now, MIT researchers have demonstrated what they believe is the strongest nonlinear light-matter coupling ever achieved in a quantum system. Their experiment is a step toward realizing quantum operations and readout that could be performed in a few nanoseconds.

The researchers used a novel superconducting circuit architecture to show nonlinear light-matter coupling that is about an order of magnitude stronger than prior demonstrations, which could enable a quantum processor to run about 10 times faster.

There is still much work to be done before the architecture could be used in a real quantum computer, but demonstrating the fundamental physics behind the process is a major step in the right direction, says Yufeng "Bright" Ye PhD '24, lead author of a paper on this research.

"This would really eliminate one of the bottlenecks in quantum computing. Usually, you have to measure the results of your computations in between rounds of error correction. This could accelerate how quickly we can reach the fault-tolerant quantum computing stage and be able to get real-world applications and value out of our quantum computers," says Ye.




He is joined on the paper by senior author Kevin O'Brien, an associate professor and principal investigator in the Research Laboratory of Electronics at MIT who leads the Quantum Coherent Electronics Group in the Department of Electrical Engineering and Computer Science (EECS), as well as others at MIT, MIT Lincoln Laboratory, and Harvard University. The research appears in Nature Communications.

A new coupler

This physical demonstration builds on years of theoretical research in the O'Brien group.

After Ye joined the lab as a PhD student in 2019, he began developing a specialized photon detector to enhance quantum information processing.

Through that work, he invented a new type of quantum coupler, which is a device that facilitates interactions between qubits. Qubits are the building blocks of a quantum computer. This so-called quarton coupler had so many potential applications in quantum operations and readout that it quickly became a focus of the lab.

This quarton coupler is a special type of superconducting circuit that has the potential to generate extremely strong nonlinear coupling, which is essential for running most quantum algorithms. As the researchers feed more current into the coupler, it creates an even stronger nonlinear interaction. In this sense, nonlinearity means a system behaves in a way that is greater than the sum of its parts, exhibiting more complex properties.




"Most of the useful interactions in quantum computing come from nonlinear coupling of light and matter. If you can get a more versatile range of different types of coupling, and increase the coupling strength, then you can essentially increase the processing speed of the quantum computer," Ye explains.

For quantum readout, researchers shine microwave light onto a qubit and then, depending on whether that qubit is in state 0 or 1, there is a frequency shift on its associated readout resonator. They measure this shift to determine the qubit's state.

Nonlinear light-matter coupling between the qubit and resonator enables this measurement process.

The MIT researchers designed an architecture with a quarton coupler connected to two superconducting qubits on a chip. They turn one qubit into a resonator and use the other qubit as an artificial atom which stores quantum information. This information is transferred in the form of microwave light particles called photons.

"The interaction between these superconducting artificial atoms and the microwave light that routes the signal is basically how an entire superconducting quantum computer is built," Ye explains.

Enabling faster readout

The quarton coupler creates nonlinear light-matter coupling between the qubit and resonator that's about an order of magnitude stronger than researchers had achieved before. This could enable a quantum system with lightning-fast readout.

"This work is not the end of the story. This is the fundamental physics demonstration, but there is work going on in the group now to realize really fast readout," O'Brien says.

That would involve adding additional electronic components, such as filters, to produce a readout circuit that could be incorporated into a larger quantum system.

The researchers also demonstrated extremely strong matter-matter coupling, another type of qubit interaction that is important for quantum operations. This is another area they plan to explore with future work.

Fast operations and readout are especially important for quantum computers because qubits have finite lifespans, a concept known as coherence time.

Stronger nonlinear coupling enables a quantum processor to run faster and with lower error, so the qubits can perform more operations in the same amount of time. This means the qubits can run more rounds of error correction during their lifespans.

"The more runs of error correction you can get in, the lower the error will be in the results," Ye says.

In the long run, this work could help scientists build a fault-tolerant quantum computer, which is essential for practical, large-scale quantum computation.

This research was supported, in part, by the Army Research Office, the AWS Center for Quantum Computing, and the MIT Center for Quantum Engineering.
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Increasing physical activity in middle age may protect against Alzheimer's disease | ScienceDaily
An increase in physical activity between the ages of 45 and 65 could help prevent Alzheimer's disease, while inactivity may be detrimental to brain health. This is the main conclusion of a scientific paper published in Alzheimer's & Dementia, which highlights the need to promote physical activity among middle-aged adults. The study is the result of a collaboration between the Barcelona Institute for Global Health (ISGlobal), a center promoted by the "la Caixa" Foundation, and the Barcelonabeta Brain Research Center (BBRC), a research centre of the Pasqual Maragall Foundation.


						
It is estimated that 13% of Alzheimer's disease cases worldwide can be attributed to physical inactivity. In fact, the World Health Organization (WHO) recommends 150 to 300 minutes of moderate activity per week or 75 to 150 minutes of vigorous activity per week. While extensive research has shown that exercise reduces the risk of Alzheimer's disease by improving cardiovascular and mental health, recent studies suggest that physical activity may have a direct impact on the development of brain pathology associated with the disease.

The study, led by Eider Arenaza-Urquijo, researcher at ISGlobal, included 337 participants from the ALFA+ longitudinal cohort, part of the ALFA study (ALzheimer's and FAmilies) at the BBRC, supported by the "la Caixa" Foundation. "We conducted a four-year follow-up of middle-aged residents of Catalonia with a family history of Alzheimer's disease," explains Muge Akinci, doctoral researcher at ISGlobal and the BBRC at the time of the study and first author of the paper. "We used physical activity questionnaires to assess changes in activity over a four-year period and neuroimaging tests to analyse the effects of exercise on brain structure and function," she adds. Participants were classified as adherent (meeting WHO recommendations), non-adherent (doing less than the recommended amount of physical activity), and sedentary (doing zero minutes of physical activity per week).

Benefits of physical activity on brain mechanisms

Beta-amyloid (Ab) is a protein that can impair neural communication when it accumulates in the brain and is considered the first pathological event in Alzheimer's disease. Participants who increased their physical activity to meet WHO-recommended levels showed less beta-amyloid accumulation than those who remained sedentary or reduced their physical activity. Moreover, this effect appeared to be dose-dependent; the greater the increase in activity, the greater the reduction in amyloid burden.

Non-sedentary participants also showed a greater cortical thickness in brain regions associated with Alzheimer's disease. Cortical thickness in the medial temporal area is crucial for memory, so its thinning or atrophy (loss of volume) is an early sign of neurodegeneration.

"Even those who did less physical activity than recommended had greater cortical thickness than sedentary people, suggesting that any amount of exercise, no matter how minimal, has health benefits," explains Muge Akinci.

More exercise as a prevention strategy

The research team looked at both the increase in physical activity and the adherence to WHO recommendations. They observed that the benefits of physical activity appear to be related to increasing activity over time, rather than reaching a specific activity threshold.

"These findings reinforce the importance of promoting physical activity in middle age as a public health strategy for Alzheimer's prevention," emphasises Eider Arenaza-Urquijo, ISGlobal researcher and lead investigator of the study. "Interventions aimed at promoting increased physical activity could be key to reducing the incidence of the disease in the future," she concludes.
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Children's reading and writing develop better when they are trained in handwriting | ScienceDaily
Today, it is common for children's classrooms to have digital resources to be used as tools for certain learning processes. For example, there are computer programs geared towards children who are learning to read and write. Since the exercises that they propose are to be done on computer, the students press keys and buttons, and do away with pencil and paper. To measure the impact of these typing-based methods, a UPV/EHU study made a comparison to analyse the effects of manual and keyboard training on children's skills. "As children write less and less by hand, we wanted to explore the impact of this on alphabetic and orthographic skills. In other words, we wanted to see whether the ability to learn letters and to assimilate and remember word structure develops differently through manual training or the use of keyboards. We concluded that the children who used their hands obtained the best results," explained researcher Joana Acha.


						
To reach this conclusion, an experiment was conducted with 5 to 6-year-olds. This age was chosen because it is the most favourable moment in their development. This is in fact when they begin to acquire the ability to read and write. So 50 children with basic reading comprehension were taught 9 letters of the Georgian and Armenian alphabets, as well as 16 pseudowords invented by the researchers by combining the letters.

"The aim was to use letters and words that were completely new to the children to make sure they were learning from scratch. In fact, the studies carried out so far used the alphabets in the children's culture, so it is not so easy to find out the extent to which they did not know the symbols presented," said Acha.

So all the students were taught new letters and words, but not all in the same way: half of them were asked to copy them by hand and the other half with keyboards. That way the UPV/EHU study was able to focus on the importance of the graphomotor function. In other words, what kind of effect does moving the hand have on the reading and writing process. In fact, when we write on keyboards we do not trace the shape of the letter and so the graphomotor function exerts less influence when it comes to assimilating letter and word structure. By contrast, writing by hand exerts a greater influence.

"Once we had taught each group of children the new letters and words and trained them using one method, we submitted them to three tests to assess the knowledge acquired. We measured their ability to identify, write and pronounce both the letters and the pseudowords, and the results clearly indicated that those who had practised manually developed greater skill. In particular, the difference was clear with the pseudowords; almost everyone who had learnt on computer did not complete the exercises on letter sequences correctly. So our work confirms that the graphomotor function is essential in memorizing letters and word structures," explained Acha.

Variability also exerts an influence

But they did not look at the impact of the degree of hand movement alone. The groups who were working by hand and with keyboards were divided into two subgroups from the start. During the teaching of the letters and the words, among those who were working with pencils, some were asked to follow the guides marked with small dots (technique of low variability). The others, by contrast, practised without any reference at all: copying freely on to the blank page (great variability). They did the same with those who were working on computer: some always used the same font for training (e.g. Tahoma), and others, more than one. That way, the researchers were able to analyse the influence of the shape variability factor in addition to the grapho-motor function.

What they saw was that all those who had been trained by hand were more competent than all those who had worked with keyboards, but even among those who had practised with pencil and paper, there were differences. Those who had been trained freely obtained the best results. "So we concluded that while it helps children to have to trace in order to practice at first, once they're able to make more or less small, precise movements, it's advisable to move on to free writing. However, what is most clear is the need to prioritize manual practice in the learning processes. They learn best from hand movements and so technological devices should only be used in a complementary way," said Acha.
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A virtual reality game integrating smell to fight cognitive decline | ScienceDaily
As the global population ages, supporting older adults in maintaining their cognitive and memory functions has become a pressing concern. The United Nations estimates that by the 2070s, there will be over 2.2 billion people aged 65 or older, surpassing the global number of children under 18. This demographic shift is especially pronounced in Japan, the fastest-aging country, where 28.7% of the population is 65 or older.


						
One promising strategy to counter cognitive decline is through olfactory stimulation -- engaging the sense of smell. Smell signals travel directly to brain regions involved in memory and emotion. Building on this knowledge, a joint research team from Institute of Science Tokyo (Science Tokyo), University of the Arts London, Bunkyo Gakuin University, and Hosei University, Japan, has developed the world's first cognitive training method for older adults by combining olfactory stimulation with virtual reality (VR). The study was published in Volume 15 of the journal Scientific Reports on March 28, 2025.

"VR provides a promising platform to simulate sensory conditions in a controlled yet engaging manner. By combining goal-oriented tasks with real-time feedback, our VR-based olfactory training approach can increase cognitive engagement and maximize its therapeutic impact," says Professor Takamichi Nakamoto from Science Tokyo.

The method involves an olfactory display that emits specific scents during immersive VR gameplay, activating memory- and emotion-related brain regions. In the activity, participants are asked to memorize and later match scents within a virtual environment. The experience begins in a virtual landscape. Using a VR controller, participants interact with a scent source represented by a stone statue. When touched, the statue releases a specific scent, accompanied by a white vapor cloud as a visual cue to reinforce memory.

Participants then explore the virtual landscape to locate a scent source. As they move through the landscape, the olfactory display emits subtle traces of the scent to guide them to the location. Upon reaching the odor source, shown as a stone lantern, they encounter three colored vapor clouds, each emitting a different scent. Their task is to compare the smells and identify the one that matches the original scent they memorized.

"The smell memory phase strengthens odor recognition and memory encoding by linking the olfactory stimulus with a visual cue. The navigation phase challenges players to integrate spatial navigation with odor recognition while retaining memory of the initial scent. The final odor comparison phase engages olfactory discrimination and working memory retrieval, reinforcing cognitive function," explains Nakamoto.

The activity led to noticeable cognitive improvements in 30 older adults aged 63 to 90. After just 20 minutes of playing the VR game, participants showed improvements in visuospatial rotation and memory. Visuospatial processing and cognitive function were assessed through different tasks. In the Hiragana Rotation Task, where they had to decide if rotated Japanese characters matched the original, scores improved from 19-82 to 29-85. In a word-based spatial memory recall task, where participants memorized word positions in a grid, scores rose from 0-15 to 3-15. These improvements were validated through statistical analysis.

With continued research and development toward more affordable olfactory displays or alternate scent delivery methods, olfactory-based VR activities could become an accessible and engaging tool for supporting mental health in older adults.
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Landmark experiment sheds new light on the origins of consciousness | ScienceDaily
An experiment seven years in the making has uncovered new insights into the nature of consciousness and challenges two prominent, competing scientific theories: Integrated Information Theory (IIT) and Global Neuronal Workspace Theory (GNWT). The findings were published today in Nature and mark a pivotal moment in the goal to understand the elusive origins consciousness.


						
IIT suggests that consciousness emerges when information inside a system (like the brain) is highly connected and unified, for as long as the information is consciously perceived, acting as a single whole. On the other hand, GNWT suggests a network of brain areas will spotlight important pieces of information in the brain -- bringing it to the forefront of our minds -- broadcasting it widely the moment it enters consciousness, and this produces conscious experience. The two competing theories were tested against one another in 2019 in a collaborative experiment involving 256 human subjects, and the findings were just released.

"Adversarial collaboration fits within the Allen Institute's mission of team science, open science and big science, in service of one of the biggest, and most long-standing, intellectual challenges of humanity: the Mind-Body Problem," said Christof Koch, Ph.D., meritorious investigator at the Allen Institute. "Unravelling this mystery is the passion of my entire life."

The Findings 

Research showed that there's functional connection between neurons in early visual areas of the brain (the areas that process vision, which are at the back of the brain) and the frontal areas of the brain, helping us understand how our perceptions tie to our thoughts. The findings de-emphasize the importance of the prefrontal cortex in consciousness, suggesting that while it's important for reasoning and planning, consciousness itself may be linked with sensory processing and perception. In other words, intelligence is about doing while consciousness is about being.

This discovery has implications for how we understand consciousness and may shed light on disorders of consciousness such as comas or vegetative states. Identifying where consciousness comes from could help detect "covert consciousness" in unresponsive patients with severe injuries -- a condition known to occur in about one-quarter of cases as reported in the New England Journal of Medicine last year.

Neither Theory Came Out on Top 

Integrated Information Theory (IIT) says consciousness comes from the interaction and cooperation of various parts of the brain as they work together to integrate information, like teamwork. It arises from how these parts are connected and how they share information with each other rather than any one individual area or part of the brain generating consciousness. The study, however, did not find enough lasting connections in the back of the brain to support this idea. Global Neuronal Workspace Theory (GNWT) supports the idea that consciousness happens in the front of the brain, but the study didn't find enough support for this idea either.




"It was clear that no single experiment would decisively refute either theory. The theories are just too different in their assumptions and explanatory goals, and the available experimental methods too coarse, to enable one theory to conclusively win out over another," said Anil Seth, Ph.D., a professor of cognitive and computational neuroscience at the University of Sussex. "Having said all this, the findings of the collaboration remain extremely valuable -- much has been learned about both theories and about where and when in the brain information about visual experience can be decoded from.

The study involved 256 subjects, which is unprecedented for this kind of experiment. Researchers showed them various visual stimuli and then used three common human brain measurement tools that track blood flow as well as magnetic and electrical activity to study their brains while they looked at the stimuli.

The highly collaborative experiment is the result of a large-scale, open science collaboration that began at a workshop at the Allen Institute in 2018. This innovative approach brought together researchers with differing perspectives to test two theories in a collaborative, yet critical, environment aimed at reducing confirmation bias and accelerating scientific progress.

"Adversarial collaborations are a powerful social process, little used because of its challenging nature, within any field that has competing theories," said Koch. "The bio-medical field could hugely profit by 'friendly' competition among theories -- neurobiological or others. But it requires a great deal of cooperation and work."
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One of Earth's ancient volcanic mysteries solved | ScienceDaily
Geologists led by the University of Maryland and the University of Hawai'i finally connected the dots between one of the largest volcanic eruptions in Earth's history and its source deep beneath the Pacific Ocean.


						
In a paper published in the journal Nature on April 30, 2025, the team revealed that the same underwater hotspot created both a chain of underwater volcanoes in the southern Pacific region and the massive Ontong-Java Plateau, the largest volcanic platform on Earth.

"Up until now, we've had this extremely disconnected picture of the Pacific and its volcanoes," said the study's corresponding author Val Finlayson, an assistant research scientist in UMD's Department of Geology. "But for the first time, we're able to make a clear connection between the younger southern and older western Pacific volcanic systems. It's a discovery that gives us a more complete history of how the Pacific Ocean basin has evolved over millions of years to become what it is today."

For years, scientists wondered whether the southern Pacific Ocean's Louisville hotspot -- an area where hot and chemically distinct material from deep inside the Earth rises to the surface to create volcanoes -- formed both the underwater mountain chain bearing its name and the 120-million-year-old Ontong-Java Plateau, a submerged seafloor platform located what is now north of the Solomon Islands. Previous theories and models on how the Pacific seafloor moved attempted to explain the connection between the two major geological features but failed to provide a definitive answer.

"Much of the physical evidence for a connection between Louisville and Ontong-Java has disappeared because part of the Louisville hotspot track was subducted, or pushed, under tectonic plates in the Pacific region," Finlayson said. "We had to sample deeply submerged volcanoes from a different long-lived hotspot track to find evidence from tens of millions of years ago that suggested our models for the Pacific plate needed revision."

Finlayson and her team made their first breakthrough when they discovered a series of underwater mountains near Samoa that were much older than expected for volcanoes in the area. By analyzing the age and chemical makeup of ancient rock samples taken from the area, the researchers concluded that these mountains were part of a much older segment of the Louisville volcanic track, which Finlayson compared to a volcano's "footprints." As the Earth's crust (tectonic plates) moves over hotspots, they form these volcanic tracks.

"We can track these 'footprints' across time and space," Finlayson explained. "The footprints get progressively older as you move away from an active hot spot, similar to how your own footprints will fade away in the sand as you walk. But you can still tell that these prints belong to the same source. Thanks to this new evidence, we were able to revise current models of Pacific plate motion and gain a better understanding of how the seafloor has moved over millions of years."

Finlayson's team now plans to apply their improved models to better understand other ancient volcanic features scattered across the ocean floor and above its surface. As many Pacific island nations currently sit atop volcanic platforms and underwater volcanic chains, Finlayson hopes that her work furthers understanding of the very foundations of those countries. She also believes that her team's discovery will help scientists develop a better understanding of volcanism and geological evolution, not just in the Pacific region, but around the world.

"We've solved one mystery, but there are countless more waiting to be unraveled. This finding offers us a more accurate history of the Pacific and its volcanic activity and helps us understand more about the dynamics and style of volcanism that occurs there," Finlayson said. "Everything new we learn about the Earth's tumultuous past helps us better understand the dynamic planet we live on today."
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Restoring oil wells back to nature with moss | ScienceDaily
In what could represent a milestone in ecological restoration, researchers have implemented a method capable of restoring peatlands at tens of thousands of oil and gas exploration sites in western Canada.


						
Researchers from the University of Waterloo led the project that involves lowering the surface of these decommissioned sites, known as well pads, and transplanting native moss onto them to effectively recreate peatlands. This is the first time researchers have applied the method to scale on an entire well pad. The study found that the technique results in sufficient water for the growth of peatland moss across large portions of the study site.

Historically, restoration efforts involved planting trees or grasses to establish upland forests or grasslands. This newmethod returns a well pad to its condition before drilling occurred and supports the ongoing development of peatland restoration techniques. The discovery can help the oil and gas industry and its regulators better mitigate the long-term impact of resource extraction on Canadian peatland ecosystems.

"These results are the first to suggest that the re-establishment of peatland vegetation on full-scale lowered well pads is possible. through peatlands, which can negatively affect the ecosystem in surrounding areas," said Murdoch McKinnon, PhD candidate in the Faculty of Environment. "Well pads bury all of the native peatland vegetation under clay or sand, negatively impacting the ability of the peatland to sequester carbon and also reducing the availability of habitat for wildlife."

The researchers plan to continue monitoring ecosystem development on the tested well pads to confirm that the transplanted mosses will be self-sustaining over the coming decades. Partners at the Northern Alberta Institute of Technology's Centre for Boreal Research are now applying some of the study's recommendations at sites across northern Alberta.

"Preserving peatlands is critical because of the role they play storing and supplying water in the landscape," said Dr. Richard Petrone, a professor in the Department of Geography and Environmental Management at Waterloo. "They are also our best choice for nature-based climate change solutions because of the vast amounts of carbon that they store."

In the future, researchers will focus on increasing the amount of water that flows from surrounding natural peatlands into well pads to further optimize soil moisture. This will be an essential step given the sensitivity of the native mosses to drying out and might therefore improve regrowth.

Mount Royal University, the Northern Alberta Institute of Technology and Athabasca University also contributed to this work. The study, Hydrologic assessment of mineral substrate suitability for true moss initiation in a boreal peatland undergoing restoration, appears in Ecological Engineering.
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'Scratching' more than the ocean's surface to map global microplastic movement | ScienceDaily
Marine plastic pollution is a global crisis, with 9 to 14 million metric tons of plastic entering the ocean every year. Tiny fragments called microplastics -- ranging from 1 micron to 5 millimeters -- make up the vast majority of plastic pieces found and pose serious risks to ocean health.


						
Most research has focused on surface waters, usually sampling just the top 15 to 50 centimeters using net tows. However, microplastics come in many forms with different properties, influencing how they move and interact with their surroundings.

A researcher from Florida Atlantic University is among an international team of scientists who has moved beyond just "scratching the surface," marking a turning point in our understanding of how microplastics move through and impact the global ocean.

For the first time, scientists have mapped microplastic distribution from the surface to the deep sea at a global scale -- revealing not only where plastics accumulate, but how they infiltrate critical ocean systems. For the study, researchers synthesized depth-profile data from 1,885 stations collected between 2014 and 2024 to map microplastic distribution patterns by size and polymer type, while also evaluating potential transport mechanisms.

Results, published in Nature, reveal that microplastics are not just surface pollutants -- they're deeply embedded in the ocean's structure. Ranging from a few to thousands of particles per cubic meter, their size determines how they move: smaller microplastics (1 to 100 micrometers) spread more evenly and penetrate deeper, while larger ones (100 to 5,000 micrometers) concentrate near the surface, especially within the top 100 meters of gyres. Gyres act like massive, slow-moving whirlpools that trap and concentrate floating debris -- especially plastic.

Strikingly, microplastics are becoming a measurable part of the ocean's carbon cycle, making up just 0.1% of carbon particles at 30 meters but rising to 5% at 2,000 meters. This suggests that microplastics are not only persistent pollutants but may also be altering key biogeochemical processes in the deep sea.

"Microplastics are not just floating at the surface -- they're deeply embedded throughout the ocean, from coastal waters to the open sea," said Tracy Mincer, Ph.D., co-author and an associate professor of biology and biochemistry in FAU's Harriet L. Wilkes Honors College.




Researchers identified more than 56 types of plastic polymers in their synthesized microplastic dataset. While buoyant plastics dominate overall, denser microplastics are more prevalent offshore -- likely because they fragment more readily. Dense polymers become brittle and break down faster, particularly after prolonged exposure to environmental weathering. These small, persistent particles -- often originating from fishing gear and containers like polyester bottles -- can remain in the ocean for decades.

Polypropylene, commonly found in items like yogurt containers and rope, photodegrades more quickly than polyethylene, which is used in plastic bags and water bottles. This may account for its lower abundance in offshore waters. Nonetheless, significant uncertainties remain in subsurface microplastic data due to inconsistent sampling techniques and limited coverage, highlighting the need for specialized equipment and greater collaboration to improve data reliability.

The ocean's water column -- the largest habitat on Earth -- plays a crucial role in global carbon cycling, supporting half of the planet's primary production and absorbing human-made CO?. As microplastics move through this vast space, they interact with natural particles and processes, potentially affecting how the ocean functions.

"Our findings suggest microplastics are becoming a measurable part of the ocean's carbon cycle, with potential consequences for climate regulation and marine food webs," said Mincer. "This work sets the stage for taking the next steps in understanding the residence time of plastic in the interior of the ocean."

The study was led by the Japan Agency for Marine-Earth Science and Technology in collaboration with FAU; Aotearoa Blue Ocean Research in New Zealand; Northeastern University; East China Normal University; NIOZ Royal Netherlands Institute for Sea Research, The Netherlands; The Ocean Cleanup, The Netherlands; Egger Research and Consulting, Switzerland; University of Amsterdam, The Netherlands; Utrecht University, The Netherlands; Universidad Catolica del Norte, Chile; Smithsonian Environmental Research Center; Harvard University; University of Siena, Italy; and the National Biodiversity Future Center, Italy.

Several authors were FAU researchers in the Mincer lab including Luisa Galgani, Ph.D., who served as a Marie Curie Postdoctoral Fellow and is now faculty at the University of Siena; Ryan Bos, Ph.D., who was a Ph.D. student in the integrative biology program at FAU and is now a postdoc at Harvard; and Shiye Zhao, Ph.D., the lead author, who was an FAU postdoc for several years and is now tenured faculty at the Japan Agency for Marine-Earth Science and Technology.
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When sea stars fall, sea otters rise: Sea otters benefit from prey boom triggered by loss of ochre sea stars | ScienceDaily
New research led by Monterey Bay Aquarium reveals a surprising ripple effect in coastal ecosystems: the collapse of one marine predator can benefit another. Published today in the journal Science Advances, the study shows that a mass die-off of ochre sea stars (often called Pisaster ochraceus) due to a sea star wasting event created a mussel boom -- offering sea otters an unexpected prey buffet.


						
"Our research shows that the loss of a predator in one ecosystem can send shockwaves into another," said lead author Dr. Joshua Smith, a research scientist at Monterey Bay Aquarium. "It's an example of how ecosystems are connected through keystone predation in ways that we haven't understood before."

In 2013, a sea star wasting syndrome decimated populations of Pisaster along the west coast of North America and along the Monterey Peninsula in California, where this study was conducted. The orange and purple stars have a hungry appetite for mussels in the rocky intertidal. Without the voracious sea stars lurking around, mussel populations exploded, expanding in cover from around five percent to more than 18 percent within three years. In the wake of the sea star die-off, mussels became a major prey surplus for sea otters, revealing a surprising link between the adjacent rocky intertidal and kelp forest ecosystems. The new research into the phenomenon shows how the loss of a keystone predator (Pisaster) in one ecosystem can impart changes to another (sea otters), linking ecosystems.

Mussel bonanza benefits sea otters

Monterey Bay Aquarium researchers have been observing sea otter foraging behavior for decades. Sea otters consume their prey at the surface, which is key to recording what they eat and where they forage. Following the loss of Pisaster, sea otters more than doubled their mussel consumption, increasing from less than seven percent to nearly 18 percent of their overall diet. The local number of sea otters also increased from a decade average (2000-2012) of 373 to 535 during 2014-2024, and the prey surplus supported the increased numbers.

Increases in mussel consumption by sea otters in the rocky intertidal were documented by the Multi-Agency Rocky Intertidal Network (MARINe) -- a consortium of organizations that conduct long-term ecosystem monitoring. The MARINe group sampled four locations over several decades in the rocky intertidal along the Monterey Peninsula. For each survey, they recorded information on the number of sea stars, the cover of mussels, and how far the mussel beds extended from the upper intertidal toward the water.

"The long-term monitoring data collected by MARINe were really key to cinching the correlation between the decline in sea stars and the increase in mussels," Smith said. "The 2013 sea star wasting event was so abrupt. By late 2013 the local population of stars had nearly collapsed."

"Predators like sea stars and sea otters are essential to maintaining resilient ecosystems. When these predators are removed, everything crumbles," Smith said. "Our findings reveal what we are calling 'keystone interdependence' -- where the loss of a predator in one ecosystem doesn't just affect that particular ecosystem, it also extends to adjacent ecosystems, even benefiting other predators."




From prey surplus to ecological uncertainty

Although sea otters thrived in response to increased availability of mussels, researchers caution this might only be temporary. With mussels now reaching sizes that are too large for sea stars to consume, a return to the previous balance may be slow -- even after Pisaster recovers. Researchers hypothesize that sea otters might shift their diets once again, after they deplete the overabundance of large mussels and after Pisaster eventually recovers.

The study also highlights how climate change compounds the effects of ecosystem shifts. Shortly before the mussel population increase, the largest marine heatwave on record occurred in the northeast Pacific Ocean from 2014-2016. In the sweltering sea temperatures, kelp forests declined, kelp-eating sea urchin numbers exploded, and sea otters shifted their diet toward sea urchins. Later, the sea otters pivoted again -- this time toward mussels as this prey surplus became available in the rocky intertidal.

Predator diversity increases resilience

This study highlights the importance of conservation that considers ecosystems and habitats as being fundamentally connected systems.

"Conservation efforts rarely consider how adjacent ecosystems are connected," said Dr. April Ridlon, co-author of the paper and aquarium director of U.S. and California science. "The findings of this study show that predators are important for enabling ecological resilience, and that when predators decline in one ecosystem, the consequences may be manifest in another."

With climate extremes like marine heatwaves on the rise, understanding how changes in one ecosystem impact another is central to developing effective conservation strategies.

"Predators like sea stars and sea otters are essential to maintaining resilient ecosystems," said co-author and aquarium Senior Sea Otter Biologist Leilani Konrad. "Our findings of keystone interdependence reveal that conservation of predators in one ecosystem can enhance resilience that transcends ecosystems and protects biodiversity."
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Giant croclike carnivore fossils found in the Caribbean | ScienceDaily
Imagine a crocodile built like a greyhound -- that's a sebecid. Standing tall, with some species reaching 20 feet in length, they dominated South American landscapes after the extinction of dinosaurs until about 11 million years ago. Or at least, that's what paleontologists thought, until they began finding strange, fossilized teeth in the Caribbean.


						
"The first question that we had when these teeth were found in the Dominican Republic and on other islands in the Caribbean was: What are they?" said Jonathan Bloch, curator of vertebrate paleontology at the Florida Museum of Natural History.

This initial confusion was warranted. Three decades ago, researchers uncovered two roughly 18 million-year-old teeth in Cuba. With a tapered shape and small, sharp serrations specialized for tearing into meat, it unmistakenly belonged to a predator at the top of the food chain. But for the longest time, scientists didn't think such large, land-based predators ever existed in the Caribbean. The mystery deepened when another tooth turned up in Puerto Rico, this one 29 million years old. The teeth alone weren't enough to identify a specific animal, and the matter went unresolved.

That changed in early 2023, when a research team unearthed another fossilized tooth in the Dominican Republic -- but this time, it was accompanied by two vertebrae. It wasn't much to go on, but it was enough. The fossils belonged to a sebecid, and the Caribbean, far from never having large, terrestrial predators, was a refuge for the last sebecid populations at least 5 million years after they went extinct everywhere else.

A research team described the implications of their finding in a new study published in the Proceedings of the Royal Society B. The study's lead author, Lazaro Vinola Lopez, conducted the research as a graduate student at the University of Florida. He knew his team members had come upon something exceptional when they unearthed the fossils. "That emotion of finding the fossil and realizing what it is, it's indescribable," he said.

Sebecids were the last surviving members of the Notosuchia, a large and diverse group of extinct crocodilians with a fossil record that extends back into the age of dinosaurs. They represented a wide range in size, diet and habitat and were notably different from their crocodile relatives, as most of them lived entirely on land.

The sebecids acted like carnivorous dinosaurs, sprinting after prey on their four long, agile limbs and tearing through flesh with their notorious teeth. Some species could reach 20 feet in length and had protective armor made of bony plates embedded in their skin. The mass extinction event 66 million years ago that wiped out nonavian dinosaurs nearly destroyed notosuchians as well. In South America, only the sebecids endured, and with the dinosaurs gone, they quickly rose to be the apex predator.




The open sea separating the Caribbean islands and mainland South America would have posed a serious challenge for a terrestrial sebecid to swim across. In finding the fossils, the research team revealed possible evidence in support of the GAARlandia hypothesis. This theory suggests a pathway of temporary land bridges or a chain of islands once allowed land animals to travel from South America to the Caribbean.

If, as scientists hypothesize, the serrated teeth discovered on other Caribbean islands also belonged to a sebecid, the history of these giant reptiles extends beyond the Dominican Republic. They would have occupied and shaped the region's ecosystems for millions of years. Yet today you'd be hard-pressed to find evidence of the large terrestrial predators. In their absence, smaller endemic predators like birds, snakes and crocodiles have evolved to fill the gap in the food chain.

"You wouldn't have been able to predict this looking at the modern ecosystem," Bloch said. "The presence of a large predator is really different than we imagined before, and it's exciting to think about what might be discovered next in the Caribbean fossil record as we explore back further in time."

This revelation aligns with similar observations ecologists have described worldwide. Islands are known to act as "museums of biodiversity," providing a haven that allows plants and animals to survive even after their related species have gone extinct on the mainland.

Although the tropics are among the most biodiverse places on Earth, much of their natural history remains a mystery. That's why, according to Bloch, they're the most important -- albeit challenging -- regions for paleontologists to study.

Historically, many paleontologists in the Caribbean have excavated fossils from caves and blue holes, where large accumulations of remains are often found. Caves can serve as shelter against harsh conditions for animals, and predatory birds like owls and hawks frequently bring their prey inside to eat, leaving behind pellets or discarded bones. Blue holes preserve fossils exceptionally well, as they lack the oxygen that fuels decay.




But these locations only provide a narrow snapshot of past biodiversity because most of the fossils are relatively young. While these sites provide valuable insight into recent history, they have their limitations when it comes to older, less well-known fossils.

Today, Caribbean paleontologists are taking a new approach. Finding deep-time fossils often requires more effort and fortunate circumstances, but they're willing to face the obstacles. "This is like a renaissance," said Vinola-Lopez, describing the renewed interest and excitement in the region.

Local scientists have the advantage of being able to react quickly when a potential fossil bed is discovered. The dry, rocky landscapes that contain fossils are hard to come by in the Caribbean, where wind and rain erode outcrops and today's forests cover fossil beds.

"Outcrops don't last too long, so you go there when you can. When they're cutting the road or a few months after that, you find the fossils. If you're looking in a few years, it will be gone," Vinola-Lopez said.

Finding sebecid fossils in the Dominican Republic site was possible because local work crews happened to be cutting a road directly through it. Elson Core, a graduate student from the University of Puerto Rico in Mayaguez at the time, came across the fossil beds while conducting stratigraphy research and alerted his colleagues. Vinola-Lopez learned about the site through fellow paleontologists and was eager to plan a visit for fieldwork.

This study represents one of many incredible discoveries that have recently come out of the Caribbean. Lazaro and his colleagues uncovered the Caribbean's first record of mosasaurs, enormous reptiles that once dominated the seas. Meanwhile, the discovery of the oldest ground sloth fossils in Hispaniola has helped fill a gap in the region's paleontological record.

Even more recent mysteries are coming into focus as well, with research suggesting the arrival of humans may be to blame for the extinction of the island's native rodents. This flow of information and discovery emerging from the region is far from over. As Vinola-Lopez said, "The sebecid is only the tip of the iceberg."
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Will the vegetables of the future be fortified using tiny needles? | ScienceDaily
When farmers apply pesticides to their crops, 30 to 50 percent of the chemicals end up in the air or soil instead of on the plants. Now, a team of researchers from MIT and Singapore has developed a much more precise way to deliver substances to plants: tiny needles made of silk.


						
In a study published today in Nature Nanotechnology, the researchers developed a way to produce large amounts of these hollow silk microneedles. They used them to inject agrochemicals and nutrients into plants, and to monitor their health.

"There's a big need to make agriculture more efficient," says Benedetto Marelli, the study's senior author and an associate professor of civil and environmental engineering at MIT. "Agrochemicals are important for supporting our food system, but they're also expensive and bring environmental side effects, so there's a big need to deliver them precisely."

Yunteng Cao PhD '22, currently a postdoc Yale University, and Doyoon Kim, a former postdoc in the Marelli lab, led the study, which included a collaboration with the Disruptive and Sustainable Technologies for Agricultural Precision (DiSTAP) interdisciplinary research group at the Singapore-MIT Alliance for Research and Technology (SMART).

In demonstrations, the team used the technique to give plants iron to treat a disease known as chlorosis, and to add vitamin B12 to tomato plants to make them more nutritious. The researchers also showed the microneedles could be used to monitor the quality of fluids flowing into plants and to detect when the surrounding soil contained heavy metals.

Overall, the researchers believe the microneedles could serve as a new kind of plant interface for real-time health monitoring and biofortification.

"These microneedles could be a tool for plant scientists so they can understand more about plant health and how they grow," Marelli says. "But they can also be used to add value to crops, making them more resilient and possibly even increasing yields."

The inner workings of plants




Accessing the inner tissues of living plants requires scientists to get through the plants' waxy skin without causing too much stress. In previous work, the researchers used silk-based microneedles to deliver agrochemicals to plants in lab environments and to detect pH changes in living plants. But these initial efforts involved small payloads, limiting their applications in commercial agriculture.

"Microneedles were originally developed for the delivery of vaccines or other drugs in humans," Marelli explains. "Now we've adapted it so that the technology can work with plants, but initially we could not deliver sufficient doses of agrochemicals and nutrients to mitigate stressors or enhance crop nutritional values."

Hollow structures could increase the amount of chemicals microneedles can deliver, but Marelli says creating those structures at scale has historically required clean rooms and expensive facilities like the ones found inside the MIT.nano building.

For this study, Cao and Kim created a new way to manufacture hollow silk microneedles by combining silk fibroin protein with a salty solution inside tiny, cone-shaped molds. As water evaporated from the solution, the silk solidified into the mold while the salt forms crystalline structures inside the molds. When the salt was removed, it left behind in each needle a hollow structure or tiny pores, depending on the salt concentration and the separation of the organic and inorganic phases.

"It's a pretty simple fabrication process. It can be done outside of a clean room -- you could do it in your kitchen if you wanted," Kim says. "It doesn't require any expensive machinery."

The researchers then tested their microneedles' ability to deliver iron to iron-deficient tomato plants, which can cause a disease known as chlorosis. Chlorosis can decrease yields, but treating it by spraying crops is inefficient and can have environmental side effects. The researchers showed that their hollow microneedles could be used for the sustained delivery of iron without harming the plants.




The researchers also showed their microneedles could be used to fortify crops while they grow. Historically, crop fortification efforts have focused on minerals like zinc or iron, with vitamins only added after the food is harvested.

In each case, the researchers applied the microneedles to the stalks of plants by hand, but Marelli envisions equipping autonomous vehicles and other equipment already used in farms to automate and scale the process.

As part of the study, the researchers used microneedles to deliver vitamin B12, which is primarily found naturally in animal products, into the stalks of growing tomatoes, showing that vitamin B12 moved into the tomato fruits before harvest. The researchers propose their method could be used to fortify more plants with the vitamin.

Co-author Daisuke Urano, a plant scientist with DiSTAP, explains that "through a comprehensive assessment, we showed minimal adverse effects from microneedle injections in plants, with no observed short- or long-term negative impacts."

"This new delivery mechanism opens up a lot of potential applications, so we wanted to do something nobody had done before," Marelli explains.

Finally, the researchers explored the use of their microneedles to monitor the health of plants by studying tomatoes growing in hydroponic solutions contaminated with cadmium, a toxic metal commonly found in farms close to industrial and mining sites. They showed their microneedles absorbed the toxin within 15 minutes of being injected into the tomato stalks, offering a path to rapid detection.

Current advanced techniques for monitoring plant health, such as colorimetric and hyperspectral lead analyses, can only detect problems after plants growth is already being stunted. Other methods, such as sap sampling, can be too time-consuming.

Microneedles, in contrast, could be used to more easily collect sap for ongoing chemical analysis. For instance, the researchers showed they could monitor cadmium levels in tomatoes over the course of 18 hours.

A new platform for farming

The researchers believe the microneedles could be used to complement existing agricultural practices like spraying. The researchers also note the technology has applications beyond agriculture, such as in biomedical engineering.

"This new polymeric microneedle fabrication technique may also benefit research in microneedle-mediated transdermal and intradermal drug delivery and health monitoring," Cao says.

For now, though, Marelli believes the microneedles offer a path to more precise, sustainable agriculture practices.

"We want to maximize the growth of plants without negatively affecting the health of the farm or the biodiversity of surrounding ecosystems," Marelli says. "There shouldn't be a trade-off between the agriculture industry and the environment. They should work together."

This work was supported, in part, by the U.S. Office of Naval Research, the U.S. National Science Foundation, SMART, the National Research Foundation of Singapore, and the Singapore Prime Minister's Office.
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Synchrotron in a closet: Bringing powerful 3D X-ray microscopy to smaller labs | ScienceDaily
For the first time, researchers can study the microstructures inside metals, ceramics and rocks with X-rays in a standard laboratory without needing to travel to a particle accelerator, according to a study led by University of Michigan engineers.


						
The new technique makes 3D X-ray diffraction -- known as 3DXRD -- more readily accessible, potentially enabling quick analysis of samples and prototypes in academia and industry, as well as providing more opportunities for students.

3DXRD reconstructs 3D images using X-rays taken at multiple angles, similar to a CT scan. Instead of the imaging device rotating about a patient, a few-millimeters-wide material sample rotates on a stand in front of a powerful beam with about a million times more X-rays than a medical X-ray.

The huge X-ray concentration produces a micro-cale image of the tiny fused crystals that make up most metals, ceramics and rocks -- known as polycrystalline materials.

Results help researchers understand how materials react to mechanical stresses by measuring thousands of individual crystals' volume, position, orientation and strain. For example, imaging a sample from a steel beam under compression can show how crystals respond to bearing the weight of a building, helping researchers understand large-scale wear.

Synchrotrons were once the only facilities able to produce enough X-rays for 3DXRD as electrons spit off scads of X-rays as they travel through circular particle accelerators, which can then be directed into a sample.

While synchrotron X-ray beams produce state-of-the-art detail, there are only about 70 facilities world-wide. Research teams must put together project proposals for "beam time." Accepted projects often must wait six months to up to two years to run their experiments, which are limited to a maximum of six days.




In an effort to make this technique more widely available, the research team worked with PROTO Manufacturing to custom build the first laboratory-scale 3DXRD. As a whole, the instrument is about the size of a residential bathroom, but could be scaled down to the size of a broom closet.

"This technique gives us such interesting data that I wanted to create the opportunity to try new things that are high risk, high reward and allow teachable moments for students without the wait-time and pressure of synchrotron beam time," said Ashley Bucsek, U-M assistant professor of mechanical engineering and materials science and engineering and co-corresponding author of the study published in Nature Communications.

Previously, small-scale devices could not produce enough X-rays for 3DXRD because at a certain point, the electron beam pumps so much power into the anode -- the solid metal surface that the electrons strike to make X-rays -- that it would melt. Lab-3DXRD leverages a liquid-metal-jet anode that is already liquid at room temperature, allowing it to take in more power and produce more X-rays than once possible at this scale.

The researchers put the design to the test by scanning the same titanium alloy sample using three methods: lab-3DXRD, synchrotron-3DXRD and laboratory diffraction contrast tomography or LabDCT -- a technique used to map out crystal structures in 3D without strain information.

Lab-3DXRD was highly accurate, with 96% of the crystals it picked up overlapping with the other two methods. It did particularly well with larger crystals over 60 micrometers, but missed some of the smaller crystals. The researchers note that adding a more sensitive photon-counting detector, which detects the X-rays that are used to build the images, could help catch the finest-grained crystals.

With this technique available in-house, Bucsek's research team can try new experiments, honing parameters to prepare for a larger experiment at a synchrotron.




"Lab-3DXRD is like a nice backyard telescope while synchrotron-3DXRD is the Hubble Telescope. There are still certain situations where you need the Hubble, but we are now well prepared for those big experiments because we can try everything out beforehand," Bucsek said.

Beyond enabling more accessible experiments, lab-3DXRD allows researchers to extend projects past the synchrotron six day limit, which is particularly helpful when studying cyclic loading -- how a material responds to repeated stresses over thousands of cycles.

First author and co-corresponding author Seunghee Oh, a research fellow in mechanical engineering at the time of the study, now works in the X-ray Science Division at Argonne National Laboratory.

The research is funded by the National Science Foundation (CMMI-2142302; DMR-1829070) and the U.S. Department of Energy (Award DE-SC0008637).

Researchers from PROTO Manufacturing also contributed to the study.

LabDCT was performed at the Michigan Center for Materials Characterization.

Study: Taking three-dimensional X-ray diffraction (3DXRD) from the Synchrotron to the laboratory scale (DOI: 10.1038/s41467-025-58255-x)
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Study suggests dance and lullabies aren't universal human behaviors | ScienceDaily
Social singing and dance are often assumed to be hard-wired into the human condition; studies have supported the conclusion that these are common across cultures. But new research from a University of California, Davis, anthropologist challenges the idea that dance and lullabies are universal among humans. The study, published April 29 in Current Biology, draws on 43 years of research with the Northern Ache, an Indigenous population in Paraguay.


						
"Aside from church singing introduced by missionaries, Northern Ache adults sing alone and in a limited number of contexts," said study author Manvir Singh, an assistant professor of anthropology at UC Davis. "As far as we can tell, anthropologists have never observed dancing or infant-directed song among the Northern Ache."

The research -- stemming from detailed and longstanding ethnographic fieldwork by anthropologist, Arizona State University (ASU) professor and study second author Kim Hill -- helps clarify the separate roles biology and cultural transmission play in producing and sustaining dance and lullabies in human societies.

"Dance and infant-related song are widely considered universal, a view that has been supported by cross-cultural research, including my own," said Singh. "And this conclusion, in turn, informs evolutionary theorizing about music's origins."

The research supports the idea that dance and lullabies are learned behaviors that don't arise spontaneously. Individuals must invent, tweak and culturally transmit them.

An extensive ethnographic record

Between 1977 and 2020, Hill, an associate director at the Institute of Human Origins at ASU, spent more than 120 months living among Northern Ache communities. He thoroughly documented various aspects of Ache life and behavior, including their relationship to music.




Hill recorded that singing among the Northern Ache was limited and a solo pursuit, performed by one individual rather than with a group. Men, who sing more than women, sing songs primarily about hunting but sometimes sing about current events and social conflict. Women sing primarily about dead loved ones. Northern Ache children sometimes mimic adult songs.

Over this time, Hill and other researchers witnessed neither infant-directed song nor dancing among the Northern Ache community.

"It's not that the Northern Ache don't have any need for lullabies," Singh said. "Ache parents still calm fussy infants. They use playful speech, funny faces, smiling and giggling. Given that lullabies have been shown to soothe infants, Ache parents would presumably find them useful."

Singh's previous ethnomusicological research suggested that practices like dance and lullabies were universal human behaviors. Eventually, Hill contacted Singh and his co-authors and notified them that the Northern Ache appeared to be an exception.

"I found his observations totally fascinating and hugely important and urged him to publish them," Singh said. "He wasn't sure how to report them, so we ended up writing the manuscript together."

A lost practice

According to the researchers, evidence suggests that the Northern Ache lost dance and infant-related song -- along with other cultural practices such as shamanism, horticulture and the ability to make fire -- during periods when their population dropped significantly.




But it's also possible that the practices were lost when the Northern Ache were settled on reservations. During that time, other traditional behaviors disappeared, including puberty ceremonies and hunting magic.

The researchers note that dance and lullabies may have been introduced to the Northern Ache in the years following the conclusion of Hill's fieldwork in 2020, which coincided with the growing presence of Paraguayan missionaries.

The research supports the idea that infant-directed song and dance aren't inherent human behaviors, like smiling. Rather, they're more like fire-making, a behavior that must be invented and learned.

"This doesn't refute the possibility that humans have genetically evolved adaptations for dancing and responding to lullabies," Singh said. "It does mean, however, that cultural transmission matters much more for maintaining those behaviors than many researchers, including myself, have suspected."
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New machine algorithm could identify cardiovascular risk at the click of a button | ScienceDaily
An automated machine learning program developed by researchers from Edith Cowan University (ECU) in conjunction with the University of Manitoba has been able to identify potential cardiovascular incidents or fall and fracture risks based on bone density scans taken during routine clinical testing.


						
When applying the algorithm to vertebral fracture assessment (VFA) images taken in older women during routine bone density testing, often as part of treatment plans for osteoporosis, the patient's presence and extent of abdominal aortic calcification (AAC) was assessed.

The algorithm shortens the timeframe to screen for AAC significantly, taking less than a minute to predict AAC scores for thousands of images, compared with the five to six minutes it would take for an experienced reader to obtain the AAC score from one image.

During her research, ECU research fellow Dr Cassandra Smith found that 58% of older individuals screened during routine bone density testing presented with moderate to high levels of AAC, with one in four walking through the door unaware that they had high AAC, placing them at the highest risk of heart attack and stroke.

"Women are recognised as being under screened and under-treated for cardiovascular disease. This study shows that we can use widely available, low radiation bone density machines to identify women at high risk of cardiovascular disease, which would allow them to seek treatment.

"People who have AAC don't present any symptoms, and without doing specific screening for AAC, this prognosis would often go unnoticed. By applying this algorithm during bone density scans, women have a much better chance of a diagnosis," Dr Smith said.

Using the same algorithm, ECU senior research fellow Dr Marc Sim found that these patients with moderate to high AAC scores also had a greater chance of fall-associated hospitalisation and fractures, compared with those with low AAC scores.




"The higher the calcification in your arteries, the higher the risk of falls and fracture," Dr Sim said.

"When we look at traditional falls and fracture risk factors, things like have you fallen in the past year and bone mineral density are generally very good indicators of how likely someone is to fall and fracture. Some medications are also associated with higher falls risks. Rarely do we consider vascular health when considering falls and fractures.

"Our analysis uncovered that AAC was a very strong contributor to falls risks and was actually more significant than other factors that are clinically identified as falls risk factors."

Dr Sim said that the new machine algorithm, when applied to bone density scans, could give clinicians more information around the vascular health of patients, which is an under-recognised risk factor for falls and fractures.
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Heart disease deaths worldwide linked to chemical widely used in plastics | ScienceDaily
Daily exposure to certain chemicals used to make plastic household items could be linked to more than 356,000 global deaths from heart disease in 2018 alone, a new analysis of population surveys shows.


						
While the chemicals, called phthalates, are in widespread use globally, the Middle East, South Asia, East Asia, and the Pacific bore a much larger share of the death toll than others -- about three-fourths of the total.

For decades, experts have connected health problems to exposure to certain phthalates found in cosmetics, detergents, solvents, plastic pipes, bug repellants, and other products. When these chemicals break down into microscopic particles and are ingested, studies have linked them to an increased risk of conditions ranging from obesity and diabetes to fertility issues and cancer.

Led by researchers at NYU Langone Health, the current study focused on a kind of phthalate called di-2-ethylhexyl phthalate (DEHP), which is used to make food containers, medical equipment, and other plastic softer and more flexible. Exposure has been shown in other studies to prompt an overactive immune response (inflammation) in the heart's arteries, which, over time, is associated with increased risk of heart attack or stroke. In their new analysis, the authors estimated that DEHP exposure contributed to 356,238 deaths, or more than 13% of all global mortality from heart disease in 2018 among men and women ages 55 through 64.

"By highlighting the connection between phthalates and a leading cause of death across the world, our findings add to the vast body of evidence that these chemicals present a tremendous danger to human health," said study lead author Sara Hyman, BS, an associate research scientist at NYU Grossman School of Medicine.

According to the authors, the resulting economic burden from the deaths identified in their study was estimated to be around $510 billion and may have reached as high as $3.74 trillion.

In a past study from 2021, the research team tied phthalates to more than 50,000 premature deaths each year, mostly from heart disease, among older Americans. Their latest investigation is believed to be the first global estimate to date of cardiovascular mortality -- or indeed any health outcome -- resulting from exposure to the chemicals, says Hyman, who is also a graduate student at NYU School of Public Global Health.




A report on the findings is publishing online April 29 in the journal Lancet eBiomedicine.

For the research, the team used health and environmental data from dozens of population surveys to estimate DEHP exposure across 200 countries and territories. The information included urine samples containing chemical breakdown products left by the plastic additive. Mortality data was obtained from the Institute for Health Metrics and Evaluation, a research group in the US that collects medical information worldwide to identify trends in public health.

Among the key findings, the study showed that losses in the combined region of East Asia and the Middle East and the combined region of East Asia and the Pacific accounted, respectively, for about 42% and 32% of the mortality from heart disease linked to DEHP. Specifically, India had the highest death count at 103,587 deaths, followed by China and Indonesia. The larger heart death risks in these populations held true even after the researchers adjusted their statistical analysis to take into account population size within the studied age group.

A possible explanation, the authors say, is that these countries face higher rates of exposure to the chemicals, possibly because they are undergoing a boom in plastic production but with fewer manufacturing restrictions than other regions.

"There is a clear disparity in which parts of the world bear the brunt of heightened heart risks from phthalates," said study senior author Leonardo Trasande, MD, MPP. "Our results underscore the urgent need for global regulations to reduce exposure to these toxins, especially in areas most affected by rapid industrialization and plastic consumption," added Trasande, the Jim G. Hendrick, MD, Professor of Pediatrics at NYU Grossman School of Medicine.

Trasande, who is also a professor in the Department of Population Health, cautions that the analysis was not designed to establish that DEHP directly or alone caused heart disease and that higher death risks did not take into account other types of phthalates. Nor did it include mortality among those in other age groups. As a result, the overall death toll from heart disease connected to these chemicals is likely much higher, he says.




Trasande says that the researchers next plan to track how reductions in phthalate exposure may, over time, affect global mortality rates, as well as to expand the study to other health concerns posed by the chemicals, such as preterm birth. Trasande also serves as director of NYU Grossman School of Medicine's Division of Environmental Pediatrics and the Center for the Investigation of Environmental Hazards.

Funding for the study was provided by National Institutes of Health grant P2CES033423. Further study funding was provided by Beyond Petrochemicals.

Trasande has received support for travel or meetings from the Endocrine Society, World Health Organization, the United Nations Environment Programme, Japan's Environment and Health Ministries, and the American Academy of Pediatrics. He has also received royalties and licenses from Houghton Mifflin Harcourt, Audible, Paidos, and Kobunsha, and has served in leadership or fiduciary roles at Beautycounter, Ahimsa, Grassroots Environmental Education, and Footprint. None of these activities were related to the current study. The terms and conditions of all of these relationships are being managed by NYU Langone Health.

In addition to Hyman and Trasande, other NYU Langone researchers involved in the study are Jonathan Acevedo, MPH, and Chiara Gianarelli, MD, PhD.
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Rainfall triggers extreme humid heat in tropics and subtropics | ScienceDaily
Scientists believe they have found a way to improve warning systems for vulnerable communities threatened by humid heatwaves, which are on the rise due to climate change and can be damaging and even fatal to human health.


						
The team, from the University of Leeds and the UK Centre for Ecology and Hydrology has provided the first ever analysis of how patterns of recent rainfall can interact with dry or moist land conditions to influence the risk of extreme humid heat in the global tropics and subtropics.

The study, which is published today in the journal Nature Communications, offers new insight which could lead to the development of early warning systems for vulnerable communities in those regions.

Climate change means humid heatwaves are a growing risk to human and animal health, especially in tropical regions. While there is established research into dry heatwaves, there is little understanding of the meteorological drivers of extreme humid heat.

Humid heat is related to heat stress, occurring when environmental conditions overwhelm the body's ability to cool itself. Severe heat stress leads to an increase in the core body temperature of 3degC or more and can cause confusion, seizures, and loss of consciousness. If not treated promptly, severe heat stress can lead to muscle damage, major organ failure, and death.

Humid heatwaves are particularly concerning for humans because a wet-bulb temperature (a measure of temperature that accounts for how much cooling can occur through evaporation under ideal conditions) of 35degC means they are unable to shed heat effectively through sweating. Several subtropical coastal locations have already experienced this 35degC threshold.

Lead author of the study Dr Lawrence Jackson, a Research Fellow in the School of Earth and Environment, said: "With climate change driving more frequent and intense humid heat events, particularly in tropical and subtropical regions, the risks to vulnerable populations and outdoor workers are increasing.




"The new understanding provided by our research highlights the potential for improved humid heat early warning systems, using near real-time satellite observations for soil moisture and rainfall."

The team studied humid heatwaves across the tropics and subtropics using weather and climate data from 2001 to 2022.

The researchers identified heatwave events and looked at how they were influenced by recent rainfall, using satellite observations to distinguish between wetter and drier days. They then calculated how likely a heatwave was to occur after these different rainfall conditions.

Humid heatwaves are widespread across the global tropics and subtropics. They occur in monsoon regions such as West Africa, India, East China, and north Australia, in humid regions such as the Amazon, southeast US, and the Congo basin, and in hot coastal regions in the Middle East.

The new study reveals that recent rainfall patterns play a critical role in triggering humid heatwaves in tropical and subtropical regions, with the results showing that the risk of humid heatwaves depends on whether the surface environment is drier or wetter.

In drier regions, humid heatwaves are more likely during or just after periods of enhanced rainfall. In wetter regions, humid heatwaves tend to follow at least two days of suppressed rainfall.




This difference arises because rainfall increases moisture in soils making conditions more humid. By contrast, less rainfall and fewer clouds allow the land to warm, thereby increasing temperatures.

Cathryn Birch, Professor in Meteorology and Climate in the School of Earth and Environment, led the study. She explained: "The outlook for tropical humid heat is really concerning. Humans avoid overheating by sweating. Evaporation of the sweat cools your body, allowing you to maintain a safe body temperature. Humidity makes this less effective.

"Humid heatwaves can be lethal at air temperatures that for dry heat would be relatively safe. The tropics are naturally humid and even an apparently small increase in global temperatures leads to large increases in dangerous humid heat extremes. We not only need to urgently cut greenhouse gas emissions but also need improved early warning systems for humid heat.

Co-author John Marsham, a Professor of Atmospheric Science in the School of Earth and Environment, added: "Our results focus on the daily timescale for these heatwaves. An obvious next step would be to extend our analysis to hourly time scales which might allow us to work towards near real-time predictions with all the benefits that would bring to vulnerable communities."
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Move more, think sharper | ScienceDaily
A brisk walk, a splash of water aerobics, or even a light jog around the block -- if your heart rate goes up then so too will your brain health according to new research from the University of South Australia.


						
Conducted in partnership with the US-based AdventHealth Research Institute, the new study found that staying active through moderate-to-vigorous physical activity is associated with significantly better processing speed, working memory, and executive function in older adults.

Interestingly, the biggest cognitive gains were seen among people who went from doing no moderate-to-vigorous physical activity, to even doing just five minutes, clearly illustrating the power of exercise for the human brain.

Assessing data from 585 older adults (aged 65-80 years) in the USA-based IGNITE trial*, the study examined associations between time spent in sleep, sedentary behaviour, light physical activity, and moderate-to-vigorous physical activity across the 24-hr day, and cognitive performance.

Researchers identified a two-way relationship between 'huff-and-puff' physical activity and brain health: do more exercise and your brain health improves; but do less and it declines.

UniSA researcher, Dr Maddison Mellow says the study highlights how small changes to your daily activities can have big impacts on your brain health.

"There are three mutually exclusive lifestyle behaviours in the 24-hour day -- sleep, sedentary behaviour and physical activity -- and how these interact to influence our health outcomes," Dr Mellow says.




"For example, we know that being more active can improve our sleep; or having a better night's sleep could boost our energy levels to perform physical activity the next day. But what we don't know is the optimal balance of time spent in each of these behaviours to maximise cognitive performance.

"In this study we explored how different uses of time impact your brain. We found that higher levels of moderate-to-vigorous physical activity -- that is, activity performed at higher intensities that increases your heart rate and breathing -- was related to better cognitive performance.

"Specifically, 'huff-and-puff' physical activity (like aerobic exercise) improves processing speed (how fast your brain thinks), executive function (how well you plan, focus, and multitask) and working memory (your ability to store information for short periods of time).

"Importantly, the opposite was also true: lower levels of this higher intensity physical activity were related to poorer performance on these tests."

The findings were consistent across different genetic and demographic backgrounds. Interestingly, the findings did not extend to episodic memory (the what, where and when details of an event) or visuospatial function outcomes (your ability to recognise places and navigate through spaces).

Co-researcher, Dr Audrey Collins, says understanding the interplay between different activities could empower older people to make positive health changes.




"There are only 24 hours in a day, so every day, we make decisions about how we spend our time. For example, if we sleep for eight hours, then there's 16 hours remaining for waking behaviours like physical activity or sedentary behaviour; that's the basic reality," Dr Collins says.

"Our results show that how we choose to spend our time across the 24-hour day may be differentially related to our brain health.

"Understanding that we need to prioritise physical activity -- such as physical activity that gets our heart rates up, according to our findings -- is the key.

"With one in six people in the world expected to be 60 years or older by 2030, we need to make sure we are supporting and empowering people to age well.

"In this instance, we hope that knowledge is power: boost your physical activity and boost your brain health to stay fit and well as you age. However, these results are cross-sectional and need to be tested longitudinally and experimentally."

Notes:

* The IGNITE study was conducted at the University of Pittsburgh (Pittsburgh, PA), University of Kansas Medical Center (Kansas City, KS), and Northeastern University (Boston, MA) and involved a large, well-characterised sample of cognitively unimpaired older adults. Participants were, on average, 69.8 years of age, predominantly female (70%), and self-reported as inactive.
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Global study links consumption of ultraprocessed foods to preventable premature deaths | ScienceDaily
A study analyzing data from nationally representative dietary surveys and mortality data from eight countries (Australia, Brazil, Canada, Chile, Colombia, Mexico, United Kingdom, and United States) shows that premature deaths attributable to consumption of ultraprocessed foods (UPFs) increase significantly according to their share in individuals' total energy intake. The new study, appearing in the American Journal of Preventive Medicine, published by Elsevier, reinforces the call for global action to reduce UPF consumption, supported by regulatory and fiscal policies that foster healthier environments.


						
UPFs are ready-to-eat-or-heat industrial formulations that are made with ingredients extracted from foods or synthesized in laboratories, with little or no whole foods in their composition. These have gradually been replacing traditional foods and meals made from fresh and minimally processed ingredients.

Lead investigator of the study Eduardo Augusto Fernandes Nilson, DSc, Oswaldo Cruz Foundation (Fiocruz), Brazil, says, "UPFs affect health beyond the individual impact of high content of critical nutrients (sodium, trans fats, and sugar) because of the changes in the foods during industrial processing and the use of artificial ingredients, including colorants, artificial flavors and sweeteners, emulsifiers, and many other additives and processing aids, so assessing deaths from all-causes associated with UPF consumption allows an overall estimate of the effect of industrial food processing on health."

While previous studies focused on specific dietary risk factors instead of food patterns, the current study modeled data from nationally representative dietary surveys and mortality data from eight countries (Australia, Brazil, Canada, Chile, Colombia, Mexico, United Kingdom, and United States) to link dietary patterns, considering the extent and purpose of industrial food processing, to deaths from all causes.

Dr. Nilson explains, "We first estimated a linear association between the dietary share of UPFs and all-cause mortality, so that each 10% increase in the participation of UPFs in the diet increases the risk of death from all causes by 3%. Then, using the relative risks and the food consumption data for all countries (ranging from 15% of the total energy intake in Colombia, to over 50% of the calories in the United States), we built a model that estimated that the percentage of all-cause premature preventable deaths due to the consumption of UPFs can vary from 4% in countries with lower UPF consumption to almost 14% in countries with the highest UPF consumption. For example, in 2018, 124,000 premature deaths were attributable to the consumption of UPFs in the United States."

High consumption of UPFs has been associated with 32 different diseases, including cardiovascular disease, obesity, diabetes, some types of cancer, and depression. For the first time, this study has estimated the burden of UPF intake on premature deaths from all-causes in different countries, showing that the attributable mortality is significant in all settings and that addressing UPF consumption should be a global public nutrition priority.

Dr. Nilson notes, "It is concerning that, while in high-income countries UPF consumption is already high but relatively stable for over a decade, in low- and middle-income countries the consumption has continuously increased, meaning that while the attributable burden in high-income countries is currently higher, it is growing in the other countries. This shows that policies that disincentivize the consumption of UPFs are urgently needed globally, promoting traditional dietary patterns based on local fresh and minimally processed foods."
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A vast molecular cloud, long invisible, is discovered near solar system | ScienceDaily
An international team of scientists led by a Rutgers University-New Brunswick astrophysicist has discovered a potentially star-forming cloud that is one of the largest single structures in the sky and among the closest to the sun and Earth ever to be detected.


						
The vast ball of hydrogen, long invisible to scientists, was revealed by looking for its main constituent -- molecular hydrogen. The finding marks the first time a molecular cloud has been detected with light emitted in the far-ultraviolet realm of the electromagnetic spectrum and opens the way to further explorations using the approach.

The scientists have named the molecular hydrogen cloud "Eos," after the Greek goddess of mythology who is the personification of dawn. Their discovery is outlined in a study published in Nature Astronomy.

"This opens up new possibilities for studying the molecular universe," said Blakesley Burkhart, an associate professor in the Department of Physics and Astronomy in the Rutgers School of Arts and Sciences who led the team and is an author on the study. Burkhart is also a research scientist at the Center for Computational Astrophysics at the Flatiron Institute in New York.

Molecular clouds are composed of gas and dust -- with the most common molecule being hydrogen, the fundamental building block of stars and planets and essential for life. They also contain other molecules such as carbon monoxide. Molecular clouds are often detected using conventional methods such as radio and infrared observations that easily pick up the chemical signature for carbon monoxide.

For this work, the scientists employed a different approach.

"This is the first-ever molecular cloud discovered by looking for far ultraviolet emission of molecular hydrogen directly," Burkhart said. "The data showed glowing hydrogen molecules detected via fluorescence in the far ultraviolet. This cloud is literally glowing in the dark."

Eos poses no danger to Earth and the solar system. Because of its proximity, the gas cloud presents a unique opportunity to study the properties of a structure within the interstellar medium, scientists said.




The interstellar medium, made of gas and dust that fills the space between stars within a galaxy, serves as raw material for new star formation.

"When we look through our telescopes, we catch whole solar systems in the act of forming, but we don't know in detail how that happens," Burkhart said. "Our discovery of Eos is exciting because we can now directly measure how molecular clouds are forming and dissociating, and how a galaxy begins to transform interstellar gas and dust into stars and planets."

The crescent-shaped gas cloud is located about 300 light years away from Earth. It sits on the edge of the Local Bubble, a large gas-filled cavity in space that encompasses the solar system. Scientists estimate that Eos is vast in projection on the sky, measuring about 40 moons across the sky, with a mass about 3,400 times that of the sun. The team used models to show it is expected to evaporate in 6 million years.

"The use of the far ultraviolet fluorescence emission technique could rewrite our understanding of the interstellar medium, uncovering hidden clouds across the galaxy and even out to the furthest detectable limits of cosmic dawn," said Thavisha Dharmawardena, a NASA Hubble Fellow at New York University and a shared first author of the study.

Eos was revealed to the team in data collected by a far-ultraviolet spectrograph called FIMS-SPEAR (an acronym for fluorescent imaging spectrograph) that operated as an instrument on the Korean satellite STSAT-1. A far-ultraviolet spectrograph breaks down far-ultraviolet light emitted by a material into its component wavelengths, just as a prism does with visible light, creating a spectrum that scientists can analyze.

The data had just been released publicly in 2023 when Burkhart came across it.




"It was kind of like just waiting to be explored," she said.

The findings highlight the importance of innovative observational techniques in advancing the understanding of the cosmos, Burkhart said. She noted that Eos is dominated by molecular hydrogen gas but is mostly "CO-dark," meaning it doesn't contain much of the material and doesn't emit the characteristic signature detected by conventional approaches. That explains how Eos eluded being identified for so long, researchers said.

"The story of the cosmos is a story of the rearrangement of atoms over billions of years," Burkhart said. "The hydrogen that is currently in the Eos cloud existed at the time of the Big Bang and eventually fell onto our galaxy and coalesced nearby the sun. So, it's been a long journey of 13.6 billion years for these hydrogen atoms."

The discovery presented itself as something of a surprise.

"When I was in graduate school, we were told that you can't easily directly observe molecular hydrogen," said Dharmawardena of NYU. "It's kind of wild that we can see this cloud in data that we didn't think we would see."

Eos also is named after a proposed NASA space mission that Burkhart and other members of the team are supporting. The mission aims to broaden the approach of detecting molecular hydrogen to greater swaths of the Galaxy, investigating the origins of stars by studying the evolution of molecular clouds.

The team is scouring data for molecular hydrogen clouds near and far. A study published as a preprint on arXiv by Burkhart and others using the James Webb Space Telescope (JWST) reports tentatively finding the most distant molecular gas yet.

"Using JWST, we may have found the very furthest hydrogen molecules from the sun," Burkhart said. "So, we have found both some of the closest and farthest using far-ultraviolet emission."

Other members of the scientific team included researchers from: Technion-Israel Institute of Technology, Haifa, Israel; Queen Mary University of London and University College London, both of London; University of Iowa, Iowa City, Iowa; Korea Astronomy and Space Science Institute, University of Science and Technology, and Korea Advanced Institute of Science and Technology, all of Daejeon, South Korea; Max Planck Institute for Astronomy, Heidelberg, Germany; University of Texas at Austin, Austin, Texas; University of Arizona, Tucson, Ariz.; University of California, Berkeley; Universite Paris Cite, Gif-sur-Yvette, France; Space Telescope Science Institute and Johns Hopkins University, Baltimore; University of British Columbia, Vancouver, Canada; Columbia University, New York; and the Harvard-Smithsonian Center for Astrophysics, Cambridge, Mass.
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Elephant instead of wild boar? What could have been in Europe | ScienceDaily
Elephants are among the largest land mammals on Earth and are often referred to as "ecosystem engineers" because they sustainably alter their surroundings through grazing, trampling, and digging. Europe, too, had an elephant: the straight-tusked elephant (Palaeoloxodon antiquus) lived on our continent for around 700,000 years. The species survived multiple ice ages before becoming extinct during the last one due to additional hunting pressure from humans. Throughout its existence, the straight-tusked elephant helped shape Europe's landscape, maintaining open spaces and light woodlands. Many native plant species are still adapted to these conditions today.


						
"The German name Waldelefant (forest elephant) originates from the assumption that this species primarily lived in the wooded regions of Europe. However, fossil evidence shows that P. antiquus often inhabited open or semi-open habitats with mosaic-like vegetation, similar to modern elephants," explains Prof. Dr. Manuel Steinbauer, Chair of Sport Ecology at the University of Bayreuth.

To reconstruct the way of life of P. antiquus and, in particular, its actual habitat -- known as the realised niche -- the research team examined scientific literature and palaeontological databases for fossil finds of P. antiquus that could be assigned to specific Marine Isotope Stages. Marine Isotope Stages are periods in the earth's history that reflect climate history, representing warm and cold stages. The Bayreuth research team assigned fossil finds from across Europe to either a warm or cold stage and used climate models from these periods to reconstruct the realised niche of the straight-tusked elephant. A comparison with modern climate data suggests that straight-tusked elephants would still be able to live in Europe today. The climate in Western and Central Europe would be particularly suitable, except for mountainous regions such as the Alps and the Caucasus.

"In the past, megafauna like the straight-tusked elephant and their regulatory mechanisms -- such as grazing -- were omnipresent. Many European species, particularly plants that thrive in open habitats, likely established in their diversity in Europe because they benefited from these ecological influences. Traditional conservation strategies in Europe primarily aim to protect biodiversity by shielding habitats from human activities. However, this strategy alone is unlikely to restore the lost ecological functions of megafauna," says Franka Gaiser, a doctoral student in the Sport Ecology research team and lead author of the study.

Modern conservation projects actively reintroduce large herbivores to Europe. However, this comes with challenges, as the ecological processes that have shaped modern ecosystems are not yet fully understood. Additionally, today's large herbivores cannot entirely replace the role of extinct megafauna, as both the animals themselves and the landscape structures, as well as species interactions, have changed significantly.
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Family first: Scientists reveal long-tailed tits' remarkable family bonds | ScienceDaily
Forget fleeting friendships -- the social secrets of the long-tailed tit has revealed an extraordinary level of family commitment even during migratory journeys.


						
Scientists at the University of Sheffield have discovered the tiny birds, which are a familiar sight in UK gardens, maintain strong family bonds outside of their local 'kin-neighbourhoods', with those without fledglings often helping to support new parents -- just like human families.

The research, published in the Journal of Animal Ecology, sheds fresh light on the evolution of cooperation, a behaviour where some individuals forgo their own breeding to help raise the young of others -- a complex phenomenon seen across the animal kingdom, from bees to primates. In long-tailed tits, unsuccessful breeders often become crucial helpers for related pairs, mirroring the support systems seen in humans.

Led by a team of researchers at the University of Sheffield's School of Biosciences, the 30-year data synthesis reveals that long-tailed tits migrate in family units, ensuring they arrive at their destination ready to cooperate with their relatives. This is the first time such consistent family cohesion has been documented throughout migration in any cooperative bird species.

Dr Jennifer Morinay, co-lead author of the study and Post-doctoral Research Associate at the University of Sheffield's School of Biosciences, said: "This 30-year study is unique in its depth and has allowed us to understand the evolution of cooperation in a way that would not have been possible otherwise. The discovery of family ties persisting through migration is particularly exciting.

"These tiny birds essentially travel with their support network, ensuring that when they reach their new location, they have their kin ready to assist. It highlights the profound importance of family in their social structure."

The research pinpoints key factors influencing whether a bird becomes a helper. These include their own breeding success (or failure), the strength of their familial connections, and the availability of opportunities to assist within their kin group. External pressures like predator numbers and the length of the breeding season also play a crucial role in shaping cooperative behaviours within the entire population. Importantly, the study found that the benefits of helping diminish the further an individual disperses from its birthplace, underscoring the crucial link between family proximity and cooperation.

Professor Ben Hatchwell, co-lead author of the study and Professor of Evolutionary Ecology at the University of Sheffield's School of Biosciences, said: "The push and pull between cooperation and competition is something we readily recognize in our own lives. This study demonstrates that these same fundamental tensions are at play in the social dynamics of long-tailed tits and likely many other species.

"Our long-term research provides significant insights into the ecological and social conditions that favour cooperative behaviour and the evolutionary forces that sculpt these intricate social interactions."

Next steps for the research is to identify how long-tailed tits recognise their relatives, focusing on the role of calls, smells, and social bonds. They aim to further unravel the intricate mechanisms underlying cooperative breeding in this fascinating species.
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Layered semiconductor shows potential for next-gen data storage | ScienceDaily
A squishy, layered material that dramatically transforms under pressure could someday help computers store more data with less energy.


						
That's according to a new study by researchers at Washington State University and the University of North Carolina at Charlotte that shows a hybrid zinc telluride-based material can undergo surprising structural changes when squeezed together like a molecular sandwich. Those changes could make it a strong candidate for phase change memory, a type of ultra-fast, long-lasting data storage that works differently than the memory found in today's devices and doesn't need a constant power source.

The research was made possible by a more than $1 million X-ray diffraction system that was acquired in 2022 with support from the Murdock Charitable Trust. This specialized equipment lets researchers observe tiny structural changes in the material as they happened -- all from WSU's Pullman campus. Usually, these kinds of experiments require time at massive national facilities like the Advanced Light Source at Berkely National Laboratory in California.

"Being able to do these high-pressure experiments on campus gave us the flexibility to really dig into what was happening," said Matt McCluskey, a professor of physics at WSU and co-author on the study in AIP Advances. "We discovered that the material didn't just compress -- it actually changed its internal structure in a big way."

The material, called b-ZnTe(en)0.5, consists of alternating layers of zinc telluride and an organic molecule known as ethylenediamine. McCluskey compares its structure to a sandwich. "Imagine layers of ceramic and plastic stacked over and over," he said. "When you apply pressure, the soft parts collapse more than the stiff ones."

Using a diamond anvil cell -- a device that can apply extreme pressure -- and the new X-ray system, researchers saw that the material went through two phase transitions at relatively low pressures (2.1 and 3.3 gigapascals). In both cases, the structure changed dramatically, shrinking by up to 8%.

Julie Miller, a physics PhD student at WSU and the study's lead author, explains that a phase transition is when a material changes its structure at the atomic level -- much like how water turns into ice or steam. In this case, the changes happened between two solid states, where the same atoms rearranged into a denser configuration. These kinds of transitions can dramatically alter a material's physical properties, including how it conducts electricity or emits light. Because different structural phases often have different electrical and optical characteristics, scientists think they could be used to encode digital information -- a principle behind phase change memory.




"Most materials like this need huge amounts of pressure to change structure, but this one started transforming at a tenth of the pressure we usually see in pure zinc telluride," Miller said. "That's what makes this material so interesting -- it's showing big effects at much lower pressures."

The researchers also found that the material behaves very differently depending on which direction it is squeezed. That directional sensitivity, combined with its layered structure, makes it more tunable and opens the door to additional uses.

In addition to memory, the material could find applications in photonics, where light instead of electricity is used to move and store information. Because the material emits ultraviolet light, the researchers suspect its glow might shift depending on its phase -- potentially making it useful in fiber optics or optical computing as well.

While it's still early days for b-ZnTe(en)0.5 as a potential commercial memory material, the discovery marks a big step forward.

"We're just beginning to understand what these hybrid materials can do," Miller said. "The fact that we could observe these changes with equipment right here on campus makes it that much more exciting."

Next, the team plans to study how the material responds to temperature changes and explore what happens when both pressure and heat are applied -- building a more complete map of its behaviors and possibilities.
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High-wire act: Soft robot can carry cargo up and down steep aerial wires | ScienceDaily
Researchers have created a light-powered soft robot that can carry loads through the air along established tracks, similar to cable cars or aerial trams. The soft robot operates autonomously, can climb slopes at angles of up to 80 degrees, and can carry loads up to 12 times its weight.


						
"We've previously created soft robots that can move quickly through the water and across solid ground, but wanted to explore a design that can carry objects through the air across open space," says Jie Yin, corresponding author of a paper on the work and an associate professor of mechanical and aerospace engineering at North Carolina State University. "The simplest way to do this is to follow established an established track -- similar to the aerial trams you see in the mountains. And we've now demonstrated that this is possible."

The soft robots are made of ribbon-like liquid crystal elastomers that are twisted -- like a rotini noodle -- and then joined together at the end to form a loop that resembles a bracelet. This "soft ring robot" is suspended on a track, which can be a thread, wire, cable or other material. Specifically, the same ring is looped around the track two or three times, which causes the ring to hang at an angle that is parallel to the track.

When exposed to infrared light that is placed perpendicular to the track, the portion of the ribbon absorbing the most light contracts. This induces a rolling motion: the portion of the ribbon exposed to light contracts, pulling the "cooler" part of the ribbon into the light, that portion then heats up as the first section cools, causing the cycle to repeat itself over and over again. And, as the soft ring rolls, twisting on itself, it pulls itself along the track.

"As the ribbon turns, it's like turning a screw, allowing the soft robot to move along the track -- even when carrying cargo up steep angles," Yin says.

The researchers demonstrated that the soft ring robot could navigate tracks as thin as a human hair, or as thick as a drinking straw. The soft ring robot was also able to overcome obstacles on the track, such as knots or bulges. The researchers demonstrated that the robot can also travel up or down a slope, and can carry loads more than 12 times its weight.  


"We also showed that it can follow complex routes -- it doesn't have to be a straight line," says Fangjie Qi, first author of the paper and a Ph.D. student at NC State. "We've demonstrated that it can follow curved lines, circles, three-dimensional spirals, and so on, in a controlled way. We think the adaptability of the robot when it comes to navigating complex patterns in predictable ways holds promise for its utility in practical applications."

"We're now thinking about specific applications for this technology, as well as adapting the soft robots to respond to inputs other than infrared light," says Yin. "For example, developing a soft ring robot that operates in sunlight or in response to other external energy sources."
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Drug combination reduces breast cancer risk and improves metabolic health in rats | ScienceDaily
Approximately 25% of women in the United States between ages 45 and 60 are at high risk for breast cancer and should consider preventative medication, such as the commonly prescribed drug tamoxifen.


						
Unfortunately, tamoxifen can cause side effects, including an increased risk for type 2 diabetes in women with excess body weight.

In a study published in JCI Insight, researchers investigated the combined effects of bazedoxifene and conjugated estrogens in rat models as an alternative to tamoxifen.

The BZA/CE combination reduced obesity-related changes in rats, including the number and size of fat cells in breast tissues, and increased the abundance of beneficial gut microbes.

By age 40 and above, many women begin to transition into menopause, which is associated with weight gain and insulin resistance, increasing their risk for breast cancer.

"Women who are at high risk for breast cancer are usually prescribed tamoxifen," said Erin Giles, associate professor of kinesiology and a member of Rogel Cancer Center and Caswell Diabetes Institute.

"Although it can reduce their cancer risk, tamoxifen also increases hot flashes and, in women who are overweight, it may increase their risk for type 2 diabetes, which discourages many women from taking it."

Tamoxifen works by blocking estrogen from binding to its receptors on the surface of cells, which inhibits breast tumor growth. However, blocking estrogen also causes hot flashes.




As an alternative, researchers turned to BZA/CE, which has been shown to influence estrogen behavior.

"These drugs are already approved by the FDA for reducing hot flashes and preventing fracture risk. It is currently being evaluated in a phase 2 trial for breast cancer," Giles said.

"We wanted to see whether BZA/CE could work as an alternative to tamoxifen for those who are overweight."

The team studied the impact of BZA/CE on body weight and fat distribution in lean and obese rats over an eight-week period.

The treatment reduced both body weight and fat in all treated rats, with more pronounced effects in obese rats.

These animals weighed 19% less than the controls and had reduced body fat, including reduced fat accumulation in their breast tissue.




"The levels of triglycerides and cholesterol were also lower, and the treated rats had lower insulin resistance," Giles said.

The researchers also measured the changes in gut microbe compositions and found that BZA/CE-treated rats had increased levels of Faecalbaculum rodentium, which may have helped improve the metabolism in these animals.

In addition, they identified several genes that were different in both lean and obese rats that had been given BZA/CE.

"Our next steps will be to see if similar genes are altered in women who are taking the drug combination," Giles said.

"Although we didn't test each drug alone, our results demonstrate that BZA/CE could be superior to tamoxifen for those with obesity who are also undergoing a transition into menopause."
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Using humor in communication helps scientists connect, build trust | ScienceDaily
Scientists aren't comedians, but it turns out a joke or two can go a long way.


						
That's according to a new University of Georgia study that found when researchers use humor in their communication -- particularly online -- audiences are more likely to find them trustworthy and credible.

"I think this should make scientists feel more comfortable using humor in their everyday communication, especially online communication," said Alexandra Frank, lead author of the study and a doctoral candidate in UGA's Grady College of Journalism and Mass Communication. "You can still communicate using humor and be viewed as a legitimate, appropriate source of information."

Science can bring smiles

As scientists research difficult and often complicated topics, it's important to keep the key ideas of the research simple for a general audience. One of the best ways to do that is through a little bit of light-heartedness, Frank said.

Frank tested how inserting humor into science-related posts could affect the likability and trustworthiness of scientists and their work.

The research team created four posts with different images on X, formerly known as Twitter.




The content centered around two self-driving cars, as well as the science and policy behind artificial intelligence technology.

One image contained a drawing with two cars and facts on self-driving technology with no joke included. Another contained the two cars and satire about this technology, reading, "A car approaches from the right and begins making precautionary adjustments. The other car acknowledges it. Not a problem unless the slab of meat inside interferes with its A.I. mode."

The third had the two cars sharing the facts themselves, as if they were sentient, and the fourth image had the cars telling the jokes themselves.

Benefits in clever communications

So, which got the most laughs?

The post that used satire and gave the cars more human-like characteristics was rated as the funniest. The respondents were also more likely to believe the scientist when they found the posted content as funny.




Because the scientist posting was considered more credible from the humor, people also considered whatever the scientist posted as fact.

"It is a double-edged sword. When people find something funny, they find things more legitimate. However, that humor could also substitute fact when something is untrue," said Frank.

In this scenario, those chuckling over the use of AI in self-driving cars may have drawn their own opinions on what that technology is like based on that post alone.

"I want for them to not be afraid of humor but to use it really mindfully ... The last thing we want is to make scientists less likable." -- Alexandra Frank, Grady College

There's a limit to the type of comedy, however. Science communication can't contain too much sarcasm or negativity, or it loses credibility, the researchers found.

Frank's advice for science communicators looking to build their audience is to keep posts short, clever and try not to strike a nerve.

"I want for them to not be afraid of humor but to use it really mindfully because it can come with drawbacks," Frank said. "Know that it can significantly increase engagement with the public, but scientists should use it cautiously. The last thing we want is to make scientists less likable."

This study was funded by the National Science Foundation. Co-authors include Michael A. Cacciatore, an associate professor in UGA's Grady College, Sara K. Yeo and Leona Yi-Fan Su.
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Geoengineering technique could cool planet using existing aircraft | ScienceDaily
A technique to cool the planet, in which particles are added to the atmosphere to reflect sunlight, would not require developing special aircraft but could be achieved using existing large planes, according to a new modelling study led by UCL (University College London) researchers.


						
Previously, most research has assumed that the technique, known as stratospheric aerosol injection, would be deployed in the tropics and so would require specially designed aircraft capable of flying at altitudes of 20km or more to inject the particles.

For the new study, published in the journal Earth's Future, scientists ran simulations of different aerosol injection strategies and concluded that adding particles 13km above the polar regions could meaningfully cool the planet, albeit much less effectively than at higher altitudes closer to the equator. Commercial jets such as the Boeing 777F could reach this altitude.

Lead author Alistair Duffey, a PhD student at UCL's Department of Earth Sciences, said: "Solar geoengineering comes with serious risks and much more research is needed to understand its impacts. However, our study suggests that it is easier to cool the planet with this particular intervention than we thought. This has implications for how quickly stratospheric aerosol injection could be started and by who.

"There are downsides to this polar low-altitude strategy. At this lower altitude, stratospheric aerosol injection is about one third as effective. That means that we would need to use three times the amount of aerosol to have the same effect on global temperature, increasing side effects such as acid rain. The strategy would also be less effective at cooling the tropics, where the direct vulnerability to warming is highest.

"However, climate change is a serious problem and it is vital to understand all our options, so that policy-makers have the evidence they need to make informed decisions."

The researchers ran simulations in the UK's Earth System Model 1 (UKESM1), a computer model of the climate, to estimate the impact of stratospheric aerosol injection. By adding sulphur dioxide -- which goes on to form tiny reflective particles -- at different altitudes, latitudes and seasons, they were able to quantify the effectiveness of different deployment strategies.




They said that low-altitude deployment of stratospheric aerosol injection could only work if it was done close to the Earth's polar regions. To be effective, particles need to be created in the stratosphere, a layer of the atmosphere above the top of most clouds, and this layer is closer to the ground nearer to the poles.

In the troposphere -- the lowermost layer of the atmosphere -- any aerosol particles would disappear quickly as they are caught up in clouds and rained out. However, the stratosphere is dry, stable and free of clouds, meaning that added particles would stay up for months or years.

The researchers estimated that injecting 12 million tonnes of sulphur dioxide a year at 13 km in the local spring and summer of each hemisphere would cool the planet by around 0.6degC. This is roughly the same amount added to the atmosphere by the eruption of the Mount Pinatubo volcano in 1991, which also produced an observable dip in global temperatures.

In the simulation, the sulphur dioxide was added at latitudes of 60 degrees north and south of the equator. That is roughly the latitude of Oslo in Norway and Anchorage in Alaska; in the south, that would be below the southernmost tip of South America.

This strategy is not as effective as injecting sulphur dioxide at 20km because the particles do not stay in the stratosphere for as long, i.e., for only a few months at 13km rather than for up to several years at 20km.

However, a low-altitude strategy using existing aircraft could begin sooner than a high-altitude approach, with the researchers noting an earlier study finding that designing and certifying high-flying aircraft might take a decade and cost several billion dollars.




Co-author Wake Smith, a Lecturer at Yale School of the Environment, part of Yale University, said: "Although pre-existing aircraft would still require a substantial modification programme to be able to function as deployment tankers, this route would be much quicker than designing a novel high-flying aircraft."

The strategy is not a quick fix -- any stratospheric aerosol injection would need to be introduced gradually, and reduced gradually, to avoid catastrophic impacts from sudden warming or cooling. Nor would it eliminate the need for emissions reductions.

Co-author Dr Matthew Henry, of the University of Exeter, said: "Stratospheric aerosol injection is certainly not a replacement for greenhouse gas emission reductions as any potential negative side effects increase with the amount of cooling: we can only achieve long-term climate stability with net zero."

The study received funding from the UK's Natural Environment Research Council (NERC).
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'Wood you believe it?' Engineers fortify wood with eco-friendly nano-iron | ScienceDaily
Scientists and engineers are developing high-performance materials from eco-friendly sources like plant waste. A key component, lignocellulose -- found in wood and many plants -- can be easily collected and chemically modified to improve its properties.


						
By using these kinds of chemical changes, researchers are creating advanced materials and new ways to design and build sustainably. With about 181.5 billion tons of wood produced globally each year, it's one of the largest renewable material sources.

Researchers from the College of Engineering and Computer Science at Florida Atlantic University, and collaborators from the University of Miami and Oak Ridge National Laboratory, wanted to find out if adding extremely hard minerals at the nanoscale could make the walls of wood cells stronger -- without making the wood heavy, expensive or bad for the environment. Few studies have investigated how treated wood performs at different scales, and none have successfully strengthened entire pieces of wood by incorporating inorganic minerals directly into the cell walls.

The research team focused on a special type of hardwood known as ring-porous wood, which comes from broad-leaf trees like oak, maple, cherry and walnut. These trees feature large, ring-shaped vessels in the wood that transport water from the roots to the leaves. For the study, researchers used red oak, a common hardwood in North America, and introduced an iron compound into the wood through a simple chemical reaction. By mixing ferric nitrate with potassium hydroxide, they created ferrihydrite, an iron oxide mineral commonly found in soil and water.

Results of the study, published in the journal ACS Applied Materials and Interfaces, revealed that a simple, cost-effective chemical method using a safe mineral called nanocrystalline iron oxyhydroxide can strengthen the tiny cell walls within wood while adding only a small amount of extra weight. Although the internal structure became more durable, the wood's overall behavior -- such as how it bends or breaks -- remained largely unchanged. This is likely because the treatment weakened the connections between individual wood cells, affecting how the material holds together on a larger scale.

The findings suggest that, with the right chemical treatment, it's possible to enhance the strength of wood and other plant-based materials without increasing their weight or harming the environment. These bio-based materials could one day replace traditional construction materials like steel and concrete in applications such as tall buildings, bridges, furniture and flooring.

"Wood, like many natural materials, has a complex structure with different layers and features at varying scales. To truly understand how wood bears loads and eventually fails, it's essential to examine it across these different levels," said Vivian Merk, Ph.D., senior author and an assistant professor in the FAU Department of Ocean and Mechanical Engineering, the FAU Department of Biomedical Engineering, and the FAU Department of Chemistry and Biochemistry within the Charles E. Schmidt College of Science. "To test our hypothesis -- that adding tiny mineral crystals to the cell walls would strengthen them -- we employed several types of mechanical testing at both the nanoscale and the macroscopic scale."

For the study, researchers used advanced tools like atomic force microscopy (AFM) to examine the wood at a very small scale, allowing them to measure properties such as stiffness and elasticity. Specifically, they employed a technique called AM-FM (Amplitude Modulation -- Frequency Modulation), which vibrates the AFM tip at two different frequencies. One frequency generates detailed surface images, while the other measures the material's elasticity and stickiness. This method gave them a precise view of how the wood's cell walls were altered after being treated with minerals.




Additionally, the team conducted nanoindentation tests within a scanning electron microscope (SEM), where tiny probes were pressed into the wood to measure its response to force in different areas. To round out their analysis, they performed standard mechanical tests -- such as bending both untreated and treated wood samples -- to evaluate their overall strength and how they broke under stress.

"By looking at wood at different levels -- from the microscopic structures inside the cell walls all the way up to the full piece of wood -- we were able to learn more about how to chemically improve natural materials for real-world use," said Merk.

This combination of small- and large-scale testing helped the researchers understand how the treatment affected both the fine details inside the cell walls and the overall strength of the wood.

"This research marks a significant advancement in sustainable materials science and a meaningful stride toward eco-friendly construction and design," said Stella Batalama, Ph.D., the dean of the College of Engineering and Computer Science. "By reinforcing natural wood through environmentally conscious and cost-effective methods, our researchers are laying the groundwork for a new generation of bio-based materials that have the potential to replace traditional materials like steel and concrete in structural applications. The impact of this work reaches far beyond the field of engineering -- it contributes to global efforts to reduce carbon emissions, cut down on waste, and embrace sustainable, nature-inspired solutions for everything from buildings to large-scale infrastructure."

Study co-authors are Steven A. Soini, a Ph.D. graduate from the FAU College of Engineering and Computer Science and FAU Charles E. Schmidt College of Science; Inam Lalani, a Ph.D. student at the University of Miami; Matthew L. Maron, Ph.D., a doctoral researcher at the University of Miami; David Gonzalez, a graduate student in the FAU College of Engineering and Computer Science; Hassan Mahfuz, Ph.D., a professor in the FAU Department of Ocean and Mechanical Engineering; and Neus Domingo-Marimon, Ph.D., senior R&D staff scientist, group leader for the Functional Atomic Force Microscopy Group, Oak Ridge National Laboratory.
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Climate change increases the risk of simultaneous wildfires | ScienceDaily
Climate change is increasing the risk of wildfires in many regions of the world. This is due partly to specific weather conditions -- known as fire weather -- that facilitate the spread of wildfires. Researchers from the Helmholtz Centre for Environmental Research (UFZ) and Australian colleagues have found that fire weather seasons are increasingly overlapping between eastern Australia and western North America. The research team examined the causes of this shift and its implications for cross-border cooperation between fire services in Canada, the US, and Australia. The research was published in Earth's Future.


						
The west coast of North America and the east coast of Australia have been repeatedly hit hard by wildfires. For example, the January 2025 wildfire disaster in Los Angeles destroyed over 10,000 buildings and claimed 29 lives, according to media reports. The east coast of Australia was hit by one of the country's most devastating bushfires between September 2019 and March 2020: more than 12 million hectares of forest and bushland burned. Firefighters from Canada, the US, and Australia have supported each other during these disasters and many others.

The international team of scientists set out to examine how the timing of fire weather seasons in the two regions is changing as a result of climate change. The researchers used the Canadian Fire Weather Index (FWI), a meteorological index used worldwide to estimate fire risk. It takes into account rainfall, temperature, relative humidity, and wind speed. They used it to identify fire weather days -- days with a high risk of wildfires. Based on observational data, the researchers found that the fire weather days -- and thus the risk of wildfires -- have been increasingly overlapping since 1979.

The greatest likelihood of overlap -- around 75% -- occurs between July and December. Overall, the number of simultaneous fire weather days in eastern Australia and western North America has been increasing by one day per year for the past 40 years. This is because the fire season in eastern Australia is starting earlier in spring and overlapping with the end of the fire season on the west coast of North America," explains Dr Andreia Ribeiro, UFZ climate scientist and lead author, who contributed to the German-Australian research project funded by the German Academic Exchange Service (DAAD).

The team also analysed how the seasonal overlap is likely to develop. They used four climate models, drawing on many simulations to account for uncertainty. The trend is clear: "The number of overlapping fire weather days in western North America and eastern Australia will continue to increase," says Andreia Ribeiro. Depending on the climate model used and the level of future global warming, the increases could range from 4 to 29 days per year by mid-century.

The overlap depends partly on the variability of the El Nino Southern Oscillation, a system that controls the circulation of the ocean and atmosphere in the equatorial Pacific. Fire weather in eastern Australia is typically linked to El Nino conditions -- unusually high sea surface temperatures. This often leads to droughts and heatwaves, among other phenomena. In contrast, fire weather in western North America is more often linked to La Nina conditions -- the opposite situation. "Despite these generally opposing patterns, we found that during strong fire weather overlap, El Nino conditions are especially pronounced in the Central Pacific," says Andreia Ribeiro. However, the effects of El Nino are expected to be overshadowed by climate change in the medium term. "Climate change is causing global temperature rises and increasing drought in some regions while the El Nino effect is expected to remain largely unchanged," says Prof Dr Jakob Zscheischler, UFZ climate scientist and co-author.

This poses a challenge for cooperation between US, Canadian, and Australian fire services, which have long supported one another by sharing personnel and aircraft during wildfire emergencies. Until recently, the fire seasons occurred at distinctly different times of the year: on the west coast of North America between June and October and in eastern Australia between October and March. These gaps provided enough time for teams to assist one another when needed. "But these increasingly overlapping fire weather seasons in the US and Australia are narrowing the window for international cooperation and making it harder to respond quickly to large-scale wildfires," says lead author Dr Doug Richardson from the ARC Centre of Excellence for Climate Extremes at the University of New South Wales (Australia). International agreements on firefighting cooperation and national firefighting capacities therefore need to be reviewed. Both Australia and the US will need to strengthen their domestic firefighting capacities in order to reduce reliance on international cooperation.
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Scientists observe how blobs form crystals and discover a new crystal type | ScienceDaily
Crystals -- from sugar and table salt to snowflakes and diamonds -- don't always grow in a straightforward way. New York University researchers have captured this journey from amorphous blob to orderly structures in a new study published in Nature Communications.


						
In exploring how crystals form, the researchers also came across an unusual, rod-shaped crystal that hadn't been identified before, naming it "Zangenite" for the NYU graduate student who discovered it.

Order from chaos

Crystals are solid materials made up of particles that arrange themselves in repeating patterns. This process of self-assembly -- "orchestrating order from chaos," as the researchers describe it -- was once thought to follow a predictable, classic pattern of growth. But instead of always forming building block by building block, scientists are learning that crystals can grow through more complex pathways.

To study the formation of crystals, some researchers use crystals made up of little spheres called colloidal particles, which are tiny but much larger than the atoms that make up other crystals.

"The advantage of studying colloidal particles is that we can observe crystallization processes at a single-particle level, which is very hard to do with atoms because they're too small and fast. With colloids, we can watch crystals form with our microscope," said Stefano Sacanna, professor of chemistry at NYU.

A two-step process

To shed light on how colloidal crystals form, the researchers conducted experiments to carefully observe how charged colloidal particles behave in different growth conditions as they transition from salt water suspensions to fully formed crystals. The team also ran thousands of computer simulations -- led by Glen Hocky, assistant professor of chemistry at NYU -- to model how crystals grow and help explain what they observed in the experiments.




The researchers determined that colloidal crystals form through a two-step process: amorphous blobs of particles first condense before transforming into ordered crystal structures, resulting in a diverse array of crystal types and shapes.

An unexpected find

During these experiments, PhD student Shihao Zang came across a rod-shaped crystal that he couldn't identify. To the naked eye, it looked like a crystal previously discovered in the lab, but upon closer examination, the combination of particles was different and the tips of this crystal contained hollow channels. Zang compared the unknown structure with more than a thousand crystals found in the natural world and still couldn't find a match.

Turning to Hocky's computer modeling, the researchers simulated a crystal that was exactly the same, enabling them to study its elongated, hollow shape in even greater detail.

"This was puzzling because usually crystals are dense, but this one had empty channels that ran the length of the crystal," said Hocky, who is also a faculty member in the Simons Center for Computational Physical Chemistry at NYU.

"Through this synergy of experiments and simulation, we realized that this crystal structure had never been observed before," added Sacanna.




They named the newly discovered crystal L3S4 based on its composition, but began informally calling it "Zangenite" at lab meetings, given that Zang discovered it. The name stuck.

"We study colloidal crystals to mimic the real world of atomic crystals, but we never imagined that we would discover a crystal that we cannot find in the real world," said Zang.

The discovery of Zangenite creates an opportunity to explore uses for hollow, low-density crystals, and may pave the way for finding additional new crystals.

"The channels inside Zangenite are analogous to features in other materials that are useful for filtering or enclosing things inside them," said Hocky.

"Before, we thought it would be rare to observe a new crystal structure, but we may be able to discover additional new structures that haven't yet been characterized," said Sacanna.

More broadly, a deeper understanding of how crystals form holds promise for developing new materials, including photonic bandgap materials that are foundational for lasers, fiber-optic cables, solar panels, and other technologies that transmit or harvest light.

The study's other authors are Sanjib Paul, Cheuk Leung, Michael Chen, and Theodore Hueckel. The research was supported by the US Army Research Office (W911NF-21-1-0011), the Simons Center for Computational Physical Chemistry at NYU (Simons Foundation 839534), and the National Institutes of Health (R35GM138312).
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Low iron could cause brain fog during menopause transition | ScienceDaily
New research from the University of Oklahoma sheds light on an understudied area of science: iron levels in the blood and their relationship to cognitive performance in women transitioning into menopause. The findings are good news for women experiencing brain fog and other symptoms.


						
Published in the journal Nutrients, the study suggests that when women have adequate levels of iron in their blood during the menopausal transition, they perform better on cognitive tasks. Moreover, sufficient iron in the blood did not equate to unsafe levels of iron in the brain, which has been shown to elevate the risk for neurodegenerative diseases like Alzheimer's.

"When a woman makes the menopausal transition, she's no longer losing blood on a monthly basis, which means she's no longer losing iron," said Michael Wenger, Ph.D., a professor of psychology at the OU College of Arts and Sciences and a lead author of the study. "We wanted to see if the cost of being low on iron disappears during the menopausal transition. Very few studies have been done in this area."

The research team measured iron levels in the blood, conducted MRIs to see the amount of iron in the brain, and assessed behavioral measures of cognition. None of the women in the study were deficient in iron; however, quite a few were below where they should be for their age. The women who were below expected levels of iron in the blood performed worse on measures of memory, attention and cognition.

"Our previous research has shown that being iron-deficient extracts some serious costs in terms of cognitive performance," Wenger said. "If I were to give a woman with iron deficiency a simple task in which she presses a button every time an asterisk appears on a screen, the deficiency would cost her about 150 milliseconds. That doesn't sound like a lot, but we make simple decisions like that when we choose every word we say in a sentence. Those 150 milliseconds add up."

Importantly, the amount of iron in the blood did not predict how much iron was deposited in a woman's brain, Wenger said. "We have known for some time that the accumulation of iron in the brain is a risk factor for developing conditions like Alzheimer's and vascular dementia," he said. "This data was surprising, and good news because it appears that having iron levels that are at or above what you should expect for your age does not mean you're accumulating more iron in your brain."

Being deficient in iron is not the same thing as being anemic. Low iron is a risk factor for anemia, Wenger said, but people can become anemic for other reasons. However, women visiting their OB-GYN typically are not tested for iron deficiency, which may be a missed opportunity.




"Low iron could easily be one of the reasons that a woman is experiencing brain fog during the menopausal transition," he said. "It also may be why some women talk about their eyesight changing during menopause. Iron is a critical element in the synthesis of the neurotransmitter dopamine, and the eye is dependent upon dopamine for basic signaling at the first point of contact with light."

Although taking iron supplements is usually not the best course of action since they cause major gastrointestinal side effects, a low dose could be effective, as would diet changes to consume more foods high in iron, Wenger said.

"Making these minor changes could make a woman's transition from pre- to post-menopause easier to bear," he said.

Because part of the study was conducted during the COVID-19 pandemic, enrollment wasn't as high as the research team would have liked. They plan to seek funding to conduct a larger study.

"I feel like we've had a pretty good understanding of post-menopause health, such as watching for cardiovascular issues and osteoporosis, but we haven't known as much about what to do during this in-between phase, and it's actually way more bothersome to people," said OB-GYN and study co-author Pamela Miles, M.D., an associate professor in the OU College of Medicine.
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United States sees disproportionate increase in body mass index rates of more than 60 | ScienceDaily
In the past 20 years, the average rate of obesity among adults in the United States has risen by approximately 30 percent, but the rate of those with the most severe forms of obesity, or those with a body mass index, or BMI, of more than 60 kg/m2, increased by 210 percent. In a recently published research letter in the medical journal The Lancet: Diabetes & Endocrinology, researchers from Pennington Biomedical analyzed national health data from 2001 through 2023, and discovered the alarming increase in the numbers of patients with the most severe forms of obesity.


						
"Most attention is focused on the category of general obesity, which starts with a BMI of 30 kilograms per square meter, but there is less attention paid to prevalence of obesity of 60 BMI or greater, a category associated with an increased clinical burden, impaired mobility and elevated healthcare costs," said Dr. Philip Schauer, United Companies Life Insurance Co./Mary Kay and Terrell Brown Chair and director of the Metamor Institute at Pennington Biomedical. "This study is the first to categorize the growing pervasiveness of this extreme degree of obesity, but its gravity is not to be understated, as patients in this category face far greater health risks and comorbidities."

For comparison, the average person with a BMI of 30 kg/m2 is about 30 to 40 pounds overweight, while a person with a BMI of 60 kg/m2 or greater is more than 200 pounds overweight. In the study "Disproportionate Increase in BMI of [?]60 kg/m2 in the USA" researchers state that though obesity with a BMI of 60 or greater was presumed to be exceedingly rare, no clear understanding was available as the many previous reports counted all individuals with a BMI at or above 30 kg/m2 in a single group.

While this study is also one of the first to show the growing prevalence of BMIs between 50.0 and 59.9 kg/m2, the threshold of BMI at or above 60 kg/m2 is associated with an even greater severity of associated diseases. People with such extreme obesity often are not mobile or must walk with assistance or use motorized carts, have many hospital visits for treating severe illnesses, and are unable to work due to disability.

Instances of BMI above 60 kg/m2 have increased concurrently with the development and prescribing of GLP-1-based medications, and though these show promise in addressing obesity, their effectiveness in patients in this group is largely unknown, as randomized controlled trials for these medications include participants with an average BMI in the range of 37 to 38 kg/m2.

The rise in extreme obesity cases, now estimated to be more than 850,000 people in the U.S., also raises serious concerns for the healthcare industry, as these patients often exceed the weight limit for standard medical equipment, adding complexity to biomedical imaging, anesthesia and surgeries. The weight limits of certain medical equipment result in an inability to provide typical medical care, which may be detrimental to a population at even greater risk for comorbidities, reduced responsiveness for standard weight-loss interventions and other challenges.

The research team on the study "Disproportionate Increase in BMI of [?]60 kg/m2 in the USA" were co-primary authors Dr. Michael Kachmar and Dr. Vance Albaugh, along with Dr. Schauer, Dr. Shengping Yang, Dr. Florina Corpodean, Dr. Steven Heymsfield and Dr. Peter Katzmarzyk of Pennington Biomedical, and Dr. David Freedman of the Centers for Disease Control and Prevention. Research letters published in the Correspondence section include research findings and are externally peer-reviewed. Unlike Articles containing original data, research letters are shorter and the research they contain is usually preliminary, exploratory, or reporting on early findings.

"The rate of growth in cases of obesity with a BMI of 60 or greater sends an urgent message to healthcare providers and policymakers to develop the necessary resources and infrastructure to address the challenges posed by this condition," said Dr. John Kirwan, Executive Director of Pennington Biomedical. "I commend Dr. Schauer and the research team for being the first to bring the growth rate of this condition to light and giving it the attention it is due. For this and all metabolic diseases and conditions, the research faculty at Pennington Biomedical are committed to delivering solutions from cells to society, addressing the public health challenges of our time."

The Pennington Biomedical team used direct measurements of weight and height from the robust dataset provided by the National Health and Nutrition Examination Survey, or NHANES. The analysis of BMI trends in the U.S. included non-pregnant adults aged 18 and older from 2001 to 2023, with data examined in four-year intervals. As the data showed a 29.5 percent increase in all cases of obesity, classified as individuals with a BMI of 30 kg/m2 or more, those classified as having normal weight, or BMIs of 18.5 to 24.9 kg/m2, and those classified as being overweight, or BMIs of 25.0 to 29.9, both decreased in the time frame.
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Natural killer cells remember and effectively target ovarian cancer | ScienceDaily
Researchers at Karolinska Institutet have uncovered a unique ability of a special subtype of natural killer cells in the immune system, called adaptive NK cells, to remember ovarian tumours and effectively attack them. The discovery, published in Cancer Immunology Research, could pave the way for new, more powerful immunotherapies for difficult-to-treat cancers.


						
NK cells, or natural killer cells, are white blood cells that play a central role in the body's defence against viral infections and cancer. NK cells can identify and destroy unhealthy-looking cells, such as tumour cells, without prior exposure.

Adaptive NK cells, aNK cells, are a subset of NK cells that can remember past infections or tumours and react more strongly the next time they encounter the same threat. This ability makes them particularly promising for cancer treatment.

The study shows that aNK cells can remember tumour-specific signals, infiltrate and fight cancer cells, and cooperate with other immune cells to become even more effective, making them particularly attractive for cancer treatment.

"Our results demonstrate that aNK cells have great potential for treating cancer, especially for patients with difficult-to-treat ovarian cancer," says Dhifaf Sarhan, senior lecturer at the Department of Laboratory Medicine, Karolinska Institutet, who led the research.

"The study also challenges previous perceptions of NK cells, which have historically been considered only innate immune cells with no memory function against cancer," she continues. "This opens new opportunities for the development of innovative immunotherapies."

The study involved comprehensive analyses of human immune cells and ovarian tumour tissues, utilising advanced RNA and gene expression mapping techniques at the single-cell level. This allowed the researchers to investigate how aNK cells interact with ovarian cancer tumour cells.

"The next step in our research is to develop methods that increase the number and activity of aNK cells in patients, followed by clinical trials to evaluate their effect on patient survival rates," says Dhifaf Sarhan.
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New look at galactic region surrounding our solar system: Lyman-alpha emissions | ScienceDaily
The NASA New Horizons spacecraft's extensive observations of Lyman-alpha emissions have resulted in the first-ever map from the galaxy at this important ultraviolet wavelength, providing a new look at the galactic region surrounding our solar system. The findings are described in a new study authored by the SwRI-led New Horizons team.


						
"Understanding the Lyman-alpha background helps shed light on nearby galactic structures and processes," said SwRI's Dr. Randy Gladstone, the study's lead investigator and first author of the publication. "This research suggests that hot interstellar gas bubbles like the one our solar system is embedded within may actually be regions of enhanced hydrogen gas emissions at a wavelength called Lyman alpha."

Lyman-alpha is a specific wavelength of ultraviolet light emitted and scattered by hydrogen atoms. It is especially useful to astronomers studying distant stars, galaxies and the interstellar medium, as it can help detect the composition, temperature and movement of these distant objects.

During its initial journey to Pluto, New Horizons collected baseline data about Lyman-alpha emissions using the Alice instrument, an SwRI-developed ultraviolet spectrograph. A spectrograph is a tool astronomers use to split light into its various colors. Alice specializes in the far-ultraviolet wavelength band.

After the spacecraft's primary objectives at Pluto were completed, scientists used Alice to make broader and more frequent surveys of Lyman-alpha emissions as New Horizons traveled farther from the Sun. These surveys included an extensive set of scans in 2023 that mapped roughly 83% of the sky.

To isolate emissions from the galaxy, the New Horizons team modeled scattered solar Lyman-alpha emissions and subtracted them from the spectrograph's data. The results indicate a roughly uniform background Lyman alpha sky brightness 10 times stronger than expected from previous estimates.

"These results point to the emission and scattering of Lyman-alpha photons by hydrogen atoms in the shell of a hot bubble, known to surround our solar system and nearby stars, that was formed by nearby supernova events a few million years ago," Gladstone said.

The study also found no evidence that a hydrogen wall, thought to surround the Sun's heliosphere, substantially contributes to the observed Lyman-alpha signal. Scientists had theorized that a wall of interstellar hydrogen atoms would accumulate as they encountered the edge of our heliosphere, the vast region of space dominated by the solar wind as it interacts with the interstellar medium. However, the New Horizons data saw nothing to indicate the wall is an important source of Lyman-alpha emissions.

"These are really landmark observations, in giving the first clear view of the sky surrounding the solar system at these wavelengths, both revealing new characteristics of that sky and refuting older ideas that the Alice New Horizons data just doesn't support," said co-author and New Horizons Principal Investigator Dr. Alan Stern. "This Lyman-alpha map also provides a solid foundation for future investigations to learn even more."
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Extreme rainfall: A long-standing hypothesis on temperature dependence finally settled? | ScienceDaily
Extreme rainfall can cause rapid flooding, so-called "flash flooding." How does such extreme rainfall change with temperature? This question has been studied for decades by using appropriate recordings of rainfall and temperature, measured at short intervals of one hour or less.


						
Rainfall and clouds form when the water vapor in the air saturates, thus forming small droplets that eventually lump together to form rain drops. According to the Clausius-Clapeyron relation, saturation requires roughly 7 percent more vapor when temperatures rise by one degree Celsius. This relation might, as an oversimplified image, be motivated by a sponge that can capture more water as temperatures increase. An extreme rainfall event in this image corresponds to squeezing the sponge to release most of its water.

This hypothesis had been challenged in 2008 by analysis of a long timeseries of rainfall data in the Netherlands. The authors of that study, Lenderink and van Meijgaard, concluded from their statistical approach that the Clausius-Clapeyron relation was insufficient to describe the increase in extreme rainfall, in particular that of thunderstorms which could increase at 14 percent per degree Celsius -- thus twice the rate of Clausius-Clapeyron.

In the past 17 years the work by Lenderink and van Meijgaard, now cited more than 1000 times, has led to numerous investigations into the phenomenon, without being able to unambiguously confirm or reject the groundwork laid out by the Netherlands study. In particular, it was difficult to determine, in how far the blend of different rainfall types could give rise to statistical superpositions.

The current work takes a detailed look at two precipitation types: stratiform rainfall that is continuous and uniform in intensity compared to short rain showers typical for thunderstorms. "We make use of a large and high-frequency dataset from Germany which is combined with a novel lightning detection dataset. Since lightning indicates thunderstorm activity, stratiform rainfall can be separated in this way," explains Nicolas Da Silva from the University of Potsdam. "The result is rather striking: when carefully selecting only clear thunderstorm rainfall and studying the extremes at each temperature, the increase is almost perfectly along the Clausius-Clapeyron theory," adds Jan O. Harter from the University of Potsdam who is also affiliated with the Leibniz Centre for Tropical Marine Research (ZMT). Equally, when selecting only for stratiform rainfall alone, the data fit the Clausius-Clapyron relation very well. Only when combining the statistics of both types of rainfall, much higher temperature increase rates emerge, as proposed in the study of Lenderink and van Meijgaard. The authors Da Silva and Harter state that this 'super-Clausius-Clapeyron' increase is thus of purely statistical origin such that a long-standing controversy may now finally be settled.

However, the current study points out that the statistical 'super-Clausius-Clapeyron' increase in rainfall extremes does apply to clusters containing both thunderstorm and stratiform clouds. Such cloud clusters are responsible for most of the extreme flash flood inducing rainfall. "Assuming the temperature changes projected for the coming decades under climate warming, extreme rainfall may indeed reach unprecedented risk levels for humans and infrastructure, especially in urban areas," the authors stress.
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Left or right arm? New research reveals why vaccination site matters for immune response | ScienceDaily
Sydney scientists have revealed why receiving a booster vaccine in the same arm as your first dose can generate a more effective immune response more quickly. The study, led by the Garvan Institute of Medical Research and the Kirby Institute at UNSW Sydney and published in the journal Cell, offers new insight that could help improve future vaccination strategies.


						
The researchers found that when a vaccine is administered, specialised immune cells called macrophages became 'primed' inside lymph nodes. These macrophages then direct the positioning of memory B cells to more effectively respond to the booster when given in the same arm.

The findings, made in mice and validated in human participants, provide evidence to refine vaccination approaches and offer a promising new approach for enhancing vaccine effectiveness.

"This is a fundamental discovery in how the immune system organises itself to respond better to external threats -- nature has come up with this brilliant system and we're just now beginning to understand it," says Professor Tri Phan, Director of the Precision Immunology Program at Garvan and co-senior author.

Scientia Professor Anthony Kelleher, Director of the Kirby Institute and co-senior author says: "A unique and elegant aspect of this study is the team's ability to understand the rapid generation of effective vaccine responses. We did this by dissecting the complex biology in mice and then showed similar findings in humans. All this was done at the site of the generation of the vaccine response, the lymph node."

How vaccination site matters

Immunisation introduces a harmless version of a pathogen, known as a vaccine antigen, into the body, which is filtered through lymph nodes -- immune 'training camps' that train the body to fight off the real pathogen. The researchers previously discovered that memory B cells, which are crucial for generating antibody responses when infections return, linger in the lymph node closest to the injection site.




Using state-of-the-art intravital imaging at Garvan, the team discovered that memory B cells migrate to the outer layer of the local lymph node, where they interact closely with the macrophages that reside there. When a booster was given in the same location, these 'primed' macrophages -- already on alert -- efficiently captured the antigen and activated the memory B cells to make high quality antibodies.

"Macrophages are known to gobble up pathogens and clear away dead cells, but our research suggests the ones in the lymph nodes closest to the injection site also play a central role in orchestrating an effective vaccine response the next time around. So location does matter," says Dr Rama Dhenni, the study's co-first author, who undertook the research as part of his Scientia PhD program at Garvan.

Clinical study validates findings

To determine the relevance of the animal results to human vaccines, the team at the Kirby Institute conducted a clinical study with 30 volunteers receiving the Pfizer-BioNTech COVID-19 mRNA vaccine. Twenty participants received their booster dose in the same arm as their first dose, while 10 had their second shot in the opposite arm.

"Those who received both doses in the same arm produced neutralising antibodies against SARS-CoV-2 significantly faster -- within the first week after the second dose," says Ms Alexandra Carey-Hoppe, co-first author and PhD student from the Kirby Institute.

"These antibodies from the same arm group, were also more effective against variants like Delta and Omicron. By four weeks, both groups had similar antibody levels, but that early protection could be crucial during an outbreak," says Dr Mee Ling Munier, co-senior author and Vaccine Immunogenomics group leader at the Kirby Institute.




"If you've had your COVID jabs in different arms, don't worry -- our research shows that over time the difference in protection diminishes. But during a pandemic, those first weeks of protection could make an enormous difference at a population level. The same-arm strategy could help achieve herd immunity faster -- particularly important for rapidly mutating viruses where speed of response matters."

Looking ahead

Beyond the potential to refine vaccination guidelines, the findings offer a promising avenue for enhancing the effectiveness of vaccines.

"If we can understand how to replicate or enhance the interactions between memory B cells and these macrophages, we may be able to design next-generation vaccines that require fewer boosters," says Professor Phan.

This research was supported by the Australian National Health and Medical Research Council.

Professor Tri Phan is a Conjoint Professor at St Vincent's Clinical School, Faculty of Medicine and Health, UNSW Sydney.
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Bacteria's mysterious viruses can fan flames of antibiotic damage | ScienceDaily
Your gut microbiome teems with bacteria-eating viruses that have longed baffled scientists. Using a new mouse model that can eliminate and revive these virus communities, Virginia Tech biologists discovered that the viruses can exacerbate collateral damage from antibiotics.


						
Some things just go together in your belly: peanut butter and jelly, salt and pepper, bacteria and bacteria-eating viruses.

For the bacterial species that inhabit your gut, there's a frenzy of viruses called bacteriophages that naturally infect them. Although they co-evolved with bacteria, phages get far less glory. They're harder to classify and so deeply entangled with the bacteria they target that scientists struggle to understand what functions they serve.

But what if there was a way to compare the exact same gut microbiome conditions with and without phages?

Virgina Tech biologist Bryan Hsu's team found a way to do just that.

Hsu and graduate student Hollyn Franklin built a model that allows them to diminish phage communities from a mouse gut microbiome -- and then bring them back -- without affecting the bacteria. On a test run of their model, researchers found evidence that phages may increase gut bacteria's sensitivity to antibiotics. Their results were published April 28 in the journal Cell Host and Microbe.

It's for research, Mom

What could inhibit a bacteria's viruses but not the bacteria itself? In her early search through the literature, Franklin found a chemical compound called acriflavine that fit the bill. It's a component of a widely available medication used in Brazil to treat urinary tract infections (UTI).




Fortuitously, a member of Hsu's lab and paper co-author, Rogerio Bataglioli, is a native Brazilian. He shipped a massive order of acriflavine to his parent's house. But he forgot to tell his parents it was coming, Hsu said.

"His mom called, and asked, 'Is everything OK? Because 20 boxes of UTI treatment just arrived under your name.'"

After that got sorted, Franklin began administering acriflavine to lab mice. Over a period of 12 days, there was a dramatic reduction in the concentration of viral particles. And they didn't bounce back when she stopped administering the drug.

But when Franklin reintroduced a tiny sample of the mouse's own gut microbiome, extracted before treatment, the natural phage populations sprang back to life.

"It goes away when we wanted it to, and came back when we wanted it to," said Hsu. "Which means we have a bacteriophage conditional mouse model."

Or, more fun: BaCon mouse model.




Exacerbating antibiotic damage

To see if the mouse model had some significance for health, Hsu's research team went straight to one of the hottest topics in the field: the collateral damage that antibiotics have on a patient's resident microbial population.

Antibiotics save millions of lives every year, but the drug rages indiscriminately through bad, benign, and beneficial bacteria alike, disrupting our gut microbiome and leaving us vulnerable to new pathogens.

Could phages be playing a role in the destructive wake of an antibiotic treatment? Hsu and Franklin used their BaCon mouse model to ask this question and administered antibiotics to mice with and without phage populations.

Their results suggest that phages increase the sensitivity of bacteria to antibiotics.

"It's hard to make definitive conclusions, but these results are telling us that phages have some significance for how we respond to antibiotics," Hsu said.

The next questions, according to Franklin, will explore if phages caused these effects or are simply correlated with them, and what role phages play in diseases -- which would open new doors in microbiome studies.

Answers may be served with a side of BaCon mouse.

Funding for this work was provided by the Virginia Tech Institute for Critical Technology and Applied Science, the National Institute of General Medical Sciences of the National Institutes of Health.
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Influenza virus hacks cell's internal system | ScienceDaily
The influenza virus manipulates the body's gene regulation system to accelerate its own spread, according to researchers at the University of Gothenburg. Their study also shows that an already approved drug could help strengthen immune defenses -- though its effect in humans remains to be confirmed.


						
The study, published in the journal Nucleic Acids Research, concerns a previously unknown strategy used by the influenza A virus to take over the body's own systems. The study shows that the virus manipulates a protein that normally helps regulate which genes should be active in the cell, turning this protein against the immune system.

The protein, referred to as AGO2, is involved in what is known as RNA interference, a mechanism that regulates gene activity. While AGO2 usually works outside the cell nucleus, in conjunction with infection, the virus manages to move the protein into the nucleus, where it turns off genes that are key to the immune system.

Virus mutes the alarm 

This primarily concerns type I interferons -- signaling substances used by infected cells to warn their neighbors and strengthen the body's defenses.

Aishe Sarshad, associate professor of cellular and molecular biology at Sahlgrenska Academy at the University of Gothenburg, is one of the study's senior authors:

"Most surprising was that the virus manages to hijack such a fundamental and well-regulated system as RNA interference -- even using it inside the nucleus, where it isn't normally found," says Aishe Sarshad.




Much of the laboratory work was performed by Hsiang-Chi Huang, a postdoc member of the group at the time. The work shows that the AGO2 protein follows the tumor suppressor p53 into the nucleus, binding itself to genes that regulate the body's alarm signals and turning them off.

New antiviral treatment 

The researchers also investigated whether the manipulative actions of the virus could be stopped. To this end, they used arsenic trioxide (ATO), a drug approved for treating a type of blood cancer. In both cell cultures and mice, the drug was shown to increase the production of interferons and reduce the amount of virus in the lungs.

This discovery indicates that it may be possible to influence the body's own RNAi system to slow viral infections -- and not just influenza, but perhaps even other RNA viruses. "Now, we want to continue our investigations to see whether the same mechanism is found in other types of infections. This paves the way for a completely new type of antiviral treatment, where we target not only the virus, but also how it uses our own cells," says Aishe Sarshad.
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Personality traits shape our prosocial behavior | ScienceDaily
People's willingness to do volunteer work or give to charity differs greatly. Besides financial and social incentives, individual differences in people's personality can explain why some of us are more likely to contribute to community welfare than others.


						
Researchers at the Department of Psychology of the University of Zurich have examined the links between the so-called Big Five personality traits (openness, conscientiousness, extraversion, agreeableness, neuroticism) and people's willingness to engage in prosocial behavior. Their analysis was based on 29 international studies comprising more than 90,000 participants. It included different methods to describe people's personality and covered various forms of philanthropic engagement.

Personality traits matter

The study findings show that two personality traits in particular are linked to philanthropic engagement. Sociability and assertiveness (extraversion) positively correlate with volunteering. In other words, extraverts are more likely to do volunteer work. Meanwhile, agreeableness correlates more closely with a willingness to give money to charity. This behavior may be explained by the fact that agreeable people tend to be more compassionate and considerate of other people's feelings.

Research on the other personality traits, however, yielded mixed results. For example, there was no clear link between conscientiousness and philanthropic engagement. Openness and neuroticism also appeared to have little effect on people's prosocial behavior.

New strategies to promote volunteering and donating

"Our findings confirm that individual differences in personality play a role in whether and how much people engage in prosocial behavior," says Wiebke Bleidorn, first author and professor of psychology at the University of Zurich. She believes that a better understanding of these links can help to encourage people to contribute to the common welfare based on their individual strengths and motivations.

The study thus not only provides valuable scientific insights but also practical guidance for organizations and policymakers wishing to promote volunteering and charitable giving. "This knowledge can be used to develop more targeted strategies aimed at promoting volunteering and charitable giving," says Christopher J. Hopwood, last author and professor of psychology.
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Breakthrough extends fuel cell lifespan beyond 200,000 hours, paving the way for clean long-haul trucking | ScienceDaily
For trucks and heavy-duty vehicles that must travel long distances without frequent, time-consuming charging stops, batteries often fall short. Hydrogen fuel cells -- which can be refueled as quickly as traditional gasoline -- offer a cleaner, more efficient alternative.


						
Now, researchers at UCLA have made a breakthrough that could dramatically extend the lifespan of these fuel cells, making them a more viable clean energy source that can help bring sustainable, long-haul trucking closer to reality.

Led by Yu Huang, a professor of materials science and engineering at the UCLA Samueli School of Engineering, the research team has developed a new catalyst design capable of pushing the projected fuel cell catalyst lifespans to 200,000 hours, which is nearly seven times the U.S. Department of Energy's target for 2050. Published in Nature Nanotechnology, the research marks a significant step toward the widespread adoption of fuel cell technology in heavy-duty vehicles, such as long-haul tractor trailers.

Although medium- and heavy-duty trucks make up only about 5% of vehicles on the road, they are responsible for nearly a quarter of greenhouse gas automobile emissions, according to federal estimates. This makes heavy-duty applications an ideal entry point for polymer electrolyte membrane fuel cell technology.

Because fuel cells are significantly lighter than batteries, they require less energy to move the vehicles. With a projected power output of 1.08 watts per square centimeter, fuel cells featuring the new catalyst can deliver the same performance as conventional batteries that weigh up to eight times more. This difference is especially relevant for heavy-duty vehicles, which not only carry substantial cargo but also tend to be much heavier than standard vehicles. In addition, building a national hydrogen-refueling infrastructure would likely require less investment than establishing an electric vehicle-charging network across the country.

Fuel cells work by converting the chemical energy stored in hydrogen into electricity, emitting only water vapor as a byproduct. This has made them a promising solution for cleaner transportation. However, the slow chemical reaction for the energy conversion has been a challenge, requiring a catalyst to achieve practical speeds.

While platinum-alloy catalysts have historically delivered superior chemical reaction, the alloying elements leach out over time, diminishing catalytic performance. The degradation is further accelerated by the demanding voltage cycles required to power heavy-duty vehicles.




To address this challenge, the UCLA team has engineered a durable catalyst architecture with a novel design that shields platinum from the degradation typically observed in alloy systems.

The researchers began by embedding ultrafine platinum nanoparticles within protective graphene pockets. Composed of a single layer of carbon atoms arranged in a two-dimensional honeycomb lattice, graphene is the thinnest known material. Despite its atomic thinness, it is incredibly strong, lightweight and highly conductive. These graphene-encased nanoparticles were then nested inside the porous structure of Ketjenblack, a powdery carbon material. This "particles-within-particles" design provides long-term stability while preserving the high catalytic activity essential for efficient fuel cell performance.

"Heavy-duty fuel cell systems must withstand harsh operating conditions over long periods, making durability a key challenge," said Huang, who holds the Traugott and Dorothea Frederking Endowed Chair at UCLA Samueli. "Our pure platinum catalyst, enhanced with a graphene-based protection strategy, overcomes the shortcomings of conventional platinum alloys by preventing the leaching of alloying elements. This innovation ensures that the catalyst remains active and robust, even under the demanding conditions typical of long-haul applications."

The new catalyst exhibited a power loss of less than 1.1% after an accelerated stress test involving 90,000 square-wave voltage cycles designed to simulate years of real-world driving, where even a 10% loss is typically considered excellent. These superior results project fuel cell lifetimes exceeding 200,000 hours, far surpassing the DOE's target of 30,000 hours for heavy-duty proton exchange membrane fuel cell systems.

By successfully addressing the dual challenges of catalytic activity and durability, UCLA researchers' innovative catalyst design holds great promise for the adoption of hydrogen-powered heavy-duty vehicles -- an essential step toward reducing emissions and improving fuel efficiency in a sector that accounts for a substantial share of transportation energy use.

The team's findings built on its earlier success in developing a fuel cell catalyst for light-duty vehicles that demonstrated a lifespan of 15,000 hours -- nearly doubling the DOE's target of 8,000 hours.

The new study's lead authors are UCLA Ph.D. graduates Zeyan Liu and Bosi Peng, both advised by Huang, whose research group specializes in developing nanoscale building blocks for complex materials, such as fuel cell catalysts. Xiaofeng Duan, a professor of chemistry and biochemistry at UCLA, and Xiaoqing Pan, a professor of materials science and engineering at UC Irvine, are also authors on the paper. Huang and Duan are both members of the California NanoSystems Institute at UCLA.

Other authors on the paper are Yu-Han "Joseph" Tsai and Ao Zhang from UCLA, as well as Mingjie Xu, Wenjie Zang, XingXu Yan and Li Xing from UC Irvine.

UCLA's Technology Development Group has filed a patent on the technology.
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Updated equestrian helmet ratings system adds racing and high-speed events | ScienceDaily
Falling off a horse at high-speed changes the impact to the rider's head and the parameters for a quality helmet, according to new research from the Virginia Tech Helmet Lab.


						
Published on April 28 in the Annals of Biomedical Engineering, the findings from researchers Steve Rowson and Lauren Duma indicate that head impacts during falls at high speed generate unique head rotation, which in turn, directly affects helmet behavior.

"Rotational motion of the head is very important," said Rowson, helmet lab director. "While our testing already incorporated rotational head motion, falling off a horse at high speed can put a large force across the helmet and generate rotation in a different way than our previous testing. This means that the helmets behave a little differently during low-speed and high-speed impact scenarios."

Lauren Duma, a Ph.D. student and member of the lab, was the lead author of the study.

The new study builds on the lab's previous work that documented video-captured falls in a wide array of equestrian disciplines, where riders fell from varying heights on the front, side, and back of the helmet. Horse racing and other high-speed accidents were not included with the initial research project.

The testing now includes impact scenarios where the horse and rider are moving with horizontal velocity, which typically occurs in racing and cross-country events.

The additional testing criteria were motivated by the Federation Equestre Internationale's (FEI) technical report on new testing protocols for improved equestrian helmet performance, which included horse racing accidents. The added tests were used to update the lab's original helmet ratings, which were released in December 2022.




"FEI suggested a new testing standard where the head is dropped on an angled surface, which is very similar to how we already test bicycle helmets in the lab," Rowson said. "This test does a great job of simulating high-speed falls, so we worked to include tests similar to the FEI specification to have a more comprehensive test protocol."

In addition to various fall scenarios, the lab also performed a large computational modeling analysis of the head impacts to identify the best method for quantifying injury risk to the rider.

Previously, the lab's STAR ratings only incorporated one method of testing -- either the pendulum impactor used for football helmets or the oblique drop tower used for bike and snow sport helmets. This was the first time ratings have been generated using both tests and with 49 helmets tested, the lab's largest study on equestrian helmets to date.

Ratings reflect the concussion risk associated with each model and are meant to inform consumer decisions about helmet purchasing. Helmets are rated on a scale of one to five stars, with a one-star helmet offering the least head protection, making it more likely for an individual to develop a concussion, and a five-star helmet offering the most protection and reducing concussion risk.

Updated ratings are available on the helmet lab website. Early research was funded by Jacqueline Mars, the United States Hunter Jumper Association, the United States Equestrian Federation, the United States Eventing Association, and an anonymous private donor.
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Urine test could reveal early prostate cancer | ScienceDaily
A newly published study involving researchers from Karolinska Institutet indicates that prostate cancer can be diagnosed at an early stage through a simple urine sample. With the aid of AI and extensive analyses of gene activity in tumours, they have identified new biomarkers of high diagnostic precision.


						
Prostate cancer is one of the most common causes of male death globally. One of the main diagnostic hurdles is the lack of exact biomarkers able to identify the presence of an early tumour.

In this present study, researchers at Karolinska Institutet (Sweden), Imperial College London (UK) and Xiyuan Hospital, China Academy of Chinese Medical Sciences, Beijing (China), have identified new, precise biomarkers. The results are presented in the journal Cancer Research.

Digital models of prostate cancer

On analysing the mRNA activity of all human genes in thousands of individual cells in prostate tumours, and knowing the position and degree of cancer of each cell, the researchers were able to construct digital models of prostate cancer.

The models were analysed with AI to find proteins that can be used as biomarkers. These biomarkers were then analysed in the blood, prostate tissue and urine of almost 2,000 patients.

The researchers identified a set of biomarkers in urine that were able to indicate the presence and severity of prostate cancer with a high degree of precision. According to their calculations, they surpass PSA, which is the blood biomarker in current clinical use.




"There are many advantages to measuring biomarkers in urine," explains principal investigator Mikael Benson, senior researcher at the Department of Clinical Science, Intervention and Technology, Karolinska Institutet. "It's non-invasive and painless and can potentially be done at home. The sample can then be analysed using routine methods in clinical labs."

Needs evaluating in clinical studies

Large-scale clinical trials are being planned for the next phase of the research. One such is being discussed with Professor Rakesh Heer of Imperial College London, co-author of the study and head of TRANSFORM, the UK's national prostate cancer study, which offers a platform for expediting the testing of promising biomarkers.

"New, more precise biomarkers than PSA can lead to earlier diagnosis and better prognoses for men with prostate cancer," says Dr Benson. "Moreover, it can reduce the number of unnecessary prostate biopsies in healthy men."

The study was largely financed by the Swedish Cancer Society, Radiumhemmet and the Swedish Research Council. Mikael Benson is the scientific founder of Mavatar, Inc. There are no other reported conflicts of interest.
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How math helps to protect crops from invasive disease | ScienceDaily
New research from The University of Texas at Arlington and the U.S. Department of Agriculture demonstrates how mathematical modeling can predict outbreaks of toxic fungi in Texas corn crops -- offering a potential lifeline to farmers facing billions in harvest losses.


						
"Our research focuses on predicting aflatoxin outbreaks in Texas using remote sensing satellites, soil properties and meteorological data," said coauthor Angela Avila, a postdoctoral fellow in mathematics at UTA. "One of the key challenges is that contamination can be present with no visible signs of fungal infection. This makes early risk prediction especially important for allowing targeted prevention and mitigation strategies."

Aflatoxins are toxic compounds produced by certain fungi in the mycotoxin family and are commonly found on crops such as corn (maize) and some nuts. They are carcinogenic and can pose serious health risks to humans and animals.

The research team included Jianzhong Su, professor and chair of UT Arlington's Department of Mathematics and Dr. Avila's former doctoral mentor. Together, they developed the aflatoxin risk index (ARI) and applied multiple machine learning methods to predict aflatoxin outbreaks in Texas. ARI is a predictive model that measures the cumulative risk of contamination during crop development.

"My main contribution was calculating historical planting dates for each county in Texas using time-series satellite imagery," Avila said. "Because maize is most susceptible to aflatoxin contamination at specific growth stages, having precise planting dates is critical. My contributions for planting date estimations significantly improved our risk assessment, enhancing the accuracy of our machine learning models by 20% to 30%."

"As part of her contributions to our mycotoxin research, Dr. Avila integrated a new input. She used the normalized difference vegetation index, acquired from satellite imagery, to predict planting times," said Lina Castano-Duque, lead author of the study in Frontiers in Microbiology and plant pathologist at the USDA Agricultural Research Service Southern Regional Research Center in New Orleans. "She will continue growing her model to apply it to the rest of the U.S."

Avila noted that the study has wide-reaching implications for farmers, processors and consumers, as mycotoxin contamination leads to billions of dollars in economic losses each year.

"Our research will allow farmers to make informed decisions to implement effective mitigation strategies, helping protect crops, food security, sustainability and economic stability," Avila said.

"This cutting-edge research will revolutionize the management of mycotoxin contamination in corn, addressing its associated challenges," Dr. Castano-Duque said. "Farmers will benefit from expert guidance on the risk levels of mycotoxin contamination that will aid in future crop selection and the ability to adapt input variables, such as fungicide and biocontrol application, as needed."

Support for this research was provided by the U.S. Department of Agriculture's Agricultural Research Service.
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Study using simulations highlights power of pooled data in environmental health research | ScienceDaily
Conflicting findings in environmental epidemiology have long stalled consensus on the health effects of toxic chemicals. A new study by Columbia University Mailman School of Public Health published in the American Journal of Epidemiology suggests that one major reason for these inconsistencies may be the limited exposure ranges in individual studies -- leading to underpowered results and unclear conclusions.


						
Researchers used simulated data to examine how well individual and pooled studies can identify dose-response relationships between chemical exposure and health outcomes. Their findings point to a clear solution: pooling data across studies should be prioritized, even when confounding variables vary between cohorts.

"Underpowered studies -- especially those with narrow exposure ranges -- may produce misleading results about whether and how a chemical affects human health," said lead author Eva Siegel, PhD in the Department of Environmental Health Sciences. "Our simulations show that combining data across multiple cohorts is a natural and necessary step to strengthen conclusions in environmental health research."

The research focused on polychlorinated biphenyls (PCBs), a class of persistent organic pollutants (POPs). Specifically, the study explored the relationship between maternal exposure to PCB-153 -- the most commonly detected PCB congener in human blood -- and birthweight, an association that has been inconsistently reported in previous studies.

"Some chemicals, like endocrine-disrupting POPs, may interfere with the body's systems even at very low doses," Siegel noted. "Understanding how health risks vary across the full exposure range is essential -- but that requires broader data than most single studies can offer."

To address this gap, researchers created five hypothetical populations with different exposure distributions -- from low to high -- based on real data from three well-known birth cohorts: The Columbia Children's Center for Environmental Health (CCCEH) in New York City, The Environmental Health Fund (EHF) cohort in Israel, and The Child Health and Development Studies (CHDS) in California.

By simulating these distinct exposure environments and analyzing them both individually and collectively, the team assessed how well each approach could recover a "true" dose-response curve. Their results were clear: studies with limited exposure variability often failed to detect effects, while pooled data more accurately reflected the expected relationship.

"Our results show that despite potential differences in confounding factors across studies, the benefits of data pooling outweigh the challenges especially when every effort is made to fully harmonize data between studies.," said Pam Factor-Litvak, PhD, professor of Epidemiology at Columbia Mailman School, and senior author. "To emphasize, this approach is especially crucial in understanding low-dose chemical effects, where many individual studies lack sufficient range to detect patterns."

Other co-authors are Matt Lamb, Jeff Goldsmith, and Andrew Rundle, Columbia University Mailman School of Public Health; Andreas Neophytou, Colorado State University, Matitiahu Berkovitch, Tel Aviv University; and Barbara Cohn, Public Health Institute.

The study was supported by the National Institute of Environmental Health Sciences (grants F31ES032331 and T32ES023772.
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Largest osteoarthritis genetic study uncovers pathways to new therapies and repurposed drugs | ScienceDaily
Researchers have uncovered multiple new genes and genetic pathways that could lead to repurposing hundreds of existing drugs for osteoarthritis, the most common form of arthritis.


						
The research, which analyzed data from nearly 2 million people in diverse populations worldwide, was recently published in Nature. It represents an extensive genetic exploration of osteoarthritis, a condition affecting over 600 million people globally.

Conducted by an international team led by Helmholtz Munich in collaboration with Rush University Medical Center and 125 top academic institutions worldwide, this initiative is the largest genetic investigation into osteoarthritis conducted and the largest musculoskeletal study.

The study uncovered 962 genetic variants associated with the disease and spotlighted 69 key genes whose protein products are already targeted by 473 approved drugs -- many of which could be redirected to manage osteoarthritis more effectively. This discovery leads to a fast-track to personalized medicine and innovative clinical trials.

"This study takes a leap forward in offering tailored therapies for osteoarthritis patients, many of whom have long awaited disease-modifying options," said Dino Samartzis, DSc, co-author, professor and director of the international spine research and innovation initiative of the Department of Orthopedic Surgery at Rush.

"This research is a beacon of hope. By leveraging human genetics, we can now reimagine much more effectively as to how we treat this widespread condition."

Osteoarthritis results from the gradual breakdown of cartilage in the joints.




It differs from rheumatoid arthritis, an autoimmune disorder, and is a leading cause of pain, reduced mobility and disability -- projected to affect 1 billion people by 2050. It costs the United States nearly $486 billion annually and up to EU817 billion in Europe.

"As orthopedic specialists, we see firsthand how osteoarthritis affects quality of life," said Brian Cole, MD, professor of orthopedics at Rush. "This study takes us closer to developing targeted biologics that not only alleviate symptoms but also slow disease progression and, ideally, restore joint health."

"With 10% of our genetic targets already linked to existing drugs, we're poised to accelerate the development of transformative treatments for osteoarthritis," said Eleftheria Zeggini, BSc, co-author and director of the Institute of Translational Genomics at Helmholtz Munich and professor of translational genomics at the Technical University of Munich. "This is precision medicine at work -- offering new hope to millions."

Traditionally, osteoarthritis has been managed with pain relievers and mobility aids, but no disease-modifying therapies exist to date. This study not only redefines our genetic understanding of the disease but also provides a path toward repurposing safe, approved drugs, potentially slashing the time and cost to bring effective treatments to market.

The team stresses the need for more genetically diverse studies and functional genomics data from global populations to further refine their findings. By integrating genetics with tissue-level molecular insights, the pathway to new, effective and personalized treatments for osteoarthritis becomes increasingly attainable.

"This is one of the finest examples of impactful team science," Samartzis said. "Researchers and clinicians from across the globe united with a singular goal -- to change the trajectory of osteoarthritis care for generations to come."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/04/250428220857.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Blackberries with no thorns? Scientist assembles genome of a blackberry in major step to breed better fruit | ScienceDaily
Thornless, disease-resistant, and tastier blackberries could be on the horizon -- thanks to new genetic research from the University of Florida.


						
New UF blackberry varieties could provide a boon for farmers looking to rebound after the decline of Florida citrus and who see an opportunity to meet the growing demand for blackberries, which have soared in popularity in recent years.

"Overall, this study not only advances our understanding of blackberry genetics, but it sets the stage for significant improvements in blackberry breeding techniques," said UF/IFAS researcher Zhanao Deng, who led the study that was recently published in journal Horticulture Research. "The end result could be better, more robust blackberry varieties that benefit both growers and consumers worldwide."

Over the past 20 years,consumer demand for blackberries has increased, leading to farmers growing more of the flavorful fruit in the United States and across the globe.

The United States produces 37 million pounds of processed blackberries and almost 3 million pounds of fresh fruit annually. In Florida, growers produced blackberries on 277 farms and 702 acres, according to the 2022 U.S. Department of Agriculture Census of Agriculture.

The new study delves into the genetic makeup of blackberries, said Deng, a professor of environmental horticulture at the UF/IFAS Gulf Coast Research and Education Center. He and colleagues have been developing new blackberry varieties using deep insights gained from genome sequencing.

Using a large collection of DNA sequences from an experimental blackberry BL1, the team computationally pieced them together, rebuilding the original sequence of the entire genome of this blackberry.




It starts with understanding that BL1 is a tetraploid fruit, one that comes from a plant with four copies of each chromosome in its cells. That means it has twice the normal number of chromosomes as a typical diploid plant, like a raspberry. Working with a tetraploid is more complex than a diploid, Deng said.

"The release of this tetraploid blackberry genome can contribute to more efficient and targeted breeding, ultimately leading to the development of new cultivars with enhanced fruit quality, and resistance to important diseases," Deng said. "The reference genome created from this research can be a powerful tool for anyone working with blackberries."

The genome assembly also uncovers the secrets behind key traits like growing blackberry plants with no thorns and the production of anthocyanin production, which affects the color and health benefits of the fruit.

"This finding can help us understand why blackberries develop their characteristic deep purple/black color over time and how to potentially enhance this process for more nutritious berries" he said.

For Florida, the southeastern United States and regions with similar climates, this research holds huge promise.

By using the genetic insights gained from this study, Deng said it can accelerate the process to create blackberry varieties that are better suited to local growing conditions, enhancing both the yield and the quality of the fruit produced in Florida and globally.
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Trouble hearing in noisy places and crowded spaces? Researchers say new algorithm could help hearing aid users | ScienceDaily
When a group of friends gets together at a bar or gathers for an intimate dinner, conversations can quickly multiply and mix, with different groups and pairings chatting over and across one another. Navigating this lively jumble of words -- and focusing on the ones that matter -- is particularly difficult for people with some form of hearing loss. Bustling conversations can become a fused mess of chatter, even if someone has hearing aids, which often struggle filtering out background noise. It's known as the "cocktail party problem" -- and Boston University researchers believe they might have a solution.


						
A new brain-inspired algorithm developed at BU could help hearing aids tune out interference and isolate single talkers in a crowd of voices. In testing, researchers found it could improve word recognition accuracy by 40 percentage points relative to current hearing aid algorithms.

"We were extremely surprised and excited by the magnitude of the improvement in performance -- it's pretty rare to find such big improvements," says Kamal Sen, the algorithm's developer and a BU College of Engineering associate professor of biomedical engineering. The findings were published in Communications Engineering, a Nature Portfolio journal.

Some estimates put the number of Americans with hearing loss at close to50 million; by 2050, around 2.5 billion people globally are expected to have some form of hearing loss, according to theWorld Health Organization.

"The primary complaint of people with hearing loss is that they have trouble communicating in noisy environments," saysVirginia Best, a BU Sargent College of Health & Rehabilitation Sciences research associate professor of speech, language, and hearing sciences. "These environments are very common in daily life and they tend to be really important to people -- think about dinner table conversations, social gatherings, workplace meetings. So, solutions that can enhance communication in noisy places have the potential for a huge impact."

Best was a coauthor on the study with Sen and BU biomedical engineering PhD candidate Alexander D. Boyd (ENG'23,'26). As part of the research, they also tested the ability of current hearing aid algorithms to cope with the cacophony of cocktail parties. Many hearing aids already include noise reduction algorithms and directional microphones, or beamformers, designed to emphasize sounds coming from the front.

"We decided to benchmark against the industry standard algorithm that's currently in hearing aids," says Sen. That existing algorithm "doesn't improve performance at all; if anything, it makes it slightly worse. Now we have data showing what's been known anecdotally from people with hearing aids."

Sen has patented the new algorithm -- known as BOSSA, which stands for biologically oriented sound segregation algorithm -- and is hoping to connect with companies interested in licensing the technology. He says that with Apple jumping into the hearing aid market -- its latest AirPod Pro 2 headphones are advertised as having a clinical-grade hearing aid function -- the BU team's breakthrough is timely: "If hearing aid companies don't start innovating fast, they're going to get wiped out, because Apple and other start-ups are entering the market."




Successfully Segregating Sounds

For the past 20 years, Sen has been studying how the brain encodes and decodes sounds, looking for the circuits involved in managing the cocktail party effect. With researchers in his Natural Sounds & Neural Coding Laboratory, he's plotted how sound waves are processed at different stages of the auditory pathway, tracking their journey from the ear to translation by the brain. One key mechanism: inhibitory neurons, brain cells that help suppress certain, unwanted sounds.

"You can think of it as a form of internal noise cancellation," he says. "If there's a sound at a particular location, these inhibitory neurons get activated." According to Sen, different neurons are tuned to different locations and frequencies.

The brain's approach is the inspiration for the new algorithm, which uses spatial cues like the volume and timing of a sound to tune into or tune out of it, sharpening or muffling a speaker's words as needed.

"It's basically a computational model that mimics what the brain does," says Sen, who's affiliated with BU's centers for neurophotonics and for systems neuroscience, "and actually segregates sound sources based on sound input."

A physicist who later trained in neuroscience, Sen says he came to BU in part because of the opportunity to work with the University'sHearing Research Center, where he's now a faculty member. And Sen turned to clinical researchers for help testing the algorithm.




"Ultimately, the only way to know if a benefit will translate to the listener is via behavioral studies," says Best, an expert on spatial perception and hearing loss, "and that requires scientists and clinicians who understand the target population."

Formerly a research scientist at Australia'sNational Acoustic Laboratories, Best helped design a study using a group of young adults with sensorineural hearing loss, typically caused by genetic factors or childhood diseases. In a lab, participants wore headphones that simulated people talking from different nearby locations. Their ability to pick out select speakers was tested with the aid of the new algorithm, the current standard algorithm, and no algorithm. Boyd helped collect much of the data and was the lead author on the paper.

Applying the Science Beyond Hearing Loss: ADHD and Autism

Reporting their findings, the researchers wrote that the "biologically inspired algorithm led to robust intelligibility gains under conditions in which a standard beamforming approach failed. The results provide compelling support for the potential benefits of biologically inspired algorithms for assisting individuals with hearing loss in 'cocktail party' situations." They're now in the early stages of testing an upgraded version that incorporates eye tracking technology to allow users to better direct their listening attention.

The science powering the algorithm might have implications beyond hearing loss too.

"The [neural] circuits we are studying are much more general purpose and much more fundamental," says Sen. "It ultimately has to do with attention, where you want to focus -- that's what the circuit was really built for. In the long term, we're hoping to take this to other populations, like people with ADHD or autism, who also really struggle when there's multiple things happening."
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New research shatters long-held beliefs about asteroid Vesta | ScienceDaily
For decades, scientists believed Vesta, one of the largest objects in our solar system's asteroid belt, wasn't just an asteroid. They concluded that Vesta has a crust, mantle and core -- fundamental properties of a planet.


						
Astronomers studied it for clues to how early planets grew, and what Earth might have looked like in its infancy.

Now, Michigan State University has contributed to research that flips this notion on its head.

A team led by the NASA Jet Propulsion Lab or JPL published a paper in Nature Astronomy revealing Vesta's interior structure is more uniform than previously thought. These findings startled researchers who, until then, assumed Vesta was a protoplanet that never grew to a full planet.

"The lack of a core was very surprising," said MSU Earth and Environmental Sciences Assistant Professor Seth Jacobson, a co-author on the paper. "It's a really different way of thinking about Vesta."

What is Vesta's true identity? The research team has two hypotheses that need further exploration.

The first possibility is Vesta went through incomplete differentiation, meaning it started the melting process needed to give the asteroid distinct layers, like a core, mantle and crust, but never finished. The second is a theory Jacobson floated at an astronomy conference years ago -- Vesta is a broken chunk off a growing planet in our solar system.




At the conference, Jacobson wanted other researchers to consider the possibility that some meteorites could be debris from collisions that took place during the planet formation era. He included Vesta in his suggestion but hadn't considered it a real possibility.

"This idea went from a somewhat silly suggestion to a hypothesis that we're now taking seriously due to this re-analysis of NASA Dawn mission data," Jacobson said.

More than an asteroid

Most asteroids are made of a very ancient chondritic material, appearing like a cosmic sedimentary gravel. In contrast, Vesta's surface is covered in volcanic basaltic rocks. Those rocks indicated to scientists that Vesta went through a melting process called planetary differentiation, where the metal sinks to the center and forms a core.

NASA launched the Dawn spacecraft in 2007 to study Vesta and Ceres, the two largest objects in the asteroid belt. The goal was to better understand how planets were formed.

Dawn spent months from 2011 to 2012 orbiting Vesta, measuring its gravity field and taking high-resolution images to create a very detailed map of its surface. After performing similar tasks at Ceres, the mission finished in 2018, and scientists published findings from the data.




Jacobson said the more that researchers used the data, the better they got at processing it. They found ways to more accurately calibrate measurements that yield an improved picture of Vesta's makeup. That's why Ryan Park, a JPL senior research scientist and principal engineer, and his team decided to reprocess Vesta's measurements.

"For years, conflicting gravity data from Dawn's observations of Vesta created puzzles," Park said. "After nearly a decade of refining our calibration and processing techniques, we achieved remarkable alignment between Dawn's Deep Space Network radiometric data and onboard imaging data. We were thrilled to confirm the data's strength in revealing Vesta's deep interior. Our findings show Vesta's history is far more complex than previously believed, shaped by unique processes like interrupted planetary differentation and late-stage collisions."

Planetary scientists can estimate the size of a celestial body's core by measuring what's called the moment of inertia. It's a concept from physics that describes how difficult it is to change the rotation of an object around an axis. Jacobson compared this concept to a figure skater spinning on ice. They change their speed by pulling their arms in to speed up and moving them outward to slow down. Their moment of inertia is changed by the changing position of their arms.

Similarly, an object in space with a larger core is like a ballerina with their arms pulled in. Celestial bodies with a dense core move differently than one with no core at all. Armed with this knowledge, the research team measured the rotation and gravity field of Vesta. The results showed Vesta didn't behave like an object with a core, challenging prior ideas about how it formed.

Two hypotheses

Neither hypothesis has been explored enough to rule either out, but both have problems that require more research to explain. While incomplete differentiation is possible, it doesn't line up with the meteorites researchers have collected over time.

"We're really confident these meteorites came from Vesta," Jacobson said. "And these don't show obvious evidence of incomplete differentiation."

The alternative explanation is based on the idea that as the terrestrial planets formed, large collisions occurred, mostly growing the planets but also generating impact debris. The ejected materials from those collisions would include rocks resulting from melting, and, like Vesta, they wouldn't have a core.

Jacobson's lab was already exploring the consequences of giant impacts during the planet formation era. He's working with one of his graduate students, Emily Elizondo, on the idea that some asteroids in the asteroid belt are pieces ejected from the growing planets.

This idea is still far from proven. More models need to be created and fine-tuned to prove that Vesta is an ancient chunk of a forming planet. Scientists can adjust how they study Vesta meteorites to dive deeper into either hypothesis, Jacobson said. They could also do further studies with the new approaches to the Dawn mission data.

This paper is only the beginning of a new direction of study, Jacobson said. It could forever change how scientists look at differentiated worlds.

"No longer is the Vesta meteorite collection a sample of a body in space that failed to make it as a planet," Jacobson said. "These could be pieces of an ancient planet before it grew to full completion. We just don't know which planet that is yet."
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A drug dismantles a metabolic barrier to anti-tumor immunity | ScienceDaily
A Ludwig Cancer Research study has identified a specific mode of fat uptake by immune cells within tumors that serves as a metabolic checkpoint against anti-cancer immune responses. Harnessing that insight, researchers led by Ludwig Lausanne's Ping-Chih Ho and Yi-Ru Yu -- along with Sheue-Fen Tzeng and Chin-Hsien Tsai, former post-docs in the Ho lab who now lead their own labs at Taipei Medical University in Taiwan -- have developed a humanized antibody to dismantle that barrier as a potential cancer immunotherapy.


						
This antibody, PLT012, binds and blocks the activity of CD36, a transporter of lipids that is expressed by immune cells in fat-enriched tumor microenvironments (TMEs). As Ho, Yu and colleagues report in the current issue of Cancer Discovery, PLT012 undermines the metabolic checkpoint mediated by CD36 to restore anti-tumor immunity in mouse models of hepatocellular carcinoma (HCC) as well as liver metastases of colon cancer.

"Though checkpoint blockade immunotherapies have transformed cancer care, they have had limited success against several major types of tumors, especially those that cultivate highly immunosuppressive microenvironments," said Ho, who also presented his team's findings on April 28th at the 2025 Annual Meeting of the American Association for Cancer Research in Chicago. "Our study demonstrates that PLT012 induces potent anti-tumor responses even in immunotherapy-resistant liver cancer models and exhibits strong synergy with checkpoint blockade immunotherapy as well as other standard-of-care treatment regimens."

The researchers also show that the antibody reshapes the immune landscape of tumors isolated from HCC patients, suggesting it is likely to replicate its therapeutic effects in humans. Further, they demonstrate via studies conducted in monkeys and mice that, thanks to its rational design, the antibody has a safety profile that supports its use as an immunotherapy.

"Taken together, our findings establish CD36 as a targetable metabolic immune checkpoint and introduce PLT012 as the first of a new and potentially promising class of immunotherapies," said Yu.

Cancers evolve to sabotage immune surveillance and attack. They do so in many ways, most famously by expressing so-called "immune checkpoint" proteins like PD-L1, which tricks CD8+ T cells tasked with killing cancer cells into "seeing" them as healthy. They also recruit and nurture immune cells, like regulatory T cells (Tregs) and myeloid-derived suppressor cells (MDSCs), that inhibit anti-tumor immune responses. Another way tumors escape immune clearance is by tweaking the metabolic properties of their microenvironments to induce dysfunction in attacking immune cells, or to reprogram them from an anti-tumor state into one in which they support tumor survival and growth.

It is in such machinations that the lipid transporter CD36 plays a starring role. In response to the acidity and high fat concentration of the TME, many types of immune cells step up their expression of the transporter, boosting the import of certain types of fat molecules and cholesterol. The influx of fat has radically divergent effects on different species of immune cells -- effects that seem to consistently favor the tumor. MDSCs and Tregs thrive on the lipid snacks, which bolster their immunosuppressive function. Macrophages that might gobble up cancer cells and help orchestrate an immune assault are reprogrammed to flip into a pro-tumor state. Meanwhile, CD8+ T cells -- the chief effectors of anti-tumor immunity -- suffer profound dysfunction and a type of programmed death known as ferroptosis.




Yu, Ho and colleagues show in their study that PLT012, which blocks CD36's ability to latch on to fatty molecules, reverses almost all these effects. And it does so without triggering potentially toxic autoimmune reactions in monkeys and mice, despite the broad expression of the transporter throughout the body.

"Unlike conventional immune checkpoint inhibitors, which fail in metabolically hostile TMEs, PLT012 acts upstream -- modulating lipid metabolism to dismantle the immunosuppressive architecture of the tumor," said Yu. "By targeting CD36, PLT012 selectively reduces lipid accumulation in Tregs and MDSCs while preserving and restoring the function of effector T cells in our preclinical studies. This reprogramming unlocks robust anti-tumor immunity in cancer models, even against tumor types that have traditionally resisted checkpoint blockade immunotherapies."

The antibody has received "orphan drug" designation from the U.S. Food and Drug Administration and is being developed for clinical evaluation by a spin-off company.

"The implications of this study extend beyond liver cancer, as CD36 is broadly expressed across multiple tumor types with lipid-rich microenvironments," said Ho. "It not only ushers a potentially new class of immunotherapeutics to the clinic but also deepens our understanding of the metabolic barriers to immune clearance generally employed by cancers."
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        Breast cancer mortality in women ages 20-49 significantly dropped between 2010 and 2020
        Breast cancer deaths among women ages 20-49 declined significantly between 2010 and 2020, according to a new study.

      

      
        Engineers advance toward a fault-tolerant quantum computer
        Researchers demonstrated extremely strong nonlinear light-matter coupling in a quantum circuit. Stronger coupling enables faster quantum readout and operations, ultimately improving the accuracy of quantum operations.

      

      
        Increasing physical activity in middle age may protect against Alzheimer's disease
        An increase in physical activity between the ages of 45 and 65 could help prevent Alzheimer's disease, while inactivity may be detrimental to brain health.

      

      
        Landmark experiment sheds new light on the origins of consciousness
        An experiment seven years in the making has uncovered new insights into the nature of consciousness and challenges two prominent, competing scientific theories: Integrated Information Theory (IIT) and Global Neuronal Workspace Theory (GNWT). The findings mark a pivotal moment in the goal to understand the elusive origins consciousness.

      

      
        One of Earth's ancient volcanic mysteries solved
        A new study traces a 120-million-year-old 'super-eruption' to its source, offering new insights into Earth's complex geological history.

      

      
        Restoring oil wells back to nature with moss
        In what could represent a milestone in ecological restoration, researchers have implemented a method capable of restoring peatlands at tens of thousands of oil and gas exploration sites in Western Canada. The project involves lowering the surface of these decommissioned sites, known as well pads, and transplanting native moss onto them to effectively recreate peatlands. This is the first time researchers have applied the method to scale on an entire well pad. The study found that the technique re...

      

      
        'Scratching' more than the ocean's surface to map global microplastic movement
        An international team of scientists has moved beyond just 'scratching the surface,' to understand how microplastics move through and impact the global ocean. For the first time, scientists have mapped microplastic distribution from the surface to the deep sea at a global scale -- revealing not only where plastics accumulate, but how they infiltrate critical ocean systems. Researchers synthesized depth-profile data from 1,885 stations collected between 2014 and 2024 to map microplastic distributio...

      

      
        When sea stars fall, sea otters rise: Sea otters benefit from prey boom triggered by loss of ochre sea stars
        In 2013, a sea star wasting syndrome decimated populations of Pisaster along the west coast of North America and along the Monterey Peninsula in California, where this study was conducted. The orange and purple stars have a hungry appetite for mussels in the rocky intertidal. Without the voracious sea stars lurking around, mussel populations exploded, expanding in cover from around five percent to more than 18 percent within three years. In the wake of the sea star die-off, mussels became a major...

      

      
        Giant croclike carnivore fossils found in the Caribbean
        Imagine a crocodile built like a greyhound -- that's a sebecid. Standing tall, with some species reaching 20 feet in length, they dominated South American landscapes after the extinction of dinosaurs until about 11 million years ago. Or at least, that's what paleontologists thought. A new study shows the Caribbean Islands were a refuge for the last sebecid populations at least 5 million years after they went extinct everywhere else.

      

      
        Will the vegetables of the future be fortified using tiny needles?
        Researchers have shown they can inexpensively nanomanufacture silk microneedles to precisely fortify crops, monitor plant health, and detect soil toxins.

      

      
        Heart disease deaths worldwide linked to chemical widely used in plastics
        Daily exposure to certain chemicals used to make plastic household items could be linked to more than 356,000 global deaths from heart disease in 2018 alone, a new analysis of population surveys shows. While the chemicals, called phthalates, are in widespread use globally, the Middle East, South Asia, East Asia, and the Pacific bore a much larger share of the death toll than others -- about three-fourths of the total.

      

      
        Rainfall triggers extreme humid heat in tropics and subtropics
        Scientists believe they have found a way to improve warning systems for vulnerable communities threatened by humid heatwaves, which are on the rise due to climate change and can be damaging and even fatal to human health. The study analysed how patterns of recent rainfall can interact with dry or moist land conditions to influence the risk of extreme humid heat in the global tropics and subtropics.

      

      
        Move more, think sharper
        A brisk walk, a splash of water aerobics, or even a light jog around the block -- if your heart rate goes up then so too will your brain health according to new research.

      

      
        Global study links consumption of ultraprocessed foods to preventable premature deaths
        A study analyzing data from nationally representative dietary surveys and mortality data from eight countries (Australia, Brazil, Canada, Chile, Colombia, Mexico, United Kingdom, and United States) shows that premature deaths attributable to consumption of ultraprocessed foods (UPFs) increase significantly according to their share in individuals' total energy intake. The new study reinforces the call for global action to reduce UPF consumption, supported by regulatory and fiscal policies that fos...

      

      
        A vast molecular cloud, long invisible, is discovered near solar system
        Astrophysicists have discovered a potentially star-forming cloud that is one of the largest single structures in the sky and among the closest to the sun and Earth ever to be detected. The scientists have named the molecular hydrogen cloud 'Eos,' after the Greek goddess of mythology who is the personification of dawn.

      

      
        Family first: Scientists reveal long-tailed tits' remarkable family bonds
        Forget fleeting friendships the social secrets of the long-tailed tit has revealed an extraordinary level of family commitment even during migratory journeys. Birds that babysit: scientists reveal long-tailed tits' remarkable family bonds.

      

      
        High-wire act: Soft robot can carry cargo up and down steep aerial wires
        Researchers have created a light-powered soft robot that can carry loads through the air along established tracks, similar to cable cars or aerial trams. The soft robot operates autonomously, can climb slopes at angles of up to 80 degrees, and can carry loads up to 12 times its weight.

      

      
        Using humor in communication helps scientists connect, build trust
        Scientists aren't comedians, but it turns out a joke or two can go a long way. That's according to a new study that found when researchers use humor in their communication -- particularly online -- audiences are more likely to find them trustworthy and credible.

      

      
        Geoengineering technique could cool planet using existing aircraft
        A technique to cool the planet, in which particles are added to the atmosphere to reflect sunlight, would not require developing special aircraft but could be achieved using existing large planes, according to a new modelling study.

      

      
        'Wood you believe it?' Engineers fortify wood with eco-friendly nano-iron
        With more than 181.5 billion tons of wood produced globally each year, a new method could revolutionize how we build sustainably. By infusing red oak with ferrihydrite using a simple, low-cost process, researchers strengthened the wood at the cellular level without adding weight or altering flexibility -- offering a durable, eco-friendly alternative to steel and concrete. The treated wood retains its natural behavior but gains internal durability -- paving the way for greener alternatives in cons...

      

      
        Climate change increases the risk of simultaneous wildfires
        Climate change is increasing the risk of wildfires in many regions of the world. This is due partly to specific weather conditions -- known as fire weather -- that facilitate the spread of wildfires. Researchers have found that fire weather seasons are increasingly overlapping between eastern Australia and western North America. The research team examined the causes of this shift and its implications for cross-border cooperation between fire services in Canada, the US, and Australia.

      

      
        Scientists observe how blobs form crystals and discover a new crystal type
        Crystals -- from sugar and table salt to snowflakes and diamonds -- don't always grow in a straightforward way. Researchers have now captured this journey from amorphous blob to orderly structures. In exploring how crystals form, the researchers also came across an unusual, rod-shaped crystal that hadn't been identified before, naming it 'Zangenite' for the graduate student who discovered it.

      

      
        United States sees disproportionate increase in body mass index rates of more than 60
        In the past 20 years, the average rate of obesity among adults in the United States has risen by approximately 30 percent, but the rate of those with the most severe forms of obesity, or those with a body mass index, or BMI, of more than 60 kg/m2, increased by 210 percent. Researchers analyzed national health data from 2001 through 2023, and discovered the alarming increase in the numbers of patients with the most severe forms of obesity.

      

      
        New look at galactic region surrounding our solar system: Lyman-alpha emissions
        The NASA New Horizons spacecraft's extensive observations of Lyman-alpha emissions have resulted in the first-ever map from the galaxy at this important ultraviolet wavelength, providing a new look at the galactic region surrounding our solar system.

      

      
        Left or right arm? New research reveals why vaccination site matters for immune response
        Scientists have uncovered why vaccines can elicit a stronger immune response if they are administered in the same arm.

      

      
        Personality traits shape our prosocial behavior
        Why do some people do more for the community than others? A new study now shows that personality traits such as extraversion and agreeableness correlate with volunteering and charitable giving.

      

      
        Breakthrough extends fuel cell lifespan beyond 200,000 hours, paving the way for clean long-haul trucking
        Researchers have developed a new catalyst design capable of pushing the projected fuel cell catalyst lifespans to 200,000 hours. The research marks a significant step toward the widespread adoption of fuel cell technology in heavy-duty vehicles, such as long-haul tractor trailers. While platinum-alloy catalysts have historically delivered superior chemical reactions, the alloying elements leach out over time, diminishing catalytic performance. The degradation is further accelerated by the demandi...

      

      
        Largest osteoarthritis genetic study uncovers pathways to new therapies and repurposed drugs
        Researchers have uncovered multiple new genes and genetic pathways that could lead to repurposing hundreds of existing drugs for osteoarthritis, the most common form of arthritis.

      

      
        New research shatters long-held beliefs about asteroid Vesta
        For decades, scientists believed Vesta, one of the largest objects in our solar system's asteroid belt, wasn't just an asteroid and eventually concluded it was more like a planet with a crust, mantle and core. Now, new research flips this notion on its head. Astronomers reveals Vesta doesn't have a core. These findings startled researchers who, until that point, assumed Vesta was a protoplanet that never grew to a full planet.

      

      
        Anatomy of a 'zombie' volcano: Investigating the cause of unrest inside Uturuncu
        Scientists have collaborated to analyze the inner workings of Bolivia's 'zombie' volcano, Uturuncu. By combining seismology, physics models and analysis of rock composition, researchers identify the causes of Uturuncu's unrest, alleviating fears of an imminent eruption.

      

      
        Evolution of pugs and Persians converges on cuteness
        Through intensive breeding, humans have pushed breeds such as pug dogs and Persian cats to evolve with very similar skulls and 'smushed' faces, so they're more similar to each other than they are to other dogs or cats.

      

      
        Billion-year-old impact in Scotland sparks questions about life on land
        New research has revealed that a massive meteorite struck northwestern Scotland about 200 million years later than previously thought, in a discovery that not only rewrites Scotland's geological history but alters our understanding of the evolution of non-marine life on Earth.

      

      
        Single-dose baloxavir reduces household influenza transmission
        A landmark study reveals that a single oral dose of baloxavir marboxil (baloxavir) significantly reduces the transmission of influenza within households, marking a major advancement in influenza management. The trial provides robust evidence that an antiviral treatment can curb the spread of influenza to close contacts.

      

      
        Astronomers find Earth-like exoplanets common across the cosmos
        Astronomers have discovered that super-Earth exoplanets are more common across the universe than previously thought. While it can be relatively easy to locate worlds that orbit close to their star, planets with wider paths can be difficult to detect. Still, researchers estimated that for every three stars, there should be at least one super-Earth present with a Jupiter-like orbital period, suggesting these massive worlds are extremely prevalent across the universe.

      

      
        In Down syndrome mice, 40Hz light and sound improve cognition, neurogenesis, connectivity
        A new study provides new evidence that sensory stimulation of a gamma-frequency brain rhythm may promote broad-based restorative neurological health response.

      

      
        Why our waistlines expand in middle age: Stem cells
        It's no secret that our waistlines often expand in middle-age, but the problem isn't strictly cosmetic. Belly fat accelerates aging and slows down metabolism, increasing our risk for developing diabetes, heart problems and other chronic diseases. Exactly how age transforms a six pack into a softer stomach, however, is murky. New research shows how aging shifts stem cells into overdrive to create more belly fat.

      

      
        Can technology revolutionize health science? The promise of exposomics
        Researchers in the field of exposomics explain how cutting-edge technologies are unlocking this biological archive, ushering in a new era of disease prevention and personalized medicine.

      

      
        Nanophotonic platform boosts efficiency of nonlinear-optical quantum teleportation
        Researchers have long recognized that quantum communication systems would transmit quantum information more faithfully and be impervious to certain forms of error if nonlinear optical processes were used. However, past efforts at incorporating such processes could not operate with the extremely low light levels required for quantum communication.

      

      
        Awkward. Humans are still better than AI at reading the room
        Humans are better than current AI models at interpreting social interactions and understanding social dynamics in moving scenes. Researchers believe this is because AI neural networks were inspired by the infrastructure of the part of the brain that processes static images, which is different from the area of the brain that processes dynamic social scenes.

      

      
        Blocking a surprising master regulator of immunity eradicates liver tumors in mice
        'Cold' tumors are resistant to common immunotherapies. Researchers have uncovered a master regulator that can be manipulated to prevent tumor growth in mice.
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Breast cancer mortality in women ages 20-49 significantly dropped between 2010 and 2020 | ScienceDaily
From 2010 to 2020, breast cancer deaths among women ages 20-49 declined significantly across all breast cancer subtypes and racial/ethnic groups, with marked declines starting after 2016, according to an analysis of data from the Surveillance, Epidemiology, and End Results (SEER) registry presented at the American Association for Cancer Research (AACR) Annual Meeting 2025, held April 25-30.


						
Breast cancer incidence rates in women aged 20 to 49 years have been increasing over the past 20 years across most racial and ethnic groups, but few studies have examined mortality data for patients in this age group, according to Adetunji Toriola, MD, PhD, MPH, professor in the Department of Surgery and Division of Public Health Sciences and Siteman Cancer Center at Washington University School of Medicine.

"Understanding recent trends in mortality will enable us to assess progress over the years and inform where to direct resources to reduce cancer burden in this age group," explained Toriola, who presented the study.

Toriola and colleagues analyzed data from the SEER Program 17 registry, which included data on 11,661 breast cancer deaths among women ages 20-49 between 2010 and 2020. They evaluated breast cancer incidence-based mortality by race and molecular subtypes -- including luminal A, luminal B, human epidermal growth factor receptor 2 (HER2)-enriched, and triple-negative breast cancer -- and identified differences in trends using annual percent changes (APC). Additionally, they performed relative survival analyses by examining the 10-year survival rate for each group and subtype.

Across all subtypes and racial/ethnic groups, incidence-based mortality declined from 9.70 per 100,000 women in 2010 to 1.47/100,000 in 2020. Luminal A had the most pronounced decline among the four subtypes, with a decline throughout the time period and the largest drop in 2017 (-32.88% APC). Triple-negative breast cancer followed a similar trend, with 2018 marking its largest decline (-32.82% APC).

Even though the decline in incidence-based mortality was the largest for luminal A overall, the 10-year relative survival for women with this breast cancer subtype varied depending on age. Among women ages 40-49, luminal A had the highest 10-year survival while among women ages 20-39, luminal A (78.3%) had lower 10-year survival than luminal B (84.2%).

"This was unexpected as luminal A is generally the least aggressive subtype with the most favorable prognosis," Toriola said. "This requires confirmation in other studies but may suggest that luminal A tumors in women ages 20-39 may represent a more biologically heterogeneous and potentially aggressive subgroup."

While incidence-based mortality declined for each of the racial/ethnic groups, non-Hispanic Black women had the highest incidence-based mortality in both 2010 (16.56/100,000) and 2020 (3.41/100,000) and non-Hispanic white women had the lowest incidence-based mortality in 2010 (9.18/100,000) and 2020 (1.16/100,000). Declines became most pronounced for non-Hispanic Black women in 2016 (-24.15% APC), for non-Hispanic Asian/Pacific Islander women in 2013 (-18.46% APC), for Hispanic women in 2017 (-30.15% APC), and for non-Hispanic American Indian and Alaska Native women in 2018 (-47.97% APC).




The 10-year relative survival analysis found that non-Hispanic Black women had the worst survival outcomes, while non-Hispanic white women and non-Hispanic Asian/Pacific Islander women had the best.

"We have made tremendous advances in reducing mortality from breast cancer in young women but there are still opportunities for improvements, especially in relation to eliminating disparities," Toriola said.

Toriola explained that the more drastic declines seen after 2016 likely reflect advancements in treatment options, greater uptake of precision medicine, and expanded access to care and screening in women ages 40-49. For example, he mentioned how the broader adoption of CDK4/6 inhibitors and optimization of endocrine therapy, which began receiving FDA approval and clinical adoption between 2015 and 2016, likely played key roles in improving mortality rates for hormone receptor-positive, HER2-negative cancers -- including luminal A.

"We must continue to perform impactful research to ensure further reduction in breast cancer mortality, including research into understanding the tumor biology and molecular mechanisms driving carcinogenesis and treatment response in younger women," Toriola said. "Additionally, we must encourage and provide access to population-based screening in women ages 40-49 and targeted screening in younger high-risk women, and advocate for access to high-quality treatment and care for all women."

Key limitations of this study include a follow-up time limited to 10 years and a relatively smaller number of breast cancer deaths in some racial/ethnic groups.

Funding for this study was provided by the Washington University School of Medicine. Toriola declares no conflicts of interest.
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Engineers advance toward a fault-tolerant quantum computer | ScienceDaily
In the future, quantum computers could rapidly simulate new materials or help scientists develop faster machine-learning models, opening the door to many new possibilities.


						
But these applications will only be possible if quantum computers can perform operations extremely quickly, so scientists can make measurements and perform corrections before compounding error rates reduce their accuracy and reliability.

The efficiency of this measurement process, known as readout, relies on the strength of the coupling between photons, which are particles of light that carry quantum information, and artificial atoms, units of matter that are often used to store information in a quantum computer.

Now, MIT researchers have demonstrated what they believe is the strongest nonlinear light-matter coupling ever achieved in a quantum system. Their experiment is a step toward realizing quantum operations and readout that could be performed in a few nanoseconds.

The researchers used a novel superconducting circuit architecture to show nonlinear light-matter coupling that is about an order of magnitude stronger than prior demonstrations, which could enable a quantum processor to run about 10 times faster.

There is still much work to be done before the architecture could be used in a real quantum computer, but demonstrating the fundamental physics behind the process is a major step in the right direction, says Yufeng "Bright" Ye PhD '24, lead author of a paper on this research.

"This would really eliminate one of the bottlenecks in quantum computing. Usually, you have to measure the results of your computations in between rounds of error correction. This could accelerate how quickly we can reach the fault-tolerant quantum computing stage and be able to get real-world applications and value out of our quantum computers," says Ye.




He is joined on the paper by senior author Kevin O'Brien, an associate professor and principal investigator in the Research Laboratory of Electronics at MIT who leads the Quantum Coherent Electronics Group in the Department of Electrical Engineering and Computer Science (EECS), as well as others at MIT, MIT Lincoln Laboratory, and Harvard University. The research appears in Nature Communications.

A new coupler

This physical demonstration builds on years of theoretical research in the O'Brien group.

After Ye joined the lab as a PhD student in 2019, he began developing a specialized photon detector to enhance quantum information processing.

Through that work, he invented a new type of quantum coupler, which is a device that facilitates interactions between qubits. Qubits are the building blocks of a quantum computer. This so-called quarton coupler had so many potential applications in quantum operations and readout that it quickly became a focus of the lab.

This quarton coupler is a special type of superconducting circuit that has the potential to generate extremely strong nonlinear coupling, which is essential for running most quantum algorithms. As the researchers feed more current into the coupler, it creates an even stronger nonlinear interaction. In this sense, nonlinearity means a system behaves in a way that is greater than the sum of its parts, exhibiting more complex properties.




"Most of the useful interactions in quantum computing come from nonlinear coupling of light and matter. If you can get a more versatile range of different types of coupling, and increase the coupling strength, then you can essentially increase the processing speed of the quantum computer," Ye explains.

For quantum readout, researchers shine microwave light onto a qubit and then, depending on whether that qubit is in state 0 or 1, there is a frequency shift on its associated readout resonator. They measure this shift to determine the qubit's state.

Nonlinear light-matter coupling between the qubit and resonator enables this measurement process.

The MIT researchers designed an architecture with a quarton coupler connected to two superconducting qubits on a chip. They turn one qubit into a resonator and use the other qubit as an artificial atom which stores quantum information. This information is transferred in the form of microwave light particles called photons.

"The interaction between these superconducting artificial atoms and the microwave light that routes the signal is basically how an entire superconducting quantum computer is built," Ye explains.

Enabling faster readout

The quarton coupler creates nonlinear light-matter coupling between the qubit and resonator that's about an order of magnitude stronger than researchers had achieved before. This could enable a quantum system with lightning-fast readout.

"This work is not the end of the story. This is the fundamental physics demonstration, but there is work going on in the group now to realize really fast readout," O'Brien says.

That would involve adding additional electronic components, such as filters, to produce a readout circuit that could be incorporated into a larger quantum system.

The researchers also demonstrated extremely strong matter-matter coupling, another type of qubit interaction that is important for quantum operations. This is another area they plan to explore with future work.

Fast operations and readout are especially important for quantum computers because qubits have finite lifespans, a concept known as coherence time.

Stronger nonlinear coupling enables a quantum processor to run faster and with lower error, so the qubits can perform more operations in the same amount of time. This means the qubits can run more rounds of error correction during their lifespans.

"The more runs of error correction you can get in, the lower the error will be in the results," Ye says.

In the long run, this work could help scientists build a fault-tolerant quantum computer, which is essential for practical, large-scale quantum computation.

This research was supported, in part, by the Army Research Office, the AWS Center for Quantum Computing, and the MIT Center for Quantum Engineering.
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Increasing physical activity in middle age may protect against Alzheimer's disease | ScienceDaily
An increase in physical activity between the ages of 45 and 65 could help prevent Alzheimer's disease, while inactivity may be detrimental to brain health. This is the main conclusion of a scientific paper published in Alzheimer's & Dementia, which highlights the need to promote physical activity among middle-aged adults. The study is the result of a collaboration between the Barcelona Institute for Global Health (ISGlobal), a center promoted by the "la Caixa" Foundation, and the Barcelonabeta Brain Research Center (BBRC), a research centre of the Pasqual Maragall Foundation.


						
It is estimated that 13% of Alzheimer's disease cases worldwide can be attributed to physical inactivity. In fact, the World Health Organization (WHO) recommends 150 to 300 minutes of moderate activity per week or 75 to 150 minutes of vigorous activity per week. While extensive research has shown that exercise reduces the risk of Alzheimer's disease by improving cardiovascular and mental health, recent studies suggest that physical activity may have a direct impact on the development of brain pathology associated with the disease.

The study, led by Eider Arenaza-Urquijo, researcher at ISGlobal, included 337 participants from the ALFA+ longitudinal cohort, part of the ALFA study (ALzheimer's and FAmilies) at the BBRC, supported by the "la Caixa" Foundation. "We conducted a four-year follow-up of middle-aged residents of Catalonia with a family history of Alzheimer's disease," explains Muge Akinci, doctoral researcher at ISGlobal and the BBRC at the time of the study and first author of the paper. "We used physical activity questionnaires to assess changes in activity over a four-year period and neuroimaging tests to analyse the effects of exercise on brain structure and function," she adds. Participants were classified as adherent (meeting WHO recommendations), non-adherent (doing less than the recommended amount of physical activity), and sedentary (doing zero minutes of physical activity per week).

Benefits of physical activity on brain mechanisms

Beta-amyloid (Ab) is a protein that can impair neural communication when it accumulates in the brain and is considered the first pathological event in Alzheimer's disease. Participants who increased their physical activity to meet WHO-recommended levels showed less beta-amyloid accumulation than those who remained sedentary or reduced their physical activity. Moreover, this effect appeared to be dose-dependent; the greater the increase in activity, the greater the reduction in amyloid burden.

Non-sedentary participants also showed a greater cortical thickness in brain regions associated with Alzheimer's disease. Cortical thickness in the medial temporal area is crucial for memory, so its thinning or atrophy (loss of volume) is an early sign of neurodegeneration.

"Even those who did less physical activity than recommended had greater cortical thickness than sedentary people, suggesting that any amount of exercise, no matter how minimal, has health benefits," explains Muge Akinci.

More exercise as a prevention strategy

The research team looked at both the increase in physical activity and the adherence to WHO recommendations. They observed that the benefits of physical activity appear to be related to increasing activity over time, rather than reaching a specific activity threshold.

"These findings reinforce the importance of promoting physical activity in middle age as a public health strategy for Alzheimer's prevention," emphasises Eider Arenaza-Urquijo, ISGlobal researcher and lead investigator of the study. "Interventions aimed at promoting increased physical activity could be key to reducing the incidence of the disease in the future," she concludes.
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Landmark experiment sheds new light on the origins of consciousness | ScienceDaily
An experiment seven years in the making has uncovered new insights into the nature of consciousness and challenges two prominent, competing scientific theories: Integrated Information Theory (IIT) and Global Neuronal Workspace Theory (GNWT). The findings were published today in Nature and mark a pivotal moment in the goal to understand the elusive origins consciousness.


						
IIT suggests that consciousness emerges when information inside a system (like the brain) is highly connected and unified, for as long as the information is consciously perceived, acting as a single whole. On the other hand, GNWT suggests a network of brain areas will spotlight important pieces of information in the brain -- bringing it to the forefront of our minds -- broadcasting it widely the moment it enters consciousness, and this produces conscious experience. The two competing theories were tested against one another in 2019 in a collaborative experiment involving 256 human subjects, and the findings were just released.

"Adversarial collaboration fits within the Allen Institute's mission of team science, open science and big science, in service of one of the biggest, and most long-standing, intellectual challenges of humanity: the Mind-Body Problem," said Christof Koch, Ph.D., meritorious investigator at the Allen Institute. "Unravelling this mystery is the passion of my entire life."

The Findings 

Research showed that there's functional connection between neurons in early visual areas of the brain (the areas that process vision, which are at the back of the brain) and the frontal areas of the brain, helping us understand how our perceptions tie to our thoughts. The findings de-emphasize the importance of the prefrontal cortex in consciousness, suggesting that while it's important for reasoning and planning, consciousness itself may be linked with sensory processing and perception. In other words, intelligence is about doing while consciousness is about being.

This discovery has implications for how we understand consciousness and may shed light on disorders of consciousness such as comas or vegetative states. Identifying where consciousness comes from could help detect "covert consciousness" in unresponsive patients with severe injuries -- a condition known to occur in about one-quarter of cases as reported in the New England Journal of Medicine last year.

Neither Theory Came Out on Top 

Integrated Information Theory (IIT) says consciousness comes from the interaction and cooperation of various parts of the brain as they work together to integrate information, like teamwork. It arises from how these parts are connected and how they share information with each other rather than any one individual area or part of the brain generating consciousness. The study, however, did not find enough lasting connections in the back of the brain to support this idea. Global Neuronal Workspace Theory (GNWT) supports the idea that consciousness happens in the front of the brain, but the study didn't find enough support for this idea either.




"It was clear that no single experiment would decisively refute either theory. The theories are just too different in their assumptions and explanatory goals, and the available experimental methods too coarse, to enable one theory to conclusively win out over another," said Anil Seth, Ph.D., a professor of cognitive and computational neuroscience at the University of Sussex. "Having said all this, the findings of the collaboration remain extremely valuable -- much has been learned about both theories and about where and when in the brain information about visual experience can be decoded from.

The study involved 256 subjects, which is unprecedented for this kind of experiment. Researchers showed them various visual stimuli and then used three common human brain measurement tools that track blood flow as well as magnetic and electrical activity to study their brains while they looked at the stimuli.

The highly collaborative experiment is the result of a large-scale, open science collaboration that began at a workshop at the Allen Institute in 2018. This innovative approach brought together researchers with differing perspectives to test two theories in a collaborative, yet critical, environment aimed at reducing confirmation bias and accelerating scientific progress.

"Adversarial collaborations are a powerful social process, little used because of its challenging nature, within any field that has competing theories," said Koch. "The bio-medical field could hugely profit by 'friendly' competition among theories -- neurobiological or others. But it requires a great deal of cooperation and work."
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One of Earth's ancient volcanic mysteries solved | ScienceDaily
Geologists led by the University of Maryland and the University of Hawai'i finally connected the dots between one of the largest volcanic eruptions in Earth's history and its source deep beneath the Pacific Ocean.


						
In a paper published in the journal Nature on April 30, 2025, the team revealed that the same underwater hotspot created both a chain of underwater volcanoes in the southern Pacific region and the massive Ontong-Java Plateau, the largest volcanic platform on Earth.

"Up until now, we've had this extremely disconnected picture of the Pacific and its volcanoes," said the study's corresponding author Val Finlayson, an assistant research scientist in UMD's Department of Geology. "But for the first time, we're able to make a clear connection between the younger southern and older western Pacific volcanic systems. It's a discovery that gives us a more complete history of how the Pacific Ocean basin has evolved over millions of years to become what it is today."

For years, scientists wondered whether the southern Pacific Ocean's Louisville hotspot -- an area where hot and chemically distinct material from deep inside the Earth rises to the surface to create volcanoes -- formed both the underwater mountain chain bearing its name and the 120-million-year-old Ontong-Java Plateau, a submerged seafloor platform located what is now north of the Solomon Islands. Previous theories and models on how the Pacific seafloor moved attempted to explain the connection between the two major geological features but failed to provide a definitive answer.

"Much of the physical evidence for a connection between Louisville and Ontong-Java has disappeared because part of the Louisville hotspot track was subducted, or pushed, under tectonic plates in the Pacific region," Finlayson said. "We had to sample deeply submerged volcanoes from a different long-lived hotspot track to find evidence from tens of millions of years ago that suggested our models for the Pacific plate needed revision."

Finlayson and her team made their first breakthrough when they discovered a series of underwater mountains near Samoa that were much older than expected for volcanoes in the area. By analyzing the age and chemical makeup of ancient rock samples taken from the area, the researchers concluded that these mountains were part of a much older segment of the Louisville volcanic track, which Finlayson compared to a volcano's "footprints." As the Earth's crust (tectonic plates) moves over hotspots, they form these volcanic tracks.

"We can track these 'footprints' across time and space," Finlayson explained. "The footprints get progressively older as you move away from an active hot spot, similar to how your own footprints will fade away in the sand as you walk. But you can still tell that these prints belong to the same source. Thanks to this new evidence, we were able to revise current models of Pacific plate motion and gain a better understanding of how the seafloor has moved over millions of years."

Finlayson's team now plans to apply their improved models to better understand other ancient volcanic features scattered across the ocean floor and above its surface. As many Pacific island nations currently sit atop volcanic platforms and underwater volcanic chains, Finlayson hopes that her work furthers understanding of the very foundations of those countries. She also believes that her team's discovery will help scientists develop a better understanding of volcanism and geological evolution, not just in the Pacific region, but around the world.

"We've solved one mystery, but there are countless more waiting to be unraveled. This finding offers us a more accurate history of the Pacific and its volcanic activity and helps us understand more about the dynamics and style of volcanism that occurs there," Finlayson said. "Everything new we learn about the Earth's tumultuous past helps us better understand the dynamic planet we live on today."
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Restoring oil wells back to nature with moss | ScienceDaily
In what could represent a milestone in ecological restoration, researchers have implemented a method capable of restoring peatlands at tens of thousands of oil and gas exploration sites in western Canada.


						
Researchers from the University of Waterloo led the project that involves lowering the surface of these decommissioned sites, known as well pads, and transplanting native moss onto them to effectively recreate peatlands. This is the first time researchers have applied the method to scale on an entire well pad. The study found that the technique results in sufficient water for the growth of peatland moss across large portions of the study site.

Historically, restoration efforts involved planting trees or grasses to establish upland forests or grasslands. This newmethod returns a well pad to its condition before drilling occurred and supports the ongoing development of peatland restoration techniques. The discovery can help the oil and gas industry and its regulators better mitigate the long-term impact of resource extraction on Canadian peatland ecosystems.

"These results are the first to suggest that the re-establishment of peatland vegetation on full-scale lowered well pads is possible. through peatlands, which can negatively affect the ecosystem in surrounding areas," said Murdoch McKinnon, PhD candidate in the Faculty of Environment. "Well pads bury all of the native peatland vegetation under clay or sand, negatively impacting the ability of the peatland to sequester carbon and also reducing the availability of habitat for wildlife."

The researchers plan to continue monitoring ecosystem development on the tested well pads to confirm that the transplanted mosses will be self-sustaining over the coming decades. Partners at the Northern Alberta Institute of Technology's Centre for Boreal Research are now applying some of the study's recommendations at sites across northern Alberta.

"Preserving peatlands is critical because of the role they play storing and supplying water in the landscape," said Dr. Richard Petrone, a professor in the Department of Geography and Environmental Management at Waterloo. "They are also our best choice for nature-based climate change solutions because of the vast amounts of carbon that they store."

In the future, researchers will focus on increasing the amount of water that flows from surrounding natural peatlands into well pads to further optimize soil moisture. This will be an essential step given the sensitivity of the native mosses to drying out and might therefore improve regrowth.

Mount Royal University, the Northern Alberta Institute of Technology and Athabasca University also contributed to this work. The study, Hydrologic assessment of mineral substrate suitability for true moss initiation in a boreal peatland undergoing restoration, appears in Ecological Engineering.
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'Scratching' more than the ocean's surface to map global microplastic movement | ScienceDaily
Marine plastic pollution is a global crisis, with 9 to 14 million metric tons of plastic entering the ocean every year. Tiny fragments called microplastics -- ranging from 1 micron to 5 millimeters -- make up the vast majority of plastic pieces found and pose serious risks to ocean health.


						
Most research has focused on surface waters, usually sampling just the top 15 to 50 centimeters using net tows. However, microplastics come in many forms with different properties, influencing how they move and interact with their surroundings.

A researcher from Florida Atlantic University is among an international team of scientists who has moved beyond just "scratching the surface," marking a turning point in our understanding of how microplastics move through and impact the global ocean.

For the first time, scientists have mapped microplastic distribution from the surface to the deep sea at a global scale -- revealing not only where plastics accumulate, but how they infiltrate critical ocean systems. For the study, researchers synthesized depth-profile data from 1,885 stations collected between 2014 and 2024 to map microplastic distribution patterns by size and polymer type, while also evaluating potential transport mechanisms.

Results, published in Nature, reveal that microplastics are not just surface pollutants -- they're deeply embedded in the ocean's structure. Ranging from a few to thousands of particles per cubic meter, their size determines how they move: smaller microplastics (1 to 100 micrometers) spread more evenly and penetrate deeper, while larger ones (100 to 5,000 micrometers) concentrate near the surface, especially within the top 100 meters of gyres. Gyres act like massive, slow-moving whirlpools that trap and concentrate floating debris -- especially plastic.

Strikingly, microplastics are becoming a measurable part of the ocean's carbon cycle, making up just 0.1% of carbon particles at 30 meters but rising to 5% at 2,000 meters. This suggests that microplastics are not only persistent pollutants but may also be altering key biogeochemical processes in the deep sea.

"Microplastics are not just floating at the surface -- they're deeply embedded throughout the ocean, from coastal waters to the open sea," said Tracy Mincer, Ph.D., co-author and an associate professor of biology and biochemistry in FAU's Harriet L. Wilkes Honors College.




Researchers identified more than 56 types of plastic polymers in their synthesized microplastic dataset. While buoyant plastics dominate overall, denser microplastics are more prevalent offshore -- likely because they fragment more readily. Dense polymers become brittle and break down faster, particularly after prolonged exposure to environmental weathering. These small, persistent particles -- often originating from fishing gear and containers like polyester bottles -- can remain in the ocean for decades.

Polypropylene, commonly found in items like yogurt containers and rope, photodegrades more quickly than polyethylene, which is used in plastic bags and water bottles. This may account for its lower abundance in offshore waters. Nonetheless, significant uncertainties remain in subsurface microplastic data due to inconsistent sampling techniques and limited coverage, highlighting the need for specialized equipment and greater collaboration to improve data reliability.

The ocean's water column -- the largest habitat on Earth -- plays a crucial role in global carbon cycling, supporting half of the planet's primary production and absorbing human-made CO?. As microplastics move through this vast space, they interact with natural particles and processes, potentially affecting how the ocean functions.

"Our findings suggest microplastics are becoming a measurable part of the ocean's carbon cycle, with potential consequences for climate regulation and marine food webs," said Mincer. "This work sets the stage for taking the next steps in understanding the residence time of plastic in the interior of the ocean."

The study was led by the Japan Agency for Marine-Earth Science and Technology in collaboration with FAU; Aotearoa Blue Ocean Research in New Zealand; Northeastern University; East China Normal University; NIOZ Royal Netherlands Institute for Sea Research, The Netherlands; The Ocean Cleanup, The Netherlands; Egger Research and Consulting, Switzerland; University of Amsterdam, The Netherlands; Utrecht University, The Netherlands; Universidad Catolica del Norte, Chile; Smithsonian Environmental Research Center; Harvard University; University of Siena, Italy; and the National Biodiversity Future Center, Italy.

Several authors were FAU researchers in the Mincer lab including Luisa Galgani, Ph.D., who served as a Marie Curie Postdoctoral Fellow and is now faculty at the University of Siena; Ryan Bos, Ph.D., who was a Ph.D. student in the integrative biology program at FAU and is now a postdoc at Harvard; and Shiye Zhao, Ph.D., the lead author, who was an FAU postdoc for several years and is now tenured faculty at the Japan Agency for Marine-Earth Science and Technology.
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When sea stars fall, sea otters rise: Sea otters benefit from prey boom triggered by loss of ochre sea stars | ScienceDaily
New research led by Monterey Bay Aquarium reveals a surprising ripple effect in coastal ecosystems: the collapse of one marine predator can benefit another. Published today in the journal Science Advances, the study shows that a mass die-off of ochre sea stars (often called Pisaster ochraceus) due to a sea star wasting event created a mussel boom -- offering sea otters an unexpected prey buffet.


						
"Our research shows that the loss of a predator in one ecosystem can send shockwaves into another," said lead author Dr. Joshua Smith, a research scientist at Monterey Bay Aquarium. "It's an example of how ecosystems are connected through keystone predation in ways that we haven't understood before."

In 2013, a sea star wasting syndrome decimated populations of Pisaster along the west coast of North America and along the Monterey Peninsula in California, where this study was conducted. The orange and purple stars have a hungry appetite for mussels in the rocky intertidal. Without the voracious sea stars lurking around, mussel populations exploded, expanding in cover from around five percent to more than 18 percent within three years. In the wake of the sea star die-off, mussels became a major prey surplus for sea otters, revealing a surprising link between the adjacent rocky intertidal and kelp forest ecosystems. The new research into the phenomenon shows how the loss of a keystone predator (Pisaster) in one ecosystem can impart changes to another (sea otters), linking ecosystems.

Mussel bonanza benefits sea otters

Monterey Bay Aquarium researchers have been observing sea otter foraging behavior for decades. Sea otters consume their prey at the surface, which is key to recording what they eat and where they forage. Following the loss of Pisaster, sea otters more than doubled their mussel consumption, increasing from less than seven percent to nearly 18 percent of their overall diet. The local number of sea otters also increased from a decade average (2000-2012) of 373 to 535 during 2014-2024, and the prey surplus supported the increased numbers.

Increases in mussel consumption by sea otters in the rocky intertidal were documented by the Multi-Agency Rocky Intertidal Network (MARINe) -- a consortium of organizations that conduct long-term ecosystem monitoring. The MARINe group sampled four locations over several decades in the rocky intertidal along the Monterey Peninsula. For each survey, they recorded information on the number of sea stars, the cover of mussels, and how far the mussel beds extended from the upper intertidal toward the water.

"The long-term monitoring data collected by MARINe were really key to cinching the correlation between the decline in sea stars and the increase in mussels," Smith said. "The 2013 sea star wasting event was so abrupt. By late 2013 the local population of stars had nearly collapsed."

"Predators like sea stars and sea otters are essential to maintaining resilient ecosystems. When these predators are removed, everything crumbles," Smith said. "Our findings reveal what we are calling 'keystone interdependence' -- where the loss of a predator in one ecosystem doesn't just affect that particular ecosystem, it also extends to adjacent ecosystems, even benefiting other predators."




From prey surplus to ecological uncertainty

Although sea otters thrived in response to increased availability of mussels, researchers caution this might only be temporary. With mussels now reaching sizes that are too large for sea stars to consume, a return to the previous balance may be slow -- even after Pisaster recovers. Researchers hypothesize that sea otters might shift their diets once again, after they deplete the overabundance of large mussels and after Pisaster eventually recovers.

The study also highlights how climate change compounds the effects of ecosystem shifts. Shortly before the mussel population increase, the largest marine heatwave on record occurred in the northeast Pacific Ocean from 2014-2016. In the sweltering sea temperatures, kelp forests declined, kelp-eating sea urchin numbers exploded, and sea otters shifted their diet toward sea urchins. Later, the sea otters pivoted again -- this time toward mussels as this prey surplus became available in the rocky intertidal.

Predator diversity increases resilience

This study highlights the importance of conservation that considers ecosystems and habitats as being fundamentally connected systems.

"Conservation efforts rarely consider how adjacent ecosystems are connected," said Dr. April Ridlon, co-author of the paper and aquarium director of U.S. and California science. "The findings of this study show that predators are important for enabling ecological resilience, and that when predators decline in one ecosystem, the consequences may be manifest in another."

With climate extremes like marine heatwaves on the rise, understanding how changes in one ecosystem impact another is central to developing effective conservation strategies.

"Predators like sea stars and sea otters are essential to maintaining resilient ecosystems," said co-author and aquarium Senior Sea Otter Biologist Leilani Konrad. "Our findings of keystone interdependence reveal that conservation of predators in one ecosystem can enhance resilience that transcends ecosystems and protects biodiversity."
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Giant croclike carnivore fossils found in the Caribbean | ScienceDaily
Imagine a crocodile built like a greyhound -- that's a sebecid. Standing tall, with some species reaching 20 feet in length, they dominated South American landscapes after the extinction of dinosaurs until about 11 million years ago. Or at least, that's what paleontologists thought, until they began finding strange, fossilized teeth in the Caribbean.


						
"The first question that we had when these teeth were found in the Dominican Republic and on other islands in the Caribbean was: What are they?" said Jonathan Bloch, curator of vertebrate paleontology at the Florida Museum of Natural History.

This initial confusion was warranted. Three decades ago, researchers uncovered two roughly 18 million-year-old teeth in Cuba. With a tapered shape and small, sharp serrations specialized for tearing into meat, it unmistakenly belonged to a predator at the top of the food chain. But for the longest time, scientists didn't think such large, land-based predators ever existed in the Caribbean. The mystery deepened when another tooth turned up in Puerto Rico, this one 29 million years old. The teeth alone weren't enough to identify a specific animal, and the matter went unresolved.

That changed in early 2023, when a research team unearthed another fossilized tooth in the Dominican Republic -- but this time, it was accompanied by two vertebrae. It wasn't much to go on, but it was enough. The fossils belonged to a sebecid, and the Caribbean, far from never having large, terrestrial predators, was a refuge for the last sebecid populations at least 5 million years after they went extinct everywhere else.

A research team described the implications of their finding in a new study published in the Proceedings of the Royal Society B. The study's lead author, Lazaro Vinola Lopez, conducted the research as a graduate student at the University of Florida. He knew his team members had come upon something exceptional when they unearthed the fossils. "That emotion of finding the fossil and realizing what it is, it's indescribable," he said.

Sebecids were the last surviving members of the Notosuchia, a large and diverse group of extinct crocodilians with a fossil record that extends back into the age of dinosaurs. They represented a wide range in size, diet and habitat and were notably different from their crocodile relatives, as most of them lived entirely on land.

The sebecids acted like carnivorous dinosaurs, sprinting after prey on their four long, agile limbs and tearing through flesh with their notorious teeth. Some species could reach 20 feet in length and had protective armor made of bony plates embedded in their skin. The mass extinction event 66 million years ago that wiped out nonavian dinosaurs nearly destroyed notosuchians as well. In South America, only the sebecids endured, and with the dinosaurs gone, they quickly rose to be the apex predator.




The open sea separating the Caribbean islands and mainland South America would have posed a serious challenge for a terrestrial sebecid to swim across. In finding the fossils, the research team revealed possible evidence in support of the GAARlandia hypothesis. This theory suggests a pathway of temporary land bridges or a chain of islands once allowed land animals to travel from South America to the Caribbean.

If, as scientists hypothesize, the serrated teeth discovered on other Caribbean islands also belonged to a sebecid, the history of these giant reptiles extends beyond the Dominican Republic. They would have occupied and shaped the region's ecosystems for millions of years. Yet today you'd be hard-pressed to find evidence of the large terrestrial predators. In their absence, smaller endemic predators like birds, snakes and crocodiles have evolved to fill the gap in the food chain.

"You wouldn't have been able to predict this looking at the modern ecosystem," Bloch said. "The presence of a large predator is really different than we imagined before, and it's exciting to think about what might be discovered next in the Caribbean fossil record as we explore back further in time."

This revelation aligns with similar observations ecologists have described worldwide. Islands are known to act as "museums of biodiversity," providing a haven that allows plants and animals to survive even after their related species have gone extinct on the mainland.

Although the tropics are among the most biodiverse places on Earth, much of their natural history remains a mystery. That's why, according to Bloch, they're the most important -- albeit challenging -- regions for paleontologists to study.

Historically, many paleontologists in the Caribbean have excavated fossils from caves and blue holes, where large accumulations of remains are often found. Caves can serve as shelter against harsh conditions for animals, and predatory birds like owls and hawks frequently bring their prey inside to eat, leaving behind pellets or discarded bones. Blue holes preserve fossils exceptionally well, as they lack the oxygen that fuels decay.




But these locations only provide a narrow snapshot of past biodiversity because most of the fossils are relatively young. While these sites provide valuable insight into recent history, they have their limitations when it comes to older, less well-known fossils.

Today, Caribbean paleontologists are taking a new approach. Finding deep-time fossils often requires more effort and fortunate circumstances, but they're willing to face the obstacles. "This is like a renaissance," said Vinola-Lopez, describing the renewed interest and excitement in the region.

Local scientists have the advantage of being able to react quickly when a potential fossil bed is discovered. The dry, rocky landscapes that contain fossils are hard to come by in the Caribbean, where wind and rain erode outcrops and today's forests cover fossil beds.

"Outcrops don't last too long, so you go there when you can. When they're cutting the road or a few months after that, you find the fossils. If you're looking in a few years, it will be gone," Vinola-Lopez said.

Finding sebecid fossils in the Dominican Republic site was possible because local work crews happened to be cutting a road directly through it. Elson Core, a graduate student from the University of Puerto Rico in Mayaguez at the time, came across the fossil beds while conducting stratigraphy research and alerted his colleagues. Vinola-Lopez learned about the site through fellow paleontologists and was eager to plan a visit for fieldwork.

This study represents one of many incredible discoveries that have recently come out of the Caribbean. Lazaro and his colleagues uncovered the Caribbean's first record of mosasaurs, enormous reptiles that once dominated the seas. Meanwhile, the discovery of the oldest ground sloth fossils in Hispaniola has helped fill a gap in the region's paleontological record.

Even more recent mysteries are coming into focus as well, with research suggesting the arrival of humans may be to blame for the extinction of the island's native rodents. This flow of information and discovery emerging from the region is far from over. As Vinola-Lopez said, "The sebecid is only the tip of the iceberg."
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Will the vegetables of the future be fortified using tiny needles? | ScienceDaily
When farmers apply pesticides to their crops, 30 to 50 percent of the chemicals end up in the air or soil instead of on the plants. Now, a team of researchers from MIT and Singapore has developed a much more precise way to deliver substances to plants: tiny needles made of silk.


						
In a study published today in Nature Nanotechnology, the researchers developed a way to produce large amounts of these hollow silk microneedles. They used them to inject agrochemicals and nutrients into plants, and to monitor their health.

"There's a big need to make agriculture more efficient," says Benedetto Marelli, the study's senior author and an associate professor of civil and environmental engineering at MIT. "Agrochemicals are important for supporting our food system, but they're also expensive and bring environmental side effects, so there's a big need to deliver them precisely."

Yunteng Cao PhD '22, currently a postdoc Yale University, and Doyoon Kim, a former postdoc in the Marelli lab, led the study, which included a collaboration with the Disruptive and Sustainable Technologies for Agricultural Precision (DiSTAP) interdisciplinary research group at the Singapore-MIT Alliance for Research and Technology (SMART).

In demonstrations, the team used the technique to give plants iron to treat a disease known as chlorosis, and to add vitamin B12 to tomato plants to make them more nutritious. The researchers also showed the microneedles could be used to monitor the quality of fluids flowing into plants and to detect when the surrounding soil contained heavy metals.

Overall, the researchers believe the microneedles could serve as a new kind of plant interface for real-time health monitoring and biofortification.

"These microneedles could be a tool for plant scientists so they can understand more about plant health and how they grow," Marelli says. "But they can also be used to add value to crops, making them more resilient and possibly even increasing yields."

The inner workings of plants




Accessing the inner tissues of living plants requires scientists to get through the plants' waxy skin without causing too much stress. In previous work, the researchers used silk-based microneedles to deliver agrochemicals to plants in lab environments and to detect pH changes in living plants. But these initial efforts involved small payloads, limiting their applications in commercial agriculture.

"Microneedles were originally developed for the delivery of vaccines or other drugs in humans," Marelli explains. "Now we've adapted it so that the technology can work with plants, but initially we could not deliver sufficient doses of agrochemicals and nutrients to mitigate stressors or enhance crop nutritional values."

Hollow structures could increase the amount of chemicals microneedles can deliver, but Marelli says creating those structures at scale has historically required clean rooms and expensive facilities like the ones found inside the MIT.nano building.

For this study, Cao and Kim created a new way to manufacture hollow silk microneedles by combining silk fibroin protein with a salty solution inside tiny, cone-shaped molds. As water evaporated from the solution, the silk solidified into the mold while the salt forms crystalline structures inside the molds. When the salt was removed, it left behind in each needle a hollow structure or tiny pores, depending on the salt concentration and the separation of the organic and inorganic phases.

"It's a pretty simple fabrication process. It can be done outside of a clean room -- you could do it in your kitchen if you wanted," Kim says. "It doesn't require any expensive machinery."

The researchers then tested their microneedles' ability to deliver iron to iron-deficient tomato plants, which can cause a disease known as chlorosis. Chlorosis can decrease yields, but treating it by spraying crops is inefficient and can have environmental side effects. The researchers showed that their hollow microneedles could be used for the sustained delivery of iron without harming the plants.




The researchers also showed their microneedles could be used to fortify crops while they grow. Historically, crop fortification efforts have focused on minerals like zinc or iron, with vitamins only added after the food is harvested.

In each case, the researchers applied the microneedles to the stalks of plants by hand, but Marelli envisions equipping autonomous vehicles and other equipment already used in farms to automate and scale the process.

As part of the study, the researchers used microneedles to deliver vitamin B12, which is primarily found naturally in animal products, into the stalks of growing tomatoes, showing that vitamin B12 moved into the tomato fruits before harvest. The researchers propose their method could be used to fortify more plants with the vitamin.

Co-author Daisuke Urano, a plant scientist with DiSTAP, explains that "through a comprehensive assessment, we showed minimal adverse effects from microneedle injections in plants, with no observed short- or long-term negative impacts."

"This new delivery mechanism opens up a lot of potential applications, so we wanted to do something nobody had done before," Marelli explains.

Finally, the researchers explored the use of their microneedles to monitor the health of plants by studying tomatoes growing in hydroponic solutions contaminated with cadmium, a toxic metal commonly found in farms close to industrial and mining sites. They showed their microneedles absorbed the toxin within 15 minutes of being injected into the tomato stalks, offering a path to rapid detection.

Current advanced techniques for monitoring plant health, such as colorimetric and hyperspectral lead analyses, can only detect problems after plants growth is already being stunted. Other methods, such as sap sampling, can be too time-consuming.

Microneedles, in contrast, could be used to more easily collect sap for ongoing chemical analysis. For instance, the researchers showed they could monitor cadmium levels in tomatoes over the course of 18 hours.

A new platform for farming

The researchers believe the microneedles could be used to complement existing agricultural practices like spraying. The researchers also note the technology has applications beyond agriculture, such as in biomedical engineering.

"This new polymeric microneedle fabrication technique may also benefit research in microneedle-mediated transdermal and intradermal drug delivery and health monitoring," Cao says.

For now, though, Marelli believes the microneedles offer a path to more precise, sustainable agriculture practices.

"We want to maximize the growth of plants without negatively affecting the health of the farm or the biodiversity of surrounding ecosystems," Marelli says. "There shouldn't be a trade-off between the agriculture industry and the environment. They should work together."

This work was supported, in part, by the U.S. Office of Naval Research, the U.S. National Science Foundation, SMART, the National Research Foundation of Singapore, and the Singapore Prime Minister's Office.
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Heart disease deaths worldwide linked to chemical widely used in plastics | ScienceDaily
Daily exposure to certain chemicals used to make plastic household items could be linked to more than 356,000 global deaths from heart disease in 2018 alone, a new analysis of population surveys shows.


						
While the chemicals, called phthalates, are in widespread use globally, the Middle East, South Asia, East Asia, and the Pacific bore a much larger share of the death toll than others -- about three-fourths of the total.

For decades, experts have connected health problems to exposure to certain phthalates found in cosmetics, detergents, solvents, plastic pipes, bug repellants, and other products. When these chemicals break down into microscopic particles and are ingested, studies have linked them to an increased risk of conditions ranging from obesity and diabetes to fertility issues and cancer.

Led by researchers at NYU Langone Health, the current study focused on a kind of phthalate called di-2-ethylhexyl phthalate (DEHP), which is used to make food containers, medical equipment, and other plastic softer and more flexible. Exposure has been shown in other studies to prompt an overactive immune response (inflammation) in the heart's arteries, which, over time, is associated with increased risk of heart attack or stroke. In their new analysis, the authors estimated that DEHP exposure contributed to 356,238 deaths, or more than 13% of all global mortality from heart disease in 2018 among men and women ages 55 through 64.

"By highlighting the connection between phthalates and a leading cause of death across the world, our findings add to the vast body of evidence that these chemicals present a tremendous danger to human health," said study lead author Sara Hyman, BS, an associate research scientist at NYU Grossman School of Medicine.

According to the authors, the resulting economic burden from the deaths identified in their study was estimated to be around $510 billion and may have reached as high as $3.74 trillion.

In a past study from 2021, the research team tied phthalates to more than 50,000 premature deaths each year, mostly from heart disease, among older Americans. Their latest investigation is believed to be the first global estimate to date of cardiovascular mortality -- or indeed any health outcome -- resulting from exposure to the chemicals, says Hyman, who is also a graduate student at NYU School of Public Global Health.




A report on the findings is publishing online April 29 in the journal Lancet eBiomedicine.

For the research, the team used health and environmental data from dozens of population surveys to estimate DEHP exposure across 200 countries and territories. The information included urine samples containing chemical breakdown products left by the plastic additive. Mortality data was obtained from the Institute for Health Metrics and Evaluation, a research group in the US that collects medical information worldwide to identify trends in public health.

Among the key findings, the study showed that losses in the combined region of East Asia and the Middle East and the combined region of East Asia and the Pacific accounted, respectively, for about 42% and 32% of the mortality from heart disease linked to DEHP. Specifically, India had the highest death count at 103,587 deaths, followed by China and Indonesia. The larger heart death risks in these populations held true even after the researchers adjusted their statistical analysis to take into account population size within the studied age group.

A possible explanation, the authors say, is that these countries face higher rates of exposure to the chemicals, possibly because they are undergoing a boom in plastic production but with fewer manufacturing restrictions than other regions.

"There is a clear disparity in which parts of the world bear the brunt of heightened heart risks from phthalates," said study senior author Leonardo Trasande, MD, MPP. "Our results underscore the urgent need for global regulations to reduce exposure to these toxins, especially in areas most affected by rapid industrialization and plastic consumption," added Trasande, the Jim G. Hendrick, MD, Professor of Pediatrics at NYU Grossman School of Medicine.

Trasande, who is also a professor in the Department of Population Health, cautions that the analysis was not designed to establish that DEHP directly or alone caused heart disease and that higher death risks did not take into account other types of phthalates. Nor did it include mortality among those in other age groups. As a result, the overall death toll from heart disease connected to these chemicals is likely much higher, he says.




Trasande says that the researchers next plan to track how reductions in phthalate exposure may, over time, affect global mortality rates, as well as to expand the study to other health concerns posed by the chemicals, such as preterm birth. Trasande also serves as director of NYU Grossman School of Medicine's Division of Environmental Pediatrics and the Center for the Investigation of Environmental Hazards.

Funding for the study was provided by National Institutes of Health grant P2CES033423. Further study funding was provided by Beyond Petrochemicals.

Trasande has received support for travel or meetings from the Endocrine Society, World Health Organization, the United Nations Environment Programme, Japan's Environment and Health Ministries, and the American Academy of Pediatrics. He has also received royalties and licenses from Houghton Mifflin Harcourt, Audible, Paidos, and Kobunsha, and has served in leadership or fiduciary roles at Beautycounter, Ahimsa, Grassroots Environmental Education, and Footprint. None of these activities were related to the current study. The terms and conditions of all of these relationships are being managed by NYU Langone Health.

In addition to Hyman and Trasande, other NYU Langone researchers involved in the study are Jonathan Acevedo, MPH, and Chiara Gianarelli, MD, PhD.
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Rainfall triggers extreme humid heat in tropics and subtropics | ScienceDaily
Scientists believe they have found a way to improve warning systems for vulnerable communities threatened by humid heatwaves, which are on the rise due to climate change and can be damaging and even fatal to human health.


						
The team, from the University of Leeds and the UK Centre for Ecology and Hydrology has provided the first ever analysis of how patterns of recent rainfall can interact with dry or moist land conditions to influence the risk of extreme humid heat in the global tropics and subtropics.

The study, which is published today in the journal Nature Communications, offers new insight which could lead to the development of early warning systems for vulnerable communities in those regions.

Climate change means humid heatwaves are a growing risk to human and animal health, especially in tropical regions. While there is established research into dry heatwaves, there is little understanding of the meteorological drivers of extreme humid heat.

Humid heat is related to heat stress, occurring when environmental conditions overwhelm the body's ability to cool itself. Severe heat stress leads to an increase in the core body temperature of 3degC or more and can cause confusion, seizures, and loss of consciousness. If not treated promptly, severe heat stress can lead to muscle damage, major organ failure, and death.

Humid heatwaves are particularly concerning for humans because a wet-bulb temperature (a measure of temperature that accounts for how much cooling can occur through evaporation under ideal conditions) of 35degC means they are unable to shed heat effectively through sweating. Several subtropical coastal locations have already experienced this 35degC threshold.

Lead author of the study Dr Lawrence Jackson, a Research Fellow in the School of Earth and Environment, said: "With climate change driving more frequent and intense humid heat events, particularly in tropical and subtropical regions, the risks to vulnerable populations and outdoor workers are increasing.




"The new understanding provided by our research highlights the potential for improved humid heat early warning systems, using near real-time satellite observations for soil moisture and rainfall."

The team studied humid heatwaves across the tropics and subtropics using weather and climate data from 2001 to 2022.

The researchers identified heatwave events and looked at how they were influenced by recent rainfall, using satellite observations to distinguish between wetter and drier days. They then calculated how likely a heatwave was to occur after these different rainfall conditions.

Humid heatwaves are widespread across the global tropics and subtropics. They occur in monsoon regions such as West Africa, India, East China, and north Australia, in humid regions such as the Amazon, southeast US, and the Congo basin, and in hot coastal regions in the Middle East.

The new study reveals that recent rainfall patterns play a critical role in triggering humid heatwaves in tropical and subtropical regions, with the results showing that the risk of humid heatwaves depends on whether the surface environment is drier or wetter.

In drier regions, humid heatwaves are more likely during or just after periods of enhanced rainfall. In wetter regions, humid heatwaves tend to follow at least two days of suppressed rainfall.




This difference arises because rainfall increases moisture in soils making conditions more humid. By contrast, less rainfall and fewer clouds allow the land to warm, thereby increasing temperatures.

Cathryn Birch, Professor in Meteorology and Climate in the School of Earth and Environment, led the study. She explained: "The outlook for tropical humid heat is really concerning. Humans avoid overheating by sweating. Evaporation of the sweat cools your body, allowing you to maintain a safe body temperature. Humidity makes this less effective.

"Humid heatwaves can be lethal at air temperatures that for dry heat would be relatively safe. The tropics are naturally humid and even an apparently small increase in global temperatures leads to large increases in dangerous humid heat extremes. We not only need to urgently cut greenhouse gas emissions but also need improved early warning systems for humid heat.

Co-author John Marsham, a Professor of Atmospheric Science in the School of Earth and Environment, added: "Our results focus on the daily timescale for these heatwaves. An obvious next step would be to extend our analysis to hourly time scales which might allow us to work towards near real-time predictions with all the benefits that would bring to vulnerable communities."
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Move more, think sharper | ScienceDaily
A brisk walk, a splash of water aerobics, or even a light jog around the block -- if your heart rate goes up then so too will your brain health according to new research from the University of South Australia.


						
Conducted in partnership with the US-based AdventHealth Research Institute, the new study found that staying active through moderate-to-vigorous physical activity is associated with significantly better processing speed, working memory, and executive function in older adults.

Interestingly, the biggest cognitive gains were seen among people who went from doing no moderate-to-vigorous physical activity, to even doing just five minutes, clearly illustrating the power of exercise for the human brain.

Assessing data from 585 older adults (aged 65-80 years) in the USA-based IGNITE trial*, the study examined associations between time spent in sleep, sedentary behaviour, light physical activity, and moderate-to-vigorous physical activity across the 24-hr day, and cognitive performance.

Researchers identified a two-way relationship between 'huff-and-puff' physical activity and brain health: do more exercise and your brain health improves; but do less and it declines.

UniSA researcher, Dr Maddison Mellow says the study highlights how small changes to your daily activities can have big impacts on your brain health.

"There are three mutually exclusive lifestyle behaviours in the 24-hour day -- sleep, sedentary behaviour and physical activity -- and how these interact to influence our health outcomes," Dr Mellow says.




"For example, we know that being more active can improve our sleep; or having a better night's sleep could boost our energy levels to perform physical activity the next day. But what we don't know is the optimal balance of time spent in each of these behaviours to maximise cognitive performance.

"In this study we explored how different uses of time impact your brain. We found that higher levels of moderate-to-vigorous physical activity -- that is, activity performed at higher intensities that increases your heart rate and breathing -- was related to better cognitive performance.

"Specifically, 'huff-and-puff' physical activity (like aerobic exercise) improves processing speed (how fast your brain thinks), executive function (how well you plan, focus, and multitask) and working memory (your ability to store information for short periods of time).

"Importantly, the opposite was also true: lower levels of this higher intensity physical activity were related to poorer performance on these tests."

The findings were consistent across different genetic and demographic backgrounds. Interestingly, the findings did not extend to episodic memory (the what, where and when details of an event) or visuospatial function outcomes (your ability to recognise places and navigate through spaces).

Co-researcher, Dr Audrey Collins, says understanding the interplay between different activities could empower older people to make positive health changes.




"There are only 24 hours in a day, so every day, we make decisions about how we spend our time. For example, if we sleep for eight hours, then there's 16 hours remaining for waking behaviours like physical activity or sedentary behaviour; that's the basic reality," Dr Collins says.

"Our results show that how we choose to spend our time across the 24-hour day may be differentially related to our brain health.

"Understanding that we need to prioritise physical activity -- such as physical activity that gets our heart rates up, according to our findings -- is the key.

"With one in six people in the world expected to be 60 years or older by 2030, we need to make sure we are supporting and empowering people to age well.

"In this instance, we hope that knowledge is power: boost your physical activity and boost your brain health to stay fit and well as you age. However, these results are cross-sectional and need to be tested longitudinally and experimentally."

Notes:

* The IGNITE study was conducted at the University of Pittsburgh (Pittsburgh, PA), University of Kansas Medical Center (Kansas City, KS), and Northeastern University (Boston, MA) and involved a large, well-characterised sample of cognitively unimpaired older adults. Participants were, on average, 69.8 years of age, predominantly female (70%), and self-reported as inactive.
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Global study links consumption of ultraprocessed foods to preventable premature deaths | ScienceDaily
A study analyzing data from nationally representative dietary surveys and mortality data from eight countries (Australia, Brazil, Canada, Chile, Colombia, Mexico, United Kingdom, and United States) shows that premature deaths attributable to consumption of ultraprocessed foods (UPFs) increase significantly according to their share in individuals' total energy intake. The new study, appearing in the American Journal of Preventive Medicine, published by Elsevier, reinforces the call for global action to reduce UPF consumption, supported by regulatory and fiscal policies that foster healthier environments.


						
UPFs are ready-to-eat-or-heat industrial formulations that are made with ingredients extracted from foods or synthesized in laboratories, with little or no whole foods in their composition. These have gradually been replacing traditional foods and meals made from fresh and minimally processed ingredients.

Lead investigator of the study Eduardo Augusto Fernandes Nilson, DSc, Oswaldo Cruz Foundation (Fiocruz), Brazil, says, "UPFs affect health beyond the individual impact of high content of critical nutrients (sodium, trans fats, and sugar) because of the changes in the foods during industrial processing and the use of artificial ingredients, including colorants, artificial flavors and sweeteners, emulsifiers, and many other additives and processing aids, so assessing deaths from all-causes associated with UPF consumption allows an overall estimate of the effect of industrial food processing on health."

While previous studies focused on specific dietary risk factors instead of food patterns, the current study modeled data from nationally representative dietary surveys and mortality data from eight countries (Australia, Brazil, Canada, Chile, Colombia, Mexico, United Kingdom, and United States) to link dietary patterns, considering the extent and purpose of industrial food processing, to deaths from all causes.

Dr. Nilson explains, "We first estimated a linear association between the dietary share of UPFs and all-cause mortality, so that each 10% increase in the participation of UPFs in the diet increases the risk of death from all causes by 3%. Then, using the relative risks and the food consumption data for all countries (ranging from 15% of the total energy intake in Colombia, to over 50% of the calories in the United States), we built a model that estimated that the percentage of all-cause premature preventable deaths due to the consumption of UPFs can vary from 4% in countries with lower UPF consumption to almost 14% in countries with the highest UPF consumption. For example, in 2018, 124,000 premature deaths were attributable to the consumption of UPFs in the United States."

High consumption of UPFs has been associated with 32 different diseases, including cardiovascular disease, obesity, diabetes, some types of cancer, and depression. For the first time, this study has estimated the burden of UPF intake on premature deaths from all-causes in different countries, showing that the attributable mortality is significant in all settings and that addressing UPF consumption should be a global public nutrition priority.

Dr. Nilson notes, "It is concerning that, while in high-income countries UPF consumption is already high but relatively stable for over a decade, in low- and middle-income countries the consumption has continuously increased, meaning that while the attributable burden in high-income countries is currently higher, it is growing in the other countries. This shows that policies that disincentivize the consumption of UPFs are urgently needed globally, promoting traditional dietary patterns based on local fresh and minimally processed foods."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/04/250428222323.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A vast molecular cloud, long invisible, is discovered near solar system | ScienceDaily
An international team of scientists led by a Rutgers University-New Brunswick astrophysicist has discovered a potentially star-forming cloud that is one of the largest single structures in the sky and among the closest to the sun and Earth ever to be detected.


						
The vast ball of hydrogen, long invisible to scientists, was revealed by looking for its main constituent -- molecular hydrogen. The finding marks the first time a molecular cloud has been detected with light emitted in the far-ultraviolet realm of the electromagnetic spectrum and opens the way to further explorations using the approach.

The scientists have named the molecular hydrogen cloud "Eos," after the Greek goddess of mythology who is the personification of dawn. Their discovery is outlined in a study published in Nature Astronomy.

"This opens up new possibilities for studying the molecular universe," said Blakesley Burkhart, an associate professor in the Department of Physics and Astronomy in the Rutgers School of Arts and Sciences who led the team and is an author on the study. Burkhart is also a research scientist at the Center for Computational Astrophysics at the Flatiron Institute in New York.

Molecular clouds are composed of gas and dust -- with the most common molecule being hydrogen, the fundamental building block of stars and planets and essential for life. They also contain other molecules such as carbon monoxide. Molecular clouds are often detected using conventional methods such as radio and infrared observations that easily pick up the chemical signature for carbon monoxide.

For this work, the scientists employed a different approach.

"This is the first-ever molecular cloud discovered by looking for far ultraviolet emission of molecular hydrogen directly," Burkhart said. "The data showed glowing hydrogen molecules detected via fluorescence in the far ultraviolet. This cloud is literally glowing in the dark."

Eos poses no danger to Earth and the solar system. Because of its proximity, the gas cloud presents a unique opportunity to study the properties of a structure within the interstellar medium, scientists said.




The interstellar medium, made of gas and dust that fills the space between stars within a galaxy, serves as raw material for new star formation.

"When we look through our telescopes, we catch whole solar systems in the act of forming, but we don't know in detail how that happens," Burkhart said. "Our discovery of Eos is exciting because we can now directly measure how molecular clouds are forming and dissociating, and how a galaxy begins to transform interstellar gas and dust into stars and planets."

The crescent-shaped gas cloud is located about 300 light years away from Earth. It sits on the edge of the Local Bubble, a large gas-filled cavity in space that encompasses the solar system. Scientists estimate that Eos is vast in projection on the sky, measuring about 40 moons across the sky, with a mass about 3,400 times that of the sun. The team used models to show it is expected to evaporate in 6 million years.

"The use of the far ultraviolet fluorescence emission technique could rewrite our understanding of the interstellar medium, uncovering hidden clouds across the galaxy and even out to the furthest detectable limits of cosmic dawn," said Thavisha Dharmawardena, a NASA Hubble Fellow at New York University and a shared first author of the study.

Eos was revealed to the team in data collected by a far-ultraviolet spectrograph called FIMS-SPEAR (an acronym for fluorescent imaging spectrograph) that operated as an instrument on the Korean satellite STSAT-1. A far-ultraviolet spectrograph breaks down far-ultraviolet light emitted by a material into its component wavelengths, just as a prism does with visible light, creating a spectrum that scientists can analyze.

The data had just been released publicly in 2023 when Burkhart came across it.




"It was kind of like just waiting to be explored," she said.

The findings highlight the importance of innovative observational techniques in advancing the understanding of the cosmos, Burkhart said. She noted that Eos is dominated by molecular hydrogen gas but is mostly "CO-dark," meaning it doesn't contain much of the material and doesn't emit the characteristic signature detected by conventional approaches. That explains how Eos eluded being identified for so long, researchers said.

"The story of the cosmos is a story of the rearrangement of atoms over billions of years," Burkhart said. "The hydrogen that is currently in the Eos cloud existed at the time of the Big Bang and eventually fell onto our galaxy and coalesced nearby the sun. So, it's been a long journey of 13.6 billion years for these hydrogen atoms."

The discovery presented itself as something of a surprise.

"When I was in graduate school, we were told that you can't easily directly observe molecular hydrogen," said Dharmawardena of NYU. "It's kind of wild that we can see this cloud in data that we didn't think we would see."

Eos also is named after a proposed NASA space mission that Burkhart and other members of the team are supporting. The mission aims to broaden the approach of detecting molecular hydrogen to greater swaths of the Galaxy, investigating the origins of stars by studying the evolution of molecular clouds.

The team is scouring data for molecular hydrogen clouds near and far. A study published as a preprint on arXiv by Burkhart and others using the James Webb Space Telescope (JWST) reports tentatively finding the most distant molecular gas yet.

"Using JWST, we may have found the very furthest hydrogen molecules from the sun," Burkhart said. "So, we have found both some of the closest and farthest using far-ultraviolet emission."

Other members of the scientific team included researchers from: Technion-Israel Institute of Technology, Haifa, Israel; Queen Mary University of London and University College London, both of London; University of Iowa, Iowa City, Iowa; Korea Astronomy and Space Science Institute, University of Science and Technology, and Korea Advanced Institute of Science and Technology, all of Daejeon, South Korea; Max Planck Institute for Astronomy, Heidelberg, Germany; University of Texas at Austin, Austin, Texas; University of Arizona, Tucson, Ariz.; University of California, Berkeley; Universite Paris Cite, Gif-sur-Yvette, France; Space Telescope Science Institute and Johns Hopkins University, Baltimore; University of British Columbia, Vancouver, Canada; Columbia University, New York; and the Harvard-Smithsonian Center for Astrophysics, Cambridge, Mass.
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Family first: Scientists reveal long-tailed tits' remarkable family bonds | ScienceDaily
Forget fleeting friendships -- the social secrets of the long-tailed tit has revealed an extraordinary level of family commitment even during migratory journeys.


						
Scientists at the University of Sheffield have discovered the tiny birds, which are a familiar sight in UK gardens, maintain strong family bonds outside of their local 'kin-neighbourhoods', with those without fledglings often helping to support new parents -- just like human families.

The research, published in the Journal of Animal Ecology, sheds fresh light on the evolution of cooperation, a behaviour where some individuals forgo their own breeding to help raise the young of others -- a complex phenomenon seen across the animal kingdom, from bees to primates. In long-tailed tits, unsuccessful breeders often become crucial helpers for related pairs, mirroring the support systems seen in humans.

Led by a team of researchers at the University of Sheffield's School of Biosciences, the 30-year data synthesis reveals that long-tailed tits migrate in family units, ensuring they arrive at their destination ready to cooperate with their relatives. This is the first time such consistent family cohesion has been documented throughout migration in any cooperative bird species.

Dr Jennifer Morinay, co-lead author of the study and Post-doctoral Research Associate at the University of Sheffield's School of Biosciences, said: "This 30-year study is unique in its depth and has allowed us to understand the evolution of cooperation in a way that would not have been possible otherwise. The discovery of family ties persisting through migration is particularly exciting.

"These tiny birds essentially travel with their support network, ensuring that when they reach their new location, they have their kin ready to assist. It highlights the profound importance of family in their social structure."

The research pinpoints key factors influencing whether a bird becomes a helper. These include their own breeding success (or failure), the strength of their familial connections, and the availability of opportunities to assist within their kin group. External pressures like predator numbers and the length of the breeding season also play a crucial role in shaping cooperative behaviours within the entire population. Importantly, the study found that the benefits of helping diminish the further an individual disperses from its birthplace, underscoring the crucial link between family proximity and cooperation.

Professor Ben Hatchwell, co-lead author of the study and Professor of Evolutionary Ecology at the University of Sheffield's School of Biosciences, said: "The push and pull between cooperation and competition is something we readily recognize in our own lives. This study demonstrates that these same fundamental tensions are at play in the social dynamics of long-tailed tits and likely many other species.

"Our long-term research provides significant insights into the ecological and social conditions that favour cooperative behaviour and the evolutionary forces that sculpt these intricate social interactions."

Next steps for the research is to identify how long-tailed tits recognise their relatives, focusing on the role of calls, smells, and social bonds. They aim to further unravel the intricate mechanisms underlying cooperative breeding in this fascinating species.
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High-wire act: Soft robot can carry cargo up and down steep aerial wires | ScienceDaily
Researchers have created a light-powered soft robot that can carry loads through the air along established tracks, similar to cable cars or aerial trams. The soft robot operates autonomously, can climb slopes at angles of up to 80 degrees, and can carry loads up to 12 times its weight.


						
"We've previously created soft robots that can move quickly through the water and across solid ground, but wanted to explore a design that can carry objects through the air across open space," says Jie Yin, corresponding author of a paper on the work and an associate professor of mechanical and aerospace engineering at North Carolina State University. "The simplest way to do this is to follow established an established track -- similar to the aerial trams you see in the mountains. And we've now demonstrated that this is possible."

The soft robots are made of ribbon-like liquid crystal elastomers that are twisted -- like a rotini noodle -- and then joined together at the end to form a loop that resembles a bracelet. This "soft ring robot" is suspended on a track, which can be a thread, wire, cable or other material. Specifically, the same ring is looped around the track two or three times, which causes the ring to hang at an angle that is parallel to the track.

When exposed to infrared light that is placed perpendicular to the track, the portion of the ribbon absorbing the most light contracts. This induces a rolling motion: the portion of the ribbon exposed to light contracts, pulling the "cooler" part of the ribbon into the light, that portion then heats up as the first section cools, causing the cycle to repeat itself over and over again. And, as the soft ring rolls, twisting on itself, it pulls itself along the track.

"As the ribbon turns, it's like turning a screw, allowing the soft robot to move along the track -- even when carrying cargo up steep angles," Yin says.

The researchers demonstrated that the soft ring robot could navigate tracks as thin as a human hair, or as thick as a drinking straw. The soft ring robot was also able to overcome obstacles on the track, such as knots or bulges. The researchers demonstrated that the robot can also travel up or down a slope, and can carry loads more than 12 times its weight.  


"We also showed that it can follow complex routes -- it doesn't have to be a straight line," says Fangjie Qi, first author of the paper and a Ph.D. student at NC State. "We've demonstrated that it can follow curved lines, circles, three-dimensional spirals, and so on, in a controlled way. We think the adaptability of the robot when it comes to navigating complex patterns in predictable ways holds promise for its utility in practical applications."

"We're now thinking about specific applications for this technology, as well as adapting the soft robots to respond to inputs other than infrared light," says Yin. "For example, developing a soft ring robot that operates in sunlight or in response to other external energy sources."
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Using humor in communication helps scientists connect, build trust | ScienceDaily
Scientists aren't comedians, but it turns out a joke or two can go a long way.


						
That's according to a new University of Georgia study that found when researchers use humor in their communication -- particularly online -- audiences are more likely to find them trustworthy and credible.

"I think this should make scientists feel more comfortable using humor in their everyday communication, especially online communication," said Alexandra Frank, lead author of the study and a doctoral candidate in UGA's Grady College of Journalism and Mass Communication. "You can still communicate using humor and be viewed as a legitimate, appropriate source of information."

Science can bring smiles

As scientists research difficult and often complicated topics, it's important to keep the key ideas of the research simple for a general audience. One of the best ways to do that is through a little bit of light-heartedness, Frank said.

Frank tested how inserting humor into science-related posts could affect the likability and trustworthiness of scientists and their work.

The research team created four posts with different images on X, formerly known as Twitter.




The content centered around two self-driving cars, as well as the science and policy behind artificial intelligence technology.

One image contained a drawing with two cars and facts on self-driving technology with no joke included. Another contained the two cars and satire about this technology, reading, "A car approaches from the right and begins making precautionary adjustments. The other car acknowledges it. Not a problem unless the slab of meat inside interferes with its A.I. mode."

The third had the two cars sharing the facts themselves, as if they were sentient, and the fourth image had the cars telling the jokes themselves.

Benefits in clever communications

So, which got the most laughs?

The post that used satire and gave the cars more human-like characteristics was rated as the funniest. The respondents were also more likely to believe the scientist when they found the posted content as funny.




Because the scientist posting was considered more credible from the humor, people also considered whatever the scientist posted as fact.

"It is a double-edged sword. When people find something funny, they find things more legitimate. However, that humor could also substitute fact when something is untrue," said Frank.

In this scenario, those chuckling over the use of AI in self-driving cars may have drawn their own opinions on what that technology is like based on that post alone.

"I want for them to not be afraid of humor but to use it really mindfully ... The last thing we want is to make scientists less likable." -- Alexandra Frank, Grady College

There's a limit to the type of comedy, however. Science communication can't contain too much sarcasm or negativity, or it loses credibility, the researchers found.

Frank's advice for science communicators looking to build their audience is to keep posts short, clever and try not to strike a nerve.

"I want for them to not be afraid of humor but to use it really mindfully because it can come with drawbacks," Frank said. "Know that it can significantly increase engagement with the public, but scientists should use it cautiously. The last thing we want is to make scientists less likable."

This study was funded by the National Science Foundation. Co-authors include Michael A. Cacciatore, an associate professor in UGA's Grady College, Sara K. Yeo and Leona Yi-Fan Su.
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Geoengineering technique could cool planet using existing aircraft | ScienceDaily
A technique to cool the planet, in which particles are added to the atmosphere to reflect sunlight, would not require developing special aircraft but could be achieved using existing large planes, according to a new modelling study led by UCL (University College London) researchers.


						
Previously, most research has assumed that the technique, known as stratospheric aerosol injection, would be deployed in the tropics and so would require specially designed aircraft capable of flying at altitudes of 20km or more to inject the particles.

For the new study, published in the journal Earth's Future, scientists ran simulations of different aerosol injection strategies and concluded that adding particles 13km above the polar regions could meaningfully cool the planet, albeit much less effectively than at higher altitudes closer to the equator. Commercial jets such as the Boeing 777F could reach this altitude.

Lead author Alistair Duffey, a PhD student at UCL's Department of Earth Sciences, said: "Solar geoengineering comes with serious risks and much more research is needed to understand its impacts. However, our study suggests that it is easier to cool the planet with this particular intervention than we thought. This has implications for how quickly stratospheric aerosol injection could be started and by who.

"There are downsides to this polar low-altitude strategy. At this lower altitude, stratospheric aerosol injection is about one third as effective. That means that we would need to use three times the amount of aerosol to have the same effect on global temperature, increasing side effects such as acid rain. The strategy would also be less effective at cooling the tropics, where the direct vulnerability to warming is highest.

"However, climate change is a serious problem and it is vital to understand all our options, so that policy-makers have the evidence they need to make informed decisions."

The researchers ran simulations in the UK's Earth System Model 1 (UKESM1), a computer model of the climate, to estimate the impact of stratospheric aerosol injection. By adding sulphur dioxide -- which goes on to form tiny reflective particles -- at different altitudes, latitudes and seasons, they were able to quantify the effectiveness of different deployment strategies.




They said that low-altitude deployment of stratospheric aerosol injection could only work if it was done close to the Earth's polar regions. To be effective, particles need to be created in the stratosphere, a layer of the atmosphere above the top of most clouds, and this layer is closer to the ground nearer to the poles.

In the troposphere -- the lowermost layer of the atmosphere -- any aerosol particles would disappear quickly as they are caught up in clouds and rained out. However, the stratosphere is dry, stable and free of clouds, meaning that added particles would stay up for months or years.

The researchers estimated that injecting 12 million tonnes of sulphur dioxide a year at 13 km in the local spring and summer of each hemisphere would cool the planet by around 0.6degC. This is roughly the same amount added to the atmosphere by the eruption of the Mount Pinatubo volcano in 1991, which also produced an observable dip in global temperatures.

In the simulation, the sulphur dioxide was added at latitudes of 60 degrees north and south of the equator. That is roughly the latitude of Oslo in Norway and Anchorage in Alaska; in the south, that would be below the southernmost tip of South America.

This strategy is not as effective as injecting sulphur dioxide at 20km because the particles do not stay in the stratosphere for as long, i.e., for only a few months at 13km rather than for up to several years at 20km.

However, a low-altitude strategy using existing aircraft could begin sooner than a high-altitude approach, with the researchers noting an earlier study finding that designing and certifying high-flying aircraft might take a decade and cost several billion dollars.




Co-author Wake Smith, a Lecturer at Yale School of the Environment, part of Yale University, said: "Although pre-existing aircraft would still require a substantial modification programme to be able to function as deployment tankers, this route would be much quicker than designing a novel high-flying aircraft."

The strategy is not a quick fix -- any stratospheric aerosol injection would need to be introduced gradually, and reduced gradually, to avoid catastrophic impacts from sudden warming or cooling. Nor would it eliminate the need for emissions reductions.

Co-author Dr Matthew Henry, of the University of Exeter, said: "Stratospheric aerosol injection is certainly not a replacement for greenhouse gas emission reductions as any potential negative side effects increase with the amount of cooling: we can only achieve long-term climate stability with net zero."

The study received funding from the UK's Natural Environment Research Council (NERC).
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'Wood you believe it?' Engineers fortify wood with eco-friendly nano-iron | ScienceDaily
Scientists and engineers are developing high-performance materials from eco-friendly sources like plant waste. A key component, lignocellulose -- found in wood and many plants -- can be easily collected and chemically modified to improve its properties.


						
By using these kinds of chemical changes, researchers are creating advanced materials and new ways to design and build sustainably. With about 181.5 billion tons of wood produced globally each year, it's one of the largest renewable material sources.

Researchers from the College of Engineering and Computer Science at Florida Atlantic University, and collaborators from the University of Miami and Oak Ridge National Laboratory, wanted to find out if adding extremely hard minerals at the nanoscale could make the walls of wood cells stronger -- without making the wood heavy, expensive or bad for the environment. Few studies have investigated how treated wood performs at different scales, and none have successfully strengthened entire pieces of wood by incorporating inorganic minerals directly into the cell walls.

The research team focused on a special type of hardwood known as ring-porous wood, which comes from broad-leaf trees like oak, maple, cherry and walnut. These trees feature large, ring-shaped vessels in the wood that transport water from the roots to the leaves. For the study, researchers used red oak, a common hardwood in North America, and introduced an iron compound into the wood through a simple chemical reaction. By mixing ferric nitrate with potassium hydroxide, they created ferrihydrite, an iron oxide mineral commonly found in soil and water.

Results of the study, published in the journal ACS Applied Materials and Interfaces, revealed that a simple, cost-effective chemical method using a safe mineral called nanocrystalline iron oxyhydroxide can strengthen the tiny cell walls within wood while adding only a small amount of extra weight. Although the internal structure became more durable, the wood's overall behavior -- such as how it bends or breaks -- remained largely unchanged. This is likely because the treatment weakened the connections between individual wood cells, affecting how the material holds together on a larger scale.

The findings suggest that, with the right chemical treatment, it's possible to enhance the strength of wood and other plant-based materials without increasing their weight or harming the environment. These bio-based materials could one day replace traditional construction materials like steel and concrete in applications such as tall buildings, bridges, furniture and flooring.

"Wood, like many natural materials, has a complex structure with different layers and features at varying scales. To truly understand how wood bears loads and eventually fails, it's essential to examine it across these different levels," said Vivian Merk, Ph.D., senior author and an assistant professor in the FAU Department of Ocean and Mechanical Engineering, the FAU Department of Biomedical Engineering, and the FAU Department of Chemistry and Biochemistry within the Charles E. Schmidt College of Science. "To test our hypothesis -- that adding tiny mineral crystals to the cell walls would strengthen them -- we employed several types of mechanical testing at both the nanoscale and the macroscopic scale."

For the study, researchers used advanced tools like atomic force microscopy (AFM) to examine the wood at a very small scale, allowing them to measure properties such as stiffness and elasticity. Specifically, they employed a technique called AM-FM (Amplitude Modulation -- Frequency Modulation), which vibrates the AFM tip at two different frequencies. One frequency generates detailed surface images, while the other measures the material's elasticity and stickiness. This method gave them a precise view of how the wood's cell walls were altered after being treated with minerals.




Additionally, the team conducted nanoindentation tests within a scanning electron microscope (SEM), where tiny probes were pressed into the wood to measure its response to force in different areas. To round out their analysis, they performed standard mechanical tests -- such as bending both untreated and treated wood samples -- to evaluate their overall strength and how they broke under stress.

"By looking at wood at different levels -- from the microscopic structures inside the cell walls all the way up to the full piece of wood -- we were able to learn more about how to chemically improve natural materials for real-world use," said Merk.

This combination of small- and large-scale testing helped the researchers understand how the treatment affected both the fine details inside the cell walls and the overall strength of the wood.

"This research marks a significant advancement in sustainable materials science and a meaningful stride toward eco-friendly construction and design," said Stella Batalama, Ph.D., the dean of the College of Engineering and Computer Science. "By reinforcing natural wood through environmentally conscious and cost-effective methods, our researchers are laying the groundwork for a new generation of bio-based materials that have the potential to replace traditional materials like steel and concrete in structural applications. The impact of this work reaches far beyond the field of engineering -- it contributes to global efforts to reduce carbon emissions, cut down on waste, and embrace sustainable, nature-inspired solutions for everything from buildings to large-scale infrastructure."

Study co-authors are Steven A. Soini, a Ph.D. graduate from the FAU College of Engineering and Computer Science and FAU Charles E. Schmidt College of Science; Inam Lalani, a Ph.D. student at the University of Miami; Matthew L. Maron, Ph.D., a doctoral researcher at the University of Miami; David Gonzalez, a graduate student in the FAU College of Engineering and Computer Science; Hassan Mahfuz, Ph.D., a professor in the FAU Department of Ocean and Mechanical Engineering; and Neus Domingo-Marimon, Ph.D., senior R&D staff scientist, group leader for the Functional Atomic Force Microscopy Group, Oak Ridge National Laboratory.
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Climate change increases the risk of simultaneous wildfires | ScienceDaily
Climate change is increasing the risk of wildfires in many regions of the world. This is due partly to specific weather conditions -- known as fire weather -- that facilitate the spread of wildfires. Researchers from the Helmholtz Centre for Environmental Research (UFZ) and Australian colleagues have found that fire weather seasons are increasingly overlapping between eastern Australia and western North America. The research team examined the causes of this shift and its implications for cross-border cooperation between fire services in Canada, the US, and Australia. The research was published in Earth's Future.


						
The west coast of North America and the east coast of Australia have been repeatedly hit hard by wildfires. For example, the January 2025 wildfire disaster in Los Angeles destroyed over 10,000 buildings and claimed 29 lives, according to media reports. The east coast of Australia was hit by one of the country's most devastating bushfires between September 2019 and March 2020: more than 12 million hectares of forest and bushland burned. Firefighters from Canada, the US, and Australia have supported each other during these disasters and many others.

The international team of scientists set out to examine how the timing of fire weather seasons in the two regions is changing as a result of climate change. The researchers used the Canadian Fire Weather Index (FWI), a meteorological index used worldwide to estimate fire risk. It takes into account rainfall, temperature, relative humidity, and wind speed. They used it to identify fire weather days -- days with a high risk of wildfires. Based on observational data, the researchers found that the fire weather days -- and thus the risk of wildfires -- have been increasingly overlapping since 1979.

The greatest likelihood of overlap -- around 75% -- occurs between July and December. Overall, the number of simultaneous fire weather days in eastern Australia and western North America has been increasing by one day per year for the past 40 years. This is because the fire season in eastern Australia is starting earlier in spring and overlapping with the end of the fire season on the west coast of North America," explains Dr Andreia Ribeiro, UFZ climate scientist and lead author, who contributed to the German-Australian research project funded by the German Academic Exchange Service (DAAD).

The team also analysed how the seasonal overlap is likely to develop. They used four climate models, drawing on many simulations to account for uncertainty. The trend is clear: "The number of overlapping fire weather days in western North America and eastern Australia will continue to increase," says Andreia Ribeiro. Depending on the climate model used and the level of future global warming, the increases could range from 4 to 29 days per year by mid-century.

The overlap depends partly on the variability of the El Nino Southern Oscillation, a system that controls the circulation of the ocean and atmosphere in the equatorial Pacific. Fire weather in eastern Australia is typically linked to El Nino conditions -- unusually high sea surface temperatures. This often leads to droughts and heatwaves, among other phenomena. In contrast, fire weather in western North America is more often linked to La Nina conditions -- the opposite situation. "Despite these generally opposing patterns, we found that during strong fire weather overlap, El Nino conditions are especially pronounced in the Central Pacific," says Andreia Ribeiro. However, the effects of El Nino are expected to be overshadowed by climate change in the medium term. "Climate change is causing global temperature rises and increasing drought in some regions while the El Nino effect is expected to remain largely unchanged," says Prof Dr Jakob Zscheischler, UFZ climate scientist and co-author.

This poses a challenge for cooperation between US, Canadian, and Australian fire services, which have long supported one another by sharing personnel and aircraft during wildfire emergencies. Until recently, the fire seasons occurred at distinctly different times of the year: on the west coast of North America between June and October and in eastern Australia between October and March. These gaps provided enough time for teams to assist one another when needed. "But these increasingly overlapping fire weather seasons in the US and Australia are narrowing the window for international cooperation and making it harder to respond quickly to large-scale wildfires," says lead author Dr Doug Richardson from the ARC Centre of Excellence for Climate Extremes at the University of New South Wales (Australia). International agreements on firefighting cooperation and national firefighting capacities therefore need to be reviewed. Both Australia and the US will need to strengthen their domestic firefighting capacities in order to reduce reliance on international cooperation.
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Scientists observe how blobs form crystals and discover a new crystal type | ScienceDaily
Crystals -- from sugar and table salt to snowflakes and diamonds -- don't always grow in a straightforward way. New York University researchers have captured this journey from amorphous blob to orderly structures in a new study published in Nature Communications.


						
In exploring how crystals form, the researchers also came across an unusual, rod-shaped crystal that hadn't been identified before, naming it "Zangenite" for the NYU graduate student who discovered it.

Order from chaos

Crystals are solid materials made up of particles that arrange themselves in repeating patterns. This process of self-assembly -- "orchestrating order from chaos," as the researchers describe it -- was once thought to follow a predictable, classic pattern of growth. But instead of always forming building block by building block, scientists are learning that crystals can grow through more complex pathways.

To study the formation of crystals, some researchers use crystals made up of little spheres called colloidal particles, which are tiny but much larger than the atoms that make up other crystals.

"The advantage of studying colloidal particles is that we can observe crystallization processes at a single-particle level, which is very hard to do with atoms because they're too small and fast. With colloids, we can watch crystals form with our microscope," said Stefano Sacanna, professor of chemistry at NYU.

A two-step process

To shed light on how colloidal crystals form, the researchers conducted experiments to carefully observe how charged colloidal particles behave in different growth conditions as they transition from salt water suspensions to fully formed crystals. The team also ran thousands of computer simulations -- led by Glen Hocky, assistant professor of chemistry at NYU -- to model how crystals grow and help explain what they observed in the experiments.




The researchers determined that colloidal crystals form through a two-step process: amorphous blobs of particles first condense before transforming into ordered crystal structures, resulting in a diverse array of crystal types and shapes.

An unexpected find

During these experiments, PhD student Shihao Zang came across a rod-shaped crystal that he couldn't identify. To the naked eye, it looked like a crystal previously discovered in the lab, but upon closer examination, the combination of particles was different and the tips of this crystal contained hollow channels. Zang compared the unknown structure with more than a thousand crystals found in the natural world and still couldn't find a match.

Turning to Hocky's computer modeling, the researchers simulated a crystal that was exactly the same, enabling them to study its elongated, hollow shape in even greater detail.

"This was puzzling because usually crystals are dense, but this one had empty channels that ran the length of the crystal," said Hocky, who is also a faculty member in the Simons Center for Computational Physical Chemistry at NYU.

"Through this synergy of experiments and simulation, we realized that this crystal structure had never been observed before," added Sacanna.




They named the newly discovered crystal L3S4 based on its composition, but began informally calling it "Zangenite" at lab meetings, given that Zang discovered it. The name stuck.

"We study colloidal crystals to mimic the real world of atomic crystals, but we never imagined that we would discover a crystal that we cannot find in the real world," said Zang.

The discovery of Zangenite creates an opportunity to explore uses for hollow, low-density crystals, and may pave the way for finding additional new crystals.

"The channels inside Zangenite are analogous to features in other materials that are useful for filtering or enclosing things inside them," said Hocky.

"Before, we thought it would be rare to observe a new crystal structure, but we may be able to discover additional new structures that haven't yet been characterized," said Sacanna.

More broadly, a deeper understanding of how crystals form holds promise for developing new materials, including photonic bandgap materials that are foundational for lasers, fiber-optic cables, solar panels, and other technologies that transmit or harvest light.

The study's other authors are Sanjib Paul, Cheuk Leung, Michael Chen, and Theodore Hueckel. The research was supported by the US Army Research Office (W911NF-21-1-0011), the Simons Center for Computational Physical Chemistry at NYU (Simons Foundation 839534), and the National Institutes of Health (R35GM138312).
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United States sees disproportionate increase in body mass index rates of more than 60 | ScienceDaily
In the past 20 years, the average rate of obesity among adults in the United States has risen by approximately 30 percent, but the rate of those with the most severe forms of obesity, or those with a body mass index, or BMI, of more than 60 kg/m2, increased by 210 percent. In a recently published research letter in the medical journal The Lancet: Diabetes & Endocrinology, researchers from Pennington Biomedical analyzed national health data from 2001 through 2023, and discovered the alarming increase in the numbers of patients with the most severe forms of obesity.


						
"Most attention is focused on the category of general obesity, which starts with a BMI of 30 kilograms per square meter, but there is less attention paid to prevalence of obesity of 60 BMI or greater, a category associated with an increased clinical burden, impaired mobility and elevated healthcare costs," said Dr. Philip Schauer, United Companies Life Insurance Co./Mary Kay and Terrell Brown Chair and director of the Metamor Institute at Pennington Biomedical. "This study is the first to categorize the growing pervasiveness of this extreme degree of obesity, but its gravity is not to be understated, as patients in this category face far greater health risks and comorbidities."

For comparison, the average person with a BMI of 30 kg/m2 is about 30 to 40 pounds overweight, while a person with a BMI of 60 kg/m2 or greater is more than 200 pounds overweight. In the study "Disproportionate Increase in BMI of [?]60 kg/m2 in the USA" researchers state that though obesity with a BMI of 60 or greater was presumed to be exceedingly rare, no clear understanding was available as the many previous reports counted all individuals with a BMI at or above 30 kg/m2 in a single group.

While this study is also one of the first to show the growing prevalence of BMIs between 50.0 and 59.9 kg/m2, the threshold of BMI at or above 60 kg/m2 is associated with an even greater severity of associated diseases. People with such extreme obesity often are not mobile or must walk with assistance or use motorized carts, have many hospital visits for treating severe illnesses, and are unable to work due to disability.

Instances of BMI above 60 kg/m2 have increased concurrently with the development and prescribing of GLP-1-based medications, and though these show promise in addressing obesity, their effectiveness in patients in this group is largely unknown, as randomized controlled trials for these medications include participants with an average BMI in the range of 37 to 38 kg/m2.

The rise in extreme obesity cases, now estimated to be more than 850,000 people in the U.S., also raises serious concerns for the healthcare industry, as these patients often exceed the weight limit for standard medical equipment, adding complexity to biomedical imaging, anesthesia and surgeries. The weight limits of certain medical equipment result in an inability to provide typical medical care, which may be detrimental to a population at even greater risk for comorbidities, reduced responsiveness for standard weight-loss interventions and other challenges.

The research team on the study "Disproportionate Increase in BMI of [?]60 kg/m2 in the USA" were co-primary authors Dr. Michael Kachmar and Dr. Vance Albaugh, along with Dr. Schauer, Dr. Shengping Yang, Dr. Florina Corpodean, Dr. Steven Heymsfield and Dr. Peter Katzmarzyk of Pennington Biomedical, and Dr. David Freedman of the Centers for Disease Control and Prevention. Research letters published in the Correspondence section include research findings and are externally peer-reviewed. Unlike Articles containing original data, research letters are shorter and the research they contain is usually preliminary, exploratory, or reporting on early findings.

"The rate of growth in cases of obesity with a BMI of 60 or greater sends an urgent message to healthcare providers and policymakers to develop the necessary resources and infrastructure to address the challenges posed by this condition," said Dr. John Kirwan, Executive Director of Pennington Biomedical. "I commend Dr. Schauer and the research team for being the first to bring the growth rate of this condition to light and giving it the attention it is due. For this and all metabolic diseases and conditions, the research faculty at Pennington Biomedical are committed to delivering solutions from cells to society, addressing the public health challenges of our time."

The Pennington Biomedical team used direct measurements of weight and height from the robust dataset provided by the National Health and Nutrition Examination Survey, or NHANES. The analysis of BMI trends in the U.S. included non-pregnant adults aged 18 and older from 2001 to 2023, with data examined in four-year intervals. As the data showed a 29.5 percent increase in all cases of obesity, classified as individuals with a BMI of 30 kg/m2 or more, those classified as having normal weight, or BMIs of 18.5 to 24.9 kg/m2, and those classified as being overweight, or BMIs of 25.0 to 29.9, both decreased in the time frame.
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New look at galactic region surrounding our solar system: Lyman-alpha emissions | ScienceDaily
The NASA New Horizons spacecraft's extensive observations of Lyman-alpha emissions have resulted in the first-ever map from the galaxy at this important ultraviolet wavelength, providing a new look at the galactic region surrounding our solar system. The findings are described in a new study authored by the SwRI-led New Horizons team.


						
"Understanding the Lyman-alpha background helps shed light on nearby galactic structures and processes," said SwRI's Dr. Randy Gladstone, the study's lead investigator and first author of the publication. "This research suggests that hot interstellar gas bubbles like the one our solar system is embedded within may actually be regions of enhanced hydrogen gas emissions at a wavelength called Lyman alpha."

Lyman-alpha is a specific wavelength of ultraviolet light emitted and scattered by hydrogen atoms. It is especially useful to astronomers studying distant stars, galaxies and the interstellar medium, as it can help detect the composition, temperature and movement of these distant objects.

During its initial journey to Pluto, New Horizons collected baseline data about Lyman-alpha emissions using the Alice instrument, an SwRI-developed ultraviolet spectrograph. A spectrograph is a tool astronomers use to split light into its various colors. Alice specializes in the far-ultraviolet wavelength band.

After the spacecraft's primary objectives at Pluto were completed, scientists used Alice to make broader and more frequent surveys of Lyman-alpha emissions as New Horizons traveled farther from the Sun. These surveys included an extensive set of scans in 2023 that mapped roughly 83% of the sky.

To isolate emissions from the galaxy, the New Horizons team modeled scattered solar Lyman-alpha emissions and subtracted them from the spectrograph's data. The results indicate a roughly uniform background Lyman alpha sky brightness 10 times stronger than expected from previous estimates.

"These results point to the emission and scattering of Lyman-alpha photons by hydrogen atoms in the shell of a hot bubble, known to surround our solar system and nearby stars, that was formed by nearby supernova events a few million years ago," Gladstone said.

The study also found no evidence that a hydrogen wall, thought to surround the Sun's heliosphere, substantially contributes to the observed Lyman-alpha signal. Scientists had theorized that a wall of interstellar hydrogen atoms would accumulate as they encountered the edge of our heliosphere, the vast region of space dominated by the solar wind as it interacts with the interstellar medium. However, the New Horizons data saw nothing to indicate the wall is an important source of Lyman-alpha emissions.

"These are really landmark observations, in giving the first clear view of the sky surrounding the solar system at these wavelengths, both revealing new characteristics of that sky and refuting older ideas that the Alice New Horizons data just doesn't support," said co-author and New Horizons Principal Investigator Dr. Alan Stern. "This Lyman-alpha map also provides a solid foundation for future investigations to learn even more."
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Left or right arm? New research reveals why vaccination site matters for immune response | ScienceDaily
Sydney scientists have revealed why receiving a booster vaccine in the same arm as your first dose can generate a more effective immune response more quickly. The study, led by the Garvan Institute of Medical Research and the Kirby Institute at UNSW Sydney and published in the journal Cell, offers new insight that could help improve future vaccination strategies.


						
The researchers found that when a vaccine is administered, specialised immune cells called macrophages became 'primed' inside lymph nodes. These macrophages then direct the positioning of memory B cells to more effectively respond to the booster when given in the same arm.

The findings, made in mice and validated in human participants, provide evidence to refine vaccination approaches and offer a promising new approach for enhancing vaccine effectiveness.

"This is a fundamental discovery in how the immune system organises itself to respond better to external threats -- nature has come up with this brilliant system and we're just now beginning to understand it," says Professor Tri Phan, Director of the Precision Immunology Program at Garvan and co-senior author.

Scientia Professor Anthony Kelleher, Director of the Kirby Institute and co-senior author says: "A unique and elegant aspect of this study is the team's ability to understand the rapid generation of effective vaccine responses. We did this by dissecting the complex biology in mice and then showed similar findings in humans. All this was done at the site of the generation of the vaccine response, the lymph node."

How vaccination site matters

Immunisation introduces a harmless version of a pathogen, known as a vaccine antigen, into the body, which is filtered through lymph nodes -- immune 'training camps' that train the body to fight off the real pathogen. The researchers previously discovered that memory B cells, which are crucial for generating antibody responses when infections return, linger in the lymph node closest to the injection site.




Using state-of-the-art intravital imaging at Garvan, the team discovered that memory B cells migrate to the outer layer of the local lymph node, where they interact closely with the macrophages that reside there. When a booster was given in the same location, these 'primed' macrophages -- already on alert -- efficiently captured the antigen and activated the memory B cells to make high quality antibodies.

"Macrophages are known to gobble up pathogens and clear away dead cells, but our research suggests the ones in the lymph nodes closest to the injection site also play a central role in orchestrating an effective vaccine response the next time around. So location does matter," says Dr Rama Dhenni, the study's co-first author, who undertook the research as part of his Scientia PhD program at Garvan.

Clinical study validates findings

To determine the relevance of the animal results to human vaccines, the team at the Kirby Institute conducted a clinical study with 30 volunteers receiving the Pfizer-BioNTech COVID-19 mRNA vaccine. Twenty participants received their booster dose in the same arm as their first dose, while 10 had their second shot in the opposite arm.

"Those who received both doses in the same arm produced neutralising antibodies against SARS-CoV-2 significantly faster -- within the first week after the second dose," says Ms Alexandra Carey-Hoppe, co-first author and PhD student from the Kirby Institute.

"These antibodies from the same arm group, were also more effective against variants like Delta and Omicron. By four weeks, both groups had similar antibody levels, but that early protection could be crucial during an outbreak," says Dr Mee Ling Munier, co-senior author and Vaccine Immunogenomics group leader at the Kirby Institute.




"If you've had your COVID jabs in different arms, don't worry -- our research shows that over time the difference in protection diminishes. But during a pandemic, those first weeks of protection could make an enormous difference at a population level. The same-arm strategy could help achieve herd immunity faster -- particularly important for rapidly mutating viruses where speed of response matters."

Looking ahead

Beyond the potential to refine vaccination guidelines, the findings offer a promising avenue for enhancing the effectiveness of vaccines.

"If we can understand how to replicate or enhance the interactions between memory B cells and these macrophages, we may be able to design next-generation vaccines that require fewer boosters," says Professor Phan.

This research was supported by the Australian National Health and Medical Research Council.

Professor Tri Phan is a Conjoint Professor at St Vincent's Clinical School, Faculty of Medicine and Health, UNSW Sydney.
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Personality traits shape our prosocial behavior | ScienceDaily
People's willingness to do volunteer work or give to charity differs greatly. Besides financial and social incentives, individual differences in people's personality can explain why some of us are more likely to contribute to community welfare than others.


						
Researchers at the Department of Psychology of the University of Zurich have examined the links between the so-called Big Five personality traits (openness, conscientiousness, extraversion, agreeableness, neuroticism) and people's willingness to engage in prosocial behavior. Their analysis was based on 29 international studies comprising more than 90,000 participants. It included different methods to describe people's personality and covered various forms of philanthropic engagement.

Personality traits matter

The study findings show that two personality traits in particular are linked to philanthropic engagement. Sociability and assertiveness (extraversion) positively correlate with volunteering. In other words, extraverts are more likely to do volunteer work. Meanwhile, agreeableness correlates more closely with a willingness to give money to charity. This behavior may be explained by the fact that agreeable people tend to be more compassionate and considerate of other people's feelings.

Research on the other personality traits, however, yielded mixed results. For example, there was no clear link between conscientiousness and philanthropic engagement. Openness and neuroticism also appeared to have little effect on people's prosocial behavior.

New strategies to promote volunteering and donating

"Our findings confirm that individual differences in personality play a role in whether and how much people engage in prosocial behavior," says Wiebke Bleidorn, first author and professor of psychology at the University of Zurich. She believes that a better understanding of these links can help to encourage people to contribute to the common welfare based on their individual strengths and motivations.

The study thus not only provides valuable scientific insights but also practical guidance for organizations and policymakers wishing to promote volunteering and charitable giving. "This knowledge can be used to develop more targeted strategies aimed at promoting volunteering and charitable giving," says Christopher J. Hopwood, last author and professor of psychology.
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Breakthrough extends fuel cell lifespan beyond 200,000 hours, paving the way for clean long-haul trucking | ScienceDaily
For trucks and heavy-duty vehicles that must travel long distances without frequent, time-consuming charging stops, batteries often fall short. Hydrogen fuel cells -- which can be refueled as quickly as traditional gasoline -- offer a cleaner, more efficient alternative.


						
Now, researchers at UCLA have made a breakthrough that could dramatically extend the lifespan of these fuel cells, making them a more viable clean energy source that can help bring sustainable, long-haul trucking closer to reality.

Led by Yu Huang, a professor of materials science and engineering at the UCLA Samueli School of Engineering, the research team has developed a new catalyst design capable of pushing the projected fuel cell catalyst lifespans to 200,000 hours, which is nearly seven times the U.S. Department of Energy's target for 2050. Published in Nature Nanotechnology, the research marks a significant step toward the widespread adoption of fuel cell technology in heavy-duty vehicles, such as long-haul tractor trailers.

Although medium- and heavy-duty trucks make up only about 5% of vehicles on the road, they are responsible for nearly a quarter of greenhouse gas automobile emissions, according to federal estimates. This makes heavy-duty applications an ideal entry point for polymer electrolyte membrane fuel cell technology.

Because fuel cells are significantly lighter than batteries, they require less energy to move the vehicles. With a projected power output of 1.08 watts per square centimeter, fuel cells featuring the new catalyst can deliver the same performance as conventional batteries that weigh up to eight times more. This difference is especially relevant for heavy-duty vehicles, which not only carry substantial cargo but also tend to be much heavier than standard vehicles. In addition, building a national hydrogen-refueling infrastructure would likely require less investment than establishing an electric vehicle-charging network across the country.

Fuel cells work by converting the chemical energy stored in hydrogen into electricity, emitting only water vapor as a byproduct. This has made them a promising solution for cleaner transportation. However, the slow chemical reaction for the energy conversion has been a challenge, requiring a catalyst to achieve practical speeds.

While platinum-alloy catalysts have historically delivered superior chemical reaction, the alloying elements leach out over time, diminishing catalytic performance. The degradation is further accelerated by the demanding voltage cycles required to power heavy-duty vehicles.




To address this challenge, the UCLA team has engineered a durable catalyst architecture with a novel design that shields platinum from the degradation typically observed in alloy systems.

The researchers began by embedding ultrafine platinum nanoparticles within protective graphene pockets. Composed of a single layer of carbon atoms arranged in a two-dimensional honeycomb lattice, graphene is the thinnest known material. Despite its atomic thinness, it is incredibly strong, lightweight and highly conductive. These graphene-encased nanoparticles were then nested inside the porous structure of Ketjenblack, a powdery carbon material. This "particles-within-particles" design provides long-term stability while preserving the high catalytic activity essential for efficient fuel cell performance.

"Heavy-duty fuel cell systems must withstand harsh operating conditions over long periods, making durability a key challenge," said Huang, who holds the Traugott and Dorothea Frederking Endowed Chair at UCLA Samueli. "Our pure platinum catalyst, enhanced with a graphene-based protection strategy, overcomes the shortcomings of conventional platinum alloys by preventing the leaching of alloying elements. This innovation ensures that the catalyst remains active and robust, even under the demanding conditions typical of long-haul applications."

The new catalyst exhibited a power loss of less than 1.1% after an accelerated stress test involving 90,000 square-wave voltage cycles designed to simulate years of real-world driving, where even a 10% loss is typically considered excellent. These superior results project fuel cell lifetimes exceeding 200,000 hours, far surpassing the DOE's target of 30,000 hours for heavy-duty proton exchange membrane fuel cell systems.

By successfully addressing the dual challenges of catalytic activity and durability, UCLA researchers' innovative catalyst design holds great promise for the adoption of hydrogen-powered heavy-duty vehicles -- an essential step toward reducing emissions and improving fuel efficiency in a sector that accounts for a substantial share of transportation energy use.

The team's findings built on its earlier success in developing a fuel cell catalyst for light-duty vehicles that demonstrated a lifespan of 15,000 hours -- nearly doubling the DOE's target of 8,000 hours.

The new study's lead authors are UCLA Ph.D. graduates Zeyan Liu and Bosi Peng, both advised by Huang, whose research group specializes in developing nanoscale building blocks for complex materials, such as fuel cell catalysts. Xiaofeng Duan, a professor of chemistry and biochemistry at UCLA, and Xiaoqing Pan, a professor of materials science and engineering at UC Irvine, are also authors on the paper. Huang and Duan are both members of the California NanoSystems Institute at UCLA.

Other authors on the paper are Yu-Han "Joseph" Tsai and Ao Zhang from UCLA, as well as Mingjie Xu, Wenjie Zang, XingXu Yan and Li Xing from UC Irvine.

UCLA's Technology Development Group has filed a patent on the technology.
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Largest osteoarthritis genetic study uncovers pathways to new therapies and repurposed drugs | ScienceDaily
Researchers have uncovered multiple new genes and genetic pathways that could lead to repurposing hundreds of existing drugs for osteoarthritis, the most common form of arthritis.


						
The research, which analyzed data from nearly 2 million people in diverse populations worldwide, was recently published in Nature. It represents an extensive genetic exploration of osteoarthritis, a condition affecting over 600 million people globally.

Conducted by an international team led by Helmholtz Munich in collaboration with Rush University Medical Center and 125 top academic institutions worldwide, this initiative is the largest genetic investigation into osteoarthritis conducted and the largest musculoskeletal study.

The study uncovered 962 genetic variants associated with the disease and spotlighted 69 key genes whose protein products are already targeted by 473 approved drugs -- many of which could be redirected to manage osteoarthritis more effectively. This discovery leads to a fast-track to personalized medicine and innovative clinical trials.

"This study takes a leap forward in offering tailored therapies for osteoarthritis patients, many of whom have long awaited disease-modifying options," said Dino Samartzis, DSc, co-author, professor and director of the international spine research and innovation initiative of the Department of Orthopedic Surgery at Rush.

"This research is a beacon of hope. By leveraging human genetics, we can now reimagine much more effectively as to how we treat this widespread condition."

Osteoarthritis results from the gradual breakdown of cartilage in the joints.




It differs from rheumatoid arthritis, an autoimmune disorder, and is a leading cause of pain, reduced mobility and disability -- projected to affect 1 billion people by 2050. It costs the United States nearly $486 billion annually and up to EU817 billion in Europe.

"As orthopedic specialists, we see firsthand how osteoarthritis affects quality of life," said Brian Cole, MD, professor of orthopedics at Rush. "This study takes us closer to developing targeted biologics that not only alleviate symptoms but also slow disease progression and, ideally, restore joint health."

"With 10% of our genetic targets already linked to existing drugs, we're poised to accelerate the development of transformative treatments for osteoarthritis," said Eleftheria Zeggini, BSc, co-author and director of the Institute of Translational Genomics at Helmholtz Munich and professor of translational genomics at the Technical University of Munich. "This is precision medicine at work -- offering new hope to millions."

Traditionally, osteoarthritis has been managed with pain relievers and mobility aids, but no disease-modifying therapies exist to date. This study not only redefines our genetic understanding of the disease but also provides a path toward repurposing safe, approved drugs, potentially slashing the time and cost to bring effective treatments to market.

The team stresses the need for more genetically diverse studies and functional genomics data from global populations to further refine their findings. By integrating genetics with tissue-level molecular insights, the pathway to new, effective and personalized treatments for osteoarthritis becomes increasingly attainable.

"This is one of the finest examples of impactful team science," Samartzis said. "Researchers and clinicians from across the globe united with a singular goal -- to change the trajectory of osteoarthritis care for generations to come."
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New research shatters long-held beliefs about asteroid Vesta | ScienceDaily
For decades, scientists believed Vesta, one of the largest objects in our solar system's asteroid belt, wasn't just an asteroid. They concluded that Vesta has a crust, mantle and core -- fundamental properties of a planet.


						
Astronomers studied it for clues to how early planets grew, and what Earth might have looked like in its infancy.

Now, Michigan State University has contributed to research that flips this notion on its head.

A team led by the NASA Jet Propulsion Lab or JPL published a paper in Nature Astronomy revealing Vesta's interior structure is more uniform than previously thought. These findings startled researchers who, until then, assumed Vesta was a protoplanet that never grew to a full planet.

"The lack of a core was very surprising," said MSU Earth and Environmental Sciences Assistant Professor Seth Jacobson, a co-author on the paper. "It's a really different way of thinking about Vesta."

What is Vesta's true identity? The research team has two hypotheses that need further exploration.

The first possibility is Vesta went through incomplete differentiation, meaning it started the melting process needed to give the asteroid distinct layers, like a core, mantle and crust, but never finished. The second is a theory Jacobson floated at an astronomy conference years ago -- Vesta is a broken chunk off a growing planet in our solar system.




At the conference, Jacobson wanted other researchers to consider the possibility that some meteorites could be debris from collisions that took place during the planet formation era. He included Vesta in his suggestion but hadn't considered it a real possibility.

"This idea went from a somewhat silly suggestion to a hypothesis that we're now taking seriously due to this re-analysis of NASA Dawn mission data," Jacobson said.

More than an asteroid

Most asteroids are made of a very ancient chondritic material, appearing like a cosmic sedimentary gravel. In contrast, Vesta's surface is covered in volcanic basaltic rocks. Those rocks indicated to scientists that Vesta went through a melting process called planetary differentiation, where the metal sinks to the center and forms a core.

NASA launched the Dawn spacecraft in 2007 to study Vesta and Ceres, the two largest objects in the asteroid belt. The goal was to better understand how planets were formed.

Dawn spent months from 2011 to 2012 orbiting Vesta, measuring its gravity field and taking high-resolution images to create a very detailed map of its surface. After performing similar tasks at Ceres, the mission finished in 2018, and scientists published findings from the data.




Jacobson said the more that researchers used the data, the better they got at processing it. They found ways to more accurately calibrate measurements that yield an improved picture of Vesta's makeup. That's why Ryan Park, a JPL senior research scientist and principal engineer, and his team decided to reprocess Vesta's measurements.

"For years, conflicting gravity data from Dawn's observations of Vesta created puzzles," Park said. "After nearly a decade of refining our calibration and processing techniques, we achieved remarkable alignment between Dawn's Deep Space Network radiometric data and onboard imaging data. We were thrilled to confirm the data's strength in revealing Vesta's deep interior. Our findings show Vesta's history is far more complex than previously believed, shaped by unique processes like interrupted planetary differentation and late-stage collisions."

Planetary scientists can estimate the size of a celestial body's core by measuring what's called the moment of inertia. It's a concept from physics that describes how difficult it is to change the rotation of an object around an axis. Jacobson compared this concept to a figure skater spinning on ice. They change their speed by pulling their arms in to speed up and moving them outward to slow down. Their moment of inertia is changed by the changing position of their arms.

Similarly, an object in space with a larger core is like a ballerina with their arms pulled in. Celestial bodies with a dense core move differently than one with no core at all. Armed with this knowledge, the research team measured the rotation and gravity field of Vesta. The results showed Vesta didn't behave like an object with a core, challenging prior ideas about how it formed.

Two hypotheses

Neither hypothesis has been explored enough to rule either out, but both have problems that require more research to explain. While incomplete differentiation is possible, it doesn't line up with the meteorites researchers have collected over time.

"We're really confident these meteorites came from Vesta," Jacobson said. "And these don't show obvious evidence of incomplete differentiation."

The alternative explanation is based on the idea that as the terrestrial planets formed, large collisions occurred, mostly growing the planets but also generating impact debris. The ejected materials from those collisions would include rocks resulting from melting, and, like Vesta, they wouldn't have a core.

Jacobson's lab was already exploring the consequences of giant impacts during the planet formation era. He's working with one of his graduate students, Emily Elizondo, on the idea that some asteroids in the asteroid belt are pieces ejected from the growing planets.

This idea is still far from proven. More models need to be created and fine-tuned to prove that Vesta is an ancient chunk of a forming planet. Scientists can adjust how they study Vesta meteorites to dive deeper into either hypothesis, Jacobson said. They could also do further studies with the new approaches to the Dawn mission data.

This paper is only the beginning of a new direction of study, Jacobson said. It could forever change how scientists look at differentiated worlds.

"No longer is the Vesta meteorite collection a sample of a body in space that failed to make it as a planet," Jacobson said. "These could be pieces of an ancient planet before it grew to full completion. We just don't know which planet that is yet."
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Anatomy of a 'zombie' volcano: Investigating the cause of unrest inside Uturuncu | ScienceDaily
Scientists from China, the UK and the USA have collaborated to analyse the inner workings of Bolivia's "zombie" volcano, Uturuncu. By combining seismology, physics models and analysis of rock composition, researchers identify the causes of Uturuncu's unrest, alleviating fears of an imminent eruption. The findings have been published today (28 April) in the journal PNAS.


						
Deep in the Central Andes lies Uturuncu, Bolivia's "zombie" volcano -so called because despite being technically dead (last erupting 250 thousand years ago), it still shows signs of unrest, including earthquakes and plumes of gases. This unrest manifests itself in a "sombrero" pattern of deformation, with the land in the centre of the volcanic system rising up, and surrounding areas sinking down.

For the local population, it is vitally important to assess the potential start and severity of an eruption from Uturuncu, which could cause widespread damage and threat to life. However, up to now there was no explanation for the continued volcanic unrest. Scientists believed that the key to understanding this was to visualise the way that magma and gases move around underneath the volcano.

This new study, which drew upon expertise from University of Science and Technology of China, the University of Oxford and Cornell University, used signals detected from more than 1,700 earthquake events to perform high-resolution imaging of the plumbing system in the shallow crust beneath Uturuncu. According to the findings, the "zombie"-like unrest of Uturuncu is due to the movement of liquid and gas beneath the crater, with a low likelihood of an imminent eruption.

Volcanic plumbing systems are a complex mixture of fluids and gases in magmatic reservoirs and hydrothermal systems. Previous studies have shown that Uturuncu sits above the world's largest known magma body in the Earth's crust, the Altiplano-Puna Volcanic Complex, and that an active hydrothermal system connects this body and the surface. But it was unknown how fluids may be moving through this underground system.

The research team made use of seismic tomography, a way of imaging the interior of the volcano, similar to methods used in medical imaging of the human body. Seismic waves travel at different speeds through different materials, thereby providing high-resolution insights into the inner workings of Uturuncu in three dimensions. They combined this with analysis of the physical properties of the system, including rock composition, to better understand the subterranean volcanic system. This detailed analysis picked out possible upward migration pathways of geothermally heated fluids and showed how liquids and gases accumulate in reservoirs directly below the volcano's crater. The research team believe that this is the most likely cause for the deformation in the centre of the volcanic system, and that the risk of a real eruption is low.

Co-author Professor Mike Kendall (Department of Earth Sciences, University of Oxford) said: "I am very pleased to be involved in this truly international collaboration. Our results show how linked geophysical and geological methods can be used to better understand volcanoes, and the hazards and potential resources they present."

Co-author Professor Haijiang Zhang (School of Earth and Space Sciences, University of Science and Technology of China) said: "Understanding the anatomy of the Uturuncu volcanic system was only possible thanks to the expertise within the research team. This enabled us to combine various advanced geophysical imaging tools with modelling of the rock properties and their interactions with fluids."

Co-author Professor Matthew Pritchard (Cornell University) added: "The methods in this paper could be applied to the more than 1400 potentially active volcanoes and to the dozens of volcanoes like Uturuncu that aren't considered active but that show signs of life -- other potential zombie volcanoes."

The research team hope that similar studies using the joint analysis of seismological and petrological properties can be used to view the anatomy of other volcanic systems in the future.
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Evolution of pugs and Persians converges on cuteness | ScienceDaily
Through intensive breeding, humans have pushed breeds such as pug dogs and Persian cats to evolve with very similar skulls and "smushed" faces, so they're more similar to each other than they are to most other dogs or cats.


						
For the first time, scientists at Cornell University and Washington University have uncovered examples of how selection pressures from breeding cats and dogs have led to "convergence" -- the tendency of unrelated animals and plants to evolve similar characteristics under similar environmental conditions.

In this case, the researchers found remarkable examples of convergence both within these two domesticated species and also between them. The convergence showed up in breeds with short faces, technically referred to as brachycephalic or "smushed" faces.

As a result of artificial selection from breeding, certain breeds of these two species -- which shared a common ancestor but have been evolutionarily separated for 50 million years -- have converged to such an extreme that they are more similar to each other than they are to most members of their own species or their ancestors. This phenomenon hadn't previously been observed in domesticated species, according to the paper.

When the researchers measured the skulls of brachycephalic dogs and cats, they found strikingly similar overlap between these breeds from two different species.

"Persian cats and pug and Pekingese dogs all have skull shapes that are very similar to each other, with flat and short faces, and their muzzles and palettes are tilted up in the same way," said Abby Drake, senior lecturer at Cornell. Drake is a corresponding author on the paper along with Jonathan Losos, professor of biology at Washington University.

The same pattern of convergence has occurred multiple times within each species. In dogs, it occurred in bulldog breeds, but then separately in Asian dog breeds such as Pekingese and Shih Tzu. In cats, the same traits can be seen in Persian, Himalayan and Burmese breeds.




When convergence occurs through natural selection -- such as in the development of wings in birds, bats and insects -- it is usually a sign of a successful trait. In the case of domesticated species, evolution happens so rapidly, it can offer insight into evolutionary processes, Drake said.

The researchers mapped the skull shapes, compared them and discovered these similarities, even though the ancestors of cats and dogs looked quite different. Dogs descended from wolves, a larger animal with a long muzzle, while cats descended from wildcats, which are smaller animals with a shorter face and a snout.

"They start off in different places," Drake said, "but because humans applied the same selection pressures, they evolved to look almost identical to each other."

Artificial selection from breeding has led to a remarkable diversity of both cats and dogs, though dog diversity is even more extreme. It turns out dogs as a species are more diverse than the entire order of Carnivora.

"We're seeing this very large evolutionary variation within a species that's only been evolving for a relatively very short amount of time," Drake said. "That's a remarkable thing to see in evolution, which takes millions of years, but we did it with dogs by pushing them to the extremes."

In this study, the team similarly found that cats are more diverse as a species than the entire family of Felidae, which has 41 species.

Unfortunately, Drake said, humans have pushed brachycephalic breeds to such extremes that they're susceptible to breathing, eating and birthing issues and wouldn't survive in the wild.

In the study, the researchers collected three-dimensional measurements of skull morphology from CT scans of domestic cats, dogs, wildcats, wolves, species within the Canidae (dog) family and from the Felidae (cat) family, and additional species such as weasels and walruses from the order Carnivora. These were acquired from veterinary institutions, museum collections and MorphoSource, a natural history digital archive.
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Billion-year-old impact in Scotland sparks questions about life on land | ScienceDaily
New Curtin University research has revealed that a massive meteorite struck northwestern Scotland about 200 million years later than previously thought, in a discovery that not only rewrites Scotland's geological history but alters our understanding of the evolution of non-marine life on Earth.


						
Previously believed to have occurred 1.2 billion years ago, the impact created the Stac Fada Member, a layer of rock that holds vital clues to Earth's ancient past, including how meteorite strikes may have influenced the planet's environment and life.

Lead author Professor Chris Kirkland, from Curtin's Frontier Institute for Geoscience Solutions within the School of Earth and Planetary Sciences, said the research team used tiny zircon crystals as geological 'time capsules' to date the impact to 990 million years ago.

"These microscopic crystals recorded the exact moment of impact, with some even transforming into an incredibly rare mineral called reidite, which only forms under extreme pressures," Professor Kirkland said.

"This provided undeniable proof that a meteorite strike caused the Stac Fada deposit.

"When a meteorite hits, it partially resets the atomic clocks inside the zircon crystals and these 'broken timepieces' are often unable to be dated but we developed a model to reconstruct when the disturbance occurred, confirming the impact at 990 million years ago."

Professor Kirkland said this impact event occurred at a similar time to the emergence of some of the earliest freshwater eukaryotes, which are the ancient ancestors of plants, animals and fungi.




"The revised dating suggests these life forms in Scotland appeared at a similar time to a meteorite impact," Professor Kirkland said.

"This raises fascinating questions about whether large impacts may have influenced environmental conditions in ways that affected early ecosystems.

"While the impact crater itself has yet to be found, this study has collected further clues that could finally reveal its location.

"Understanding when meteorite impacts occurred helps us explore their potential influence on Earth's environment and the expansion of life beyond the oceans."

The research was done in collaboration with NASA Johnson Space Center, University of St. Andrews, University of Portsmouth, and Carl Zeiss Microscopy Ltd.
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Single-dose baloxavir reduces household influenza transmission | ScienceDaily

The phase 3b, double-blind, randomised, placebo-controlled trial enrolled 1,457 influenza-positive index patients and 2,681 household contacts across 15 countries from 2019 to 2024. The index patients, aged 5 to 64, were assigned to receive either baloxavir or a placebo within 48 hours of symptom onset. The primary endpoint was laboratory-confirmed influenza transmission to household contacts by day 5.

Key Findings:
    	Treatment with baloxavir reduced the odds of untreated household members contracting the virus by 32%.
    	Transmission resulting in symptomatic influenza was lower with baloxavir (5.8% vs. 7.6%), though the difference was not statistically significant (P=0.16).
    	Baloxavir led to a faster reduction in viral titers, with a mean reduction of 2.22 log10 TCID50/mL by day 3 compared to 1.85 log10 TCID50/mL for placebo.
    	Drug-resistant viruses emerged in 7.2% of baloxavir-treated index patients but were not detected in household contacts, suggesting limited transmission risk.
    	No new safety concerns were identified, with adverse events reported in 4.6% of baloxavir-treated patients compared to 7.0% in the placebo group.

'These results highlight baloxavir's potential not only to treat influenza but also to reduce its spread within communities,' said Professor Benjamin Cowling, co-author of the study and Helen and Francis Zimmern Professor in Population Health, Chair Professor of Epidemiology, and Head of the Division of Epidemiology and Biostatistics, School of Public Health, HKUMed. 'This dual effect could transform how we manage seasonal influenza and prepare for future pandemics.'

The study underscores the complementary role of antiviral drugs alongside vaccination, particularly in unvaccinated populations or during pandemics when vaccines may not be immediately available.
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Astronomers find Earth-like exoplanets common across the cosmos | ScienceDaily
Using the Korea Microlensing Telescope Network (KMTNet), an international team of researchers has discovered that super-Earth exoplanets are more common across the universe than previously thought, according to a new study.


						
By studying light anomalies made by the newly found planet's host star and combining their results with a larger sample from a KMTNet microlensing survey, the team found that super-Earths can exist as far from their host star as our gas giants are from the sun, said Andrew Gould, co-author of the study and professor emeritus of astronomy at The Ohio State University.

"Scientists knew there were more small planets than big planets, but in this study, we were able to show that within this overall pattern, there are excesses and deficits," he said. "It's very interesting."

While it can be relatively easy to locate worlds that orbit close to their star, planets with wider paths can be difficult to detect. Still, researchers further estimated that for every three stars, there should be at least one super-Earth present with a Jupiter-like orbital period, suggesting these massive worlds are extremely prevalent across the universe, said Gould, whose early theoretical research helped develop the field of planetary microlensing.

The findings in this study were made via microlensing, an observational effect that occurs when the presence of mass warps the fabric of space-time to a detectable degree. When a foreground object, such as a star or planet, passes between an observer and a more distant star, light is curved from the source, causing an apparent increase in the object's brightness that can last anywhere from a few hours to several months.

Astronomers can use these fluctuations, or bumps, in brightness to help locate alien worlds unlike our own. In this case, microlensing signals were used to locate OGLE-2016-BLG-0007, a super-Earth with a mass ratio roughly double that of Earth's and an orbit wider than Saturn's.

These observations allowed the team to divide exoplanets into two groups, one that consists of super-Earths and Neptune-like planets and the other comprising gas giants like Jupiter or Saturn. This discovery opens new doors for planetary system science: Having a better understanding of exoplanet distribution can reveal new insights about the processes by which they form and evolve.




The study, led by researchers in China, Korea and at Harvard University and the Smithsonian Institution in the United States, was recently published in the journal Science.

To explain their results, researchers also compared their findings to predictions made from theoretical simulations of planet formation. Their results showed that while exoplanets can be separated into groups by mass and makeup, the mechanisms that may produce them can vary.

"The dominant theory of gas-giant formation is through runaway gas accretion, but other people have said that it could be both accretion and gravitational instability," said Gould. "We're saying we can't distinguish between those two yet."

Doing so will likely require greater swaths of long-term data from specialized systems such as KMTNet and other microlensing instruments like it, said Richard Pogge, another co-author of the study and a professor of astronomy at Ohio State.

"Finding a microlensing star event is hard. Finding a microlensing star with a planet is hard-squared," he said. "We have to look at hundreds of millions of stars to find even a hundred of these things."

These alignments are so rare that only 237 out of the more than 5,000 exoplanets ever discovered have been identified using the microlensing method. Now, with the help of three powerful custom-built telescopes located in South Africa, Chile and Australia, the KMTNet system routinely allows scientists to scour the cosmos for these amazing events, said Pogge.

Most notably, it was scientists in Ohio State's Imaging Sciences Laboratory who designed and built the Korean Microlensing Telescope Network Cameras (KMTCam) that the system relies on to identify exoplanets. And as technology continues to evolve, having dedicated, global collaborations like this one will turn visions of scientific theory into real discoveries, said Pogge.

"We're like paleontologists reconstructing not only the history of the universe we live in but the processes that govern it," he said. "So helping to bring both of those pieces together into one picture has been enormously satisfying."

Other members of Ohio State's ISL team include Bruce Atwood, Tom O'Brien, Mark Johnson, Mark Derwent, Chris Colarosa, Jerry Mason, Daniel Pappalardo and Skip Shaller. This work was supported by the National Science Foundation, Tsinghua University, the National Natural Science Foundation of China, the Harvard-Smithsonian Center for Astrophysics, the China Manned Space Project, Polish National Agency for Academic Exchange and the National Research Foundation of Korea.
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In Down syndrome mice, 40Hz light and sound improve cognition, neurogenesis, connectivity | ScienceDaily
Studies by a growing number of labs have identified neurological health benefits from exposing human volunteers or animal models to light, sound and/or tactile stimulation at the brain's "gamma" frequency rhythm of 40Hz. In the latest such research at The Picower Institute for Learning and Memory and Alana Down Syndrome Center at MIT, scientists found that 40Hz sensory stimulation improved cognition and circuit connectivity and encouraged the growth of new neurons in mice genetically engineered to model Down syndrome.


						
Li-Huei Tsai, Picower Professor at MIT and senior author of the new study in PLOS ONE, said that the results are encouraging but also cautioned that much more work is needed to test whether the method, called GENUS (for Gamma Entrainment Using Sensory Stimulation), could provide clinical benefits for people with Down syndrome. Her lab has begun a small study with human volunteers at MIT.

"While this work, for the first time, shows beneficial effects of GENUS on Down syndrome using an imperfect mouse model, we need to be cautious as there is not yet data showing whether this also works in humans," said Tsai, who directs The Picower Institute and The Alana Center, and is a member of MIT's Brain and Cognitive Sciences faculty.

Still, she said, the newly published article adds evidence that GENUS can promote a broad-based, restorative, "homeostatic" health response in the brain amid a wide variety of pathologies. Most GENUS studies have addressed Alzheimer's disease in humans or mice, but others have found benefits from the stimulation for conditions such as "chemo brain," and stroke.

Down syndrome benefits

In the study, the research team led by postdoc Md Rezaul Islam and former graduate student Brennan Jackson worked with the commonly used "Ts65Dn" Down syndrome mouse model. The model recapitulates key aspects of the disorder, though it does not exactly mirror the human condition, which is caused by carrying an extra copy of chromosome 21.

In the first set of experiments in the paper the team shows that an hour a day of 40Hz light and sound exposure for three weeks was associated with significant improvements on three standard short-term memory tests--two involving distinguishing novelty from familiarity and one involving spatial navigation. Because these kinds of memory tasks involve a brain region called the hippocampus, the researchers looked at neural activity there and measured a significant increase in activity indicators among mice that received the GENUS stimulation vs. those that did not.




To better understand how stimulated mice could show improved cognition, the researchers examined whether cells in the hippocampus changed how they express their genes. To do this, the team used a technique called single cell RNA sequencing, which provided a readout of how nearly 16,000 individual neurons and other cells transcribed their DNA into RNA, a key step in gene expression. Many of the genes whose expression varied most prominently in neurons between the mice that received stimulation and those that did not were directly related to forming and organizing neural circuit connections called synapses.

To confirm the significance of that finding, the researchers directly examined the hippocampus in stimulated and control mice. They found that in a critical subregion, the dentate gyrus, stimulated mice had significantly more synapses.

Diving deeper

The team not only examined gene expression across individual cells, but also analyzed that data to assess whether there were patterns of coordination across multiple genes. Indeed they found several such "modules" of co-expression. Some of this evidence further substantiated the idea that 40Hz-stimulated mice made important improvements in synaptic connectivity, but another key finding highlighted a role for TCF4, a key regulator of gene transcription needed for generating new neurons, or "neurogenesis."  

The team's analysis of genetic data suggested that TCF4 is underexpressed in Down syndrome mice but the researchers saw improved TCF4 expression in GENUS-stimulated mice. When the researchers went to the lab bench to determine whether the mice also exhibited a difference in neurogenesis, they found direct evidence that stimulated mice exhibited more than unstimulated mice in the dentate gyrus. These increases in TCF4 expression and neurogenesis are only correlational, the researchers noted, but they hypothesize that the increase in new neurons likely helps explain at least some of the increase in new synapses and improved short term memory function.

"The increased putative functional synapses in the dentate gyrus is likely related to the increased adult neurogenesis observed in the Down syndrome mice following GENUS treatment," Islam said.




This study is the first to document that GENUS is associated with increased neurogenesis.

The analysis of gene expression modules also yielded other key insights. One is that a cluster of genes whose expression typically declines with normal aging and in Alzheimer's disease, remained at higher expression levels among mice who received 40Hz sensory stimulation.

And the researchers also found evidence that mice that received stimulation retained more cells in the hippocampus that express Reelin. Reelin-expressing neurons are especially vulnerable in Alzheimer's disease, but expression of the protein is associated with cognitive resilience amid Alzheimer's disease pathology, which Ts65Dn mice develop. About 90 percent of people with Down syndrome develop Alzheimer's disease, typically after the age of 40.

"In this study, we found that GENUS enhances the percentage of Reln+ neurons in hippocampus of a mouse model of Down syndrome, suggesting that GENUS may promote cognitive resilience," Islam said.

Taken together with other studies, Tsai and Islam said, the new results add evidence that GENUS helps to stimulate the brain at the cellular and molecular level to mount a homeostatic response to aberrations caused by disease pathology, be it neurodegeneration in Alzheimer's, demyelination in chemo brain, or deficits of neurogenesis in Down syndrome.

But the authors also cautioned that the study had limits. Not only is the Ts65Dn model an imperfect reflection of human Down syndrome, but also the mice used were all male. Moreover, the cognitive tests in the study only measured short-term memory. And finally, while the study was novel for extensively examining gene expression in the hippocampus amid GENUS stimulation, it did not look at changes in other cognitively critical brain regions such as the prefrontal cortex.

In addition to Jackson, Islam and Tsai, the paper's other authors are Maeesha Tasnim Naomi, Brooke Schatz, Noah Tan, Mitchell Murdock, Dong Shin Park, Daniela Rodrigues Amorim, Fred Jiang, S. Sebastian Pineda, Chinnakkaruppan Adaikkan, Vanesa Fernandez, Ute Geigenmuller, Rosalind Mott Firenze, Manolis Kellis and Ed Boyden.

Funding for the study came from the Alana Down Syndrome Center at MIT and the Alana USA Foundation, the National Science Foundation, the "la Caixa" Banking Foundation, an EMBO long term postdoctoral fellowship, Barbara J. Weedon, Henry E. Singleton, and the Hubolow family.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/04/250425113441.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Why our waistlines expand in middle age: Stem cells | ScienceDaily
It's no secret that our waistlines often expand in middle-age, but the problem isn't strictly cosmetic. Belly fat accelerates aging and slows down metabolism, increasing our risk for developing diabetes, heart problems and other chronic diseases. Exactly how age transforms a six pack into a softer stomach, however, is murky.


						
Now preclinical research by City of Hope(r), one of the largest and most advanced cancer research and treatment organizations in the United States and a leading research center for diabetes and other life-threatening illnesses, has uncovered the cellular culprit behind age-related abdominal fat, providing new insights into why our midsections widen with middle age. Published today in Science, the findings suggest a novel target for future therapies to prevent belly flab and extend our healthy lifespans.

"People often lose muscle and gain body fat as they age -- even when their body weight remains the same," saidQiong (Annabel) Wang, Ph.D., the study's co-corresponding author and an associate professor of molecular and cellular endocrinology at City of Hope'sArthur Riggs Diabetes & Metabolism Research Institute, one of the world's foremost scientific organizations dedicated to investigating the biology and treatment of diabetes. "We discovered aging triggers the arrival of a new type of adult stem cell and enhances the body's massive production of new fat cells, especially around the belly."

In collaboration with the UCLA laboratory co-corresponding author Xia Yang, Ph.D., the scientists conducted a series of mouse experiments later validated on human cells. Wang and her colleagues focused on white adipose tissue (WAT), the fatty tissue responsible for age-related weight gain.

While it's well-known that fat cells grow larger with age, the scientists suspected that WAT also expanded by producing new fat cells, meaning it may have an unlimited potential to grow.

To test their hypothesis, the researchers focused on adipocyte progenitor cells (APCs), a group of stem cells in WAT that evolve into fat cells.

The City of Hope team first transplanted APCs from young and older mice into a second group of young mice. The APCs from the older animals rapidly generated a colossal amount of fat cells.




When the team transplanted APCs from young mice into the older mice, however, the stem cells did not manufacture many new fat cells. The results confirmed that older APCs are equipped to independently make new fat cells, regardless of their host's age.

Using single-cell RNA sequencing, the scientists next compared APC gene activity in young and older mice. While barely active in young mice, APCs woke up with a vengeance in middle-aged mice and began pumping out new fat cells.

"While most adult stem cells' capacity to grow wanes with age, the opposite holds true with APCs -- aging unlocks these cells' power to evolve and spread," said Adolfo Garcia-Ocana, Ph.D., the Ruth B. & Robert K. Lanman Endowed Chair in Gene Regulation & Drug Discovery Research and chair of the Department of Molecular & Cellular Endocrinology at City of Hope. "This is the first evidence that our bellies expand with age due to the APCs' high output of new fat cells."

Aging also transformed the APCs into a new type of stem cell called committed preadipocytes, age-specific (CP-As). Arising in middle age, CP-A cells actively churn out new fat cells, explaining why older mice gain more weight.

A signaling pathway called leukemia inhibitory factor receptor (LIFR) proved critical for promoting these CP-A cells to multiply and evolve into fat cells.

"We discovered that the body's fat-making process is driven by LIFR. While young mice don't require this signal to make fat, older mice do," explained Wang. "Our research indicates that LIFR plays a crucial role in triggering CP-As to create new fat cells and expand belly fat in older mice."

Using single-cell RNA sequencing on samples from people of various ages, Wang and her colleagues next studied APCs from human tissue in the lab. Again, the team also identified similar CP-A cells that had an increased number in middle-aged people's tissue. Their discovery also illustrates that CP-As in humans have high capacity in creating new fat cells.




"Our findings highlight the importance of controlling new fat-cell formation to address age-related obesity," said Wang. "Understanding the role of CP-As in metabolic disorders and how these cells emerge during aging could lead to new medical solutions for reducing belly fat and improving health and longevity."

Future research will focus on tracking CP-A cells in animal models, observing CP-A cells in humans and developing new strategies that eliminate or block the cells to prevent age-related fat gain.

The study's first authors are City of Hope's Guan Wang, Ph.D., and UCLA's Gaoyan Li, Ph.D.
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Can technology revolutionize health science? The promise of exposomics | ScienceDaily
Every breath we take, every meal we eat, and every environment we encounter leaves a molecular fingerprint in our bodies -- a hidden record of our lifelong exposures. Researchers in the field of exposomics explain how cutting-edge technologies are unlocking this biological archive, ushering in a new era of disease prevention and personalized medicine. The scientists lay out a roadmap to overcome technical and logistical challenges and realize the field's full potential.


						
Exposomics explores how the complex interplay of environmental factors -- from pollutants in our water and food to social and psychological stressors -- shapes our biology. By studying these combined exposures, researchers can uncover how they collectively influence health, from metabolism and heart function to brain health and disease risk.

The Perspectives article is led by the Banbury Exposomics Consortium -- an interdisciplinary group of scientists who gathered at Cold Spring Harbor's Banbury Center in 2023 to define the core principles of this rapidly evolving field. Gary Miller, PhD, a foremost expert in exposomics and faculty member at Columbia University Mailman School of Public Health, was the lead organizer of the Consortium.

Miller, Vice Dean of Research and Innovation and Professor of Environmental Health Sciences at Columbia Mailman School, co-leads the NIH-funded national coordinating center for exposomics, NEXUS. He also leads IndiPHARM, an ARPA-H-funded initiative using exposomics to predict drug interactions and enhance medication effectiveness.

Exposomics in Action

The young field is already proving its transformative potential. Researchers analyzing molecular evidence identified a specific industrial solvent as the culprit behind kidney disease clusters among factory workers. In another study, scientists merged satellite pollution mapping with residential location information to reveal how airborne particulates prematurely age the brain. Scientists analyzing thousands of circulating molecules pinpointed TMAO, a gut microbiome metabolite produced when eating red meat and dairy, as a previously overlooked major contributor to heart attack risk.

These discoveries are made possible by cutting-edge technologies and tools such as wearable sensors that track chemical exposures in real-time, satellite imagery that maps pollution down to city blocks, and ultra-sensitive mass spectrometers that detect compounds present at just one part per trillion.




A Wider Lens on Our Health

While genetics provides our biological blueprint, it explains only a fraction of chronic disease risk. The exposome captures everything that happens to us, from industrial chemicals to social stressors. Unlike traditional studies examining single exposures in isolation, exposomics integrates advanced tools to understand how environmental, social, and psychological factors collectively interact with our biology.

This approach synergizes powerfully with other "omics" sciences. When combined with genomics, proteomics, and metabolomics, exposomics creates the first complete picture of health determinants. The authors envision a future where all major disease studies incorporate exposome analysis as standard practice.

Systematically analyzing these complex interactions can improve drug development, uncover hidden drivers of disease, and address health disparities. The approach bridges precision medicine and population health.

The Way Forward

Miller and colleagues outline critical priorities for advancing exposomics. These include the development of more sensitive technologies, such as wearable or minimally invasive tools that measure an individual's exposome; the creation of a human exposome reference to enable analysis and contextualization at the population scale; and the implementation of standardized protocols to enable AI-driven analysis of complex datasets. The field must also address ethical considerations around data privacy and the need for greater focus on the social determinants of health, the authors write.

Newly launched U.S. and European exposomics hubs now provide the infrastructure for worldwide collaboration, standardizing methods, harmonizing data, and training researchers in the cross-disciplinary skills needed to advance this field. These centers form the critical backbone for the future progress of exposomics.

"We're now building the first systematic framework to measure how all exposures -- from chemical to social -- interact with biology across the lifespan. Our goal is to create actionable strategies for healthier lives," says Miller.
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Nanophotonic platform boosts efficiency of nonlinear-optical quantum teleportation | ScienceDaily
Researchers have long recognized that quantum communication systems would transmit quantum information more faithfully and be impervious to certain forms of error if nonlinear optical processes were used. However, past efforts at incorporating such processes could not operate with the extremely low light levels required for quantum communication.


						
Now, a team at the University of Illinois Urbana-Champaign has improved the technology by basing the nonlinear process on an indium-gallium-phosphide nanophotonic platform. The result is substantially more efficient than prior systems, meaning that it requires much less light and operates all the way down to single photons, the smallest unit of light. For the first time, there is a path forward to making quantum communication systems with nonlinear optics feasible.

"Our nonlinear system transmits quantum information with 94% fidelity, compared to the theoretical limit of 33% on systems using linear optical components," said Kejie Fang, an Illinois professor of electrical and computer engineering and the project lead. "This alone demonstrates the power of quantum communication with nonlinear optics. The big problem to solve is efficiency. By using a nanophotonic platform, we saw the efficiency increase by enough to show that the technology is promising."

This research was recently published in the journal Physical Review Letters.

Transmission of quantum information over networks is facilitated by the quantum teleportation protocol. In it, the phenomenon of quantum entanglement -- in which two quantum objects, typically single photons, influence each other even when there is no apparent physical connection between them -- is exploited to transfer quantum information between a sender and a receiver without transmitting it through a communication channel. The advantage of this procedure is that the influences of external noise and channel imperfections are greatly mitigated.

There are two factors which limit the performance of quantum teleportation. First, the use of standard, linear optical components introduces inherent ambiguities in the transmission. Second, the entangled photons are made with an imperfect process subject to errors and excess noise. In particular, it is common for entanglement sources to produce more than a single pair of photons at once, making it unclear whether the two used in teleportation are truly entangled.

"Multiphoton noise occurs in all realistic entanglement sources, and it's a serious problem for quantum networks," said Elizabeth Goldschmidt, an Illinois professor of physics and a co-author of the study. "The appeal of nonlinear optics is that it can mitigate the effect of multiphoton noise by virtue of the underlying physics, making it possible to work with imperfect entanglement sources."

Nonlinear optical components cause photons of different frequencies to combine and create new photons at new frequencies. For quantum teleportation, the nonlinear process used is "sum frequency generation" (SFG), in which the frequencies of two photons add to form a new photon. However, the original two photons must have specific starting frequencies for the process to occur.




When SFG is used in quantum teleportation, the protocol does not proceed if two photons of the same frequency are detected. This filters out the primary type of noise in most entangled photon sources and allows for much higher teleportation fidelities than would be possible otherwise. The main drawback is that an SFG conversion occurs with very low probability, making the teleportation process highly inefficient.

"Researchers have known about this for a long time, but it was not fully explored due to the low probability of successful SFG," Fang said. "In the past, the best that was achieved is 1 in 100 million. Our achievement is realizing a factor of 10,000 increase conversion efficiency to 1 in 10,000 with a nanophotonic platform."

The researchers are optimistic that, with further development, quantum teleportation with nonlinear optical components can be made even more efficient. They believe that it will find use in other quantum communications protocols, including entanglement swapping.
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Awkward. Humans are still better than AI at reading the room | ScienceDaily
Humans, it turns out, are better than current AI models at describing and interpreting social interactions in a moving scene -- a skill necessary for self-driving cars, assistive robots, and other technologies that rely on AI systems to navigate the real world.


						
The research, led by scientists at Johns Hopkins University, finds that artificial intelligence systems fail at understanding social dynamics and context necessary for interacting with people and suggests the problem may be rooted in the infrastructure of AI systems.

"AI for a self-driving car, for example, would need to recognize the intentions, goals, and actions of human drivers and pedestrians. You would want it to know which way a pedestrian is about to start walking, or whether two people are in conversation versus about to cross the street," said lead author Leyla Isik, an assistant professor of cognitive science at Johns Hopkins University. "Any time you want an AI to interact with humans, you want it to be able to recognize what people are doing. I think this sheds light on the fact that these systems can't right now."

Kathy Garcia, a doctoral student working in Isik's lab at the time of the research and co-first author, will present the research findings at the International Conference on Learning Representations on April 24.

To determine how AI models measure up compared to human perception, the researchers asked human participants to watch three-second videoclips and rate features important for understanding social interactions on a scale of one to five. The clips included people either interacting with one another, performing side-by-side activities, or conducting independent activities on their own.

The researchers then asked more than 350 AI language, video, and image models to predict how humans would judge the videos and how their brains would respond to watching. For large language models, the researchers had the AIs evaluate short, human-written captions.

Participants, for the most part, agreed with each other on all the questions; the AI models, regardless of size or the data they were trained on, did not. Video models were unable to accurately describe what people were doing in the videos. Even image models that were given a series of still frames to analyze could not reliably predict whether people were communicating. Language models were better at predicting human behavior, while video models were better at predicting neural activity in the brain.




The results provide a sharp contrast to AI's success in reading still images, the researchers said.

"It's not enough to just see an image and recognize objects and faces. That was the first step, which took us a long way in AI. But real life isn't static. We need AI to understand the story that is unfolding in a scene. Understanding the relationships, context, and dynamics of social interactions is the next step, and this research suggests there might be a blind spot in AI model development," Garcia said.

Researchers believe this is because AI neural networks were inspired by the infrastructure of the part of the brain that processes static images, which is different from the area of the brain that processes dynamic social scenes.

"There's a lot of nuances, but the big takeaway is none of the AI models can match human brain and behavior responses to scenes across the board, like they do for static scenes," Isik said. "I think there's something fundamental about the way humans are processing scenes that these models are missing."
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Blocking a surprising master regulator of immunity eradicates liver tumors in mice | ScienceDaily
A protein identified nearly 40 years ago for its ability to stimulate the production of red blood cells plays a surprising, critical role in dampening the immune system's response to cancer.


						
Blocking the activity of the protein turns formerly "cold," or immune-resistant, liver tumors in mice into "hot" tumors teeming with cancer-fighting immune cells. When combined with an immunotherapy that further activates these immune cells against the cancer, the treatment led to complete regression of existing liver tumors in most mice. Treated animals lived for the duration of the experiment. In contrast, control animals survived only a few weeks.

"This is a fundamental breakthrough in our understanding of how the immune system is turned off and on in cancer," said Edgar Engleman, MD, PhD, a professor of pathology and of medicine. "I could not be more excited about this discovery, and I hope treatments that target the mechanism we uncovered will quickly move forward to human trials."

Engleman is the senior author of the research, which will be published online April 24 in Science. Basic life research scientist David Kung-Chun Chiu, PhD, is the lead author of the study.

Likely applicable to many cancers

Although the work was completed in mice, there are strong indications that the protein, erythropoietin or EPO, plays a similar role in many types of human cancers.

"Research from more than a decade ago has shown that giving EPO to cancer patients with anemia to stimulate red blood cell formation accelerates the growth of the tumor," Engleman said.




The connection was so striking that in 2007 the Food and Drug Administration required a black box warning label on the drug cautioning against its use in people with cancers. Researchers also saw a clear correlation between patient prognosis and the levels of naturally occurring EPO and its receptor in the tumor.

"Those old reports showed clearly that the more EPO or EPOR there was in tumors, the worse off the patients were," Engleman said. "But the connection between EPO and cancer immunity was never made until now. In fact, it took a long time and a lot of experiments to convince us that EPO plays a fundamental role in blocking the immune response to cancer, because EPO is so well established as a red blood cell growth factor."

Chiu developed and studied genome editing techniques to create several mouse models of liver cancer to study how liver tumors develop and respond to treatment. Each model recapitulates specific mutations, histology and the response to approved therapies found in subtypes of human liver cancers. Tumor formation was either induced by injecting a combination of DNA encoding proteins associated with liver cancer into the animals' tail vein or by implanting liver cancer cells into the animals' livers.

The researchers were interested in the effect on cancer growth of a common immunotherapy targeting a molecule called PD-1 on immune cells called T cells. Binding to PD-1 blocks the ability of cancer cells to dampen the activity of T cells. Anti-PD-1 therapies, including one marketed commercially as Keytruda, are routinely used to treat many types of human cancers including melanoma, Hodgkin's lymphoma and some types of lung cancer. In some cases they have transformed patient outcomes. But a large majority of tumors, including most liver, pancreas, colon, breast and prostate cancers are resistant to the treatment.

The researchers found that, similar to what has been observed in human liver cancers, some combinations of mutations led to the development of liver tumors that were largely ignored by the immune system, rendering them immune privileged, or cold. These tumors did not shrink when the animals were treated with anti-PD-1 because few T cells were present in the tumor.

In contrast to the cold tumors, other mutations led to hot or "inflamed" tumors replete with T cells. These tumors were highly sensitive to anti-PD1 treatment, which triggered the T cells to attack the cancer.




Unexpectedly, the cold tumors displayed elevated levels of EPO when compared with hot tumors. This increase is likely caused by the oxygen-poor microenvironment -- a condition called hypoxia -- prevalent in cold tumors. Hypoxia induces the production of proteins in cancer cells that, in turn, ramp up the production of EPO to create more red blood cells to combat low oxygen levels.

"Hypoxia in tumors has been studied for decades," Engleman said. "It just didn't dawn on anyone, including me, that EPO could be doing anything in this context other than serving as a red blood cell growth factor."

Curious, the researchers turned to existing databases to confirm that elevated levels of EPO are correlated with poorer survival of people with cancers of the liver, kidney, breast, colon and skin. They then tinkered with the ability of the tumor cells to make EPO and were surprised at what happened in the animals' liver tumors.

They found that mutations that had led to the development of cold tumors instead caused hot tumors when the tumors were modified to be unable to make EPO. Conversely, hot tumors that had previously been successfully eradicated by the immune system thrived when they were engineered to make elevated levels of EPO.

Further exhaustive research showed that, in cold tumors, the tumor cells make and secrete EPO, which binds to receptors on the surface of immune cells called macrophages. The macrophages then switch to an immunosuppressive role, shooing away cancer-killing T cells and tamping down their activity.

The importance of this EPO-moderated crosstalk between tumor cells and macrophages showed clearly when the researchers studied the combinatorial effect of simultaneously blocking the EPO signaling pathway and anti-PD-1 pathway.

In those experiments, no mice with cold liver tumors that were treated with control or with anti-PD-1 lived more than eight weeks after tumor induction. In contrast, 40% of mice with macrophages unable to make the EPO receptor lived for 18 weeks after tumor induction, when the experiment was terminated. When anti-PD-1 treatment was given to mice lacking the EPO receptor, all animals lived for the duration of the experiment.

"It's simple," Engleman said. "If you remove this EPO signaling, either by lowering the hormone levels or by blocking the receptors on the macrophages, you don't just get a reduction in tumor growth, you get tumor regression along with sensitivity to anti-PD-1treatment."

Engleman and his colleagues are now designing treatments targeting EPO signaling in human cancers. Non-specifically targeting the EPO protein could cause anemia, which Engleman speculates might be an acceptable trade-off for an effective cancer therapy. An alternative approach is to selectively block the EPO receptors on the surfaces of macrophages in the cancer.

"I continue to be amazed by this finding," Engleman said. "Not every tumor is going to respond in the same way, but I'm very optimistic that this discovery will lead to powerful new cancer therapies."

Researchers from the New York Blood Center and the pharmaceutical company ImmunEdge Inc. contributed to the research.

The study was funded by the National Institutes of Health (grants R01CA262361, P01CA244114, U54CA2745115 and P01HL149626).

Chiu is a cofounder of ImmunEdge Inc. Engleman is a founder, shareholder and board member of ImmunEdge Inc. Chiu and Engleman are Stanford-affiliated inventors of PCT/US2023/063997, entitled "EPO receptor agonists and antagonists."
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      Top stories featured on ScienceDaily's Health & Medicine, Mind & Brain, and Living Well sections.


      
        Breast cancer mortality in women ages 20-49 significantly dropped between 2010 and 2020
        Breast cancer deaths among women ages 20-49 declined significantly between 2010 and 2020, according to a new study.

      

      
        Engineers develop wearable heart attack detection tech
        Every second counts when it comes to detecting and treating heart attacks. A new technology may be able to identify heart attacks faster and more accurately than traditional methods.

      

      
        Increasing physical activity in middle age may protect against Alzheimer's disease
        An increase in physical activity between the ages of 45 and 65 could help prevent Alzheimer's disease, while inactivity may be detrimental to brain health.

      

      
        Children's reading and writing develop better when they are trained in handwriting
        Researchers explored how manual and keyboard practice influenced children's abilities in their reading and writing learning process. 5-year-olds were taught an artificial alphabet using different techniques, and the conclusion was that children who are trained with pencil and paper assimilate new letters and words better.

      

      
        A virtual reality game integrating smell to fight cognitive decline
        Aiming to address age-related cognitive decline, a growing global health challenge, a team of researchers has developed a VR-based smell-training system to help combat it. This innovative VR game activates memory pathways by incorporating olfactory stimulation in a virtual environment. This game-based method offers an engaging platform for maintaining cognitive function and reducing the risk of neurodegenerative diseases such as dementia in older adults.

      

      
        Landmark experiment sheds new light on the origins of consciousness
        An experiment seven years in the making has uncovered new insights into the nature of consciousness and challenges two prominent, competing scientific theories: Integrated Information Theory (IIT) and Global Neuronal Workspace Theory (GNWT). The findings mark a pivotal moment in the goal to understand the elusive origins consciousness.

      

      
        Will the vegetables of the future be fortified using tiny needles?
        Researchers have shown they can inexpensively nanomanufacture silk microneedles to precisely fortify crops, monitor plant health, and detect soil toxins.

      

      
        Study suggests dance and lullabies aren't universal human behaviors
        Social singing and dance are often assumed to be hard-wired into the human condition; studies have supported the conclusion that these are common across cultures. But new research from an anthropologist challenges the idea that dance and lullabies are universal among humans. The study draws on 43 years of research with an Indigenous population in Paraguay.

      

      
        New machine algorithm could identify cardiovascular risk at the click of a button
        An automated machine learning program has been able to identify potential cardiovascular incidents or fall and fracture risks based on bone density scans taken during routine clinical testing.

      

      
        Heart disease deaths worldwide linked to chemical widely used in plastics
        Daily exposure to certain chemicals used to make plastic household items could be linked to more than 356,000 global deaths from heart disease in 2018 alone, a new analysis of population surveys shows. While the chemicals, called phthalates, are in widespread use globally, the Middle East, South Asia, East Asia, and the Pacific bore a much larger share of the death toll than others -- about three-fourths of the total.

      

      
        Rainfall triggers extreme humid heat in tropics and subtropics
        Scientists believe they have found a way to improve warning systems for vulnerable communities threatened by humid heatwaves, which are on the rise due to climate change and can be damaging and even fatal to human health. The study analysed how patterns of recent rainfall can interact with dry or moist land conditions to influence the risk of extreme humid heat in the global tropics and subtropics.

      

      
        Move more, think sharper
        A brisk walk, a splash of water aerobics, or even a light jog around the block -- if your heart rate goes up then so too will your brain health according to new research.

      

      
        Global study links consumption of ultraprocessed foods to preventable premature deaths
        A study analyzing data from nationally representative dietary surveys and mortality data from eight countries (Australia, Brazil, Canada, Chile, Colombia, Mexico, United Kingdom, and United States) shows that premature deaths attributable to consumption of ultraprocessed foods (UPFs) increase significantly according to their share in individuals' total energy intake. The new study reinforces the call for global action to reduce UPF consumption, supported by regulatory and fiscal policies that fos...

      

      
        Drug combination reduces breast cancer risk and improves metabolic health in rats
        Researchers investigated the combined effects of bazedoxifene and conjugated estrogens in rat models as an alternative to tamoxifen.

      

      
        Using humor in communication helps scientists connect, build trust
        Scientists aren't comedians, but it turns out a joke or two can go a long way. That's according to a new study that found when researchers use humor in their communication -- particularly online -- audiences are more likely to find them trustworthy and credible.

      

      
        Low iron could cause brain fog during menopause transition
        New research sheds light on an understudied area of science: iron levels in the blood and their relationship to cognitive performance in women transitioning into menopause. The findings are good news for women experiencing brain fog and other symptoms.

      

      
        United States sees disproportionate increase in body mass index rates of more than 60
        In the past 20 years, the average rate of obesity among adults in the United States has risen by approximately 30 percent, but the rate of those with the most severe forms of obesity, or those with a body mass index, or BMI, of more than 60 kg/m2, increased by 210 percent. Researchers analyzed national health data from 2001 through 2023, and discovered the alarming increase in the numbers of patients with the most severe forms of obesity.

      

      
        Natural killer cells remember and effectively target ovarian cancer
        Researchers have uncovered a unique ability of a special subtype of natural killer cells in the immune system, called adaptive NK cells, to remember ovarian tumors and effectively attack them. The discovery could pave the way for new, more powerful immunotherapies for difficult-to-treat cancers.

      

      
        Left or right arm? New research reveals why vaccination site matters for immune response
        Scientists have uncovered why vaccines can elicit a stronger immune response if they are administered in the same arm.

      

      
        Bacteria's mysterious viruses can fan flames of antibiotic damage
        Scientists built a model that allows them to diminish phage communities from a mouse gut microbiome -- and then bring them back -- without affecting the bacteria. On a test run of their model, researchers found evidence that phages may increase gut bacteria's sensitivity to antibiotics.

      

      
        Influenza virus hacks cell's internal system
        The influenza virus manipulates the body's gene regulation system to accelerate its own spread. A new study also shows that an already approved drug could help strengthen immune defenses -- though its effect in humans remains to be confirmed.

      

      
        Personality traits shape our prosocial behavior
        Why do some people do more for the community than others? A new study now shows that personality traits such as extraversion and agreeableness correlate with volunteering and charitable giving.

      

      
        Updated equestrian helmet ratings system adds racing and high-speed events
        Falling off a horse at high-speed changes the impact to the rider's head and the parameters for a quality helmet, according to new research. The findings indicate that head impacts during falls at high speed generate unique head rotation, which in turn, directly affects helmet behavior.

      

      
        Urine test could reveal early prostate cancer
        A newly published study indicates that prostate cancer can be diagnosed at an early stage through a simple urine sample. With the aid of AI and extensive analyses of gene activity in tumors, they have identified new biomarkers of high diagnostic precision.

      

      
        Study using simulations highlights power of pooled data in environmental health research
        Conflicting findings in environmental epidemiology have long stalled consensus on the health effects of toxic chemicals. A new study suggests that one major reason for these inconsistencies may be the limited exposure ranges in individual studies -- leading to underpowered results and unclear conclusions.

      

      
        Largest osteoarthritis genetic study uncovers pathways to new therapies and repurposed drugs
        Researchers have uncovered multiple new genes and genetic pathways that could lead to repurposing hundreds of existing drugs for osteoarthritis, the most common form of arthritis.

      

      
        Trouble hearing in noisy places and crowded spaces? Researchers say new algorithm could help hearing aid users
        BU researchers develop a brain-inspired algorithm that can help people with hearing loss pick out conversations in noisy, crowded spaces.

      

      
        A drug dismantles a metabolic barrier to anti-tumor immunity
        A new study has identified a specific mode of fat uptake by immune cells within tumors that serves as a metabolic checkpoint against anti-cancer immune responses.

      

      
        First synthetic 'mini prion' shows how protein misfolding multiplies
        Prions transmit their abnormally folded shape onto other proteins. Researchers designed a synthetic fragment of the tau protein that exhibits prion-like behavior. Misfolded tau proteins are the hallmark of many neurodegenerative diseases, including Alzheimer's disease and frontotemporal dementia. Study revealed crucial role of water organization in the tau misfolding process.

      

      
        Brain decoder controls spinal cord stimulation
        A lab develops brain wave decoder that may help in spinal cord injury rehabilitation.

      

      
        Long-term survival rates of some Acute Myeloid Leukemia patients could double with sensitive bone marrow test
        A highly sensitive bone marrow test could double survival rates for some groups of younger adults with Acute Myeloid Leukemia (AML) by helping doctors identify if they might relapse up to three months earlier.

      

      
        Are 'zombie' skin cells harmful or helpful? The answer may be in their shapes
        Researchers have identified three subtypes of senescent skin cells with distinct shapes, biomarkers, and functions -- an advance that could equip scientists with the ability to target and kill the harmful types while leaving the helpful ones intact.

      

      
        Nudges improve food choices and cut calories when shopping for groceries online
        A team of researchers designed and tested a new digital toolkit that helps consumers make healthier grocery choices online -- an innovation that could play a major role in the global fight against chronic diseases such as heart disease, stroke and diabetes.

      

      
        AI model for thyroid cancer diagnosis, with over 90% accuracy and reduced consultation preparation time
        An interdisciplinary research team has unveiled the world's first artificial intelligence (AI) model designed to classify both the cancer stage and risk category of thyroid cancer, achieving impressive accuracy exceeding 90%. This innovative AI model promises to significantly cut frontline clinicians' pre-consultation preparation time by approximately 50%, aligning with the HKSAR Government's initiative to harness AI technology in healthcare.

      

      
        Single-dose baloxavir reduces household influenza transmission
        A landmark study reveals that a single oral dose of baloxavir marboxil (baloxavir) significantly reduces the transmission of influenza within households, marking a major advancement in influenza management. The trial provides robust evidence that an antiviral treatment can curb the spread of influenza to close contacts.

      

      
        Cancer research reveals how chemo impact cells at the molecular level
        A study uncovers intricate details about protein function at the molecular level. The discovery could transform disease diagnostics and treatment.

      

      
        Young adults and rise in dry eye disease
        Researchers have called for more advice to be given to young people about preventing dry eye disease, after a study found that 90% of participants had at least one sign of the condition in their eyes.

      

      
        Global survey highlights the challenges of VR-haptic technology in dental education
        A recent global survey of 156 institutions reveals strong interest in VR-haptic technology for dental training, yet significant barriers impede widespread adoption.

      

      
        New cell therapy shows promising results in advanced tumor diseases
        In recent years, cell therapies have developed alongside chemotherapy and immunotherapy to become a new pillar in the treatment of patients with blood and lymph gland cancer. In solid tumors, such as skin, lung, or bone and soft tissue cancer (sarcomas), they have not yet proven themselves as a treatment method. Tumor shrinkage was achieved only in rare cases, but the side effects were all the more severe. An international research group led by scientists has now succeeded in a phase 1 clinical t...

      

      
        An earth-abundant mineral for sustainable spintronics
        Iron-rich hematite, commonly found in rocks and soil, turns out to have magnetic properties that make it a promising material for ultrafast next-generation computing.

      

      
        New way to prevent duodenal cancer
        People with the hereditary disease familial adenomatous polyposis (FAP) have a greatly increased risk of developing a malignant tumor of the duodenum. Researchers have now discovered a mechanism in the local immune system that can drive the development of cancer. They see this as a promising new approach to preventing duodenal carcinoma in people with FAP.

      

      
        Structure dictates effectiveness, safety in nanomedicine
        Historically, small molecule drugs have been precisely designed down to the atomic scale. Considering their relatively large complex structures, nanomedicines have lagged behind. Researchers argue this precise control should be applied to optimize new nanomedicines.

      

      
        New body-fluid biomarker for Parkinson's disease discovered
        Researchers have discovered a new biomarker for Parkinson's disease. A misfolded protein facilitates reliable diagnosis even in the early stages of Parkinson's disease in body fluids.

      

      
        AI helps unravel a cause of Alzheimer's disease and identify a therapeutic candidate
        A new study found that a gene recently recognized as a biomarker for Alzheimer's disease is actually a cause of it, due to its previously unknown secondary function that triggers a pathway that disrupts how cells in the brain turn genes on and off.

      

      
        Chimpanzee stem cells offer new insights into early embryonic development
        Chimpanzee naive pluripotent stem cells (PSCs) can now be grown in cellular cultures, reveals a recent study. They successfully created chimpanzee early embryo models, called 'blastoids,' and found that the inhibition of a specific regulatory gene is essential for chimpanzee PSC self-renewal. They also developed a feeder-free culture system, eliminating the need for mouse-derived feeder cells as support. These findings provide valuable insights into primate embryology and could advance stem cell ...

      

      
        This injected protein-like polymer helps tissues heal after a heart attack
        Researchers have developed a new therapy that can be injected intravenously right after a heart attack to promote healing and prevent heart failure. The therapy both prompts the immune system to encourage tissue repair and promotes survival of heart muscle cells after a heart attack. Researchers tested the therapy in rats and showed that it is effective up to five weeks after injection.

      

      
        In Down syndrome mice, 40Hz light and sound improve cognition, neurogenesis, connectivity
        A new study provides new evidence that sensory stimulation of a gamma-frequency brain rhythm may promote broad-based restorative neurological health response.

      

      
        Immune cells drive congenital paralysis disease
        Patients with spastic paraplegia type 15 develop movement disorders during adolescence that may ultimately require the use of a wheelchair. In the early stages of this rare hereditary disease the brain appears to play a major role by over-activating the immune system, as shown by a recent study.

      

      
        Compelling new insights into dynamics of the brain's serotonin system
        A new study sheds new light on these big questions, illuminating a general principle of neural processing in a mysterious region of the midbrain that is the very origin of our central serotonin (5-HT) system, a key part of the nervous system involved in a remarkable range of cognitive and behavioral functions.

      

      
        Why our waistlines expand in middle age: Stem cells
        It's no secret that our waistlines often expand in middle-age, but the problem isn't strictly cosmetic. Belly fat accelerates aging and slows down metabolism, increasing our risk for developing diabetes, heart problems and other chronic diseases. Exactly how age transforms a six pack into a softer stomach, however, is murky. New research shows how aging shifts stem cells into overdrive to create more belly fat.
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Breast cancer mortality in women ages 20-49 significantly dropped between 2010 and 2020 | ScienceDaily
From 2010 to 2020, breast cancer deaths among women ages 20-49 declined significantly across all breast cancer subtypes and racial/ethnic groups, with marked declines starting after 2016, according to an analysis of data from the Surveillance, Epidemiology, and End Results (SEER) registry presented at the American Association for Cancer Research (AACR) Annual Meeting 2025, held April 25-30.


						
Breast cancer incidence rates in women aged 20 to 49 years have been increasing over the past 20 years across most racial and ethnic groups, but few studies have examined mortality data for patients in this age group, according to Adetunji Toriola, MD, PhD, MPH, professor in the Department of Surgery and Division of Public Health Sciences and Siteman Cancer Center at Washington University School of Medicine.

"Understanding recent trends in mortality will enable us to assess progress over the years and inform where to direct resources to reduce cancer burden in this age group," explained Toriola, who presented the study.

Toriola and colleagues analyzed data from the SEER Program 17 registry, which included data on 11,661 breast cancer deaths among women ages 20-49 between 2010 and 2020. They evaluated breast cancer incidence-based mortality by race and molecular subtypes -- including luminal A, luminal B, human epidermal growth factor receptor 2 (HER2)-enriched, and triple-negative breast cancer -- and identified differences in trends using annual percent changes (APC). Additionally, they performed relative survival analyses by examining the 10-year survival rate for each group and subtype.

Across all subtypes and racial/ethnic groups, incidence-based mortality declined from 9.70 per 100,000 women in 2010 to 1.47/100,000 in 2020. Luminal A had the most pronounced decline among the four subtypes, with a decline throughout the time period and the largest drop in 2017 (-32.88% APC). Triple-negative breast cancer followed a similar trend, with 2018 marking its largest decline (-32.82% APC).

Even though the decline in incidence-based mortality was the largest for luminal A overall, the 10-year relative survival for women with this breast cancer subtype varied depending on age. Among women ages 40-49, luminal A had the highest 10-year survival while among women ages 20-39, luminal A (78.3%) had lower 10-year survival than luminal B (84.2%).

"This was unexpected as luminal A is generally the least aggressive subtype with the most favorable prognosis," Toriola said. "This requires confirmation in other studies but may suggest that luminal A tumors in women ages 20-39 may represent a more biologically heterogeneous and potentially aggressive subgroup."

While incidence-based mortality declined for each of the racial/ethnic groups, non-Hispanic Black women had the highest incidence-based mortality in both 2010 (16.56/100,000) and 2020 (3.41/100,000) and non-Hispanic white women had the lowest incidence-based mortality in 2010 (9.18/100,000) and 2020 (1.16/100,000). Declines became most pronounced for non-Hispanic Black women in 2016 (-24.15% APC), for non-Hispanic Asian/Pacific Islander women in 2013 (-18.46% APC), for Hispanic women in 2017 (-30.15% APC), and for non-Hispanic American Indian and Alaska Native women in 2018 (-47.97% APC).




The 10-year relative survival analysis found that non-Hispanic Black women had the worst survival outcomes, while non-Hispanic white women and non-Hispanic Asian/Pacific Islander women had the best.

"We have made tremendous advances in reducing mortality from breast cancer in young women but there are still opportunities for improvements, especially in relation to eliminating disparities," Toriola said.

Toriola explained that the more drastic declines seen after 2016 likely reflect advancements in treatment options, greater uptake of precision medicine, and expanded access to care and screening in women ages 40-49. For example, he mentioned how the broader adoption of CDK4/6 inhibitors and optimization of endocrine therapy, which began receiving FDA approval and clinical adoption between 2015 and 2016, likely played key roles in improving mortality rates for hormone receptor-positive, HER2-negative cancers -- including luminal A.

"We must continue to perform impactful research to ensure further reduction in breast cancer mortality, including research into understanding the tumor biology and molecular mechanisms driving carcinogenesis and treatment response in younger women," Toriola said. "Additionally, we must encourage and provide access to population-based screening in women ages 40-49 and targeted screening in younger high-risk women, and advocate for access to high-quality treatment and care for all women."

Key limitations of this study include a follow-up time limited to 10 years and a relatively smaller number of breast cancer deaths in some racial/ethnic groups.

Funding for this study was provided by the Washington University School of Medicine. Toriola declares no conflicts of interest.
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Engineers develop wearable heart attack detection tech | ScienceDaily
Every second counts when it comes to detecting and treating heart attacks. That's where a new technology from the University of Mississippi comes in to identify heart attacks faster and more accurately than traditional methods.


						
In a study published in Intelligent Systems, Blockchain and Communication Technologies, electrical and computer engineering assistant professor Kasem Khalil shows that a new technology developed at his lab could improve heart attack detection methods without sacrificing accuracy.

"For this issue, a few minutes or even a few extra seconds is going to give this person the care they need before it becomes worse," Khalil said. "Compared to traditional methods, our technology is up to two times faster, while still highly accurate.

"Our target was not only to increase performance for classifying heart attacks. We are also focusing on the design. If we want to make this device a usable machine for any person, that means it has to be something lightweight and economic."

In the United States, someone dies from a heart attack every 40 seconds. Heart disease -- a collection of underlying conditions that can lead to a heart attack -- is the leading cause of death in the United States.

Khalil and his team used artificial intelligence and advanced mathematics to design a chip that can analyze electrocardiograms, known as ECGs -- graphs of the heart's electrical signals -- and detect a heart attack in real-time.

The resulting technology is lightweight and energy efficient enough to be embedded in wearable devices while still being 92.4% accurate -- higher than many current methods.




"We wanted to be able to implement this in a way that is real," said Tamador Mohaidat, a doctoral student in Khalil's lab and co-author of the publication. "This is portable hardware that can be in wearable or monitoring devices.

"This method will save lives because we can monitor the heart in real time."

Mohaidat, from Irbid, Jordan, focused on creating the artificial neural network, while Md. Rahat Kader Khan focused on building the software for the device. Khan, a second-year computer engineering graduate student from Dhaka, Bangladesh, said the Khalil lab is unique in that it focuses on all aspects of the technology they hope to create.

"Some labs only focus on the software part, and they don't think about the hardware that's needed," Khan said. "But in our lab, we focus on the whole product. Each of us has a responsibility, but we work together.

"That's how we optimize the whole system, by focusing on the overall architecture."

Current methods of heart attack detection often must happen in a medical facility. A patient experiencing chest pain or who suspects they're having a heart attack must first go through an electrocardiogram or blood tests to diagnose their condition.




All of that takes time that a patient might not have, the researchers said. If a wearable device such as a watch or a phone can cut down on diagnosis time, patients could get faster treatment.

"When a patient is having a heart attack, the sooner you can treat them, the less likely they are to have permanent damage," Khalil said. "There's a huge time-sensitive element to heart attacks."

While Khalil and his team continue developing the technology, he said he sees other health care applications for these devices.

"We want to be able to predict or identify many problems using technology like this," he said. "Whether that's heart attacks or seizures or dementia. The detection of a disease or condition depends on the disease itself, but we're working to find faster, more efficient ways of doing that."
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Increasing physical activity in middle age may protect against Alzheimer's disease | ScienceDaily
An increase in physical activity between the ages of 45 and 65 could help prevent Alzheimer's disease, while inactivity may be detrimental to brain health. This is the main conclusion of a scientific paper published in Alzheimer's & Dementia, which highlights the need to promote physical activity among middle-aged adults. The study is the result of a collaboration between the Barcelona Institute for Global Health (ISGlobal), a center promoted by the "la Caixa" Foundation, and the Barcelonabeta Brain Research Center (BBRC), a research centre of the Pasqual Maragall Foundation.


						
It is estimated that 13% of Alzheimer's disease cases worldwide can be attributed to physical inactivity. In fact, the World Health Organization (WHO) recommends 150 to 300 minutes of moderate activity per week or 75 to 150 minutes of vigorous activity per week. While extensive research has shown that exercise reduces the risk of Alzheimer's disease by improving cardiovascular and mental health, recent studies suggest that physical activity may have a direct impact on the development of brain pathology associated with the disease.

The study, led by Eider Arenaza-Urquijo, researcher at ISGlobal, included 337 participants from the ALFA+ longitudinal cohort, part of the ALFA study (ALzheimer's and FAmilies) at the BBRC, supported by the "la Caixa" Foundation. "We conducted a four-year follow-up of middle-aged residents of Catalonia with a family history of Alzheimer's disease," explains Muge Akinci, doctoral researcher at ISGlobal and the BBRC at the time of the study and first author of the paper. "We used physical activity questionnaires to assess changes in activity over a four-year period and neuroimaging tests to analyse the effects of exercise on brain structure and function," she adds. Participants were classified as adherent (meeting WHO recommendations), non-adherent (doing less than the recommended amount of physical activity), and sedentary (doing zero minutes of physical activity per week).

Benefits of physical activity on brain mechanisms

Beta-amyloid (Ab) is a protein that can impair neural communication when it accumulates in the brain and is considered the first pathological event in Alzheimer's disease. Participants who increased their physical activity to meet WHO-recommended levels showed less beta-amyloid accumulation than those who remained sedentary or reduced their physical activity. Moreover, this effect appeared to be dose-dependent; the greater the increase in activity, the greater the reduction in amyloid burden.

Non-sedentary participants also showed a greater cortical thickness in brain regions associated with Alzheimer's disease. Cortical thickness in the medial temporal area is crucial for memory, so its thinning or atrophy (loss of volume) is an early sign of neurodegeneration.

"Even those who did less physical activity than recommended had greater cortical thickness than sedentary people, suggesting that any amount of exercise, no matter how minimal, has health benefits," explains Muge Akinci.

More exercise as a prevention strategy

The research team looked at both the increase in physical activity and the adherence to WHO recommendations. They observed that the benefits of physical activity appear to be related to increasing activity over time, rather than reaching a specific activity threshold.

"These findings reinforce the importance of promoting physical activity in middle age as a public health strategy for Alzheimer's prevention," emphasises Eider Arenaza-Urquijo, ISGlobal researcher and lead investigator of the study. "Interventions aimed at promoting increased physical activity could be key to reducing the incidence of the disease in the future," she concludes.
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Children's reading and writing develop better when they are trained in handwriting | ScienceDaily
Today, it is common for children's classrooms to have digital resources to be used as tools for certain learning processes. For example, there are computer programs geared towards children who are learning to read and write. Since the exercises that they propose are to be done on computer, the students press keys and buttons, and do away with pencil and paper. To measure the impact of these typing-based methods, a UPV/EHU study made a comparison to analyse the effects of manual and keyboard training on children's skills. "As children write less and less by hand, we wanted to explore the impact of this on alphabetic and orthographic skills. In other words, we wanted to see whether the ability to learn letters and to assimilate and remember word structure develops differently through manual training or the use of keyboards. We concluded that the children who used their hands obtained the best results," explained researcher Joana Acha.


						
To reach this conclusion, an experiment was conducted with 5 to 6-year-olds. This age was chosen because it is the most favourable moment in their development. This is in fact when they begin to acquire the ability to read and write. So 50 children with basic reading comprehension were taught 9 letters of the Georgian and Armenian alphabets, as well as 16 pseudowords invented by the researchers by combining the letters.

"The aim was to use letters and words that were completely new to the children to make sure they were learning from scratch. In fact, the studies carried out so far used the alphabets in the children's culture, so it is not so easy to find out the extent to which they did not know the symbols presented," said Acha.

So all the students were taught new letters and words, but not all in the same way: half of them were asked to copy them by hand and the other half with keyboards. That way the UPV/EHU study was able to focus on the importance of the graphomotor function. In other words, what kind of effect does moving the hand have on the reading and writing process. In fact, when we write on keyboards we do not trace the shape of the letter and so the graphomotor function exerts less influence when it comes to assimilating letter and word structure. By contrast, writing by hand exerts a greater influence.

"Once we had taught each group of children the new letters and words and trained them using one method, we submitted them to three tests to assess the knowledge acquired. We measured their ability to identify, write and pronounce both the letters and the pseudowords, and the results clearly indicated that those who had practised manually developed greater skill. In particular, the difference was clear with the pseudowords; almost everyone who had learnt on computer did not complete the exercises on letter sequences correctly. So our work confirms that the graphomotor function is essential in memorizing letters and word structures," explained Acha.

Variability also exerts an influence

But they did not look at the impact of the degree of hand movement alone. The groups who were working by hand and with keyboards were divided into two subgroups from the start. During the teaching of the letters and the words, among those who were working with pencils, some were asked to follow the guides marked with small dots (technique of low variability). The others, by contrast, practised without any reference at all: copying freely on to the blank page (great variability). They did the same with those who were working on computer: some always used the same font for training (e.g. Tahoma), and others, more than one. That way, the researchers were able to analyse the influence of the shape variability factor in addition to the grapho-motor function.

What they saw was that all those who had been trained by hand were more competent than all those who had worked with keyboards, but even among those who had practised with pencil and paper, there were differences. Those who had been trained freely obtained the best results. "So we concluded that while it helps children to have to trace in order to practice at first, once they're able to make more or less small, precise movements, it's advisable to move on to free writing. However, what is most clear is the need to prioritize manual practice in the learning processes. They learn best from hand movements and so technological devices should only be used in a complementary way," said Acha.
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A virtual reality game integrating smell to fight cognitive decline | ScienceDaily
As the global population ages, supporting older adults in maintaining their cognitive and memory functions has become a pressing concern. The United Nations estimates that by the 2070s, there will be over 2.2 billion people aged 65 or older, surpassing the global number of children under 18. This demographic shift is especially pronounced in Japan, the fastest-aging country, where 28.7% of the population is 65 or older.


						
One promising strategy to counter cognitive decline is through olfactory stimulation -- engaging the sense of smell. Smell signals travel directly to brain regions involved in memory and emotion. Building on this knowledge, a joint research team from Institute of Science Tokyo (Science Tokyo), University of the Arts London, Bunkyo Gakuin University, and Hosei University, Japan, has developed the world's first cognitive training method for older adults by combining olfactory stimulation with virtual reality (VR). The study was published in Volume 15 of the journal Scientific Reports on March 28, 2025.

"VR provides a promising platform to simulate sensory conditions in a controlled yet engaging manner. By combining goal-oriented tasks with real-time feedback, our VR-based olfactory training approach can increase cognitive engagement and maximize its therapeutic impact," says Professor Takamichi Nakamoto from Science Tokyo.

The method involves an olfactory display that emits specific scents during immersive VR gameplay, activating memory- and emotion-related brain regions. In the activity, participants are asked to memorize and later match scents within a virtual environment. The experience begins in a virtual landscape. Using a VR controller, participants interact with a scent source represented by a stone statue. When touched, the statue releases a specific scent, accompanied by a white vapor cloud as a visual cue to reinforce memory.

Participants then explore the virtual landscape to locate a scent source. As they move through the landscape, the olfactory display emits subtle traces of the scent to guide them to the location. Upon reaching the odor source, shown as a stone lantern, they encounter three colored vapor clouds, each emitting a different scent. Their task is to compare the smells and identify the one that matches the original scent they memorized.

"The smell memory phase strengthens odor recognition and memory encoding by linking the olfactory stimulus with a visual cue. The navigation phase challenges players to integrate spatial navigation with odor recognition while retaining memory of the initial scent. The final odor comparison phase engages olfactory discrimination and working memory retrieval, reinforcing cognitive function," explains Nakamoto.

The activity led to noticeable cognitive improvements in 30 older adults aged 63 to 90. After just 20 minutes of playing the VR game, participants showed improvements in visuospatial rotation and memory. Visuospatial processing and cognitive function were assessed through different tasks. In the Hiragana Rotation Task, where they had to decide if rotated Japanese characters matched the original, scores improved from 19-82 to 29-85. In a word-based spatial memory recall task, where participants memorized word positions in a grid, scores rose from 0-15 to 3-15. These improvements were validated through statistical analysis.

With continued research and development toward more affordable olfactory displays or alternate scent delivery methods, olfactory-based VR activities could become an accessible and engaging tool for supporting mental health in older adults.
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Landmark experiment sheds new light on the origins of consciousness | ScienceDaily
An experiment seven years in the making has uncovered new insights into the nature of consciousness and challenges two prominent, competing scientific theories: Integrated Information Theory (IIT) and Global Neuronal Workspace Theory (GNWT). The findings were published today in Nature and mark a pivotal moment in the goal to understand the elusive origins consciousness.


						
IIT suggests that consciousness emerges when information inside a system (like the brain) is highly connected and unified, for as long as the information is consciously perceived, acting as a single whole. On the other hand, GNWT suggests a network of brain areas will spotlight important pieces of information in the brain -- bringing it to the forefront of our minds -- broadcasting it widely the moment it enters consciousness, and this produces conscious experience. The two competing theories were tested against one another in 2019 in a collaborative experiment involving 256 human subjects, and the findings were just released.

"Adversarial collaboration fits within the Allen Institute's mission of team science, open science and big science, in service of one of the biggest, and most long-standing, intellectual challenges of humanity: the Mind-Body Problem," said Christof Koch, Ph.D., meritorious investigator at the Allen Institute. "Unravelling this mystery is the passion of my entire life."

The Findings 

Research showed that there's functional connection between neurons in early visual areas of the brain (the areas that process vision, which are at the back of the brain) and the frontal areas of the brain, helping us understand how our perceptions tie to our thoughts. The findings de-emphasize the importance of the prefrontal cortex in consciousness, suggesting that while it's important for reasoning and planning, consciousness itself may be linked with sensory processing and perception. In other words, intelligence is about doing while consciousness is about being.

This discovery has implications for how we understand consciousness and may shed light on disorders of consciousness such as comas or vegetative states. Identifying where consciousness comes from could help detect "covert consciousness" in unresponsive patients with severe injuries -- a condition known to occur in about one-quarter of cases as reported in the New England Journal of Medicine last year.

Neither Theory Came Out on Top 

Integrated Information Theory (IIT) says consciousness comes from the interaction and cooperation of various parts of the brain as they work together to integrate information, like teamwork. It arises from how these parts are connected and how they share information with each other rather than any one individual area or part of the brain generating consciousness. The study, however, did not find enough lasting connections in the back of the brain to support this idea. Global Neuronal Workspace Theory (GNWT) supports the idea that consciousness happens in the front of the brain, but the study didn't find enough support for this idea either.




"It was clear that no single experiment would decisively refute either theory. The theories are just too different in their assumptions and explanatory goals, and the available experimental methods too coarse, to enable one theory to conclusively win out over another," said Anil Seth, Ph.D., a professor of cognitive and computational neuroscience at the University of Sussex. "Having said all this, the findings of the collaboration remain extremely valuable -- much has been learned about both theories and about where and when in the brain information about visual experience can be decoded from.

The study involved 256 subjects, which is unprecedented for this kind of experiment. Researchers showed them various visual stimuli and then used three common human brain measurement tools that track blood flow as well as magnetic and electrical activity to study their brains while they looked at the stimuli.

The highly collaborative experiment is the result of a large-scale, open science collaboration that began at a workshop at the Allen Institute in 2018. This innovative approach brought together researchers with differing perspectives to test two theories in a collaborative, yet critical, environment aimed at reducing confirmation bias and accelerating scientific progress.

"Adversarial collaborations are a powerful social process, little used because of its challenging nature, within any field that has competing theories," said Koch. "The bio-medical field could hugely profit by 'friendly' competition among theories -- neurobiological or others. But it requires a great deal of cooperation and work."
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Will the vegetables of the future be fortified using tiny needles? | ScienceDaily
When farmers apply pesticides to their crops, 30 to 50 percent of the chemicals end up in the air or soil instead of on the plants. Now, a team of researchers from MIT and Singapore has developed a much more precise way to deliver substances to plants: tiny needles made of silk.


						
In a study published today in Nature Nanotechnology, the researchers developed a way to produce large amounts of these hollow silk microneedles. They used them to inject agrochemicals and nutrients into plants, and to monitor their health.

"There's a big need to make agriculture more efficient," says Benedetto Marelli, the study's senior author and an associate professor of civil and environmental engineering at MIT. "Agrochemicals are important for supporting our food system, but they're also expensive and bring environmental side effects, so there's a big need to deliver them precisely."

Yunteng Cao PhD '22, currently a postdoc Yale University, and Doyoon Kim, a former postdoc in the Marelli lab, led the study, which included a collaboration with the Disruptive and Sustainable Technologies for Agricultural Precision (DiSTAP) interdisciplinary research group at the Singapore-MIT Alliance for Research and Technology (SMART).

In demonstrations, the team used the technique to give plants iron to treat a disease known as chlorosis, and to add vitamin B12 to tomato plants to make them more nutritious. The researchers also showed the microneedles could be used to monitor the quality of fluids flowing into plants and to detect when the surrounding soil contained heavy metals.

Overall, the researchers believe the microneedles could serve as a new kind of plant interface for real-time health monitoring and biofortification.

"These microneedles could be a tool for plant scientists so they can understand more about plant health and how they grow," Marelli says. "But they can also be used to add value to crops, making them more resilient and possibly even increasing yields."

The inner workings of plants




Accessing the inner tissues of living plants requires scientists to get through the plants' waxy skin without causing too much stress. In previous work, the researchers used silk-based microneedles to deliver agrochemicals to plants in lab environments and to detect pH changes in living plants. But these initial efforts involved small payloads, limiting their applications in commercial agriculture.

"Microneedles were originally developed for the delivery of vaccines or other drugs in humans," Marelli explains. "Now we've adapted it so that the technology can work with plants, but initially we could not deliver sufficient doses of agrochemicals and nutrients to mitigate stressors or enhance crop nutritional values."

Hollow structures could increase the amount of chemicals microneedles can deliver, but Marelli says creating those structures at scale has historically required clean rooms and expensive facilities like the ones found inside the MIT.nano building.

For this study, Cao and Kim created a new way to manufacture hollow silk microneedles by combining silk fibroin protein with a salty solution inside tiny, cone-shaped molds. As water evaporated from the solution, the silk solidified into the mold while the salt forms crystalline structures inside the molds. When the salt was removed, it left behind in each needle a hollow structure or tiny pores, depending on the salt concentration and the separation of the organic and inorganic phases.

"It's a pretty simple fabrication process. It can be done outside of a clean room -- you could do it in your kitchen if you wanted," Kim says. "It doesn't require any expensive machinery."

The researchers then tested their microneedles' ability to deliver iron to iron-deficient tomato plants, which can cause a disease known as chlorosis. Chlorosis can decrease yields, but treating it by spraying crops is inefficient and can have environmental side effects. The researchers showed that their hollow microneedles could be used for the sustained delivery of iron without harming the plants.




The researchers also showed their microneedles could be used to fortify crops while they grow. Historically, crop fortification efforts have focused on minerals like zinc or iron, with vitamins only added after the food is harvested.

In each case, the researchers applied the microneedles to the stalks of plants by hand, but Marelli envisions equipping autonomous vehicles and other equipment already used in farms to automate and scale the process.

As part of the study, the researchers used microneedles to deliver vitamin B12, which is primarily found naturally in animal products, into the stalks of growing tomatoes, showing that vitamin B12 moved into the tomato fruits before harvest. The researchers propose their method could be used to fortify more plants with the vitamin.

Co-author Daisuke Urano, a plant scientist with DiSTAP, explains that "through a comprehensive assessment, we showed minimal adverse effects from microneedle injections in plants, with no observed short- or long-term negative impacts."

"This new delivery mechanism opens up a lot of potential applications, so we wanted to do something nobody had done before," Marelli explains.

Finally, the researchers explored the use of their microneedles to monitor the health of plants by studying tomatoes growing in hydroponic solutions contaminated with cadmium, a toxic metal commonly found in farms close to industrial and mining sites. They showed their microneedles absorbed the toxin within 15 minutes of being injected into the tomato stalks, offering a path to rapid detection.

Current advanced techniques for monitoring plant health, such as colorimetric and hyperspectral lead analyses, can only detect problems after plants growth is already being stunted. Other methods, such as sap sampling, can be too time-consuming.

Microneedles, in contrast, could be used to more easily collect sap for ongoing chemical analysis. For instance, the researchers showed they could monitor cadmium levels in tomatoes over the course of 18 hours.

A new platform for farming

The researchers believe the microneedles could be used to complement existing agricultural practices like spraying. The researchers also note the technology has applications beyond agriculture, such as in biomedical engineering.

"This new polymeric microneedle fabrication technique may also benefit research in microneedle-mediated transdermal and intradermal drug delivery and health monitoring," Cao says.

For now, though, Marelli believes the microneedles offer a path to more precise, sustainable agriculture practices.

"We want to maximize the growth of plants without negatively affecting the health of the farm or the biodiversity of surrounding ecosystems," Marelli says. "There shouldn't be a trade-off between the agriculture industry and the environment. They should work together."

This work was supported, in part, by the U.S. Office of Naval Research, the U.S. National Science Foundation, SMART, the National Research Foundation of Singapore, and the Singapore Prime Minister's Office.
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Study suggests dance and lullabies aren't universal human behaviors | ScienceDaily
Social singing and dance are often assumed to be hard-wired into the human condition; studies have supported the conclusion that these are common across cultures. But new research from a University of California, Davis, anthropologist challenges the idea that dance and lullabies are universal among humans. The study, published April 29 in Current Biology, draws on 43 years of research with the Northern Ache, an Indigenous population in Paraguay.


						
"Aside from church singing introduced by missionaries, Northern Ache adults sing alone and in a limited number of contexts," said study author Manvir Singh, an assistant professor of anthropology at UC Davis. "As far as we can tell, anthropologists have never observed dancing or infant-directed song among the Northern Ache."

The research -- stemming from detailed and longstanding ethnographic fieldwork by anthropologist, Arizona State University (ASU) professor and study second author Kim Hill -- helps clarify the separate roles biology and cultural transmission play in producing and sustaining dance and lullabies in human societies.

"Dance and infant-related song are widely considered universal, a view that has been supported by cross-cultural research, including my own," said Singh. "And this conclusion, in turn, informs evolutionary theorizing about music's origins."

The research supports the idea that dance and lullabies are learned behaviors that don't arise spontaneously. Individuals must invent, tweak and culturally transmit them.

An extensive ethnographic record

Between 1977 and 2020, Hill, an associate director at the Institute of Human Origins at ASU, spent more than 120 months living among Northern Ache communities. He thoroughly documented various aspects of Ache life and behavior, including their relationship to music.




Hill recorded that singing among the Northern Ache was limited and a solo pursuit, performed by one individual rather than with a group. Men, who sing more than women, sing songs primarily about hunting but sometimes sing about current events and social conflict. Women sing primarily about dead loved ones. Northern Ache children sometimes mimic adult songs.

Over this time, Hill and other researchers witnessed neither infant-directed song nor dancing among the Northern Ache community.

"It's not that the Northern Ache don't have any need for lullabies," Singh said. "Ache parents still calm fussy infants. They use playful speech, funny faces, smiling and giggling. Given that lullabies have been shown to soothe infants, Ache parents would presumably find them useful."

Singh's previous ethnomusicological research suggested that practices like dance and lullabies were universal human behaviors. Eventually, Hill contacted Singh and his co-authors and notified them that the Northern Ache appeared to be an exception.

"I found his observations totally fascinating and hugely important and urged him to publish them," Singh said. "He wasn't sure how to report them, so we ended up writing the manuscript together."

A lost practice

According to the researchers, evidence suggests that the Northern Ache lost dance and infant-related song -- along with other cultural practices such as shamanism, horticulture and the ability to make fire -- during periods when their population dropped significantly.




But it's also possible that the practices were lost when the Northern Ache were settled on reservations. During that time, other traditional behaviors disappeared, including puberty ceremonies and hunting magic.

The researchers note that dance and lullabies may have been introduced to the Northern Ache in the years following the conclusion of Hill's fieldwork in 2020, which coincided with the growing presence of Paraguayan missionaries.

The research supports the idea that infant-directed song and dance aren't inherent human behaviors, like smiling. Rather, they're more like fire-making, a behavior that must be invented and learned.

"This doesn't refute the possibility that humans have genetically evolved adaptations for dancing and responding to lullabies," Singh said. "It does mean, however, that cultural transmission matters much more for maintaining those behaviors than many researchers, including myself, have suspected."
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New machine algorithm could identify cardiovascular risk at the click of a button | ScienceDaily
An automated machine learning program developed by researchers from Edith Cowan University (ECU) in conjunction with the University of Manitoba has been able to identify potential cardiovascular incidents or fall and fracture risks based on bone density scans taken during routine clinical testing.


						
When applying the algorithm to vertebral fracture assessment (VFA) images taken in older women during routine bone density testing, often as part of treatment plans for osteoporosis, the patient's presence and extent of abdominal aortic calcification (AAC) was assessed.

The algorithm shortens the timeframe to screen for AAC significantly, taking less than a minute to predict AAC scores for thousands of images, compared with the five to six minutes it would take for an experienced reader to obtain the AAC score from one image.

During her research, ECU research fellow Dr Cassandra Smith found that 58% of older individuals screened during routine bone density testing presented with moderate to high levels of AAC, with one in four walking through the door unaware that they had high AAC, placing them at the highest risk of heart attack and stroke.

"Women are recognised as being under screened and under-treated for cardiovascular disease. This study shows that we can use widely available, low radiation bone density machines to identify women at high risk of cardiovascular disease, which would allow them to seek treatment.

"People who have AAC don't present any symptoms, and without doing specific screening for AAC, this prognosis would often go unnoticed. By applying this algorithm during bone density scans, women have a much better chance of a diagnosis," Dr Smith said.

Using the same algorithm, ECU senior research fellow Dr Marc Sim found that these patients with moderate to high AAC scores also had a greater chance of fall-associated hospitalisation and fractures, compared with those with low AAC scores.




"The higher the calcification in your arteries, the higher the risk of falls and fracture," Dr Sim said.

"When we look at traditional falls and fracture risk factors, things like have you fallen in the past year and bone mineral density are generally very good indicators of how likely someone is to fall and fracture. Some medications are also associated with higher falls risks. Rarely do we consider vascular health when considering falls and fractures.

"Our analysis uncovered that AAC was a very strong contributor to falls risks and was actually more significant than other factors that are clinically identified as falls risk factors."

Dr Sim said that the new machine algorithm, when applied to bone density scans, could give clinicians more information around the vascular health of patients, which is an under-recognised risk factor for falls and fractures.
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Heart disease deaths worldwide linked to chemical widely used in plastics | ScienceDaily
Daily exposure to certain chemicals used to make plastic household items could be linked to more than 356,000 global deaths from heart disease in 2018 alone, a new analysis of population surveys shows.


						
While the chemicals, called phthalates, are in widespread use globally, the Middle East, South Asia, East Asia, and the Pacific bore a much larger share of the death toll than others -- about three-fourths of the total.

For decades, experts have connected health problems to exposure to certain phthalates found in cosmetics, detergents, solvents, plastic pipes, bug repellants, and other products. When these chemicals break down into microscopic particles and are ingested, studies have linked them to an increased risk of conditions ranging from obesity and diabetes to fertility issues and cancer.

Led by researchers at NYU Langone Health, the current study focused on a kind of phthalate called di-2-ethylhexyl phthalate (DEHP), which is used to make food containers, medical equipment, and other plastic softer and more flexible. Exposure has been shown in other studies to prompt an overactive immune response (inflammation) in the heart's arteries, which, over time, is associated with increased risk of heart attack or stroke. In their new analysis, the authors estimated that DEHP exposure contributed to 356,238 deaths, or more than 13% of all global mortality from heart disease in 2018 among men and women ages 55 through 64.

"By highlighting the connection between phthalates and a leading cause of death across the world, our findings add to the vast body of evidence that these chemicals present a tremendous danger to human health," said study lead author Sara Hyman, BS, an associate research scientist at NYU Grossman School of Medicine.

According to the authors, the resulting economic burden from the deaths identified in their study was estimated to be around $510 billion and may have reached as high as $3.74 trillion.

In a past study from 2021, the research team tied phthalates to more than 50,000 premature deaths each year, mostly from heart disease, among older Americans. Their latest investigation is believed to be the first global estimate to date of cardiovascular mortality -- or indeed any health outcome -- resulting from exposure to the chemicals, says Hyman, who is also a graduate student at NYU School of Public Global Health.




A report on the findings is publishing online April 29 in the journal Lancet eBiomedicine.

For the research, the team used health and environmental data from dozens of population surveys to estimate DEHP exposure across 200 countries and territories. The information included urine samples containing chemical breakdown products left by the plastic additive. Mortality data was obtained from the Institute for Health Metrics and Evaluation, a research group in the US that collects medical information worldwide to identify trends in public health.

Among the key findings, the study showed that losses in the combined region of East Asia and the Middle East and the combined region of East Asia and the Pacific accounted, respectively, for about 42% and 32% of the mortality from heart disease linked to DEHP. Specifically, India had the highest death count at 103,587 deaths, followed by China and Indonesia. The larger heart death risks in these populations held true even after the researchers adjusted their statistical analysis to take into account population size within the studied age group.

A possible explanation, the authors say, is that these countries face higher rates of exposure to the chemicals, possibly because they are undergoing a boom in plastic production but with fewer manufacturing restrictions than other regions.

"There is a clear disparity in which parts of the world bear the brunt of heightened heart risks from phthalates," said study senior author Leonardo Trasande, MD, MPP. "Our results underscore the urgent need for global regulations to reduce exposure to these toxins, especially in areas most affected by rapid industrialization and plastic consumption," added Trasande, the Jim G. Hendrick, MD, Professor of Pediatrics at NYU Grossman School of Medicine.

Trasande, who is also a professor in the Department of Population Health, cautions that the analysis was not designed to establish that DEHP directly or alone caused heart disease and that higher death risks did not take into account other types of phthalates. Nor did it include mortality among those in other age groups. As a result, the overall death toll from heart disease connected to these chemicals is likely much higher, he says.




Trasande says that the researchers next plan to track how reductions in phthalate exposure may, over time, affect global mortality rates, as well as to expand the study to other health concerns posed by the chemicals, such as preterm birth. Trasande also serves as director of NYU Grossman School of Medicine's Division of Environmental Pediatrics and the Center for the Investigation of Environmental Hazards.

Funding for the study was provided by National Institutes of Health grant P2CES033423. Further study funding was provided by Beyond Petrochemicals.

Trasande has received support for travel or meetings from the Endocrine Society, World Health Organization, the United Nations Environment Programme, Japan's Environment and Health Ministries, and the American Academy of Pediatrics. He has also received royalties and licenses from Houghton Mifflin Harcourt, Audible, Paidos, and Kobunsha, and has served in leadership or fiduciary roles at Beautycounter, Ahimsa, Grassroots Environmental Education, and Footprint. None of these activities were related to the current study. The terms and conditions of all of these relationships are being managed by NYU Langone Health.

In addition to Hyman and Trasande, other NYU Langone researchers involved in the study are Jonathan Acevedo, MPH, and Chiara Gianarelli, MD, PhD.
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Rainfall triggers extreme humid heat in tropics and subtropics | ScienceDaily
Scientists believe they have found a way to improve warning systems for vulnerable communities threatened by humid heatwaves, which are on the rise due to climate change and can be damaging and even fatal to human health.


						
The team, from the University of Leeds and the UK Centre for Ecology and Hydrology has provided the first ever analysis of how patterns of recent rainfall can interact with dry or moist land conditions to influence the risk of extreme humid heat in the global tropics and subtropics.

The study, which is published today in the journal Nature Communications, offers new insight which could lead to the development of early warning systems for vulnerable communities in those regions.

Climate change means humid heatwaves are a growing risk to human and animal health, especially in tropical regions. While there is established research into dry heatwaves, there is little understanding of the meteorological drivers of extreme humid heat.

Humid heat is related to heat stress, occurring when environmental conditions overwhelm the body's ability to cool itself. Severe heat stress leads to an increase in the core body temperature of 3degC or more and can cause confusion, seizures, and loss of consciousness. If not treated promptly, severe heat stress can lead to muscle damage, major organ failure, and death.

Humid heatwaves are particularly concerning for humans because a wet-bulb temperature (a measure of temperature that accounts for how much cooling can occur through evaporation under ideal conditions) of 35degC means they are unable to shed heat effectively through sweating. Several subtropical coastal locations have already experienced this 35degC threshold.

Lead author of the study Dr Lawrence Jackson, a Research Fellow in the School of Earth and Environment, said: "With climate change driving more frequent and intense humid heat events, particularly in tropical and subtropical regions, the risks to vulnerable populations and outdoor workers are increasing.




"The new understanding provided by our research highlights the potential for improved humid heat early warning systems, using near real-time satellite observations for soil moisture and rainfall."

The team studied humid heatwaves across the tropics and subtropics using weather and climate data from 2001 to 2022.

The researchers identified heatwave events and looked at how they were influenced by recent rainfall, using satellite observations to distinguish between wetter and drier days. They then calculated how likely a heatwave was to occur after these different rainfall conditions.

Humid heatwaves are widespread across the global tropics and subtropics. They occur in monsoon regions such as West Africa, India, East China, and north Australia, in humid regions such as the Amazon, southeast US, and the Congo basin, and in hot coastal regions in the Middle East.

The new study reveals that recent rainfall patterns play a critical role in triggering humid heatwaves in tropical and subtropical regions, with the results showing that the risk of humid heatwaves depends on whether the surface environment is drier or wetter.

In drier regions, humid heatwaves are more likely during or just after periods of enhanced rainfall. In wetter regions, humid heatwaves tend to follow at least two days of suppressed rainfall.




This difference arises because rainfall increases moisture in soils making conditions more humid. By contrast, less rainfall and fewer clouds allow the land to warm, thereby increasing temperatures.

Cathryn Birch, Professor in Meteorology and Climate in the School of Earth and Environment, led the study. She explained: "The outlook for tropical humid heat is really concerning. Humans avoid overheating by sweating. Evaporation of the sweat cools your body, allowing you to maintain a safe body temperature. Humidity makes this less effective.

"Humid heatwaves can be lethal at air temperatures that for dry heat would be relatively safe. The tropics are naturally humid and even an apparently small increase in global temperatures leads to large increases in dangerous humid heat extremes. We not only need to urgently cut greenhouse gas emissions but also need improved early warning systems for humid heat.

Co-author John Marsham, a Professor of Atmospheric Science in the School of Earth and Environment, added: "Our results focus on the daily timescale for these heatwaves. An obvious next step would be to extend our analysis to hourly time scales which might allow us to work towards near real-time predictions with all the benefits that would bring to vulnerable communities."
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Move more, think sharper | ScienceDaily
A brisk walk, a splash of water aerobics, or even a light jog around the block -- if your heart rate goes up then so too will your brain health according to new research from the University of South Australia.


						
Conducted in partnership with the US-based AdventHealth Research Institute, the new study found that staying active through moderate-to-vigorous physical activity is associated with significantly better processing speed, working memory, and executive function in older adults.

Interestingly, the biggest cognitive gains were seen among people who went from doing no moderate-to-vigorous physical activity, to even doing just five minutes, clearly illustrating the power of exercise for the human brain.

Assessing data from 585 older adults (aged 65-80 years) in the USA-based IGNITE trial*, the study examined associations between time spent in sleep, sedentary behaviour, light physical activity, and moderate-to-vigorous physical activity across the 24-hr day, and cognitive performance.

Researchers identified a two-way relationship between 'huff-and-puff' physical activity and brain health: do more exercise and your brain health improves; but do less and it declines.

UniSA researcher, Dr Maddison Mellow says the study highlights how small changes to your daily activities can have big impacts on your brain health.

"There are three mutually exclusive lifestyle behaviours in the 24-hour day -- sleep, sedentary behaviour and physical activity -- and how these interact to influence our health outcomes," Dr Mellow says.




"For example, we know that being more active can improve our sleep; or having a better night's sleep could boost our energy levels to perform physical activity the next day. But what we don't know is the optimal balance of time spent in each of these behaviours to maximise cognitive performance.

"In this study we explored how different uses of time impact your brain. We found that higher levels of moderate-to-vigorous physical activity -- that is, activity performed at higher intensities that increases your heart rate and breathing -- was related to better cognitive performance.

"Specifically, 'huff-and-puff' physical activity (like aerobic exercise) improves processing speed (how fast your brain thinks), executive function (how well you plan, focus, and multitask) and working memory (your ability to store information for short periods of time).

"Importantly, the opposite was also true: lower levels of this higher intensity physical activity were related to poorer performance on these tests."

The findings were consistent across different genetic and demographic backgrounds. Interestingly, the findings did not extend to episodic memory (the what, where and when details of an event) or visuospatial function outcomes (your ability to recognise places and navigate through spaces).

Co-researcher, Dr Audrey Collins, says understanding the interplay between different activities could empower older people to make positive health changes.




"There are only 24 hours in a day, so every day, we make decisions about how we spend our time. For example, if we sleep for eight hours, then there's 16 hours remaining for waking behaviours like physical activity or sedentary behaviour; that's the basic reality," Dr Collins says.

"Our results show that how we choose to spend our time across the 24-hour day may be differentially related to our brain health.

"Understanding that we need to prioritise physical activity -- such as physical activity that gets our heart rates up, according to our findings -- is the key.

"With one in six people in the world expected to be 60 years or older by 2030, we need to make sure we are supporting and empowering people to age well.

"In this instance, we hope that knowledge is power: boost your physical activity and boost your brain health to stay fit and well as you age. However, these results are cross-sectional and need to be tested longitudinally and experimentally."

Notes:

* The IGNITE study was conducted at the University of Pittsburgh (Pittsburgh, PA), University of Kansas Medical Center (Kansas City, KS), and Northeastern University (Boston, MA) and involved a large, well-characterised sample of cognitively unimpaired older adults. Participants were, on average, 69.8 years of age, predominantly female (70%), and self-reported as inactive.
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Global study links consumption of ultraprocessed foods to preventable premature deaths | ScienceDaily
A study analyzing data from nationally representative dietary surveys and mortality data from eight countries (Australia, Brazil, Canada, Chile, Colombia, Mexico, United Kingdom, and United States) shows that premature deaths attributable to consumption of ultraprocessed foods (UPFs) increase significantly according to their share in individuals' total energy intake. The new study, appearing in the American Journal of Preventive Medicine, published by Elsevier, reinforces the call for global action to reduce UPF consumption, supported by regulatory and fiscal policies that foster healthier environments.


						
UPFs are ready-to-eat-or-heat industrial formulations that are made with ingredients extracted from foods or synthesized in laboratories, with little or no whole foods in their composition. These have gradually been replacing traditional foods and meals made from fresh and minimally processed ingredients.

Lead investigator of the study Eduardo Augusto Fernandes Nilson, DSc, Oswaldo Cruz Foundation (Fiocruz), Brazil, says, "UPFs affect health beyond the individual impact of high content of critical nutrients (sodium, trans fats, and sugar) because of the changes in the foods during industrial processing and the use of artificial ingredients, including colorants, artificial flavors and sweeteners, emulsifiers, and many other additives and processing aids, so assessing deaths from all-causes associated with UPF consumption allows an overall estimate of the effect of industrial food processing on health."

While previous studies focused on specific dietary risk factors instead of food patterns, the current study modeled data from nationally representative dietary surveys and mortality data from eight countries (Australia, Brazil, Canada, Chile, Colombia, Mexico, United Kingdom, and United States) to link dietary patterns, considering the extent and purpose of industrial food processing, to deaths from all causes.

Dr. Nilson explains, "We first estimated a linear association between the dietary share of UPFs and all-cause mortality, so that each 10% increase in the participation of UPFs in the diet increases the risk of death from all causes by 3%. Then, using the relative risks and the food consumption data for all countries (ranging from 15% of the total energy intake in Colombia, to over 50% of the calories in the United States), we built a model that estimated that the percentage of all-cause premature preventable deaths due to the consumption of UPFs can vary from 4% in countries with lower UPF consumption to almost 14% in countries with the highest UPF consumption. For example, in 2018, 124,000 premature deaths were attributable to the consumption of UPFs in the United States."

High consumption of UPFs has been associated with 32 different diseases, including cardiovascular disease, obesity, diabetes, some types of cancer, and depression. For the first time, this study has estimated the burden of UPF intake on premature deaths from all-causes in different countries, showing that the attributable mortality is significant in all settings and that addressing UPF consumption should be a global public nutrition priority.

Dr. Nilson notes, "It is concerning that, while in high-income countries UPF consumption is already high but relatively stable for over a decade, in low- and middle-income countries the consumption has continuously increased, meaning that while the attributable burden in high-income countries is currently higher, it is growing in the other countries. This shows that policies that disincentivize the consumption of UPFs are urgently needed globally, promoting traditional dietary patterns based on local fresh and minimally processed foods."
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Drug combination reduces breast cancer risk and improves metabolic health in rats | ScienceDaily
Approximately 25% of women in the United States between ages 45 and 60 are at high risk for breast cancer and should consider preventative medication, such as the commonly prescribed drug tamoxifen.


						
Unfortunately, tamoxifen can cause side effects, including an increased risk for type 2 diabetes in women with excess body weight.

In a study published in JCI Insight, researchers investigated the combined effects of bazedoxifene and conjugated estrogens in rat models as an alternative to tamoxifen.

The BZA/CE combination reduced obesity-related changes in rats, including the number and size of fat cells in breast tissues, and increased the abundance of beneficial gut microbes.

By age 40 and above, many women begin to transition into menopause, which is associated with weight gain and insulin resistance, increasing their risk for breast cancer.

"Women who are at high risk for breast cancer are usually prescribed tamoxifen," said Erin Giles, associate professor of kinesiology and a member of Rogel Cancer Center and Caswell Diabetes Institute.

"Although it can reduce their cancer risk, tamoxifen also increases hot flashes and, in women who are overweight, it may increase their risk for type 2 diabetes, which discourages many women from taking it."

Tamoxifen works by blocking estrogen from binding to its receptors on the surface of cells, which inhibits breast tumor growth. However, blocking estrogen also causes hot flashes.




As an alternative, researchers turned to BZA/CE, which has been shown to influence estrogen behavior.

"These drugs are already approved by the FDA for reducing hot flashes and preventing fracture risk. It is currently being evaluated in a phase 2 trial for breast cancer," Giles said.

"We wanted to see whether BZA/CE could work as an alternative to tamoxifen for those who are overweight."

The team studied the impact of BZA/CE on body weight and fat distribution in lean and obese rats over an eight-week period.

The treatment reduced both body weight and fat in all treated rats, with more pronounced effects in obese rats.

These animals weighed 19% less than the controls and had reduced body fat, including reduced fat accumulation in their breast tissue.




"The levels of triglycerides and cholesterol were also lower, and the treated rats had lower insulin resistance," Giles said.

The researchers also measured the changes in gut microbe compositions and found that BZA/CE-treated rats had increased levels of Faecalbaculum rodentium, which may have helped improve the metabolism in these animals.

In addition, they identified several genes that were different in both lean and obese rats that had been given BZA/CE.

"Our next steps will be to see if similar genes are altered in women who are taking the drug combination," Giles said.

"Although we didn't test each drug alone, our results demonstrate that BZA/CE could be superior to tamoxifen for those with obesity who are also undergoing a transition into menopause."
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Using humor in communication helps scientists connect, build trust | ScienceDaily
Scientists aren't comedians, but it turns out a joke or two can go a long way.


						
That's according to a new University of Georgia study that found when researchers use humor in their communication -- particularly online -- audiences are more likely to find them trustworthy and credible.

"I think this should make scientists feel more comfortable using humor in their everyday communication, especially online communication," said Alexandra Frank, lead author of the study and a doctoral candidate in UGA's Grady College of Journalism and Mass Communication. "You can still communicate using humor and be viewed as a legitimate, appropriate source of information."

Science can bring smiles

As scientists research difficult and often complicated topics, it's important to keep the key ideas of the research simple for a general audience. One of the best ways to do that is through a little bit of light-heartedness, Frank said.

Frank tested how inserting humor into science-related posts could affect the likability and trustworthiness of scientists and their work.

The research team created four posts with different images on X, formerly known as Twitter.




The content centered around two self-driving cars, as well as the science and policy behind artificial intelligence technology.

One image contained a drawing with two cars and facts on self-driving technology with no joke included. Another contained the two cars and satire about this technology, reading, "A car approaches from the right and begins making precautionary adjustments. The other car acknowledges it. Not a problem unless the slab of meat inside interferes with its A.I. mode."

The third had the two cars sharing the facts themselves, as if they were sentient, and the fourth image had the cars telling the jokes themselves.

Benefits in clever communications

So, which got the most laughs?

The post that used satire and gave the cars more human-like characteristics was rated as the funniest. The respondents were also more likely to believe the scientist when they found the posted content as funny.




Because the scientist posting was considered more credible from the humor, people also considered whatever the scientist posted as fact.

"It is a double-edged sword. When people find something funny, they find things more legitimate. However, that humor could also substitute fact when something is untrue," said Frank.

In this scenario, those chuckling over the use of AI in self-driving cars may have drawn their own opinions on what that technology is like based on that post alone.

"I want for them to not be afraid of humor but to use it really mindfully ... The last thing we want is to make scientists less likable." -- Alexandra Frank, Grady College

There's a limit to the type of comedy, however. Science communication can't contain too much sarcasm or negativity, or it loses credibility, the researchers found.

Frank's advice for science communicators looking to build their audience is to keep posts short, clever and try not to strike a nerve.

"I want for them to not be afraid of humor but to use it really mindfully because it can come with drawbacks," Frank said. "Know that it can significantly increase engagement with the public, but scientists should use it cautiously. The last thing we want is to make scientists less likable."

This study was funded by the National Science Foundation. Co-authors include Michael A. Cacciatore, an associate professor in UGA's Grady College, Sara K. Yeo and Leona Yi-Fan Su.
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Low iron could cause brain fog during menopause transition | ScienceDaily
New research from the University of Oklahoma sheds light on an understudied area of science: iron levels in the blood and their relationship to cognitive performance in women transitioning into menopause. The findings are good news for women experiencing brain fog and other symptoms.


						
Published in the journal Nutrients, the study suggests that when women have adequate levels of iron in their blood during the menopausal transition, they perform better on cognitive tasks. Moreover, sufficient iron in the blood did not equate to unsafe levels of iron in the brain, which has been shown to elevate the risk for neurodegenerative diseases like Alzheimer's.

"When a woman makes the menopausal transition, she's no longer losing blood on a monthly basis, which means she's no longer losing iron," said Michael Wenger, Ph.D., a professor of psychology at the OU College of Arts and Sciences and a lead author of the study. "We wanted to see if the cost of being low on iron disappears during the menopausal transition. Very few studies have been done in this area."

The research team measured iron levels in the blood, conducted MRIs to see the amount of iron in the brain, and assessed behavioral measures of cognition. None of the women in the study were deficient in iron; however, quite a few were below where they should be for their age. The women who were below expected levels of iron in the blood performed worse on measures of memory, attention and cognition.

"Our previous research has shown that being iron-deficient extracts some serious costs in terms of cognitive performance," Wenger said. "If I were to give a woman with iron deficiency a simple task in which she presses a button every time an asterisk appears on a screen, the deficiency would cost her about 150 milliseconds. That doesn't sound like a lot, but we make simple decisions like that when we choose every word we say in a sentence. Those 150 milliseconds add up."

Importantly, the amount of iron in the blood did not predict how much iron was deposited in a woman's brain, Wenger said. "We have known for some time that the accumulation of iron in the brain is a risk factor for developing conditions like Alzheimer's and vascular dementia," he said. "This data was surprising, and good news because it appears that having iron levels that are at or above what you should expect for your age does not mean you're accumulating more iron in your brain."

Being deficient in iron is not the same thing as being anemic. Low iron is a risk factor for anemia, Wenger said, but people can become anemic for other reasons. However, women visiting their OB-GYN typically are not tested for iron deficiency, which may be a missed opportunity.




"Low iron could easily be one of the reasons that a woman is experiencing brain fog during the menopausal transition," he said. "It also may be why some women talk about their eyesight changing during menopause. Iron is a critical element in the synthesis of the neurotransmitter dopamine, and the eye is dependent upon dopamine for basic signaling at the first point of contact with light."

Although taking iron supplements is usually not the best course of action since they cause major gastrointestinal side effects, a low dose could be effective, as would diet changes to consume more foods high in iron, Wenger said.

"Making these minor changes could make a woman's transition from pre- to post-menopause easier to bear," he said.

Because part of the study was conducted during the COVID-19 pandemic, enrollment wasn't as high as the research team would have liked. They plan to seek funding to conduct a larger study.

"I feel like we've had a pretty good understanding of post-menopause health, such as watching for cardiovascular issues and osteoporosis, but we haven't known as much about what to do during this in-between phase, and it's actually way more bothersome to people," said OB-GYN and study co-author Pamela Miles, M.D., an associate professor in the OU College of Medicine.
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United States sees disproportionate increase in body mass index rates of more than 60 | ScienceDaily
In the past 20 years, the average rate of obesity among adults in the United States has risen by approximately 30 percent, but the rate of those with the most severe forms of obesity, or those with a body mass index, or BMI, of more than 60 kg/m2, increased by 210 percent. In a recently published research letter in the medical journal The Lancet: Diabetes & Endocrinology, researchers from Pennington Biomedical analyzed national health data from 2001 through 2023, and discovered the alarming increase in the numbers of patients with the most severe forms of obesity.


						
"Most attention is focused on the category of general obesity, which starts with a BMI of 30 kilograms per square meter, but there is less attention paid to prevalence of obesity of 60 BMI or greater, a category associated with an increased clinical burden, impaired mobility and elevated healthcare costs," said Dr. Philip Schauer, United Companies Life Insurance Co./Mary Kay and Terrell Brown Chair and director of the Metamor Institute at Pennington Biomedical. "This study is the first to categorize the growing pervasiveness of this extreme degree of obesity, but its gravity is not to be understated, as patients in this category face far greater health risks and comorbidities."

For comparison, the average person with a BMI of 30 kg/m2 is about 30 to 40 pounds overweight, while a person with a BMI of 60 kg/m2 or greater is more than 200 pounds overweight. In the study "Disproportionate Increase in BMI of [?]60 kg/m2 in the USA" researchers state that though obesity with a BMI of 60 or greater was presumed to be exceedingly rare, no clear understanding was available as the many previous reports counted all individuals with a BMI at or above 30 kg/m2 in a single group.

While this study is also one of the first to show the growing prevalence of BMIs between 50.0 and 59.9 kg/m2, the threshold of BMI at or above 60 kg/m2 is associated with an even greater severity of associated diseases. People with such extreme obesity often are not mobile or must walk with assistance or use motorized carts, have many hospital visits for treating severe illnesses, and are unable to work due to disability.

Instances of BMI above 60 kg/m2 have increased concurrently with the development and prescribing of GLP-1-based medications, and though these show promise in addressing obesity, their effectiveness in patients in this group is largely unknown, as randomized controlled trials for these medications include participants with an average BMI in the range of 37 to 38 kg/m2.

The rise in extreme obesity cases, now estimated to be more than 850,000 people in the U.S., also raises serious concerns for the healthcare industry, as these patients often exceed the weight limit for standard medical equipment, adding complexity to biomedical imaging, anesthesia and surgeries. The weight limits of certain medical equipment result in an inability to provide typical medical care, which may be detrimental to a population at even greater risk for comorbidities, reduced responsiveness for standard weight-loss interventions and other challenges.

The research team on the study "Disproportionate Increase in BMI of [?]60 kg/m2 in the USA" were co-primary authors Dr. Michael Kachmar and Dr. Vance Albaugh, along with Dr. Schauer, Dr. Shengping Yang, Dr. Florina Corpodean, Dr. Steven Heymsfield and Dr. Peter Katzmarzyk of Pennington Biomedical, and Dr. David Freedman of the Centers for Disease Control and Prevention. Research letters published in the Correspondence section include research findings and are externally peer-reviewed. Unlike Articles containing original data, research letters are shorter and the research they contain is usually preliminary, exploratory, or reporting on early findings.

"The rate of growth in cases of obesity with a BMI of 60 or greater sends an urgent message to healthcare providers and policymakers to develop the necessary resources and infrastructure to address the challenges posed by this condition," said Dr. John Kirwan, Executive Director of Pennington Biomedical. "I commend Dr. Schauer and the research team for being the first to bring the growth rate of this condition to light and giving it the attention it is due. For this and all metabolic diseases and conditions, the research faculty at Pennington Biomedical are committed to delivering solutions from cells to society, addressing the public health challenges of our time."

The Pennington Biomedical team used direct measurements of weight and height from the robust dataset provided by the National Health and Nutrition Examination Survey, or NHANES. The analysis of BMI trends in the U.S. included non-pregnant adults aged 18 and older from 2001 to 2023, with data examined in four-year intervals. As the data showed a 29.5 percent increase in all cases of obesity, classified as individuals with a BMI of 30 kg/m2 or more, those classified as having normal weight, or BMIs of 18.5 to 24.9 kg/m2, and those classified as being overweight, or BMIs of 25.0 to 29.9, both decreased in the time frame.
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Natural killer cells remember and effectively target ovarian cancer | ScienceDaily
Researchers at Karolinska Institutet have uncovered a unique ability of a special subtype of natural killer cells in the immune system, called adaptive NK cells, to remember ovarian tumours and effectively attack them. The discovery, published in Cancer Immunology Research, could pave the way for new, more powerful immunotherapies for difficult-to-treat cancers.


						
NK cells, or natural killer cells, are white blood cells that play a central role in the body's defence against viral infections and cancer. NK cells can identify and destroy unhealthy-looking cells, such as tumour cells, without prior exposure.

Adaptive NK cells, aNK cells, are a subset of NK cells that can remember past infections or tumours and react more strongly the next time they encounter the same threat. This ability makes them particularly promising for cancer treatment.

The study shows that aNK cells can remember tumour-specific signals, infiltrate and fight cancer cells, and cooperate with other immune cells to become even more effective, making them particularly attractive for cancer treatment.

"Our results demonstrate that aNK cells have great potential for treating cancer, especially for patients with difficult-to-treat ovarian cancer," says Dhifaf Sarhan, senior lecturer at the Department of Laboratory Medicine, Karolinska Institutet, who led the research.

"The study also challenges previous perceptions of NK cells, which have historically been considered only innate immune cells with no memory function against cancer," she continues. "This opens new opportunities for the development of innovative immunotherapies."

The study involved comprehensive analyses of human immune cells and ovarian tumour tissues, utilising advanced RNA and gene expression mapping techniques at the single-cell level. This allowed the researchers to investigate how aNK cells interact with ovarian cancer tumour cells.

"The next step in our research is to develop methods that increase the number and activity of aNK cells in patients, followed by clinical trials to evaluate their effect on patient survival rates," says Dhifaf Sarhan.
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Left or right arm? New research reveals why vaccination site matters for immune response | ScienceDaily
Sydney scientists have revealed why receiving a booster vaccine in the same arm as your first dose can generate a more effective immune response more quickly. The study, led by the Garvan Institute of Medical Research and the Kirby Institute at UNSW Sydney and published in the journal Cell, offers new insight that could help improve future vaccination strategies.


						
The researchers found that when a vaccine is administered, specialised immune cells called macrophages became 'primed' inside lymph nodes. These macrophages then direct the positioning of memory B cells to more effectively respond to the booster when given in the same arm.

The findings, made in mice and validated in human participants, provide evidence to refine vaccination approaches and offer a promising new approach for enhancing vaccine effectiveness.

"This is a fundamental discovery in how the immune system organises itself to respond better to external threats -- nature has come up with this brilliant system and we're just now beginning to understand it," says Professor Tri Phan, Director of the Precision Immunology Program at Garvan and co-senior author.

Scientia Professor Anthony Kelleher, Director of the Kirby Institute and co-senior author says: "A unique and elegant aspect of this study is the team's ability to understand the rapid generation of effective vaccine responses. We did this by dissecting the complex biology in mice and then showed similar findings in humans. All this was done at the site of the generation of the vaccine response, the lymph node."

How vaccination site matters

Immunisation introduces a harmless version of a pathogen, known as a vaccine antigen, into the body, which is filtered through lymph nodes -- immune 'training camps' that train the body to fight off the real pathogen. The researchers previously discovered that memory B cells, which are crucial for generating antibody responses when infections return, linger in the lymph node closest to the injection site.




Using state-of-the-art intravital imaging at Garvan, the team discovered that memory B cells migrate to the outer layer of the local lymph node, where they interact closely with the macrophages that reside there. When a booster was given in the same location, these 'primed' macrophages -- already on alert -- efficiently captured the antigen and activated the memory B cells to make high quality antibodies.

"Macrophages are known to gobble up pathogens and clear away dead cells, but our research suggests the ones in the lymph nodes closest to the injection site also play a central role in orchestrating an effective vaccine response the next time around. So location does matter," says Dr Rama Dhenni, the study's co-first author, who undertook the research as part of his Scientia PhD program at Garvan.

Clinical study validates findings

To determine the relevance of the animal results to human vaccines, the team at the Kirby Institute conducted a clinical study with 30 volunteers receiving the Pfizer-BioNTech COVID-19 mRNA vaccine. Twenty participants received their booster dose in the same arm as their first dose, while 10 had their second shot in the opposite arm.

"Those who received both doses in the same arm produced neutralising antibodies against SARS-CoV-2 significantly faster -- within the first week after the second dose," says Ms Alexandra Carey-Hoppe, co-first author and PhD student from the Kirby Institute.

"These antibodies from the same arm group, were also more effective against variants like Delta and Omicron. By four weeks, both groups had similar antibody levels, but that early protection could be crucial during an outbreak," says Dr Mee Ling Munier, co-senior author and Vaccine Immunogenomics group leader at the Kirby Institute.




"If you've had your COVID jabs in different arms, don't worry -- our research shows that over time the difference in protection diminishes. But during a pandemic, those first weeks of protection could make an enormous difference at a population level. The same-arm strategy could help achieve herd immunity faster -- particularly important for rapidly mutating viruses where speed of response matters."

Looking ahead

Beyond the potential to refine vaccination guidelines, the findings offer a promising avenue for enhancing the effectiveness of vaccines.

"If we can understand how to replicate or enhance the interactions between memory B cells and these macrophages, we may be able to design next-generation vaccines that require fewer boosters," says Professor Phan.

This research was supported by the Australian National Health and Medical Research Council.

Professor Tri Phan is a Conjoint Professor at St Vincent's Clinical School, Faculty of Medicine and Health, UNSW Sydney.
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Bacteria's mysterious viruses can fan flames of antibiotic damage | ScienceDaily
Your gut microbiome teems with bacteria-eating viruses that have longed baffled scientists. Using a new mouse model that can eliminate and revive these virus communities, Virginia Tech biologists discovered that the viruses can exacerbate collateral damage from antibiotics.


						
Some things just go together in your belly: peanut butter and jelly, salt and pepper, bacteria and bacteria-eating viruses.

For the bacterial species that inhabit your gut, there's a frenzy of viruses called bacteriophages that naturally infect them. Although they co-evolved with bacteria, phages get far less glory. They're harder to classify and so deeply entangled with the bacteria they target that scientists struggle to understand what functions they serve.

But what if there was a way to compare the exact same gut microbiome conditions with and without phages?

Virgina Tech biologist Bryan Hsu's team found a way to do just that.

Hsu and graduate student Hollyn Franklin built a model that allows them to diminish phage communities from a mouse gut microbiome -- and then bring them back -- without affecting the bacteria. On a test run of their model, researchers found evidence that phages may increase gut bacteria's sensitivity to antibiotics. Their results were published April 28 in the journal Cell Host and Microbe.

It's for research, Mom

What could inhibit a bacteria's viruses but not the bacteria itself? In her early search through the literature, Franklin found a chemical compound called acriflavine that fit the bill. It's a component of a widely available medication used in Brazil to treat urinary tract infections (UTI).




Fortuitously, a member of Hsu's lab and paper co-author, Rogerio Bataglioli, is a native Brazilian. He shipped a massive order of acriflavine to his parent's house. But he forgot to tell his parents it was coming, Hsu said.

"His mom called, and asked, 'Is everything OK? Because 20 boxes of UTI treatment just arrived under your name.'"

After that got sorted, Franklin began administering acriflavine to lab mice. Over a period of 12 days, there was a dramatic reduction in the concentration of viral particles. And they didn't bounce back when she stopped administering the drug.

But when Franklin reintroduced a tiny sample of the mouse's own gut microbiome, extracted before treatment, the natural phage populations sprang back to life.

"It goes away when we wanted it to, and came back when we wanted it to," said Hsu. "Which means we have a bacteriophage conditional mouse model."

Or, more fun: BaCon mouse model.




Exacerbating antibiotic damage

To see if the mouse model had some significance for health, Hsu's research team went straight to one of the hottest topics in the field: the collateral damage that antibiotics have on a patient's resident microbial population.

Antibiotics save millions of lives every year, but the drug rages indiscriminately through bad, benign, and beneficial bacteria alike, disrupting our gut microbiome and leaving us vulnerable to new pathogens.

Could phages be playing a role in the destructive wake of an antibiotic treatment? Hsu and Franklin used their BaCon mouse model to ask this question and administered antibiotics to mice with and without phage populations.

Their results suggest that phages increase the sensitivity of bacteria to antibiotics.

"It's hard to make definitive conclusions, but these results are telling us that phages have some significance for how we respond to antibiotics," Hsu said.

The next questions, according to Franklin, will explore if phages caused these effects or are simply correlated with them, and what role phages play in diseases -- which would open new doors in microbiome studies.

Answers may be served with a side of BaCon mouse.

Funding for this work was provided by the Virginia Tech Institute for Critical Technology and Applied Science, the National Institute of General Medical Sciences of the National Institutes of Health.
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Influenza virus hacks cell's internal system | ScienceDaily
The influenza virus manipulates the body's gene regulation system to accelerate its own spread, according to researchers at the University of Gothenburg. Their study also shows that an already approved drug could help strengthen immune defenses -- though its effect in humans remains to be confirmed.


						
The study, published in the journal Nucleic Acids Research, concerns a previously unknown strategy used by the influenza A virus to take over the body's own systems. The study shows that the virus manipulates a protein that normally helps regulate which genes should be active in the cell, turning this protein against the immune system.

The protein, referred to as AGO2, is involved in what is known as RNA interference, a mechanism that regulates gene activity. While AGO2 usually works outside the cell nucleus, in conjunction with infection, the virus manages to move the protein into the nucleus, where it turns off genes that are key to the immune system.

Virus mutes the alarm 

This primarily concerns type I interferons -- signaling substances used by infected cells to warn their neighbors and strengthen the body's defenses.

Aishe Sarshad, associate professor of cellular and molecular biology at Sahlgrenska Academy at the University of Gothenburg, is one of the study's senior authors:

"Most surprising was that the virus manages to hijack such a fundamental and well-regulated system as RNA interference -- even using it inside the nucleus, where it isn't normally found," says Aishe Sarshad.




Much of the laboratory work was performed by Hsiang-Chi Huang, a postdoc member of the group at the time. The work shows that the AGO2 protein follows the tumor suppressor p53 into the nucleus, binding itself to genes that regulate the body's alarm signals and turning them off.

New antiviral treatment 

The researchers also investigated whether the manipulative actions of the virus could be stopped. To this end, they used arsenic trioxide (ATO), a drug approved for treating a type of blood cancer. In both cell cultures and mice, the drug was shown to increase the production of interferons and reduce the amount of virus in the lungs.

This discovery indicates that it may be possible to influence the body's own RNAi system to slow viral infections -- and not just influenza, but perhaps even other RNA viruses. "Now, we want to continue our investigations to see whether the same mechanism is found in other types of infections. This paves the way for a completely new type of antiviral treatment, where we target not only the virus, but also how it uses our own cells," says Aishe Sarshad.
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Personality traits shape our prosocial behavior | ScienceDaily
People's willingness to do volunteer work or give to charity differs greatly. Besides financial and social incentives, individual differences in people's personality can explain why some of us are more likely to contribute to community welfare than others.


						
Researchers at the Department of Psychology of the University of Zurich have examined the links between the so-called Big Five personality traits (openness, conscientiousness, extraversion, agreeableness, neuroticism) and people's willingness to engage in prosocial behavior. Their analysis was based on 29 international studies comprising more than 90,000 participants. It included different methods to describe people's personality and covered various forms of philanthropic engagement.

Personality traits matter

The study findings show that two personality traits in particular are linked to philanthropic engagement. Sociability and assertiveness (extraversion) positively correlate with volunteering. In other words, extraverts are more likely to do volunteer work. Meanwhile, agreeableness correlates more closely with a willingness to give money to charity. This behavior may be explained by the fact that agreeable people tend to be more compassionate and considerate of other people's feelings.

Research on the other personality traits, however, yielded mixed results. For example, there was no clear link between conscientiousness and philanthropic engagement. Openness and neuroticism also appeared to have little effect on people's prosocial behavior.

New strategies to promote volunteering and donating

"Our findings confirm that individual differences in personality play a role in whether and how much people engage in prosocial behavior," says Wiebke Bleidorn, first author and professor of psychology at the University of Zurich. She believes that a better understanding of these links can help to encourage people to contribute to the common welfare based on their individual strengths and motivations.

The study thus not only provides valuable scientific insights but also practical guidance for organizations and policymakers wishing to promote volunteering and charitable giving. "This knowledge can be used to develop more targeted strategies aimed at promoting volunteering and charitable giving," says Christopher J. Hopwood, last author and professor of psychology.
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Updated equestrian helmet ratings system adds racing and high-speed events | ScienceDaily
Falling off a horse at high-speed changes the impact to the rider's head and the parameters for a quality helmet, according to new research from the Virginia Tech Helmet Lab.


						
Published on April 28 in the Annals of Biomedical Engineering, the findings from researchers Steve Rowson and Lauren Duma indicate that head impacts during falls at high speed generate unique head rotation, which in turn, directly affects helmet behavior.

"Rotational motion of the head is very important," said Rowson, helmet lab director. "While our testing already incorporated rotational head motion, falling off a horse at high speed can put a large force across the helmet and generate rotation in a different way than our previous testing. This means that the helmets behave a little differently during low-speed and high-speed impact scenarios."

Lauren Duma, a Ph.D. student and member of the lab, was the lead author of the study.

The new study builds on the lab's previous work that documented video-captured falls in a wide array of equestrian disciplines, where riders fell from varying heights on the front, side, and back of the helmet. Horse racing and other high-speed accidents were not included with the initial research project.

The testing now includes impact scenarios where the horse and rider are moving with horizontal velocity, which typically occurs in racing and cross-country events.

The additional testing criteria were motivated by the Federation Equestre Internationale's (FEI) technical report on new testing protocols for improved equestrian helmet performance, which included horse racing accidents. The added tests were used to update the lab's original helmet ratings, which were released in December 2022.




"FEI suggested a new testing standard where the head is dropped on an angled surface, which is very similar to how we already test bicycle helmets in the lab," Rowson said. "This test does a great job of simulating high-speed falls, so we worked to include tests similar to the FEI specification to have a more comprehensive test protocol."

In addition to various fall scenarios, the lab also performed a large computational modeling analysis of the head impacts to identify the best method for quantifying injury risk to the rider.

Previously, the lab's STAR ratings only incorporated one method of testing -- either the pendulum impactor used for football helmets or the oblique drop tower used for bike and snow sport helmets. This was the first time ratings have been generated using both tests and with 49 helmets tested, the lab's largest study on equestrian helmets to date.

Ratings reflect the concussion risk associated with each model and are meant to inform consumer decisions about helmet purchasing. Helmets are rated on a scale of one to five stars, with a one-star helmet offering the least head protection, making it more likely for an individual to develop a concussion, and a five-star helmet offering the most protection and reducing concussion risk.

Updated ratings are available on the helmet lab website. Early research was funded by Jacqueline Mars, the United States Hunter Jumper Association, the United States Equestrian Federation, the United States Eventing Association, and an anonymous private donor.
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Urine test could reveal early prostate cancer | ScienceDaily
A newly published study involving researchers from Karolinska Institutet indicates that prostate cancer can be diagnosed at an early stage through a simple urine sample. With the aid of AI and extensive analyses of gene activity in tumours, they have identified new biomarkers of high diagnostic precision.


						
Prostate cancer is one of the most common causes of male death globally. One of the main diagnostic hurdles is the lack of exact biomarkers able to identify the presence of an early tumour.

In this present study, researchers at Karolinska Institutet (Sweden), Imperial College London (UK) and Xiyuan Hospital, China Academy of Chinese Medical Sciences, Beijing (China), have identified new, precise biomarkers. The results are presented in the journal Cancer Research.

Digital models of prostate cancer

On analysing the mRNA activity of all human genes in thousands of individual cells in prostate tumours, and knowing the position and degree of cancer of each cell, the researchers were able to construct digital models of prostate cancer.

The models were analysed with AI to find proteins that can be used as biomarkers. These biomarkers were then analysed in the blood, prostate tissue and urine of almost 2,000 patients.

The researchers identified a set of biomarkers in urine that were able to indicate the presence and severity of prostate cancer with a high degree of precision. According to their calculations, they surpass PSA, which is the blood biomarker in current clinical use.




"There are many advantages to measuring biomarkers in urine," explains principal investigator Mikael Benson, senior researcher at the Department of Clinical Science, Intervention and Technology, Karolinska Institutet. "It's non-invasive and painless and can potentially be done at home. The sample can then be analysed using routine methods in clinical labs."

Needs evaluating in clinical studies

Large-scale clinical trials are being planned for the next phase of the research. One such is being discussed with Professor Rakesh Heer of Imperial College London, co-author of the study and head of TRANSFORM, the UK's national prostate cancer study, which offers a platform for expediting the testing of promising biomarkers.

"New, more precise biomarkers than PSA can lead to earlier diagnosis and better prognoses for men with prostate cancer," says Dr Benson. "Moreover, it can reduce the number of unnecessary prostate biopsies in healthy men."

The study was largely financed by the Swedish Cancer Society, Radiumhemmet and the Swedish Research Council. Mikael Benson is the scientific founder of Mavatar, Inc. There are no other reported conflicts of interest.
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Study using simulations highlights power of pooled data in environmental health research | ScienceDaily
Conflicting findings in environmental epidemiology have long stalled consensus on the health effects of toxic chemicals. A new study by Columbia University Mailman School of Public Health published in the American Journal of Epidemiology suggests that one major reason for these inconsistencies may be the limited exposure ranges in individual studies -- leading to underpowered results and unclear conclusions.


						
Researchers used simulated data to examine how well individual and pooled studies can identify dose-response relationships between chemical exposure and health outcomes. Their findings point to a clear solution: pooling data across studies should be prioritized, even when confounding variables vary between cohorts.

"Underpowered studies -- especially those with narrow exposure ranges -- may produce misleading results about whether and how a chemical affects human health," said lead author Eva Siegel, PhD in the Department of Environmental Health Sciences. "Our simulations show that combining data across multiple cohorts is a natural and necessary step to strengthen conclusions in environmental health research."

The research focused on polychlorinated biphenyls (PCBs), a class of persistent organic pollutants (POPs). Specifically, the study explored the relationship between maternal exposure to PCB-153 -- the most commonly detected PCB congener in human blood -- and birthweight, an association that has been inconsistently reported in previous studies.

"Some chemicals, like endocrine-disrupting POPs, may interfere with the body's systems even at very low doses," Siegel noted. "Understanding how health risks vary across the full exposure range is essential -- but that requires broader data than most single studies can offer."

To address this gap, researchers created five hypothetical populations with different exposure distributions -- from low to high -- based on real data from three well-known birth cohorts: The Columbia Children's Center for Environmental Health (CCCEH) in New York City, The Environmental Health Fund (EHF) cohort in Israel, and The Child Health and Development Studies (CHDS) in California.

By simulating these distinct exposure environments and analyzing them both individually and collectively, the team assessed how well each approach could recover a "true" dose-response curve. Their results were clear: studies with limited exposure variability often failed to detect effects, while pooled data more accurately reflected the expected relationship.

"Our results show that despite potential differences in confounding factors across studies, the benefits of data pooling outweigh the challenges especially when every effort is made to fully harmonize data between studies.," said Pam Factor-Litvak, PhD, professor of Epidemiology at Columbia Mailman School, and senior author. "To emphasize, this approach is especially crucial in understanding low-dose chemical effects, where many individual studies lack sufficient range to detect patterns."

Other co-authors are Matt Lamb, Jeff Goldsmith, and Andrew Rundle, Columbia University Mailman School of Public Health; Andreas Neophytou, Colorado State University, Matitiahu Berkovitch, Tel Aviv University; and Barbara Cohn, Public Health Institute.

The study was supported by the National Institute of Environmental Health Sciences (grants F31ES032331 and T32ES023772.
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Largest osteoarthritis genetic study uncovers pathways to new therapies and repurposed drugs | ScienceDaily
Researchers have uncovered multiple new genes and genetic pathways that could lead to repurposing hundreds of existing drugs for osteoarthritis, the most common form of arthritis.


						
The research, which analyzed data from nearly 2 million people in diverse populations worldwide, was recently published in Nature. It represents an extensive genetic exploration of osteoarthritis, a condition affecting over 600 million people globally.

Conducted by an international team led by Helmholtz Munich in collaboration with Rush University Medical Center and 125 top academic institutions worldwide, this initiative is the largest genetic investigation into osteoarthritis conducted and the largest musculoskeletal study.

The study uncovered 962 genetic variants associated with the disease and spotlighted 69 key genes whose protein products are already targeted by 473 approved drugs -- many of which could be redirected to manage osteoarthritis more effectively. This discovery leads to a fast-track to personalized medicine and innovative clinical trials.

"This study takes a leap forward in offering tailored therapies for osteoarthritis patients, many of whom have long awaited disease-modifying options," said Dino Samartzis, DSc, co-author, professor and director of the international spine research and innovation initiative of the Department of Orthopedic Surgery at Rush.

"This research is a beacon of hope. By leveraging human genetics, we can now reimagine much more effectively as to how we treat this widespread condition."

Osteoarthritis results from the gradual breakdown of cartilage in the joints.




It differs from rheumatoid arthritis, an autoimmune disorder, and is a leading cause of pain, reduced mobility and disability -- projected to affect 1 billion people by 2050. It costs the United States nearly $486 billion annually and up to EU817 billion in Europe.

"As orthopedic specialists, we see firsthand how osteoarthritis affects quality of life," said Brian Cole, MD, professor of orthopedics at Rush. "This study takes us closer to developing targeted biologics that not only alleviate symptoms but also slow disease progression and, ideally, restore joint health."

"With 10% of our genetic targets already linked to existing drugs, we're poised to accelerate the development of transformative treatments for osteoarthritis," said Eleftheria Zeggini, BSc, co-author and director of the Institute of Translational Genomics at Helmholtz Munich and professor of translational genomics at the Technical University of Munich. "This is precision medicine at work -- offering new hope to millions."

Traditionally, osteoarthritis has been managed with pain relievers and mobility aids, but no disease-modifying therapies exist to date. This study not only redefines our genetic understanding of the disease but also provides a path toward repurposing safe, approved drugs, potentially slashing the time and cost to bring effective treatments to market.

The team stresses the need for more genetically diverse studies and functional genomics data from global populations to further refine their findings. By integrating genetics with tissue-level molecular insights, the pathway to new, effective and personalized treatments for osteoarthritis becomes increasingly attainable.

"This is one of the finest examples of impactful team science," Samartzis said. "Researchers and clinicians from across the globe united with a singular goal -- to change the trajectory of osteoarthritis care for generations to come."
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Trouble hearing in noisy places and crowded spaces? Researchers say new algorithm could help hearing aid users | ScienceDaily
When a group of friends gets together at a bar or gathers for an intimate dinner, conversations can quickly multiply and mix, with different groups and pairings chatting over and across one another. Navigating this lively jumble of words -- and focusing on the ones that matter -- is particularly difficult for people with some form of hearing loss. Bustling conversations can become a fused mess of chatter, even if someone has hearing aids, which often struggle filtering out background noise. It's known as the "cocktail party problem" -- and Boston University researchers believe they might have a solution.


						
A new brain-inspired algorithm developed at BU could help hearing aids tune out interference and isolate single talkers in a crowd of voices. In testing, researchers found it could improve word recognition accuracy by 40 percentage points relative to current hearing aid algorithms.

"We were extremely surprised and excited by the magnitude of the improvement in performance -- it's pretty rare to find such big improvements," says Kamal Sen, the algorithm's developer and a BU College of Engineering associate professor of biomedical engineering. The findings were published in Communications Engineering, a Nature Portfolio journal.

Some estimates put the number of Americans with hearing loss at close to50 million; by 2050, around 2.5 billion people globally are expected to have some form of hearing loss, according to theWorld Health Organization.

"The primary complaint of people with hearing loss is that they have trouble communicating in noisy environments," saysVirginia Best, a BU Sargent College of Health & Rehabilitation Sciences research associate professor of speech, language, and hearing sciences. "These environments are very common in daily life and they tend to be really important to people -- think about dinner table conversations, social gatherings, workplace meetings. So, solutions that can enhance communication in noisy places have the potential for a huge impact."

Best was a coauthor on the study with Sen and BU biomedical engineering PhD candidate Alexander D. Boyd (ENG'23,'26). As part of the research, they also tested the ability of current hearing aid algorithms to cope with the cacophony of cocktail parties. Many hearing aids already include noise reduction algorithms and directional microphones, or beamformers, designed to emphasize sounds coming from the front.

"We decided to benchmark against the industry standard algorithm that's currently in hearing aids," says Sen. That existing algorithm "doesn't improve performance at all; if anything, it makes it slightly worse. Now we have data showing what's been known anecdotally from people with hearing aids."

Sen has patented the new algorithm -- known as BOSSA, which stands for biologically oriented sound segregation algorithm -- and is hoping to connect with companies interested in licensing the technology. He says that with Apple jumping into the hearing aid market -- its latest AirPod Pro 2 headphones are advertised as having a clinical-grade hearing aid function -- the BU team's breakthrough is timely: "If hearing aid companies don't start innovating fast, they're going to get wiped out, because Apple and other start-ups are entering the market."




Successfully Segregating Sounds

For the past 20 years, Sen has been studying how the brain encodes and decodes sounds, looking for the circuits involved in managing the cocktail party effect. With researchers in his Natural Sounds & Neural Coding Laboratory, he's plotted how sound waves are processed at different stages of the auditory pathway, tracking their journey from the ear to translation by the brain. One key mechanism: inhibitory neurons, brain cells that help suppress certain, unwanted sounds.

"You can think of it as a form of internal noise cancellation," he says. "If there's a sound at a particular location, these inhibitory neurons get activated." According to Sen, different neurons are tuned to different locations and frequencies.

The brain's approach is the inspiration for the new algorithm, which uses spatial cues like the volume and timing of a sound to tune into or tune out of it, sharpening or muffling a speaker's words as needed.

"It's basically a computational model that mimics what the brain does," says Sen, who's affiliated with BU's centers for neurophotonics and for systems neuroscience, "and actually segregates sound sources based on sound input."

A physicist who later trained in neuroscience, Sen says he came to BU in part because of the opportunity to work with the University'sHearing Research Center, where he's now a faculty member. And Sen turned to clinical researchers for help testing the algorithm.




"Ultimately, the only way to know if a benefit will translate to the listener is via behavioral studies," says Best, an expert on spatial perception and hearing loss, "and that requires scientists and clinicians who understand the target population."

Formerly a research scientist at Australia'sNational Acoustic Laboratories, Best helped design a study using a group of young adults with sensorineural hearing loss, typically caused by genetic factors or childhood diseases. In a lab, participants wore headphones that simulated people talking from different nearby locations. Their ability to pick out select speakers was tested with the aid of the new algorithm, the current standard algorithm, and no algorithm. Boyd helped collect much of the data and was the lead author on the paper.

Applying the Science Beyond Hearing Loss: ADHD and Autism

Reporting their findings, the researchers wrote that the "biologically inspired algorithm led to robust intelligibility gains under conditions in which a standard beamforming approach failed. The results provide compelling support for the potential benefits of biologically inspired algorithms for assisting individuals with hearing loss in 'cocktail party' situations." They're now in the early stages of testing an upgraded version that incorporates eye tracking technology to allow users to better direct their listening attention.

The science powering the algorithm might have implications beyond hearing loss too.

"The [neural] circuits we are studying are much more general purpose and much more fundamental," says Sen. "It ultimately has to do with attention, where you want to focus -- that's what the circuit was really built for. In the long term, we're hoping to take this to other populations, like people with ADHD or autism, who also really struggle when there's multiple things happening."
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A drug dismantles a metabolic barrier to anti-tumor immunity | ScienceDaily
A Ludwig Cancer Research study has identified a specific mode of fat uptake by immune cells within tumors that serves as a metabolic checkpoint against anti-cancer immune responses. Harnessing that insight, researchers led by Ludwig Lausanne's Ping-Chih Ho and Yi-Ru Yu -- along with Sheue-Fen Tzeng and Chin-Hsien Tsai, former post-docs in the Ho lab who now lead their own labs at Taipei Medical University in Taiwan -- have developed a humanized antibody to dismantle that barrier as a potential cancer immunotherapy.


						
This antibody, PLT012, binds and blocks the activity of CD36, a transporter of lipids that is expressed by immune cells in fat-enriched tumor microenvironments (TMEs). As Ho, Yu and colleagues report in the current issue of Cancer Discovery, PLT012 undermines the metabolic checkpoint mediated by CD36 to restore anti-tumor immunity in mouse models of hepatocellular carcinoma (HCC) as well as liver metastases of colon cancer.

"Though checkpoint blockade immunotherapies have transformed cancer care, they have had limited success against several major types of tumors, especially those that cultivate highly immunosuppressive microenvironments," said Ho, who also presented his team's findings on April 28th at the 2025 Annual Meeting of the American Association for Cancer Research in Chicago. "Our study demonstrates that PLT012 induces potent anti-tumor responses even in immunotherapy-resistant liver cancer models and exhibits strong synergy with checkpoint blockade immunotherapy as well as other standard-of-care treatment regimens."

The researchers also show that the antibody reshapes the immune landscape of tumors isolated from HCC patients, suggesting it is likely to replicate its therapeutic effects in humans. Further, they demonstrate via studies conducted in monkeys and mice that, thanks to its rational design, the antibody has a safety profile that supports its use as an immunotherapy.

"Taken together, our findings establish CD36 as a targetable metabolic immune checkpoint and introduce PLT012 as the first of a new and potentially promising class of immunotherapies," said Yu.

Cancers evolve to sabotage immune surveillance and attack. They do so in many ways, most famously by expressing so-called "immune checkpoint" proteins like PD-L1, which tricks CD8+ T cells tasked with killing cancer cells into "seeing" them as healthy. They also recruit and nurture immune cells, like regulatory T cells (Tregs) and myeloid-derived suppressor cells (MDSCs), that inhibit anti-tumor immune responses. Another way tumors escape immune clearance is by tweaking the metabolic properties of their microenvironments to induce dysfunction in attacking immune cells, or to reprogram them from an anti-tumor state into one in which they support tumor survival and growth.

It is in such machinations that the lipid transporter CD36 plays a starring role. In response to the acidity and high fat concentration of the TME, many types of immune cells step up their expression of the transporter, boosting the import of certain types of fat molecules and cholesterol. The influx of fat has radically divergent effects on different species of immune cells -- effects that seem to consistently favor the tumor. MDSCs and Tregs thrive on the lipid snacks, which bolster their immunosuppressive function. Macrophages that might gobble up cancer cells and help orchestrate an immune assault are reprogrammed to flip into a pro-tumor state. Meanwhile, CD8+ T cells -- the chief effectors of anti-tumor immunity -- suffer profound dysfunction and a type of programmed death known as ferroptosis.




Yu, Ho and colleagues show in their study that PLT012, which blocks CD36's ability to latch on to fatty molecules, reverses almost all these effects. And it does so without triggering potentially toxic autoimmune reactions in monkeys and mice, despite the broad expression of the transporter throughout the body.

"Unlike conventional immune checkpoint inhibitors, which fail in metabolically hostile TMEs, PLT012 acts upstream -- modulating lipid metabolism to dismantle the immunosuppressive architecture of the tumor," said Yu. "By targeting CD36, PLT012 selectively reduces lipid accumulation in Tregs and MDSCs while preserving and restoring the function of effector T cells in our preclinical studies. This reprogramming unlocks robust anti-tumor immunity in cancer models, even against tumor types that have traditionally resisted checkpoint blockade immunotherapies."

The antibody has received "orphan drug" designation from the U.S. Food and Drug Administration and is being developed for clinical evaluation by a spin-off company.

"The implications of this study extend beyond liver cancer, as CD36 is broadly expressed across multiple tumor types with lipid-rich microenvironments," said Ho. "It not only ushers a potentially new class of immunotherapeutics to the clinic but also deepens our understanding of the metabolic barriers to immune clearance generally employed by cancers."
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First synthetic 'mini prion' shows how protein misfolding multiplies | ScienceDaily
Scientists at Northwestern University and University of California, Santa Barbara have created the first synthetic fragment of tau protein that acts like a prion. The "mini prion" folds and stacks into strands (or fibrils) of misfolded tau proteins, which then transmit their abnormally folded shape to other normal tau proteins.


						
Misfolded, prion-like proteins drive the progression of tauopathies, a group of neurodegenerative diseases -- including Alzheimer's disease -- characterized by the abnormal accumulation of misfolded tau protein in the brain. By studying a minimal synthetic version of the full-length human tau, scientists can better recreate the fibril structure containing misfolded tau proteins. This potentially could lead to targeted tools for diagnosis and therapy that are much needed for neurodegenerative diseases.

While developing the synthetic protein, the scientists also uncovered new insights into the role of water around the protein surface that guides the misfolding process. A mutation commonly used to model tau-related diseases subtly changes the dynamic structure of water in the environment immediately surrounding the tau protein, the researchers found. This altered water structure influences the protein's ability to adopt its abnormal shape.

The study will be published during the week of April 28 in the Proceedings of that National Academy of Sciences.

"The scope of neurodegenerative diseases involving the protein tau is particularly broad," said Northwestern's Songi Han, who led the study. "It encompasses chronic traumatic encephalopathy, which is found in football players after head trauma, corticobasal degeneration or progressive supernuclear palsy. Creating self-propagating tau fragments that can recreate the fibril structure and misfolding that is unique to each tauopathy disease is a crucial step forward in our ability to understand and model these complex diseases."

Han is the Mark and Nancy Ratner Professor of Chemistry at Northwestern's Weinberg College of Arts and Sciences and a member of the Chemistry of Life Processes Institute, Applied Physics Graduate Program, International Institute of Nanotechnology, Paula M. Trienens Institute for Sustainability and Energy and Institute for Quantum Information Research and Engineering. Michael Vigers, a former Ph.D. student in Han's laboratory, led the study and is a first author. Coauthors from UC Santa Barbara include Kenneth S. Kosik, Joan-Emma Shea and M. Scott Shell. The work also was made possible by several students and postdoctoral fellows, including Saeed Najafi, Samuel Lobo, Karen Tsay, Austin Dubose and Andrew P. Longhini.

A chain-reaction of misfolding

In many neurodegenerative diseases, proteins misfold and clump together into harmful, highly ordered fibrils, which ultimately damage brain health but are difficult to diagnose. When a normal protein encounters the pathological tau fibrils, the normal protein changes shape to match the misfolded form. This process leads to a chain reaction, where more and more proteins transform into the misfolded, aggregation-prone state. Although this behavior is prion-like, it does not involve actual prions, which can spread contagious diseases from person to person.




Using cryogenic electron microscopy (cryo-EM), researchers solved the structure of the fibrils from samples of brain tissue. Although pinpointing the structure was a significant breakthrough, brain samples can only be obtained after a patient dies. Despite dramatic progress and intense interest in this area, final diagnosis of tau-related neurodegenerative diseases is only possible after death.

"When people start to show signs of neurodegenerative disease, it is not diagnosed today with a biomarker," Han said. "Physicians determine the diagnosis by administering a patient survey and by examining a collection of symptoms, like sleep patterns and memory. The bottleneck is the reliable generation of tau fibrils that recreate the critical and unique disease hallmarks to serve as targets for developing diagnostic strategies."

A simplified model

To meet the current challenge, Han and her team sought to develop a synthetic, prion-like tau protein. Instead of recreating the entire length of the protein, which is long and unwieldy, Han's team aimed to pinpoint the shortest piece of tau that could still adopt a misfolded shape and form disease-like fibrils.

Ultimately, Han and her team focused on a short segment of tau, dubbed jR2R3, which is just 19 amino acid segments in length. The segment contains a mutation called P301L, commonly found in many diseases. The researchers found this short peptide could form the harmful fibrils, which are the hallmark of these diseases, and act as a "seed" to template the misfolding and aggregation of full-length tau proteins.

"We made a mini version that is easier to control," Han said. "But it does all the same things that the full-length version does. It does the seeding, causing normal tau protein to misfold and join the fibrils."

Using cryo-EM, the team examined the structure of the synthetic fibrils. They found the P301L mutation facilitates a specific type of misfolding often observed in samples from patients with neurodegeneration. The finding suggests the mutation plays a crucial role in directing the protein to misfold.




The shape of water

Next, Han aimed to understand how the initially disordered tau proteins converge to become highly ordered fibril structures. She compared the mysterious phenomenon to throwing strands of limp spaghetti together, expecting them to form a neat stack.

"It's impossible that an intrinsically disordered protein would just naturally fall into a perfect fold and stack that can regenerate forever," Han said. "It doesn't make sense."

After hypothesizing that something must be holding the misfolded proteins together, Han found the key: water. The environment surrounding a protein, particularly the water molecules, play a crucial role in protein folding and aggregation. The P301L mutation appears to directly change the structure of the tau protein as well as change the behavior of water molecules around it.

"Water is a fluid molecule, but it still has structure," Han said. "The mutation in the peptide might lead to a more structured arrangement of water molecules around the mutation site. This structured water influences how the peptide interacts with other molecules, pinning them together."

In other words, organized water pins the proteins together, enabling individual strands to fold together into a neat stack. Then, using their prion-like behavior, the fibrils recruit other proteins to misfold and join the stack.

What's next

The research team is now focused on further characterizing the properties of the synthetic, prion-like proteins. Eventually, they plan to explore potential applications, including the development of new diagnostic and therapeutic approaches for tau-related diseases.

"Once a tau fibril is formed, it doesn't go away," Han said. "It will grab naive tau and fold it into the same shape. It can keep doing this forever and ever. If we can figure out how to block this activity, then we could uncover new therapeutic agents."

The study, "Water-directed pinning is key to tau prion formation," was supported by the National Institutes of Health (grant numbers R01AG05605 and R35GM136411), Deutsche Forschungsgemeinschaft and The W. M. Keck Foundation.
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Brain decoder controls spinal cord stimulation | ScienceDaily
When a person sustains an injury to the spinal cord, the normal communication between the brain and the spinal circuits below the injury are interrupted, resulting in paralysis. Because the brain is functioning normally, as is the spinal cord below the injury, researchers have been working to re-establish the communication to allow for rehabilitation and potentially restore movement.


						
Ismael Seanez, assistant professor of biomedical engineering in the McKelvey School of Engineering at Washington University in St. Louis and of neurosurgery at WashU Medicine, and members of his lab, including Carolyn Atkinson, a doctoral student, have developed a type of decoder to restore that communication. Through experiments in their lab with 17 human subjects without a spinal cord injury, they were able to cue movement in the lower leg with transcutaneous spinal cord stimulation, or noninvasive, external electrical pulses.

Results of the research were published online April 25, 2025, in the Journal of Neuro Engineering and Rehabilitation.

The team used a special cap fitted with noninvasive electrodes that measure brain activity through electroencephalography (EEG). While wearing the cap, seated volunteers were asked to extend their leg at the knee, then to only think about extending their leg -- while keeping it still -- so researchers could record the brain waves in both exercises.

The team provided the neural activity to the decoder, or algorithm, so it could learn how the brain waves act in both circumstances. They found that the actual movement and imagined movement used similar neural strategies.

"After we give the decoder this data, it learns to predict based on neural activity whenever there is movement or no movement," Seanez said. "We show that we can predict whenever someone is thinking about moving their leg, even if their leg does not actually move."

The team used controls to ensure that the volunteers were truly imagining movement and not actually moving.




"Whenever people move, this can introduce signal noise, and we want to make sure that the signal noise is not what we're learning to predict," Seanez said. "It's movement intention or brain activity that we want to predict, so we have people imagine that they're extending their leg and use the same algorithm that has been trained on people moving to predict whether they were imagining or not."

Seanez said this reveals two things.

"One, that it's more likely that we're decoding movement intention and not an artifact, or noise, and second, whenever we employ this on people with spinal cord injury who will not have that ability to actually move their legs for us to label the data, we could use their imagination of moving a leg to train our decoder."

Seanez said the proof-of-concept study is a first step toward developing a noninvasive brain-spine interface that uses real-time predictions to deliver transcutaneous spinal cord stimulation to reinforce voluntary movement in a single joint in rehabilitation in patients with a spinal cord injury.

Going forward, the team plans to test a generalized decoder trained on data from all participants that could determine whether a universal decoder could perform as well as a personalized one and simplify its use in clinical settings.

Funding for this research was provided by the McDonnell Center for Systems Neuroscience at Washington University in St. Louis; the National Institutes of Health (K12-HD073945, K01-NS127936; R01-EB026439; P41-EB018783); the Department of Biomedical Engineering in McKelvey Engineering at WashU; and the Department of Neurosurgery at WashU Medicine.
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Long-term survival rates of some Acute Myeloid Leukemia patients could double with sensitive bone marrow test | ScienceDaily
A highly sensitive bone marrow test could double survival rates for some groups of younger adults with Acute Myeloid Leukaemia (AML) by helping doctors identify if they might relapse up to three months earlier.


						
The patient-specific molecular test can detect low levels of leukaemia cells in the body, known as minimal residual disease (MRD), which when left untreated causes the disease to relapse.

The trial, published today in The Lancet Haematology and led by King's College London, showed for patients with mutations in the NPM1 and FLT3 genes -- which are among the most common that cause AML in younger adults -- that repeated molecular testing offered 50% better survival rates compared to usual care. Follow up clinical care usually involves regular blood tests and physical examinations.

Detecting these low levels of leukaemia cells allows doctors to restart treatment quicker, when patients are well and their blood counts are normal, rather than at a later point when they have progressed to clinical relapse, which often has to be treated as an emergency.

The trial was funded by Blood Cancer UK, Cancer Research UK, the National Institute for Health and Care Research (NIHR) and was sponsored by Cardiff University.

The trial, which is the first of its kind, monitored 637 patients between 2012 -- 2018 who were in remission from AML. Over three years patients either received the standard clinical monitoring, or additionally received regular molecular testing, with bone marrow tests every three months.

Dr Richard Dillon, senior author and Clinical Senior Lecturer in Cancer Genetics from King's College London, said: "Acute Myeloid Leukaemia is the most aggressive form of blood cancer, so knowing early that a patient's cancer is going to relapse is crucial for planning their treatment. We hope that these tests become part of routine care for this type of cancer across the UK and worldwide, and ultimately improve long-term survival rates for patients."

The researchers have been working with the NHS to roll this testing out across the UK. The researchers say that there is potential for the method to be used on many other forms of cancer.




AML is an aggressive type of cancer which causes the bone marrow to produce abnormal white blood cells, which quickly spread around the body. It affects about around 3,100 people in the UK each year, including children. Patients who are in remission from AML following chemotherapy have a significant chance of the disease reoccurring, especially within the first two years after treatment finishes.

According to statistics from Cancer Research UK, cases of AML have increased by 12% in the UK since the 1990s.

Professor Nigel Russell, Honorary Consultant at Guy's and St Thomas' NHS Foundation Trust said: "There is still so much to learn about how best to treat this fast-moving form of cancer. We hope our research offers a new approach to detecting if a patient is at risk of relapse and offers hope to patients suffering from this disease."

Jane Leahy, a 51-year-old Business Process Owner from Wimbledon, took part in the trial from 2014 to 2018 where her AML relapse was detected at an extremely early stage. The test showed she was no longer responding to chemotherapy and provided the opportunity and time to try alternative treatment to get her back into remission ahead of a stem cell transplant.

She said: "Acute Myeloid Leukaemia is a horrific disease. Being enrolled on this trial saved my life and enabled doctors to try alternative treatments. It's amazing to see great progress being made in improving treatment options for patients. I hope that being part of this research is going to help save the lives of so many others who are in a similar position to me."

Professor Marian Knight, Scientific Director for NIHR Infrastructure and Director of NIHR Programme Grants for Applied Research said "Early detection of the potential for relapse of any cancer is essential to ensure people can restart or change treatment quicker and improve their long term survival rate. AML is an aggressive form of blood cancer and research like this is vital to help deliver the Government's mission to tackle the UK's biggest killers."
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Are 'zombie' skin cells harmful or helpful? The answer may be in their shapes | ScienceDaily
Senescent skin cells, often referred to as zombie cells because they have outlived their usefulness without ever quite dying, have existed in the human body as a seeming paradox, causing inflammation and promoting diseases while also helping the immune system to heal wounds.


						
New findings may explain why: Not all senescent skin cells are the same.

Researchers from Johns Hopkins University have identified three subtypes of senescent skin cells with distinct shapes, biomarkers, and functions -- an advance that could equip scientists with the ability to target and kill the harmful types while leaving the helpful ones intact.

The findings were published today in the journal Science Advances.

"We've known that senescent skin cells are different from senescent immune cells or senescent muscle cells. But within a cell type, senescent cells are often considered the same -- in essence, skin cells are either senescent or not, for example," said Jude Phillip, an assistant professor of biomedical engineering at Johns Hopkins University. "But we're finding that when a skin cell goes into senescence, or a zombie-like state, the cell could go down one of three different paths, each leading to a slightly different subtype."

Leveraging new advances in machine learning and imaging technology, the researchers compared skin cell samples from 50 healthy donors between the ages of 20 and 90 who participated in the Baltimore Longitudinal Study, an NIH-funded project that is the longest ongoing study of aging in the United States.

Researchers extracted fibroblasts -- cells that produce the scaffolding to give tissues their structure -- associated with skin tissue and pushed them toward senescence by damaging their DNA, something that happens with aging. Because senescent cells build up naturally as people grow older, the aged samples contained a mix of healthy/nonsenescent and senescent fibroblasts.




Using specialized dyes, the researchers were able to capture images of the cells' shapes and stained elements that are known to indicate senescent cells. Algorithms developed for this study analyzed the images, measured 87 different physical characteristics for each cell, and sorted the fibroblasts into groups.

Fibroblasts come in 11 different shapes and sizes, three of which are distinct to senescent skin cells, the researchers found. Only one subtype of senescent fibroblast, which the researchers named C10, was more prevalent in older donors.

In the petri dishes, each subtype responded differently when exposed to existing drug regimens designed to target and kill zombie cells. Dasatinib + Quercetin, a drug being tested in clinical trials, for example, most effectively killed C7 senescent fibroblasts but was limited in killing the age-associated C10 senescent fibroblasts.

Though further research is needed to verify which fibroblast subtype is harmful and which is helpful, the findings show that drugs can target one subtype and not the others.

"With our new findings, we have the tools ready to develop new drugs or therapies that preferentially target the senescence subtype that drives inflammation and disease as soon as it is identified," Phillip said.

More precise targeting of senescence could benefit cancer treatments, the researchers said.




Certain therapies are being designed to trigger senescence in cancer cells, converting uncontrollably replicating cancer cells into dead-in-the-water zombie cells. While these therapies could stop tumor growth, they leave senescent cells in their wake. Conventional chemotherapies also push cells like fibroblasts toward senescence as a side effect. The buildup of senescent cells during treatment can be problematic as those cells may promote inflammation at a time when a patient's immune system is at its most vulnerable.

Patients may benefit from a drug administered after chemotherapy that can sweep up the mess, removing harmful senescent cells while leaving behind the helpful senescent cells. These types of drugs are called senotherapies.

Next, the researchers plan to look at senescence subtypes in tissue samples, not just in flasks and petri dishes, to see how those subtypes might be associated with various skin diseases and age-associated diseases.

"We hope, with some more development, our technology will be used to help predict which drugs might work well for targeting senescent cells that contribute to specific diseases," Phillip said. "Eventually, the dream is to be able to provide more information in a clinical setting to help with individual diagnoses and boost health outcomes."
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Nudges improve food choices and cut calories when shopping for groceries online | ScienceDaily
A team of Duke-NUS Medical School researchers designed and tested a new digital toolkit that helps consumers make healthier grocery choices online -- an innovation that could play a major role in the global fight against chronic diseases such as heart disease, stroke and diabetes.


						
In their study, published in the American Journal of Preventive Medicine, the researchers found that when simple but strategic digital features, such as colour-coded nutritional quality signals and a healthier alternative prompt, were added to an online grocery shopping platform, the nutritional quality of shoppers' carts improved significantly.

The team's findings verified the effectiveness of deploying front-of-package (FOP) labels -- which only marginally improve diet quality when used alone -- alongside other interventions.

In a randomised trial conducted on NUSMart, an online grocery store designed by the Duke-NUS team, study participants were randomly divided into two groups and asked to make a total of three orders over a period of three to six weeks. While those assigned to the control group used a standard version of the store, those assigned to the experimental group used a version of the store with additional digital features, including:

Signalling nutritional quality with a traffic light: FOP labels resembling traffic light signals alerted shoppers to food products' nutritional quality using three colour bands -- green (best), amber and red with an "X" mark -- for easy identification of foods to avoid.

Items were sorted into the colour bands based on their Nutri-Score (NS)[1] points, which were assigned according to energy, sugar, sodium, saturated fat, fruit/vegetable, protein, and dietary fibre levels per 100g/ml. The points were then converted into grades on a five-letter grading system, with A being the healthiest and E being the least healthy.

Sorting groceries by nutritional value: Using food products' NS points, the researchers presented the items by order of nutritional value, with the healthiest options appearing first. Items in the control version of NUSMart appeared in alphabetical order.




Showing real-time cart feedback: Participants could track the nutritional quality of their grocery carts via a pie chart that indicated the proportion of items in each colour band. They could also compare their carts with a reference cart for health grocery shopping, which the researchers had curated using past data.

Suggesting healthier options: Shoppers could also view up to four healthier alternatives with similar prices and characteristics to each selected food product and replace their chosen product with the healthier alternative at the click of a button.

With these interventions, the nutritional quality of participants' grocery carts improved from NS grade C to NS grade B, which was more significant than results from previous studies involving standalone FOP labels. The interventions also reduced the amount of calories (12.86 kcal), total fat (1.21g), saturated fat (0.85g), sugar (0.82g) and sodium (156.64mg) purchased.

Notably, the researchers found that shopping with the four digital features led to healthier food choices across all three orders.

Assistant Professor Soye Shin from Duke-NUS' Health Services and Systems Research Programme, the study's first author, said of the findings: "As online grocery shopping is rapidly gaining ground, we wanted to see if we could design low cost, scalable online tools that could be used to nudge consumers toward healthier choices at the point of purchase. These results show the potential of these tools to improve diet and health outcomes."

These findings underscore the advantages of introducing diet quality labels, such as Singapore's Nutri-Grade labelling initiative, which currently only includes beverages but is planned to expand to other food categories.




Senior author Professor Eric Finkelstein, from Duke-NUS' Health Services and Systems Research Programme, said: "These results are encouraging but the next step is to work with retailers to incorporate these features into existing online stores. Only then will the full value of this approach be realised."

Next, the researchers will expand the study to include consumers of low socio-economic status and little nutritional knowledge. They will also investigate if the multi-pronged intervention strategy has the potential to positively impact consumers' health in the long term.

Professor Patrick Tan, Senior Vice-Dean for Research at Duke-NUS, commented on the study's impact: "This study reflects how smart, evidence-based interventions -- when applied at the right moment -- can empower people to make better everyday choices for their health. It also shows how research can lead to practical tools that improve not just individual choices, but population health outcomes."

Duke-NUS is at the forefront of biomedical research and translational innovations. This new study is part of the School's ongoing efforts to improve global health through systems research and scientific breakthroughs.
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AI model for thyroid cancer diagnosis, with over 90% accuracy and reduced consultation preparation time | ScienceDaily
An interdisciplinary research team from the LKS Faculty of Medicine of the University of Hong Kong (HKUMed), the InnoHK Laboratory of Data Discovery for Health (InnoHK D24H), and the London School of Hygiene & Tropical Medicine (LSHTM) has unveiled the world's first artificial intelligence (AI) model designed to classify both the cancer stage and risk category of thyroid cancer, achieving impressive accuracy exceeding 90%. This innovative HKUMed AI model promises to significantly cut frontline clinicians' pre-consultation preparation time by approximately 50%, aligning with the HKSAR Government's initiative to harness AI technology in healthcare. The findings were published in the journal npj Digital Medicine.


						
Thyroid cancer is among the most prevalent cancers in Hong Kong and globally. Precision management of the disease often rely on two systems: (1) the 8th edition of the American Joint Committee on Cancer (AJCC) or Tumour-Node-Metastasis (TNM) cancer staging system to determine the cancer stage; and (2) the American Thyroid Association (ATA) risk classification system to categorise cancer risk. These systems are crucial for predicting patient survival and guiding treatment decisions. However, the manual integration of complex clinical information into these systems can be time-consuming and lack efficiency.

The research team developed an AI assistant that leverages large language models (LLMs), like ChatGPT and DeepSeek, which are designed to understand and process human language, to analyse clinical documents and enhance the accuracy and efficiency of thyroid cancer staging and risk classification.

The model leverages four offline open-source LLMs -- Mistral (Mistral AI), Llama (Meta), Gemma (Google), and Qwen (Alibaba) -- to analyse free-text clinical documents. The AI model was trained with a United States based open-access data with pathology reports of 50 thyroid cancer patients from The Cancer Genome Atlas Programme (TCGA), with subsequent validation against pathology reports from 289 TCGA patients and 35 pseudo cases created by endocrine surgeons.

By combining the output of all four LLMs, the team improved the overall performance of the AI model, achieving overall accuracy of 88.5% to 100% in ATA risk classification and 92.9% to 98.1% in AJCC cancer staging. Compared to traditional manual document reviews, this advancement is expected to halve the time clinicians spend on pre-consultation preparation.

Professor Joseph T Wu, Sir Kotewall Professor in Public Health and Managing Director of InnoHK D24H at HKUMed, emphasised the model's remarkable performance. 'Our model achieves more than 90% accuracy in classifying AJCC cancer stages and ATA risk category', he said. 'A significant advantage of this model is its offline capability, which would allow local deployment without the need to share or upload sensitive patient information, thereby providing maximum patient privacy.'

'In view of the recent debut of DeepSeek, we conducted further comparative tests with a "zero-shot approach" against the latest versions of DeepSeek -- R1 and V3 -- as well as GPT-4o. We were pleased to find that our model performed on par with these powerful online LLMs,' added Professor Wu.




Dr Matrix Fung Man-him, Clinical Assistant Professor and Chief of Endocrine Surgery, Department of Surgery, School of Clinical Medicine, HKUMed, stated, 'In addition to providing high accuracy in extracting and analysing information from complex pathology reports, operation records and clinical notes, our AI model also dramatically reduces doctors' preparation time by almost half compared to human interpretation. It could simultaneously provide cancer staging and clinical risk stratification based on two internationally recognised clinical systems.'

'The AI model is versatile and could be readily integrated into various settings in the public and private sectors, and both local and international healthcare and research institutes,' said Dr Fung. 'We are optimistic that the real-world implementation of this AI model could enhance the efficiency of frontline clinicians and improve the quality of care. In addition, doctors will have more time to counsel with their patients.'

'In line with government's strong advocacy of AI adoption in healthcare, as exemplified by the recent launch of LLM-based medical report writing system in the Hospital Authority, our next step is to evaluate the performance of this AI assistant with a large amount of real-world patient data. Once validated, the AI model can be readily deployed in real clinical settings and hospitals to help clinicians improve operational and treatment efficiency,' explained Dr Carlos Wong, Honorary Associate Professor in the Department of Family Medicine and Primary Care, School of Clinical Medicine, HKUMed.

The study was led by Professor Joseph Wu Tsz-kei, Sir Robert Kotewall Professor in Public Health in the School of Public Health, and Managing Director & Lead Scientist of InnoHK D24H; Dr Matrix Fung Man-him, Clinical Assistant Professor and Chief of Endocrine Surgery in the Department of Surgery, School of Clinical Medicine; and Dr Carlos Wong King-ho, Honorary Associate Professor in the Department of Family Medicine and Primary Care, School of Clinical Medicine, and Senior Research Director in InnoHK D24H; all under HKUMed. The first authors were Dr Eric Tang Ho-man and Dr Tingting Wu from InnoHK D24H. 
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Single-dose baloxavir reduces household influenza transmission | ScienceDaily

The phase 3b, double-blind, randomised, placebo-controlled trial enrolled 1,457 influenza-positive index patients and 2,681 household contacts across 15 countries from 2019 to 2024. The index patients, aged 5 to 64, were assigned to receive either baloxavir or a placebo within 48 hours of symptom onset. The primary endpoint was laboratory-confirmed influenza transmission to household contacts by day 5.

Key Findings:
    	Treatment with baloxavir reduced the odds of untreated household members contracting the virus by 32%.
    	Transmission resulting in symptomatic influenza was lower with baloxavir (5.8% vs. 7.6%), though the difference was not statistically significant (P=0.16).
    	Baloxavir led to a faster reduction in viral titers, with a mean reduction of 2.22 log10 TCID50/mL by day 3 compared to 1.85 log10 TCID50/mL for placebo.
    	Drug-resistant viruses emerged in 7.2% of baloxavir-treated index patients but were not detected in household contacts, suggesting limited transmission risk.
    	No new safety concerns were identified, with adverse events reported in 4.6% of baloxavir-treated patients compared to 7.0% in the placebo group.

'These results highlight baloxavir's potential not only to treat influenza but also to reduce its spread within communities,' said Professor Benjamin Cowling, co-author of the study and Helen and Francis Zimmern Professor in Population Health, Chair Professor of Epidemiology, and Head of the Division of Epidemiology and Biostatistics, School of Public Health, HKUMed. 'This dual effect could transform how we manage seasonal influenza and prepare for future pandemics.'

The study underscores the complementary role of antiviral drugs alongside vaccination, particularly in unvaccinated populations or during pandemics when vaccines may not be immediately available.
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Cancer research reveals how chemo impact cells at the molecular level | ScienceDaily
Proteins play a central role in virtually every disease.


						
They are the building blocks of life, serving as essential components in nearly all cellular processes. They facilitate communication between cells and ensure that biological systems function properly.

Put simply, life wouldn't exist without proteins. That's why researchers around the world are dedicated to understanding them.

Now, a new study from the University of Copenhagen highlights how protein research could revolutionize multiple areas within biology and medicine. The study, published in the journal Cell, was led by scientists at the University of Copenhagen's Novo Nordisk Foundation Center for Protein Research.

"We hope our findings will help explore how drugs influence protein turnover and contribute to the development of better medicines. Our research could also reveal how protein stability changes with age and how we might promote healthy aging," says Professor Jesper Velgaard Olsen.

"In short, we have developed a cutting-edge technology that allows us to analyse and quantify proteins in individual cells with unprecedented depth. We can now identify exactly which proteins are present and in what quantities."

With this new approach, researchers can measure how individual cells produce and break down proteins -- a process known as 'protein turnover'. The technique, called SC-pSILAC, enables scientists to track both the abundance of proteins and the rate at which they are turned over in single cells. These insights could have significant implications for cancer research, drug development, and personalized medicine.




Mapping the impact of cancer treatments

Despite their fundamental importance, there is still much we don't know about proteins -- including how many exist in a human cell.

SC-pSILAC is a breakthrough since it can distinguish between dividing and non-dividing cells. A prime example is cancer cells, which divide rapidly and are typically targeted by chemotherapy.

However, some cancer cells do not divide, allowing them to evade chemotherapy. The new method helps identify these treatment-resistant cells, leading to better therapies.

"We can now observe that non-dividing cells remain metabolically active and continue to affect their surroundings -- something previous methods couldn't detect," explains Olsen.

The researchers have also used this technique to examine how specific drugs impact protein turnover in individual cells, including the cancer medication bortezomib. Their findings uncovered specific proteins and previously unknown biological processes influenced by the treatment.

"This method represents a significant leap in protein research," Olsen states.

"In my field, we have worked for years to analyze proteins within cells. Only recently has technological progress enabled us to do so at the single-cell level."

Thanks to this innovation, scientists now have a far more detailed understanding of how proteins operate at the molecular level. The hope is that this knowledge will drive advancements in disease diagnostics and treatment strategies.
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Young adults and rise in dry eye disease | ScienceDaily
Researchers at Aston University have called for more advice to be given to young people about preventing dry eye disease, after a study carried out in conjunction with Oslo University Hospital and Sorlandet Hospital Trust in Norway found that 90% of participants had at least one sign of the condition in their eyes.


						
Dry eye disease occurs when the eyes do not make enough tears, or make poor-quality tears without sufficient lipid or mucus levels which leads to poor tear film stability and rapid evaporation. Sufferers may have gritty feeling eyes, itching or stinging in the eyes, red eyes, sensitivity to light and blurry vision. There are several risk factors for dry eye disease, including stress and wearing contact lenses. It is also more prevalent in females. In the 18-25 age group, a major risk factor is screen use.

The research, following 50 18-25-year-olds over time, was led by Dr Rachel Casemore at Aston University School of Optometry and is the first of its kind. The researchers looked for symptoms of dry eye disease in the participants, studied lifestyle factors, and followed up with participants one year on to find out if there had been any progression of the condition.

The initial study showed that 56% of participants had dry eye disease, while 90% had at least one symptom of the condition. Around half of the participants in the study had lost at least 25% of a type of gland in the eye called the meibomian gland. These glands produce the outer lipid layer of the eye's tear film, which is responsible for preventing evaporation of tears, and therefore keeps the tear film stable and the eye moist. One year on, the researchers found that there had been significant progression of dry eye disease in the study participants.

Additionally, the researchers found correlation found between how long the study group used screens and signs of dryness on the eye surface. The average screen use of participants was eight hours per day.

The researchers concluded that the evidence of dry eye disease symptoms and progression in the young adults in their study shows the need for early detection of potential signs, and the identification of those who may go on to develop dry eye disease. These individuals can then be advised on managing the condition before progression.

The progression and development of dry eye disease can be slowed by various methods. Dr Casemore says that the simplest ways are to take regular screen breaks, to carry out blink exercises to ensure the release of oils from the meibomian glands and to keep hydrated. A healthy, balanced diet, including sources of omega-3 fatty acids, such as oily fish, is also important, as is regular sleep patterns.




Dr Casemore suggests that those with irregular sleep patterns, such as those caused by sleep disorders or anxiety, should seek advice. People who wear contact lenses need to ensure they get regular check-ups to ensure optimum fitting, and that they adhere to their replacement schedule, wearing time schedule, cleaning regimes and safety advice, such as no sleeping, showering or swimming in contact lenses.

Dr Casemore said:

"It is concerning to note the increasing prevalence of dry eye disease signs and symptoms in young adults, which has been referred to as a 'lifestyle epidemic' by some researchers. Eye care practitioners are well placed to identify the clinical indicators of dry eye disease and counsel young adults around modifiable risk factors, such as screen use habits, sleeping habits, contact lens use, diet, blinking patterns, and management of stress levels.

"Our future research aims to continue investigation of the potential tear and meibomian gland oil biomarkers which were identified during the study and further explore the effect of diet on dry eye disease development."
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Global survey highlights the challenges of VR-haptic technology in dental education | ScienceDaily
A recent global survey of 156 institutions reveals strong interest in VR-haptic technology for dental training, yet significant barriers impede widespread adoption. The study was led by the University of Eastern Finland and published in Frontiers in Dental Medicine.


						
Combining virtual reality with force feedback, VR-haptic technology is becoming more and more common in dental education where it complements traditional preclinical hand skill training methods. The aim of the present study was to understand dental educators' perceptions and needs regarding the acceptability and application of VR-haptics in dental education, as well as to gather suggestions for system improvements.

Over a third of 387 respondents (35%) cited technical limitations in current systems, such as insufficient haptic precision and restricted procedural options, which undermine skill transfer to real patient care. Financial constraints were another major hurdle, with 28% of institutions struggling to afford devices, leading to shortages and limited student access.

Resistance to change also persists: 24% noted low acceptance among educators and students, driven by disruptions to traditional teaching methods. Additionally, 13% highlighted time-intensive curriculum adaptations and training requirements as critical obstacles.

To address these challenges, the authors recommend further hardware and software development, seeking cost-reduction innovations, and providing targeted faculty training to demonstrate VR-haptics' educational benefits. They point out that future success hinges on multidisciplinary collaboration -- particularly among restorative dentistry, prosthodontics, and endodontics -- to develop realistic, discipline-specific training scenarios.
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New cell therapy shows promising results in advanced tumor diseases | ScienceDaily
In recent years, cell therapies have developed alongside chemotherapy and immunotherapy to become a new pillar in the treatment of patients with blood and lymph gland cancer. In solid tumors, such as skin, lung, or bone and soft tissue cancer (sarcomas), they have not yet proven themselves as a treatment method. Tumor shrinkage was achieved only in rare cases, but the side effects were all the more severe. An international research group led by scientists from the National Center for Tumor Diseases (NCT/UCC) in Dresden has now succeeded for the first time in a phase 1 clinical trial in testing a novel cell therapy approach that also shows promise for solid tumors. The results were now published in the journal Nature Medicine.


						
In a phase 1 trial involving 40 patients, the research group investigated the use of T cell receptor (TCR)-engineered T cells. Using genetic engineering techniques, the researchers incorporated a kind of target identification into the T cells to enable them to recognize tumor-specific proteins. The newly tested IMA203 therapy targets the PRAME peptide, which is produced almost exclusively by tumors and not by healthy tissue. This enables the T cells to attack tumor cells in a targeted manner without damaging normal cells. PRAME is produced by many tumors, such as melanoma, ovarian cancer, sarcomas, and lung cancer.

A good half of the people treated who had not responded to standard therapies previously responded to the therapy. The majority of them even responded over a period of eight months or several years. Compared to chemotherapy, which usually lasts three to six months, this is a significant advancement in treatment. The cell therapy was also well tolerated. Side effects such as fever or skin rash were mostly mild to moderate and only temporary.

"Based on these results, we can speak of a breakthrough," says Prof. Martin Wermke, head and first author of the trail: "For the first time, we have achieved a lasting response in truly common solid tumors. The efficacy of IMA203 goes far beyond what we can achieve with our current chemotherapy and immunotherapy treatments. Not only do we have significantly more patients responding to treatment, but the effect is also lasting much longer. We now have patients who have not had a relapse of their tumor disease more than two years after receiving IMA203. Some of these patients may even have been permanently cured of their cancer."

In a next step, IMA203 could be used in a larger trial in patients with melanoma who have not responded to conventional immune and targeted therapies. The NCT/UCC Dresden is testing other cell therapies for other types of skin cancer and lung cancer.
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An earth-abundant mineral for sustainable spintronics | ScienceDaily
In 2023, EPFL researchers succeeded in sending and storing data using charge-free magnetic waves called spin waves, rather than traditional electron flows. The team from the Lab of Nanoscale Magnetic Materials and Magnonics, led by Dirk Grundler, in the School of Engineering used radiofrequency signals to excite spin waves enough to reverse the magnetization state of tiny nanomagnets. When switched from 0 to 1, for example, this allows the nanomagnets to store digital information; a process used in computer memory, and more broadly in information and communication technologies.


						
This work was a big step toward sustainable computing, because encoding data via spin waves (whose quasiparticles are called magnons) could eliminate the energy loss, or Joule heating, associated with electron-based devices. But at the time, the spin wave signals could not be used to reset the magnetic bits to overwrite existing data.

Now Grundler's lab, in collaboration with colleagues at Beihang University in China, has published research in Nature Physics that could make such repeated encoding possible. Specifically, they report unprecedented magnetic behavior in hematite: an iron oxide compound that is earth-abundant and much more environmentally friendly than materials currently used in spintronics.

Grundler explains: "This work demonstrates that hematite is not just a sustainable replacement for established materials like yttrium iron garnet. It exhibits entirely new spin physics that can be harvested for signal processing at ultrahigh frequencies, which is essential for the development of ultrafast spintronic devices, and their applications in next-generation information and communication technology."

Two magnon modes are better than one

The discovery came unexpectedly when EPFL alumnus Haiming Yu, now a professor at the Fert Beijing Institute in the MIIT Key Laboratory of Spintronics at Beihang University, detected some strange electrical signals coming from a nanostructured platinum stripe on hematite. The signals, measured by researcher Lutong Sheng of the same group, were unlike anything observed on conventional magnetic materials, so Yu's team sent their device to Grundler's lab for analysis.

While examining the magnon signals in the sample, Grundler spotted a 'wiggle' in their spatial distribution. "This sharp observation eventually led to the discovery of an interference pattern, which was the critical turning point of this research," Yu says. Indeed, using light scattering microscopy, EPFL PhD student Anna Duvakina determined that the strange electrical signals in the hematite sample were related to patterns of interference between two separate spin wave excitations called magnon modes.

Other magnetic materials like yttrium iron garnet only yield one magnon mode, but having two magnon modes is crucial: it means that spin currents generated from magnons could be made to switch back and forth between opposing polarizations on the same device, which could in turn switch the magnetization state of a nanomagnet in either direction. In theory, this could finally allow repeated encoding and storage of digital data. Next, the researchers hope to test this idea by mounting a nanomagnet onto the hematite device.

"Hematite has been known to man for thousands of years but its magnetism has been too weak for standard applications. Now, it turns out that it outperforms a material that was optimized for microwave electronics in the 1950s," Grundler says. "This is the beauty of science: you can take this old, earth-abundant material and find this very timely application for it, which could allow us to have a more efficient and sustainable approach to spintronics."
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New way to prevent duodenal cancer | ScienceDaily
People with the hereditary disease familial adenomatous polyposis (FAP) have a greatly increased risk of developing a malignant tumor of the duodenum. Researchers at the University Hospital Bonn (UKB) and the Cluster of Excellence ImmunoSensation2 at the University of Bonn have now discovered a mechanism in the local immune system that can drive the development of cancer. They see this as a promising new approach to preventing duodenal carcinoma in people with FAP. The results have now been published in the journal Nature Communications.


						
Familial adenomatous polyposis (FAP) is a hereditary disease which, in addition to a high risk of bowel cancer, also a greatly increased risk of duodenal cancer. At present, the only treatment available is close endoscopic monitoring with removal of the precursors, known as polyps, although this is also associated with an increased risk. "But there are no specific preventive therapies," says co-lead author Dr. Benjamin Kramer, Scientific Head of the Laboratory for Congenital Cellular Immunology at the UKB. "Since the severity of the disease varies greatly even among carriers of the same gene mutation, the search is on for other factors that influence the development of the disease -- and the local immune system is becoming the focus of attention."

Neurotransmitter causes damage to the genetic material

The Bonn researchers have now discovered that certain cells of the innate immune system, known as type 3 innate lymphoid cells (ILC3), are present in significantly higher numbers in the duodenum of FAP patients. "We found an increased number of these cells in the mucosa, particularly in the vicinity of polyps and cancerous areas," says co-lead author Dr. Robert Huneburg, senior physician at the Medical Clinic I and the National Center for Hereditary Tumor Diseases at the UKB.

The Bonn research findings provide clues as to how these immune cells could contribute to the development of cancer: they produce a Neurotransmitter called interleukin-17A (IL-17A). "This messenger appears to stimulate intestinal cells to produce more harmful molecules known as reactive oxygen species, or ROS for short. High concentrations of these ROS can damage the genetic material in the cells," says first author Dr. Kim Melanie Kaiser, who until recently conducted research as a doctoral student in the ImmunoSensation2 Cluster of Excellence at the University of Bonn. Such damage to DNA, the carrier of genetic information, is a known factor that can drive the development of cancer.

"Our findings suggest that the increased number of interleukin-17A-producing ILC3 in the duodenum creates a local environment that favors the development of cancer in FAP patients," says co-lead author Prof. Dr. Jacob Nattermann from the Laboratory for Innate Cellular Immunity, Deputy Director of Medical Clinic I and Senior Physician at the National Center for Hereditary Tumor Diseases at the UKB. He is also a member of the Cluster of Excellence ImmunoSensation2 and the Transdisciplinary Research Area (TRA) "Life & Health" at the University of Bonn. "Targeting these immune cells or, in particular, blocking the messenger substance IL-17A directly in the duodenum could therefore represent a promising new approach to preventing duodenal cancer in people with FAP and offer an urgently needed therapeutic option in addition to pure endoscopic monitoring."
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Structure dictates effectiveness, safety in nanomedicine | ScienceDaily
Historically, the vast majority of pharmaceutical drugs have been meticulously designed down to the atomic level. The specific location of each atom within the drug molecule is a critical factor in determining how well it works and how safe it is. In ibuprofen, for example, one molecule is effective as a pain reliever, but the mirror image of that same molecule is completely inactive.


						
Now, Northwestern University and Mass General Brigham scientists argue that this precise structural control, which is applied to traditional medicines, should be harnessed to usher in a new class of potent nanomedicines that can treat some of the world's most debilitating diseases. With current nanomedicines like the mRNA vaccines, no two particles are the same. To ensure that all nanomedicines in the same batch are consistent -- and the most potent versions -- scientists are devising new strategies to precisely tailor their structures.

With this level of control, scientists can fine-tune how nanomedicines interact with the human body. These new designs are leading to potent vaccines or even cures for cancers, infectious diseases, neurodegenerative diseases and autoimmune disorders.

The perspective will be published on April 25 (Friday) in the journal Nature Reviews Bioengineering.

"Historically, most drugs have been small molecules," said Northwestern's Chad A. Mirkin, who coauthored the paper. "In the small molecule era, it was critical to control the placement of every atom and every bond within a particular structure. If one element was out of place, it might render the whole drug ineffective. Now, we need to bring that tight control to nanomedicine. Structural nanomedicine represents a massive shift in how we can approach therapeutic development. By focusing on the intricate details in our therapeutics and how different medicinal components are displayed within a larger structure, we can design interventions that are more effective, more targeted and, ultimately, more beneficial for patients."

A pioneer in nanomedicine, Mirkin is the George B. Rathmann Professor of Chemistry, Chemical and Biological Engineering, Biomedical Engineering, Materials Science and Engineering, and Medicine at Northwestern, where he has appointments in the Weinberg College of Arts and Sciences, McCormick School of Engineering and Feinberg School of Medicine. He also is founding director of the International Institute for Nanotechnology (IIN). Mirkin coauthored the perspective with Milan Mrksich, the Henry Wade Rogers Professor of Biomedical Engineering at McCormick, professor of chemistry at Weinberg and professor of cell and developmental biology at Feinberg; and Natalie Artzi, the head of structural nanomedicine at the Gene and Cell Therapy Institute at Mass General Brigham, an associate professor of medicine at Harvard Medical School and a core faculty member at the Wyss Institute for Biologically Inspired Engineering at Harvard University.

Problems with 'the blender approach' to vaccine design

In conventional approaches to vaccine design, researchers have mostly relied on mixing key components together. Typical cancer immunotherapies, for example, consist of a molecule or molecules from tumor cells (called antigens) paired with a molecule (called an adjuvant) that stimulates the immune system. Physicians mix the antigen and adjuvant together into a cocktail and then inject the mixture into the patient.




Mirkin calls this the "blender approach" -- in which the components are completely unstructured. In stark contrast, structural nanomedicines can be used to organize antigens and adjuvants. When structured at the nanoscale, those same medicinal components exhibit enhanced efficacy and decreased side effects compared to unstructured versions. However, unlike small molecule drugs, these nanomedicines are still imprecise at the molecular level.

"No two drugs in a batch are the same," Mirkin said. "Nanoscale vaccines have different numbers of lipids, different presentations of lipids, different amounts of RNA and different sizes of particles. There are an infinite number of variables in nanomedicine formulations. That inconsistency leads to uncertainty. There's no way to know if you have the most effective and safest construct among the vast number of possibilities.

Moving from co-assembly to molecular precision

To address this problem, Mirkin, Mrksich and Artzi advocate for a shift toward even more precise structural nanomedicines. In this approach, researchers build nanomedicines from chemically well-defined core structures that can be precisely engineered with multiple therapeutic components in a controlled spatial arrangement. By controlling design at the atomic level, researchers can unlock unprecedented capabilities, including the integration of multiple functionalities into one drug, optimized target engagement and triggered drug release in specific cells.

In the paper, the authors cite three examples of trailblazing structural nanomedicines: spherical nucleic acids (SNAs), chemoflares and megamolecules. Invented by Mirkin, SNAs are a globular form of DNA that can easily enter cells and bind to targets. More effective than linear DNA of the same sequence, SNAs have demonstrated significant potential in gene regulation, gene editing, drug delivery and vaccine development -- even in certain cases curing deadly forms of skin cancer in a clinical setting.

"We have proven that the overall structural presentation of an SNA-based vaccine or therapeutic -- not simply the active chemical components -- dramatically affects its potency," Mirkin said. "This finding could lead to treatments for many different types of cancer. In certain cases, we've used this to cure patients who could not be treated with any other known therapy."

Pioneered by Artzi and Mirkin, chemoflares are smart nanostructures that release chemotherapeutic drugs in response to disease-related cues in cancer cells. And megamolecules, invented by Mrksich, are precisely assembled protein structures that mimic antibodies. Researchers can engineer all these types of structural nanomedicines to carry multiple therapeutic agents or diagnostic tools.




"By harnessing disease-specific tissue and cellular cues, next-generation nanomedicines can achieve highly localized and timely drug release -- transforming how and where therapies act within the body," Artzi said. "This level of precision is especially critical for combination treatments, where coordinated delivery of multiple agents can dramatically enhance therapeutic efficacy while reducing systemic toxicity and minimizing off-target effects. Such smart, responsive systems represent a crucial step forward in overcoming the limitations of conventional drug delivery."

Harnessing AI in design

Going forward, researchers will need to address current challenges in scalability, reproducibility, delivery and multiple therapeutic agent integration, the authors say. The authors also highlight the increasingly important role of emerging technologies like machine learning and artificial intelligence (AI) in optimizing design and delivery parameters.

"When looking at structure, there are sometimes tens of thousands of possibilities for how to arrange components on nanomedicines," Mirkin said. "With AI, we can narrow down giant sets of unexplored structures to a handful to synthesize and test in the lab. By controlling structure, we can create the most potent medicines with the lowest chance of side effects. We can restructure medicinal components like nucleic acids to create entities that have properties that go so far beyond what we have ever seen with standard DNA and RNA. This is just the beginning, and we're excited to see what's next. We are poised to usher in an entire new era of structural medicine, with Northwestern taking the lead."

The paper, "The emerging era of structural nanomedicine," was supported by the National Cancer Institute (award numbers R01CA257926 and R01CA275430), the National Institute of Diabetes and Digestive and Kidney Diseases (award number U54DK137516), Edgar H. Bachrach through the Bachrach Family Foundation, the CZ Biohub, the Defense Threat Reduction Agency (award number HDTRA1-21-1-0038)and The Lefkofsky Family Foundation.
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New body-fluid biomarker for Parkinson's disease discovered | ScienceDaily
Parkinson's disease is a neurodegenerative disorder that is usually diagnosed in its late stage on the basis of clinical symptoms, mainly motor disorders. By this point, however, the brain is already severely and irreparably damaged. Moreover, diagnosis is difficult and often incorrect because the disease takes many forms and symptoms overlap with other disorders. Researchers from the PRODI Center for Protein Diagnostics at Ruhr University Bochum, Germany, and the biotech company betaSENSE have now discovered a biomarker in the spinal fluid that facilitates a reliable diagnosis at an early stage and can shed light on the progression of the disease and the effect of a therapy. They report their findings in the journal EMBO Molecular Medicine from April 25, 2025.


						
Parkinson's disease -- an unstoppable condition

Parkinson's disease is characterized by the loss of dopaminergic nerve cells in the brain, which usually leads to increasing motor impairments as the symptoms progress. Dopamine supplements can compensate for the loss and temporarily alleviate the symptoms. The misfolding of the key protein alpha-synuclein (aSyn) from a-helical structures to b-sheet-rich structures plays a crucial role in the development of Parkinson's disease. "These misfoldings make the protein sticky, leading to the formation of larger complexes, so-called oligomers. The oligomers then produce long fibrillar filaments and cause the aggregation of these filaments into macroscopically large Lewy bodies in the brain," explains Professor Klaus Gerwert, founding and managing director at PRODI and CEO of betaSENSE.

Advanced platform technology

In two independent clinical cohorts with a total of 134 participants, the Bochum-based researchers showed that, with a sensitivity and specificity of well over 90 percent, this misfolding of aSyn in body-fluids is a viable biomarker for the diagnosis of Parkinson's disease. The research was conducted using cerebrospinal fluid samples from patients at the Parkinson's centers in Bochum (St. Josef Hospital, Professor Lars Tonges, Professor Ralf Gold) and Kassel (Paracelsus-Elena-Klinik, Dr. Sandrina Weber, Professor Brit Mollenhauer). The measurements were carried out using the patented iRS (immuno-infrared sensor) technology from betaSENSE GmbH.

betaSENSE has already successfully implemented the iRS technology for diagnosing Alzheimer's disease. In this case, it was shown that the misfolding of the biomarker Ab can indicate the risk of Alzheimer's dementia at a later stage with high accuracy up to 17 years before clinical diagnosis. "We have now transferred this approach to Parkinson's for the misfolding of aSyn," stresses Klaus Gerwert.

Development of Parkinson's drugs

In addition to diagnostic applications, the technology can also help to develop new active substances and prove their efficacy in clinical trials.
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AI helps unravel a cause of Alzheimer's disease and identify a therapeutic candidate | ScienceDaily
A new study found that a gene recently recognized as a biomarker for Alzheimer's disease is actually a cause of it, due to its previously unknown secondary function. Researchers at the University of California San Diego used artificial intelligence to help both unravel this mystery of Alzheimer's disease and discover a potential treatment that obstructs the gene's moonlighting role.


						
The research team published their results on April 23 in the journal Cell.

About one in nine people aged 65 and older has Alzheimer's disease, the most common cause of dementia. While some particular genes, when mutated, can lead to Alzheimer's, that connection only accounts for a small percentage of all Alzheimer's patients. The vast majority of patients do not have a mutation in a known disease-causing gene; instead, they have "spontaneous" Alzheimer's, and the causes for that are unclear.

Discovering those causes could ultimately improve medical care.

"Unfortunately, treatment options for Alzheimer's disease are very limited. And treatment responses are not outstanding at this moment," said study senior author Sheng Zhong, a professor in the Shu Chien-Gene Lay Department of Bioengineering at the UC San Diego Jacobs School of Engineering.

So Zhong and his team took a closer look at phosphoglycerate dehydrogenase (PHGDH), which they had previously discovered as a potential blood biomarker for early detection of Alzheimer's disease. In a follow-up study, they later found that expression levels of the PHGDH gene directly correlated with changes in the brain in Alzheimer's disease; in other words, the higher the levels of protein and RNA produced by the PHGDH gene, the more advanced the disease. That correlation has since been verified in multiple cohorts from different medical centers, according to Zhong.

Intrigued by this reproducible correlation, the research team decided to investigate in this latest study whether there was a causal effect. Using mice and human brain organoids, the researchers found that altering the amounts of PHGDH expression had consequential effects on Alzheimer's disease: lower levels corresponded to less disease progression, whereas increasing the levels led to more disease advancement. Thus, the researchers established that PHGDH is indeed a causal gene to spontaneous Alzheimer's disease.




In further support of that finding, the researchers determined -- with the help of AI -- that PHGDH plays a previously undiscovered role: it triggers a pathway that disrupts how cells in the brain turn genes on and off. And such a disturbance can cause issues, like the development of Alzheimer's disease.

Moonlighting role

PHGDH creates an enzyme key for the production of serine, an essential amino acid and a neurotransmitter. Because PHGDH's enzymatic activity was its only known role, the researchers hypothesized that its metabolic function must be connected to an Alzheimer's outcome. However, all their experiments designed to prove so failed.

"At that time, our study hit a wall, and we didn't have a clue of what mechanism it is," said Zhong.

But another Alzheimer's project in his lab, which did not focus on PHGDH, changed all this. A year ago, that project revealed a hallmark of Alzheimer's disease: a widespread imbalance in the brain in the process where cells control which genes are turned on and off to carry out their specific roles.

The researchers were curious if PHGDH had an unknown regulatory role in that process, and they turned to modern AI for help.




With AI, they could visualize the three-dimensional structure of the PHGDH protein. Within that structure, they discovered that the protein has a substructure that is very similar to a known DNA-binding domain in a class of known transcription factors. The similarity is solely in the structure and not in the protein sequence.

Zhong said, "It really demanded modern AI to formulate the three-dimensional structure very precisely to make this discovery."

After discovering the substructure, the team then demonstrated that with it, the protein can activate two critical target genes. That throws off the delicate balance, leading to several problems and eventually the early stages of Alzheimer's disease. In other words, PHGDH has a previously unknown role, independent of its enzymatic function, that through a novel pathway leads to spontaneous Alzheimer's disease.

That ties back to the team's earlier studies: the PHGDH gene produced more proteins in the brains of Alzheimer's patients compared to the control brains, and those increased amounts of the protein in the brain triggered the imbalance. While everyone has the PHGDH gene, the difference comes down to the expression level of the gene, or how many proteins are made by it.

Treatment option

Now that the researchers uncovered the mechanism, they wanted to figure out how to intervene and thus possibly identify a therapeutic candidate, which could help target the disease.

While many current treatments focus on treating the abnormal buildup of the sticky protein called beta-amyloid in the brain, some studies suggest that treating those plaques may be ineffective: essentially by that stage of accumulation, treatment is too late. But the critical pathway discovered in this study is upstream, so preventing this pathway can reduce amyloid plaque formation in the first place.

Given that PHGDH is such an important enzyme, there are past studies on its possible inhibitors. One small molecule, known as NCT-503, stood out to the researchers because it is not quite effective at impeding PHGDH's enzymatic activity (the production of serine), which they did not want to change. NCT-503 is also able to penetrate the blood-brain-barrier, which is a desirable characteristic.

They turned to AI again for three-dimensional visualization and modeling. They found that NCT-503 can access that DNA-binding substructure of PHGDH, thanks to a binding pocket. With more testing, they saw that NCT-503 does indeed inhibit PHGDH's regulatory role.

When the researchers tested NCT-503 in two mouse models of Alzheimer's disease, they saw that it significantly alleviated Alzheimer's progression. The treated mice demonstrated substantial improvement in their memory and anxiety tests. These tests were chosen because Alzheimer's patients suffer from cognitive decline and increased anxiety.

The researchers do acknowledge limitations of their study. One being that there is no perfect animal model for spontaneous Alzheimer's disease. They could test NCT-503 only in the mouse models that are available, which are those with mutations in those known disease-causing genes.

Still, the results are promising, according to Zhong.

"Now there is a therapeutic candidate with demonstrated efficacy that has the potential of being further developed into clinical tests," said Zhong. "There may be entirely new classes of small molecules that can potentially be leveraged for development into future therapeutics."

An advantage of small molecules is that they could even be administered orally, he added, unlike the current treatments that require infusions.

The next steps will be to optimize the compound and subject it to FDA IND-enabling studies.
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Chimpanzee stem cells offer new insights into early embryonic development | ScienceDaily
Chimpanzee naive pluripotent stem cells (PSCs) can now be grown in cellular cultures, reveals a recent study. They successfully created chimpanzee early embryo models, called 'blastoids,' and found that the inhibition of a specific regulatory gene is essential for chimpanzee PSC self-renewal. They also developed a feeder-free culture system, eliminating the need for mouse-derived feeder cells as support. These findings provide valuable insights into primate embryology and could advance stem cell research and regenerative medicine.


						
Understanding how cells differentiate during early embryonic development is crucial for advancing regenerative medicine and developmental biology. Pluripotent stem cells (PSCs) have been invaluable tools in this field, as they can transform into various cell types in the body and play key roles during early embryonic development. Unfortunately, research on this topic in humans and other primates has long been hampered by ethical constraints and technical limitations.

Of particular interest are naive-type PSCs, which represent an earlier developmental state than conventional (or 'primed') PSCs and possess enhanced differentiation potential. While human naive PSCs can differentiate into both embryonic and extra-embryonic tissues as the placenta and yolk sac, mouse naive PSCs lack this ability. This raises questions about whether this expanded potential is unique to humans or shared among other primates.

In a groundbreaking study published online in Cell Stem Cell on February 26, 2025, a research team led by Associate Professor Hideki Masaki from Institute of Science Tokyo, Japan, successfully established cultures of naive-type induced pluripotent stem cells from chimpanzee somatic cells. Not only did they reveal key insights into the mechanisms necessary for self-renewal in these cells but also they became the first in the world to grow chimpanzee blastoids, which are early embryo models, using these cells.

One of the central findings of the study was that inhibiting polycomb repressive complex 2 (PRC2), a protein that can dynamically regulate gene activity and cell differentiation, is necessary for growing chimpanzee naive PSCs. Without this inhibition, the cells failed to propagate despite successful initial reprogramming.

The research team found that chimpanzee naive PSCs share significant similarities with human naive PSCs in terms of gene expression patterns and developmental potential. These cells had the ability to differentiate into trophectoderm and hypoblast, two types of extra-embryonic tissues essential for embryo implantation and development. This capability enabled the researchers to create tri-lineage blastoids containing all three cell types found in very early embryonic development. "Since chimpanzee naive PSCs can transition to multilineage competence or differentiate into other early embryonic tissues, they could provide a higher primate comparative model for studying pluripotency and early embryogenesis," remarks Masaki.

Another significant advancement was the establishment of a feeder-free culture system for naive PSCs. Traditional methods for culturing naive PSCs require a layer of mouse-derived feeder cells. The need for these support cells, even when culturing human PSCs, introduces additional animal components that can complicate potential medical applications. By applying PRC2 inhibitors, the researchers eliminated the need for feeder cells in long-term chimpanzee PSC culture. "Our success in establishing a culturing technique without feeder cells may pave the way to applications in regenerative medicine," notes Masaki.

By establishing that chimpanzee naive PSCs share the expanded differentiation potential observed in human cells, this research sheds light on the evolutionary conservation of these properties. Moreover, the development of chimpanzee blastoid models offers a powerful tool for investigating early developmental processes. As scientists continue to build on these exciting findings, our understanding of embryology across mammals will deepen, potentially leading to advances in regenerative medicine and reproductive biology.
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This injected protein-like polymer helps tissues heal after a heart attack | ScienceDaily
Researchers have developed a new therapy that can be injected intravenously right after a heart attack to promote healing and prevent heart failure.


						
The therapy both prompts the immune system to encourage tissue repair and promotes survival of heart muscle cells after a heart attack. Researchers tested the therapy in rats and showed that it is effective up to five weeks after injection.

The research team, led by bioengineers at the University of California San Diego and chemists at Northwestern University, published their findings in the April 25 issue of the journal Advanced Materials.

"Preventing heart failure after a heart attack is still a major unmet clinical need," said Karen Christman, one of the study's corresponding authors and a professor in the Shu Chien-Gene Lay Department of Bioengineering at the UC San Diego Jacobs School of Engineering. "The goal of this therapy is to intervene very soon after someone suffers a heart attack to keep them from ultimately going into heart failure."

The therapy could have broader applications, said Nathan Gianneschi, the paper's other corresponding author and a professor in the Department of Chemistry at Northwestern.

"This therapeutic platform has tremendous potential for several diseases, including everything from macular degeneration to multiple sclerosis and kidney disease," Gianneschi said.

The platform aims to block the interaction of two key proteins that intervene in the body's response to stress and inflammation. When the protein Nrf2 is activated, cells resist the degradation brought on by inflammation. But KEAP1 binds with Nrf2 to degrade it in turn. After a heart attack, this process of degradation has to be stopped so that tissues can health better.




The protein-like polymer, or PLP, platform is made from a polymer that mimics Nrf2. Once injected intravenously, it finds KEAP1 and binds to it, preventing it from binding to the actual Nrf2 protein and degrading it.

Researchers injected rat models after a heart attack with either the PLP platform or a saline solution. The team was blinded to which animals received the polymer or saline. After five weeks, the rodents underwent MRIs while sedated. The animals injected with the polymer showed better cardiac function and significantly more healing in their heart muscle tissue. Other tests also showed that genes that promote healing of tissues were expressed more.

Researchers describe the study as a proof of concept. Before moving on to tests in larger mammals, they want to optimize the design and dosage, and conduct further analysis.

"Proteins are the molecular machines that drive all essential cellular function, and dysregulated intracellular protein-protein interactions are the cause of many human diseases," Gianneschi said. "Existing drug modalities are either unable to penetrate cells or cannot effectively engage these large disease target domains. We are looking at these challenges through a new lens."

The therapy method was developed by Gianneschi, while he was a faculty member at UC San Diego, where he is now an adjunct faculty. He continued working on the technology at Northwestern.

This work was made possible by research grants from the National Institutes of Health National Heart, Lung, and Blood Institute (NHLBI)(2R01HL139001, R00 CA248715).

Gianneschi is a co-founder of Grove Biopharma, which licensed intellectual property related to the study. Gianneschi and Christman are co-inventors on that same intellectual property. Gianneschi also serves on the Scientific Advisory Board for Grove Biopharma.
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In Down syndrome mice, 40Hz light and sound improve cognition, neurogenesis, connectivity | ScienceDaily
Studies by a growing number of labs have identified neurological health benefits from exposing human volunteers or animal models to light, sound and/or tactile stimulation at the brain's "gamma" frequency rhythm of 40Hz. In the latest such research at The Picower Institute for Learning and Memory and Alana Down Syndrome Center at MIT, scientists found that 40Hz sensory stimulation improved cognition and circuit connectivity and encouraged the growth of new neurons in mice genetically engineered to model Down syndrome.


						
Li-Huei Tsai, Picower Professor at MIT and senior author of the new study in PLOS ONE, said that the results are encouraging but also cautioned that much more work is needed to test whether the method, called GENUS (for Gamma Entrainment Using Sensory Stimulation), could provide clinical benefits for people with Down syndrome. Her lab has begun a small study with human volunteers at MIT.

"While this work, for the first time, shows beneficial effects of GENUS on Down syndrome using an imperfect mouse model, we need to be cautious as there is not yet data showing whether this also works in humans," said Tsai, who directs The Picower Institute and The Alana Center, and is a member of MIT's Brain and Cognitive Sciences faculty.

Still, she said, the newly published article adds evidence that GENUS can promote a broad-based, restorative, "homeostatic" health response in the brain amid a wide variety of pathologies. Most GENUS studies have addressed Alzheimer's disease in humans or mice, but others have found benefits from the stimulation for conditions such as "chemo brain," and stroke.

Down syndrome benefits

In the study, the research team led by postdoc Md Rezaul Islam and former graduate student Brennan Jackson worked with the commonly used "Ts65Dn" Down syndrome mouse model. The model recapitulates key aspects of the disorder, though it does not exactly mirror the human condition, which is caused by carrying an extra copy of chromosome 21.

In the first set of experiments in the paper the team shows that an hour a day of 40Hz light and sound exposure for three weeks was associated with significant improvements on three standard short-term memory tests--two involving distinguishing novelty from familiarity and one involving spatial navigation. Because these kinds of memory tasks involve a brain region called the hippocampus, the researchers looked at neural activity there and measured a significant increase in activity indicators among mice that received the GENUS stimulation vs. those that did not.




To better understand how stimulated mice could show improved cognition, the researchers examined whether cells in the hippocampus changed how they express their genes. To do this, the team used a technique called single cell RNA sequencing, which provided a readout of how nearly 16,000 individual neurons and other cells transcribed their DNA into RNA, a key step in gene expression. Many of the genes whose expression varied most prominently in neurons between the mice that received stimulation and those that did not were directly related to forming and organizing neural circuit connections called synapses.

To confirm the significance of that finding, the researchers directly examined the hippocampus in stimulated and control mice. They found that in a critical subregion, the dentate gyrus, stimulated mice had significantly more synapses.

Diving deeper

The team not only examined gene expression across individual cells, but also analyzed that data to assess whether there were patterns of coordination across multiple genes. Indeed they found several such "modules" of co-expression. Some of this evidence further substantiated the idea that 40Hz-stimulated mice made important improvements in synaptic connectivity, but another key finding highlighted a role for TCF4, a key regulator of gene transcription needed for generating new neurons, or "neurogenesis."  

The team's analysis of genetic data suggested that TCF4 is underexpressed in Down syndrome mice but the researchers saw improved TCF4 expression in GENUS-stimulated mice. When the researchers went to the lab bench to determine whether the mice also exhibited a difference in neurogenesis, they found direct evidence that stimulated mice exhibited more than unstimulated mice in the dentate gyrus. These increases in TCF4 expression and neurogenesis are only correlational, the researchers noted, but they hypothesize that the increase in new neurons likely helps explain at least some of the increase in new synapses and improved short term memory function.

"The increased putative functional synapses in the dentate gyrus is likely related to the increased adult neurogenesis observed in the Down syndrome mice following GENUS treatment," Islam said.




This study is the first to document that GENUS is associated with increased neurogenesis.

The analysis of gene expression modules also yielded other key insights. One is that a cluster of genes whose expression typically declines with normal aging and in Alzheimer's disease, remained at higher expression levels among mice who received 40Hz sensory stimulation.

And the researchers also found evidence that mice that received stimulation retained more cells in the hippocampus that express Reelin. Reelin-expressing neurons are especially vulnerable in Alzheimer's disease, but expression of the protein is associated with cognitive resilience amid Alzheimer's disease pathology, which Ts65Dn mice develop. About 90 percent of people with Down syndrome develop Alzheimer's disease, typically after the age of 40.

"In this study, we found that GENUS enhances the percentage of Reln+ neurons in hippocampus of a mouse model of Down syndrome, suggesting that GENUS may promote cognitive resilience," Islam said.

Taken together with other studies, Tsai and Islam said, the new results add evidence that GENUS helps to stimulate the brain at the cellular and molecular level to mount a homeostatic response to aberrations caused by disease pathology, be it neurodegeneration in Alzheimer's, demyelination in chemo brain, or deficits of neurogenesis in Down syndrome.

But the authors also cautioned that the study had limits. Not only is the Ts65Dn model an imperfect reflection of human Down syndrome, but also the mice used were all male. Moreover, the cognitive tests in the study only measured short-term memory. And finally, while the study was novel for extensively examining gene expression in the hippocampus amid GENUS stimulation, it did not look at changes in other cognitively critical brain regions such as the prefrontal cortex.

In addition to Jackson, Islam and Tsai, the paper's other authors are Maeesha Tasnim Naomi, Brooke Schatz, Noah Tan, Mitchell Murdock, Dong Shin Park, Daniela Rodrigues Amorim, Fred Jiang, S. Sebastian Pineda, Chinnakkaruppan Adaikkan, Vanesa Fernandez, Ute Geigenmuller, Rosalind Mott Firenze, Manolis Kellis and Ed Boyden.

Funding for the study came from the Alana Down Syndrome Center at MIT and the Alana USA Foundation, the National Science Foundation, the "la Caixa" Banking Foundation, an EMBO long term postdoctoral fellowship, Barbara J. Weedon, Henry E. Singleton, and the Hubolow family.
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Immune cells drive congenital paralysis disease | ScienceDaily
Patients with spastic paraplegia type 15 develop movement disorders during adolescence that may ultimately require the use of a wheelchair. In the early stages of this rare hereditary disease the brain appears to play a major role by over-activating the immune system, as shown by a recent study published in the Journal of Experimental Medicine. The study was led by researchers at the University of Bonn and the German Center for Neurodegenerative Diseases (DZNE). These findings could also be relevant for Alzheimer's disease and other neurodegenerative conditions.


						
Spastic paraplegia type 15 is characterized by the progressive loss of neurons in the central nervous system that are responsible for controlling movement. Initial symptoms typically appear in late childhood, manifesting first in the legs in the form of uncontrollable twitching and paralysis. "What exactly causes these neurons to die is still not fully understood," explains Professor Elvira Mass from the LIMES Institute at the University of Bonn. "In this study, we investigated the potential role of the immune system in this process."

Professor Mass and Dr. Marc Beyer from the DZNE, together with Professor Ralf Stumm from University Hospital Jena, served as the study's lead investigators, bringing together extensive experience to study this rare hereditary disease. The condition is triggered by a defect in the so-called SPG15 gene, which contains instructions for building a protein. But due to that defect, the protein cannot be produced.

Severe inflammation preceding the onset of cell damage

In their experiments the researchers used mice that shared the same genetic defect. "There was existing evidence that inflammatory processes in the brain play a role in development of the disease," Dr. Beyer explains, "So we studied microglia, which are the immune cells of the brain, and also whether immune cells in bone marrow are additionally involved in the inflammatory response."

White blood cells, which represent an aggregation of various defense cells important in fighting disease in the body, form in bone marrow. These cells can reach the brain via the bloodstream. Microglia, on the other hand, have already migrated to the brain during embryonic development. The researchers succeeded in specifically labeling the cells derived from bone marrow with a fluorescent dye. "This makes them distinguishable from microglia under a microscope," Mass elaborates. "This allowed us to study the interaction between these two cell populations at the individual cell level."

Analyses show that the microglia cells undergo dramatic changes in very early stages of the disease, long before any neuronal damage is identifiable. The cells are thereby altered into "disease-associated microglia." These release messenger substances which, among other things, call for the help of cytotoxic "killer" T cells from the bone marrow that destroy other cells. The two cell types communicate with each other via signaling molecules, and their interplay drives the inflammatory process.




Findings open up new therapeutic possibilities

"Our data suggest that the early stages of the disease are driven not by the loss of motor neurons but rather by the severe, early immune response," Mass relates, "and that finding implies new therapeutic possibilities. Immune suppression drugs could potentially help slow progression of the disease."

Inflammatory processes in the brain play an important role in Alzheimer's and other neurodegenerative diseases. Spastic paraplegia is caused by entirely different conditions than dementia, but a very similar disruption of the immune system could be involved in dementia.

The findings are thus of great interest, and come as the fruit of close interdisciplinary collaboration within the ImmunoSensation2 Cluster of Excellence, of which Professor Mass and Dr. Beyer of the DZNE are members. Dr. Beyer emphasizes that "Only by combining the sciences of immunology and neurobiology with cutting-edge single-cell technology was it possible to shed light on this aspect of the development of spastic paraplegia type 15."

The German Center for Neurodegenerative Diseases and the universities of Bonn, Jena and Melbourne were the project partners. The research was funded by grants from the German Research Foundation (DFG), the Federal Ministry of Education and Research (BMBF) and the European Research Council (ERC).
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Compelling new insights into dynamics of the brain's serotonin system | ScienceDaily
Our lives are filled with binary decisions -- choices between one of two alternatives. But what's really happening inside our brains when we engage in this kind of decision making?


						
A University of Ottawa Faculty of Medicine-led study published in Nature Neuroscience sheds new light on these big questions, illuminating a general principle of neural processing in a mysterious region of the midbrain that is the very origin of our central serotonin (5-HT) system, a key part of the nervous system involved in a remarkable range of cognitive and behavioral functions.

"The current dominating model is that individual 5-HT neurons are acting independently one from another. While it had previously been suggested that 5-HT neurons may rather be connected with one another, it had not been directly demonstrated. That is what we did here. We also identify an intriguing processing role -- or a computation -- that is supported by this particular type of connectivity between 5-HT neurons," says Dr. Jean-Claude Beique, full professor in the Faculty's Department of Cellular and Molecular Medicine and co-director of the uOttawa Brain and Mind Research Institute's Centre for Neural Dynamics and Artificial Intelligence.

The international research team's work involved a mixture of several experimental approaches such as electrophysiology, cellular imaging, optogenetics and behavioral approaches, along with mathematical modeling and computer simulations.

Forging advances

So what does it mean that serotonin neurons clustered together in the brainstem are not independent actors largely keeping to themselves but are actually sending axons to the rest of the brain?

"In my view, the paper's main takeaway is that the mammalian serotonin system is far more anatomically and functionally complex than what we previously imagined. This is knowledge that could potentially help develop targeted therapeutics for mood disorders like major depressive disorder," says Dr. Michael Lynn, the study's first author and a former member of Dr. Beique's Faculty of Medicine lab.




Dr. Lynn received his PhD in Neuroscience from the University of Ottawa in October 2023. He's now working as a postdoctoral fellow at the University of Oxford, in the Department of Physiology, Anatomy and Genetics.

He says the team's findings are important because it turns out that there are distinct groups of serotonin neurons with their own activity patterns, each controlling serotonin release in a particular region of the brain. This has implications for the "winner-takes-all" principle of neuroscience -- an idea applied in computational models of neural networks in which neurons essentially compete to get activated.

"The new principles uncovered in this paper suggest that these distinct ensembles can interact in some scenarios: 'winning' serotonin ensembles with high activity can strongly reduce serotonin release from 'losing' serotonin ensembles with lower activity levels," he says. "These imply a more complex, dynamic set of rules about how and when serotonin is released throughout the brain, contrasting with an older view of a more monolithic signal."

Decisions, decisions

The research team's work has implications for how our brain -- an organ with profoundly intricate wiring of neurons with multitudes of enmeshed connections -- is involved in day-to-day decision making.

They determined how the lateral habenula, a region that is activated when we are frustrated and that is implicated in major depression, ultimately controls the activity of serotonin neurons. Habenular neurons are also believed to encode the level of threat that is perceived from a particular environment, or perhaps even from our actions.




Dr. Beique explains it like this: "Do we jump from the high diving board at the pool? Or only from the low one? Do we walk down that very dark alley, or do we avoid it? When is dark too dark? Somehow our brain must compute features of our world -- including how threatening a particular environment is -- and come up with a binary output: you go, or you don't."

"We think we have identified a circuit that participates in that very computation that guides our everyday decisions," he says.

Next steps

What's next for the research team as they build on the advances they have forged over several years with this methodical, innovative examination of the serotonin system? They aim to focus on behavioral studies with mouse models.

"At this point, the behavioral manifestations of the computation we discovered were somewhat artificial behavior. We're currently trying to see if we can see similar things when mice are behaving in more naturalistic environments," Dr. Beique says.

The talent-rich research team for the new Nature Neuroscience paper included the uOttawa Faculty of Medicine's Dr. Richard Naud, a computational neuroscientist who was the senior author on a recent serotonin-related study published in Nature, and Sean Geddes, director of Innovation and Partnerships at uOttawa.
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Why our waistlines expand in middle age: Stem cells | ScienceDaily
It's no secret that our waistlines often expand in middle-age, but the problem isn't strictly cosmetic. Belly fat accelerates aging and slows down metabolism, increasing our risk for developing diabetes, heart problems and other chronic diseases. Exactly how age transforms a six pack into a softer stomach, however, is murky.


						
Now preclinical research by City of Hope(r), one of the largest and most advanced cancer research and treatment organizations in the United States and a leading research center for diabetes and other life-threatening illnesses, has uncovered the cellular culprit behind age-related abdominal fat, providing new insights into why our midsections widen with middle age. Published today in Science, the findings suggest a novel target for future therapies to prevent belly flab and extend our healthy lifespans.

"People often lose muscle and gain body fat as they age -- even when their body weight remains the same," saidQiong (Annabel) Wang, Ph.D., the study's co-corresponding author and an associate professor of molecular and cellular endocrinology at City of Hope'sArthur Riggs Diabetes & Metabolism Research Institute, one of the world's foremost scientific organizations dedicated to investigating the biology and treatment of diabetes. "We discovered aging triggers the arrival of a new type of adult stem cell and enhances the body's massive production of new fat cells, especially around the belly."

In collaboration with the UCLA laboratory co-corresponding author Xia Yang, Ph.D., the scientists conducted a series of mouse experiments later validated on human cells. Wang and her colleagues focused on white adipose tissue (WAT), the fatty tissue responsible for age-related weight gain.

While it's well-known that fat cells grow larger with age, the scientists suspected that WAT also expanded by producing new fat cells, meaning it may have an unlimited potential to grow.

To test their hypothesis, the researchers focused on adipocyte progenitor cells (APCs), a group of stem cells in WAT that evolve into fat cells.

The City of Hope team first transplanted APCs from young and older mice into a second group of young mice. The APCs from the older animals rapidly generated a colossal amount of fat cells.




When the team transplanted APCs from young mice into the older mice, however, the stem cells did not manufacture many new fat cells. The results confirmed that older APCs are equipped to independently make new fat cells, regardless of their host's age.

Using single-cell RNA sequencing, the scientists next compared APC gene activity in young and older mice. While barely active in young mice, APCs woke up with a vengeance in middle-aged mice and began pumping out new fat cells.

"While most adult stem cells' capacity to grow wanes with age, the opposite holds true with APCs -- aging unlocks these cells' power to evolve and spread," said Adolfo Garcia-Ocana, Ph.D., the Ruth B. & Robert K. Lanman Endowed Chair in Gene Regulation & Drug Discovery Research and chair of the Department of Molecular & Cellular Endocrinology at City of Hope. "This is the first evidence that our bellies expand with age due to the APCs' high output of new fat cells."

Aging also transformed the APCs into a new type of stem cell called committed preadipocytes, age-specific (CP-As). Arising in middle age, CP-A cells actively churn out new fat cells, explaining why older mice gain more weight.

A signaling pathway called leukemia inhibitory factor receptor (LIFR) proved critical for promoting these CP-A cells to multiply and evolve into fat cells.

"We discovered that the body's fat-making process is driven by LIFR. While young mice don't require this signal to make fat, older mice do," explained Wang. "Our research indicates that LIFR plays a crucial role in triggering CP-As to create new fat cells and expand belly fat in older mice."

Using single-cell RNA sequencing on samples from people of various ages, Wang and her colleagues next studied APCs from human tissue in the lab. Again, the team also identified similar CP-A cells that had an increased number in middle-aged people's tissue. Their discovery also illustrates that CP-As in humans have high capacity in creating new fat cells.




"Our findings highlight the importance of controlling new fat-cell formation to address age-related obesity," said Wang. "Understanding the role of CP-As in metabolic disorders and how these cells emerge during aging could lead to new medical solutions for reducing belly fat and improving health and longevity."

Future research will focus on tracking CP-A cells in animal models, observing CP-A cells in humans and developing new strategies that eliminate or block the cells to prevent age-related fat gain.

The study's first authors are City of Hope's Guan Wang, Ph.D., and UCLA's Gaoyan Li, Ph.D.
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        Engineers develop wearable heart attack detection tech
        Every second counts when it comes to detecting and treating heart attacks. A new technology may be able to identify heart attacks faster and more accurately than traditional methods.

      

      
        Engineers advance toward a fault-tolerant quantum computer
        Researchers demonstrated extremely strong nonlinear light-matter coupling in a quantum circuit. Stronger coupling enables faster quantum readout and operations, ultimately improving the accuracy of quantum operations.

      

      
        A virtual reality game integrating smell to fight cognitive decline
        Aiming to address age-related cognitive decline, a growing global health challenge, a team of researchers has developed a VR-based smell-training system to help combat it. This innovative VR game activates memory pathways by incorporating olfactory stimulation in a virtual environment. This game-based method offers an engaging platform for maintaining cognitive function and reducing the risk of neurodegenerative diseases such as dementia in older adults.

      

      
        Restoring oil wells back to nature with moss
        In what could represent a milestone in ecological restoration, researchers have implemented a method capable of restoring peatlands at tens of thousands of oil and gas exploration sites in Western Canada. The project involves lowering the surface of these decommissioned sites, known as well pads, and transplanting native moss onto them to effectively recreate peatlands. This is the first time researchers have applied the method to scale on an entire well pad. The study found that the technique re...

      

      
        'Scratching' more than the ocean's surface to map global microplastic movement
        An international team of scientists has moved beyond just 'scratching the surface,' to understand how microplastics move through and impact the global ocean. For the first time, scientists have mapped microplastic distribution from the surface to the deep sea at a global scale -- revealing not only where plastics accumulate, but how they infiltrate critical ocean systems. Researchers synthesized depth-profile data from 1,885 stations collected between 2014 and 2024 to map microplastic distributio...

      

      
        Will the vegetables of the future be fortified using tiny needles?
        Researchers have shown they can inexpensively nanomanufacture silk microneedles to precisely fortify crops, monitor plant health, and detect soil toxins.

      

      
        Synchrotron in a closet: Bringing powerful 3D X-ray microscopy to smaller labs
        For the first time, researchers can study the microstructures inside metals, ceramics and rocks with X-rays in a standard laboratory without needing to travel to a particle accelerator, according to engineers.

      

      
        A vast molecular cloud, long invisible, is discovered near solar system
        Astrophysicists have discovered a potentially star-forming cloud that is one of the largest single structures in the sky and among the closest to the sun and Earth ever to be detected. The scientists have named the molecular hydrogen cloud 'Eos,' after the Greek goddess of mythology who is the personification of dawn.

      

      
        Layered semiconductor shows potential for next-gen data storage
        A squishy, layered material that dramatically transforms under pressure could someday help computers store more data with less energy. That's according to a new study that shows a hybrid zinc telluride-based material can undergo surprising structural changes when squeezed together like a molecular sandwich.

      

      
        High-wire act: Soft robot can carry cargo up and down steep aerial wires
        Researchers have created a light-powered soft robot that can carry loads through the air along established tracks, similar to cable cars or aerial trams. The soft robot operates autonomously, can climb slopes at angles of up to 80 degrees, and can carry loads up to 12 times its weight.

      

      
        Using humor in communication helps scientists connect, build trust
        Scientists aren't comedians, but it turns out a joke or two can go a long way. That's according to a new study that found when researchers use humor in their communication -- particularly online -- audiences are more likely to find them trustworthy and credible.

      

      
        Geoengineering technique could cool planet using existing aircraft
        A technique to cool the planet, in which particles are added to the atmosphere to reflect sunlight, would not require developing special aircraft but could be achieved using existing large planes, according to a new modelling study.

      

      
        'Wood you believe it?' Engineers fortify wood with eco-friendly nano-iron
        With more than 181.5 billion tons of wood produced globally each year, a new method could revolutionize how we build sustainably. By infusing red oak with ferrihydrite using a simple, low-cost process, researchers strengthened the wood at the cellular level without adding weight or altering flexibility -- offering a durable, eco-friendly alternative to steel and concrete. The treated wood retains its natural behavior but gains internal durability -- paving the way for greener alternatives in cons...

      

      
        Scientists observe how blobs form crystals and discover a new crystal type
        Crystals -- from sugar and table salt to snowflakes and diamonds -- don't always grow in a straightforward way. Researchers have now captured this journey from amorphous blob to orderly structures. In exploring how crystals form, the researchers also came across an unusual, rod-shaped crystal that hadn't been identified before, naming it 'Zangenite' for the graduate student who discovered it.

      

      
        New look at galactic region surrounding our solar system: Lyman-alpha emissions
        The NASA New Horizons spacecraft's extensive observations of Lyman-alpha emissions have resulted in the first-ever map from the galaxy at this important ultraviolet wavelength, providing a new look at the galactic region surrounding our solar system.

      

      
        Breakthrough extends fuel cell lifespan beyond 200,000 hours, paving the way for clean long-haul trucking
        Researchers have developed a new catalyst design capable of pushing the projected fuel cell catalyst lifespans to 200,000 hours. The research marks a significant step toward the widespread adoption of fuel cell technology in heavy-duty vehicles, such as long-haul tractor trailers. While platinum-alloy catalysts have historically delivered superior chemical reactions, the alloying elements leach out over time, diminishing catalytic performance. The degradation is further accelerated by the demandi...

      

      
        How math helps to protect crops from invasive disease
        New research demonstrates how mathematical modeling can predict outbreaks of toxic fungi in Texas corn crops -- offering a potential lifeline to farmers facing billions in harvest losses.

      

      
        Study using simulations highlights power of pooled data in environmental health research
        Conflicting findings in environmental epidemiology have long stalled consensus on the health effects of toxic chemicals. A new study suggests that one major reason for these inconsistencies may be the limited exposure ranges in individual studies -- leading to underpowered results and unclear conclusions.

      

      
        Trouble hearing in noisy places and crowded spaces? Researchers say new algorithm could help hearing aid users
        BU researchers develop a brain-inspired algorithm that can help people with hearing loss pick out conversations in noisy, crowded spaces.

      

      
        New research shatters long-held beliefs about asteroid Vesta
        For decades, scientists believed Vesta, one of the largest objects in our solar system's asteroid belt, wasn't just an asteroid and eventually concluded it was more like a planet with a crust, mantle and core. Now, new research flips this notion on its head. Astronomers reveals Vesta doesn't have a core. These findings startled researchers who, until that point, assumed Vesta was a protoplanet that never grew to a full planet.

      

      
        Billion-year-old impact in Scotland sparks questions about life on land
        New research has revealed that a massive meteorite struck northwestern Scotland about 200 million years later than previously thought, in a discovery that not only rewrites Scotland's geological history but alters our understanding of the evolution of non-marine life on Earth.

      

      
        Physicists uncover hidden order in the quantum world through deconfined quantum critical points
        A recent study has unraveled some of the secrets concealed within the entangled web of quantum systems.

      

      
        AI model for thyroid cancer diagnosis, with over 90% accuracy and reduced consultation preparation time
        An interdisciplinary research team has unveiled the world's first artificial intelligence (AI) model designed to classify both the cancer stage and risk category of thyroid cancer, achieving impressive accuracy exceeding 90%. This innovative AI model promises to significantly cut frontline clinicians' pre-consultation preparation time by approximately 50%, aligning with the HKSAR Government's initiative to harness AI technology in healthcare.

      

      
        Hidden mechanisms in next-generation AI memory device
        As artificial intelligence (AI) continues to advance, researchers have identified a breakthrough that could make AI technologies faster and more efficient.

      

      
        Affordable hydrogen fuel production using surface reconstruction strategy
        Researchers found a strategy to create catalysts that make the production of hydrogen for clean fuel more efficient and affordable.

      

      
        Global survey highlights the challenges of VR-haptic technology in dental education
        A recent global survey of 156 institutions reveals strong interest in VR-haptic technology for dental training, yet significant barriers impede widespread adoption.

      

      
        Structure dictates effectiveness, safety in nanomedicine
        Historically, small molecule drugs have been precisely designed down to the atomic scale. Considering their relatively large complex structures, nanomedicines have lagged behind. Researchers argue this precise control should be applied to optimize new nanomedicines.

      

      
        Astronomers find Earth-like exoplanets common across the cosmos
        Astronomers have discovered that super-Earth exoplanets are more common across the universe than previously thought. While it can be relatively easy to locate worlds that orbit close to their star, planets with wider paths can be difficult to detect. Still, researchers estimated that for every three stars, there should be at least one super-Earth present with a Jupiter-like orbital period, suggesting these massive worlds are extremely prevalent across the universe.

      

      
        This injected protein-like polymer helps tissues heal after a heart attack
        Researchers have developed a new therapy that can be injected intravenously right after a heart attack to promote healing and prevent heart failure. The therapy both prompts the immune system to encourage tissue repair and promotes survival of heart muscle cells after a heart attack. Researchers tested the therapy in rats and showed that it is effective up to five weeks after injection.

      

      
        Cutting the complexity from digital carpentry
        Many products in the modern world are in some way fabricated using computer numerical control (CNC) machines, which use computers to automate machine operations in manufacturing. While simple in concept, the ways to instruct these machines is in reality often complex. A team of researchers has devised a system to demonstrate how to mitigate some of this complexity.

      

      
        Can technology revolutionize health science? The promise of exposomics
        Researchers in the field of exposomics explain how cutting-edge technologies are unlocking this biological archive, ushering in a new era of disease prevention and personalized medicine.

      

      
        Nanophotonic platform boosts efficiency of nonlinear-optical quantum teleportation
        Researchers have long recognized that quantum communication systems would transmit quantum information more faithfully and be impervious to certain forms of error if nonlinear optical processes were used. However, past efforts at incorporating such processes could not operate with the extremely low light levels required for quantum communication.

      

      
        Quantum sensors tested for next-generation particle physics experiments
        Researchers have developed a novel high-energy particle detection instrumentation approach that leverages the power of quantum sensors -- devices capable of precisely detecting single particles.

      

      
        The heart of world's largest solar telescope begins to beat
        The world's largest solar telescope has reached an important milestone. The data published now were obtained during the technical commissioning of the instrument.

      

      
        Awkward. Humans are still better than AI at reading the room
        Humans are better than current AI models at interpreting social interactions and understanding social dynamics in moving scenes. Researchers believe this is because AI neural networks were inspired by the infrastructure of the part of the brain that processes static images, which is different from the area of the brain that processes dynamic social scenes.

      

      
        Finding 'win-win-wins' for climate, economics and justice
        In examining how different countries have rolled out climate change mitigation strategies, research has found reasons to be optimistic about preserving our environment while promoting prosperity and well-being.

      

      
        New method improves survival analysis power in clinical and epidemiological studies
        Innovative statistical method helps determine ideal threshold times in restricted mean survival time analyses.

      

      
        A new recycling process for silicones could greatly reduce the sector's environmental impacts
        A study describes a new method of recycling silicone waste (caulk, sealants, gels, adhesives, cosmetics, etc.). It has the potential to significantly reduce the sector's environmental impacts. This is the first universal recycling process that brings any type of used silicone material back to an earlier state in its life cycle where each molecule has only one silicon atom. And there is no need for the raw materials currently used to design new silicones. Moreover, since it is chemical and not mec...
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Engineers develop wearable heart attack detection tech | ScienceDaily
Every second counts when it comes to detecting and treating heart attacks. That's where a new technology from the University of Mississippi comes in to identify heart attacks faster and more accurately than traditional methods.


						
In a study published in Intelligent Systems, Blockchain and Communication Technologies, electrical and computer engineering assistant professor Kasem Khalil shows that a new technology developed at his lab could improve heart attack detection methods without sacrificing accuracy.

"For this issue, a few minutes or even a few extra seconds is going to give this person the care they need before it becomes worse," Khalil said. "Compared to traditional methods, our technology is up to two times faster, while still highly accurate.

"Our target was not only to increase performance for classifying heart attacks. We are also focusing on the design. If we want to make this device a usable machine for any person, that means it has to be something lightweight and economic."

In the United States, someone dies from a heart attack every 40 seconds. Heart disease -- a collection of underlying conditions that can lead to a heart attack -- is the leading cause of death in the United States.

Khalil and his team used artificial intelligence and advanced mathematics to design a chip that can analyze electrocardiograms, known as ECGs -- graphs of the heart's electrical signals -- and detect a heart attack in real-time.

The resulting technology is lightweight and energy efficient enough to be embedded in wearable devices while still being 92.4% accurate -- higher than many current methods.




"We wanted to be able to implement this in a way that is real," said Tamador Mohaidat, a doctoral student in Khalil's lab and co-author of the publication. "This is portable hardware that can be in wearable or monitoring devices.

"This method will save lives because we can monitor the heart in real time."

Mohaidat, from Irbid, Jordan, focused on creating the artificial neural network, while Md. Rahat Kader Khan focused on building the software for the device. Khan, a second-year computer engineering graduate student from Dhaka, Bangladesh, said the Khalil lab is unique in that it focuses on all aspects of the technology they hope to create.

"Some labs only focus on the software part, and they don't think about the hardware that's needed," Khan said. "But in our lab, we focus on the whole product. Each of us has a responsibility, but we work together.

"That's how we optimize the whole system, by focusing on the overall architecture."

Current methods of heart attack detection often must happen in a medical facility. A patient experiencing chest pain or who suspects they're having a heart attack must first go through an electrocardiogram or blood tests to diagnose their condition.




All of that takes time that a patient might not have, the researchers said. If a wearable device such as a watch or a phone can cut down on diagnosis time, patients could get faster treatment.

"When a patient is having a heart attack, the sooner you can treat them, the less likely they are to have permanent damage," Khalil said. "There's a huge time-sensitive element to heart attacks."

While Khalil and his team continue developing the technology, he said he sees other health care applications for these devices.

"We want to be able to predict or identify many problems using technology like this," he said. "Whether that's heart attacks or seizures or dementia. The detection of a disease or condition depends on the disease itself, but we're working to find faster, more efficient ways of doing that."
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Engineers advance toward a fault-tolerant quantum computer | ScienceDaily
In the future, quantum computers could rapidly simulate new materials or help scientists develop faster machine-learning models, opening the door to many new possibilities.


						
But these applications will only be possible if quantum computers can perform operations extremely quickly, so scientists can make measurements and perform corrections before compounding error rates reduce their accuracy and reliability.

The efficiency of this measurement process, known as readout, relies on the strength of the coupling between photons, which are particles of light that carry quantum information, and artificial atoms, units of matter that are often used to store information in a quantum computer.

Now, MIT researchers have demonstrated what they believe is the strongest nonlinear light-matter coupling ever achieved in a quantum system. Their experiment is a step toward realizing quantum operations and readout that could be performed in a few nanoseconds.

The researchers used a novel superconducting circuit architecture to show nonlinear light-matter coupling that is about an order of magnitude stronger than prior demonstrations, which could enable a quantum processor to run about 10 times faster.

There is still much work to be done before the architecture could be used in a real quantum computer, but demonstrating the fundamental physics behind the process is a major step in the right direction, says Yufeng "Bright" Ye PhD '24, lead author of a paper on this research.

"This would really eliminate one of the bottlenecks in quantum computing. Usually, you have to measure the results of your computations in between rounds of error correction. This could accelerate how quickly we can reach the fault-tolerant quantum computing stage and be able to get real-world applications and value out of our quantum computers," says Ye.




He is joined on the paper by senior author Kevin O'Brien, an associate professor and principal investigator in the Research Laboratory of Electronics at MIT who leads the Quantum Coherent Electronics Group in the Department of Electrical Engineering and Computer Science (EECS), as well as others at MIT, MIT Lincoln Laboratory, and Harvard University. The research appears in Nature Communications.

A new coupler

This physical demonstration builds on years of theoretical research in the O'Brien group.

After Ye joined the lab as a PhD student in 2019, he began developing a specialized photon detector to enhance quantum information processing.

Through that work, he invented a new type of quantum coupler, which is a device that facilitates interactions between qubits. Qubits are the building blocks of a quantum computer. This so-called quarton coupler had so many potential applications in quantum operations and readout that it quickly became a focus of the lab.

This quarton coupler is a special type of superconducting circuit that has the potential to generate extremely strong nonlinear coupling, which is essential for running most quantum algorithms. As the researchers feed more current into the coupler, it creates an even stronger nonlinear interaction. In this sense, nonlinearity means a system behaves in a way that is greater than the sum of its parts, exhibiting more complex properties.




"Most of the useful interactions in quantum computing come from nonlinear coupling of light and matter. If you can get a more versatile range of different types of coupling, and increase the coupling strength, then you can essentially increase the processing speed of the quantum computer," Ye explains.

For quantum readout, researchers shine microwave light onto a qubit and then, depending on whether that qubit is in state 0 or 1, there is a frequency shift on its associated readout resonator. They measure this shift to determine the qubit's state.

Nonlinear light-matter coupling between the qubit and resonator enables this measurement process.

The MIT researchers designed an architecture with a quarton coupler connected to two superconducting qubits on a chip. They turn one qubit into a resonator and use the other qubit as an artificial atom which stores quantum information. This information is transferred in the form of microwave light particles called photons.

"The interaction between these superconducting artificial atoms and the microwave light that routes the signal is basically how an entire superconducting quantum computer is built," Ye explains.

Enabling faster readout

The quarton coupler creates nonlinear light-matter coupling between the qubit and resonator that's about an order of magnitude stronger than researchers had achieved before. This could enable a quantum system with lightning-fast readout.

"This work is not the end of the story. This is the fundamental physics demonstration, but there is work going on in the group now to realize really fast readout," O'Brien says.

That would involve adding additional electronic components, such as filters, to produce a readout circuit that could be incorporated into a larger quantum system.

The researchers also demonstrated extremely strong matter-matter coupling, another type of qubit interaction that is important for quantum operations. This is another area they plan to explore with future work.

Fast operations and readout are especially important for quantum computers because qubits have finite lifespans, a concept known as coherence time.

Stronger nonlinear coupling enables a quantum processor to run faster and with lower error, so the qubits can perform more operations in the same amount of time. This means the qubits can run more rounds of error correction during their lifespans.

"The more runs of error correction you can get in, the lower the error will be in the results," Ye says.

In the long run, this work could help scientists build a fault-tolerant quantum computer, which is essential for practical, large-scale quantum computation.

This research was supported, in part, by the Army Research Office, the AWS Center for Quantum Computing, and the MIT Center for Quantum Engineering.
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A virtual reality game integrating smell to fight cognitive decline | ScienceDaily
As the global population ages, supporting older adults in maintaining their cognitive and memory functions has become a pressing concern. The United Nations estimates that by the 2070s, there will be over 2.2 billion people aged 65 or older, surpassing the global number of children under 18. This demographic shift is especially pronounced in Japan, the fastest-aging country, where 28.7% of the population is 65 or older.


						
One promising strategy to counter cognitive decline is through olfactory stimulation -- engaging the sense of smell. Smell signals travel directly to brain regions involved in memory and emotion. Building on this knowledge, a joint research team from Institute of Science Tokyo (Science Tokyo), University of the Arts London, Bunkyo Gakuin University, and Hosei University, Japan, has developed the world's first cognitive training method for older adults by combining olfactory stimulation with virtual reality (VR). The study was published in Volume 15 of the journal Scientific Reports on March 28, 2025.

"VR provides a promising platform to simulate sensory conditions in a controlled yet engaging manner. By combining goal-oriented tasks with real-time feedback, our VR-based olfactory training approach can increase cognitive engagement and maximize its therapeutic impact," says Professor Takamichi Nakamoto from Science Tokyo.

The method involves an olfactory display that emits specific scents during immersive VR gameplay, activating memory- and emotion-related brain regions. In the activity, participants are asked to memorize and later match scents within a virtual environment. The experience begins in a virtual landscape. Using a VR controller, participants interact with a scent source represented by a stone statue. When touched, the statue releases a specific scent, accompanied by a white vapor cloud as a visual cue to reinforce memory.

Participants then explore the virtual landscape to locate a scent source. As they move through the landscape, the olfactory display emits subtle traces of the scent to guide them to the location. Upon reaching the odor source, shown as a stone lantern, they encounter three colored vapor clouds, each emitting a different scent. Their task is to compare the smells and identify the one that matches the original scent they memorized.

"The smell memory phase strengthens odor recognition and memory encoding by linking the olfactory stimulus with a visual cue. The navigation phase challenges players to integrate spatial navigation with odor recognition while retaining memory of the initial scent. The final odor comparison phase engages olfactory discrimination and working memory retrieval, reinforcing cognitive function," explains Nakamoto.

The activity led to noticeable cognitive improvements in 30 older adults aged 63 to 90. After just 20 minutes of playing the VR game, participants showed improvements in visuospatial rotation and memory. Visuospatial processing and cognitive function were assessed through different tasks. In the Hiragana Rotation Task, where they had to decide if rotated Japanese characters matched the original, scores improved from 19-82 to 29-85. In a word-based spatial memory recall task, where participants memorized word positions in a grid, scores rose from 0-15 to 3-15. These improvements were validated through statistical analysis.

With continued research and development toward more affordable olfactory displays or alternate scent delivery methods, olfactory-based VR activities could become an accessible and engaging tool for supporting mental health in older adults.
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Restoring oil wells back to nature with moss | ScienceDaily
In what could represent a milestone in ecological restoration, researchers have implemented a method capable of restoring peatlands at tens of thousands of oil and gas exploration sites in western Canada.


						
Researchers from the University of Waterloo led the project that involves lowering the surface of these decommissioned sites, known as well pads, and transplanting native moss onto them to effectively recreate peatlands. This is the first time researchers have applied the method to scale on an entire well pad. The study found that the technique results in sufficient water for the growth of peatland moss across large portions of the study site.

Historically, restoration efforts involved planting trees or grasses to establish upland forests or grasslands. This newmethod returns a well pad to its condition before drilling occurred and supports the ongoing development of peatland restoration techniques. The discovery can help the oil and gas industry and its regulators better mitigate the long-term impact of resource extraction on Canadian peatland ecosystems.

"These results are the first to suggest that the re-establishment of peatland vegetation on full-scale lowered well pads is possible. through peatlands, which can negatively affect the ecosystem in surrounding areas," said Murdoch McKinnon, PhD candidate in the Faculty of Environment. "Well pads bury all of the native peatland vegetation under clay or sand, negatively impacting the ability of the peatland to sequester carbon and also reducing the availability of habitat for wildlife."

The researchers plan to continue monitoring ecosystem development on the tested well pads to confirm that the transplanted mosses will be self-sustaining over the coming decades. Partners at the Northern Alberta Institute of Technology's Centre for Boreal Research are now applying some of the study's recommendations at sites across northern Alberta.

"Preserving peatlands is critical because of the role they play storing and supplying water in the landscape," said Dr. Richard Petrone, a professor in the Department of Geography and Environmental Management at Waterloo. "They are also our best choice for nature-based climate change solutions because of the vast amounts of carbon that they store."

In the future, researchers will focus on increasing the amount of water that flows from surrounding natural peatlands into well pads to further optimize soil moisture. This will be an essential step given the sensitivity of the native mosses to drying out and might therefore improve regrowth.

Mount Royal University, the Northern Alberta Institute of Technology and Athabasca University also contributed to this work. The study, Hydrologic assessment of mineral substrate suitability for true moss initiation in a boreal peatland undergoing restoration, appears in Ecological Engineering.
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'Scratching' more than the ocean's surface to map global microplastic movement | ScienceDaily
Marine plastic pollution is a global crisis, with 9 to 14 million metric tons of plastic entering the ocean every year. Tiny fragments called microplastics -- ranging from 1 micron to 5 millimeters -- make up the vast majority of plastic pieces found and pose serious risks to ocean health.


						
Most research has focused on surface waters, usually sampling just the top 15 to 50 centimeters using net tows. However, microplastics come in many forms with different properties, influencing how they move and interact with their surroundings.

A researcher from Florida Atlantic University is among an international team of scientists who has moved beyond just "scratching the surface," marking a turning point in our understanding of how microplastics move through and impact the global ocean.

For the first time, scientists have mapped microplastic distribution from the surface to the deep sea at a global scale -- revealing not only where plastics accumulate, but how they infiltrate critical ocean systems. For the study, researchers synthesized depth-profile data from 1,885 stations collected between 2014 and 2024 to map microplastic distribution patterns by size and polymer type, while also evaluating potential transport mechanisms.

Results, published in Nature, reveal that microplastics are not just surface pollutants -- they're deeply embedded in the ocean's structure. Ranging from a few to thousands of particles per cubic meter, their size determines how they move: smaller microplastics (1 to 100 micrometers) spread more evenly and penetrate deeper, while larger ones (100 to 5,000 micrometers) concentrate near the surface, especially within the top 100 meters of gyres. Gyres act like massive, slow-moving whirlpools that trap and concentrate floating debris -- especially plastic.

Strikingly, microplastics are becoming a measurable part of the ocean's carbon cycle, making up just 0.1% of carbon particles at 30 meters but rising to 5% at 2,000 meters. This suggests that microplastics are not only persistent pollutants but may also be altering key biogeochemical processes in the deep sea.

"Microplastics are not just floating at the surface -- they're deeply embedded throughout the ocean, from coastal waters to the open sea," said Tracy Mincer, Ph.D., co-author and an associate professor of biology and biochemistry in FAU's Harriet L. Wilkes Honors College.




Researchers identified more than 56 types of plastic polymers in their synthesized microplastic dataset. While buoyant plastics dominate overall, denser microplastics are more prevalent offshore -- likely because they fragment more readily. Dense polymers become brittle and break down faster, particularly after prolonged exposure to environmental weathering. These small, persistent particles -- often originating from fishing gear and containers like polyester bottles -- can remain in the ocean for decades.

Polypropylene, commonly found in items like yogurt containers and rope, photodegrades more quickly than polyethylene, which is used in plastic bags and water bottles. This may account for its lower abundance in offshore waters. Nonetheless, significant uncertainties remain in subsurface microplastic data due to inconsistent sampling techniques and limited coverage, highlighting the need for specialized equipment and greater collaboration to improve data reliability.

The ocean's water column -- the largest habitat on Earth -- plays a crucial role in global carbon cycling, supporting half of the planet's primary production and absorbing human-made CO?. As microplastics move through this vast space, they interact with natural particles and processes, potentially affecting how the ocean functions.

"Our findings suggest microplastics are becoming a measurable part of the ocean's carbon cycle, with potential consequences for climate regulation and marine food webs," said Mincer. "This work sets the stage for taking the next steps in understanding the residence time of plastic in the interior of the ocean."

The study was led by the Japan Agency for Marine-Earth Science and Technology in collaboration with FAU; Aotearoa Blue Ocean Research in New Zealand; Northeastern University; East China Normal University; NIOZ Royal Netherlands Institute for Sea Research, The Netherlands; The Ocean Cleanup, The Netherlands; Egger Research and Consulting, Switzerland; University of Amsterdam, The Netherlands; Utrecht University, The Netherlands; Universidad Catolica del Norte, Chile; Smithsonian Environmental Research Center; Harvard University; University of Siena, Italy; and the National Biodiversity Future Center, Italy.

Several authors were FAU researchers in the Mincer lab including Luisa Galgani, Ph.D., who served as a Marie Curie Postdoctoral Fellow and is now faculty at the University of Siena; Ryan Bos, Ph.D., who was a Ph.D. student in the integrative biology program at FAU and is now a postdoc at Harvard; and Shiye Zhao, Ph.D., the lead author, who was an FAU postdoc for several years and is now tenured faculty at the Japan Agency for Marine-Earth Science and Technology.
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Will the vegetables of the future be fortified using tiny needles? | ScienceDaily
When farmers apply pesticides to their crops, 30 to 50 percent of the chemicals end up in the air or soil instead of on the plants. Now, a team of researchers from MIT and Singapore has developed a much more precise way to deliver substances to plants: tiny needles made of silk.


						
In a study published today in Nature Nanotechnology, the researchers developed a way to produce large amounts of these hollow silk microneedles. They used them to inject agrochemicals and nutrients into plants, and to monitor their health.

"There's a big need to make agriculture more efficient," says Benedetto Marelli, the study's senior author and an associate professor of civil and environmental engineering at MIT. "Agrochemicals are important for supporting our food system, but they're also expensive and bring environmental side effects, so there's a big need to deliver them precisely."

Yunteng Cao PhD '22, currently a postdoc Yale University, and Doyoon Kim, a former postdoc in the Marelli lab, led the study, which included a collaboration with the Disruptive and Sustainable Technologies for Agricultural Precision (DiSTAP) interdisciplinary research group at the Singapore-MIT Alliance for Research and Technology (SMART).

In demonstrations, the team used the technique to give plants iron to treat a disease known as chlorosis, and to add vitamin B12 to tomato plants to make them more nutritious. The researchers also showed the microneedles could be used to monitor the quality of fluids flowing into plants and to detect when the surrounding soil contained heavy metals.

Overall, the researchers believe the microneedles could serve as a new kind of plant interface for real-time health monitoring and biofortification.

"These microneedles could be a tool for plant scientists so they can understand more about plant health and how they grow," Marelli says. "But they can also be used to add value to crops, making them more resilient and possibly even increasing yields."

The inner workings of plants




Accessing the inner tissues of living plants requires scientists to get through the plants' waxy skin without causing too much stress. In previous work, the researchers used silk-based microneedles to deliver agrochemicals to plants in lab environments and to detect pH changes in living plants. But these initial efforts involved small payloads, limiting their applications in commercial agriculture.

"Microneedles were originally developed for the delivery of vaccines or other drugs in humans," Marelli explains. "Now we've adapted it so that the technology can work with plants, but initially we could not deliver sufficient doses of agrochemicals and nutrients to mitigate stressors or enhance crop nutritional values."

Hollow structures could increase the amount of chemicals microneedles can deliver, but Marelli says creating those structures at scale has historically required clean rooms and expensive facilities like the ones found inside the MIT.nano building.

For this study, Cao and Kim created a new way to manufacture hollow silk microneedles by combining silk fibroin protein with a salty solution inside tiny, cone-shaped molds. As water evaporated from the solution, the silk solidified into the mold while the salt forms crystalline structures inside the molds. When the salt was removed, it left behind in each needle a hollow structure or tiny pores, depending on the salt concentration and the separation of the organic and inorganic phases.

"It's a pretty simple fabrication process. It can be done outside of a clean room -- you could do it in your kitchen if you wanted," Kim says. "It doesn't require any expensive machinery."

The researchers then tested their microneedles' ability to deliver iron to iron-deficient tomato plants, which can cause a disease known as chlorosis. Chlorosis can decrease yields, but treating it by spraying crops is inefficient and can have environmental side effects. The researchers showed that their hollow microneedles could be used for the sustained delivery of iron without harming the plants.




The researchers also showed their microneedles could be used to fortify crops while they grow. Historically, crop fortification efforts have focused on minerals like zinc or iron, with vitamins only added after the food is harvested.

In each case, the researchers applied the microneedles to the stalks of plants by hand, but Marelli envisions equipping autonomous vehicles and other equipment already used in farms to automate and scale the process.

As part of the study, the researchers used microneedles to deliver vitamin B12, which is primarily found naturally in animal products, into the stalks of growing tomatoes, showing that vitamin B12 moved into the tomato fruits before harvest. The researchers propose their method could be used to fortify more plants with the vitamin.

Co-author Daisuke Urano, a plant scientist with DiSTAP, explains that "through a comprehensive assessment, we showed minimal adverse effects from microneedle injections in plants, with no observed short- or long-term negative impacts."

"This new delivery mechanism opens up a lot of potential applications, so we wanted to do something nobody had done before," Marelli explains.

Finally, the researchers explored the use of their microneedles to monitor the health of plants by studying tomatoes growing in hydroponic solutions contaminated with cadmium, a toxic metal commonly found in farms close to industrial and mining sites. They showed their microneedles absorbed the toxin within 15 minutes of being injected into the tomato stalks, offering a path to rapid detection.

Current advanced techniques for monitoring plant health, such as colorimetric and hyperspectral lead analyses, can only detect problems after plants growth is already being stunted. Other methods, such as sap sampling, can be too time-consuming.

Microneedles, in contrast, could be used to more easily collect sap for ongoing chemical analysis. For instance, the researchers showed they could monitor cadmium levels in tomatoes over the course of 18 hours.

A new platform for farming

The researchers believe the microneedles could be used to complement existing agricultural practices like spraying. The researchers also note the technology has applications beyond agriculture, such as in biomedical engineering.

"This new polymeric microneedle fabrication technique may also benefit research in microneedle-mediated transdermal and intradermal drug delivery and health monitoring," Cao says.

For now, though, Marelli believes the microneedles offer a path to more precise, sustainable agriculture practices.

"We want to maximize the growth of plants without negatively affecting the health of the farm or the biodiversity of surrounding ecosystems," Marelli says. "There shouldn't be a trade-off between the agriculture industry and the environment. They should work together."

This work was supported, in part, by the U.S. Office of Naval Research, the U.S. National Science Foundation, SMART, the National Research Foundation of Singapore, and the Singapore Prime Minister's Office.
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Synchrotron in a closet: Bringing powerful 3D X-ray microscopy to smaller labs | ScienceDaily
For the first time, researchers can study the microstructures inside metals, ceramics and rocks with X-rays in a standard laboratory without needing to travel to a particle accelerator, according to a study led by University of Michigan engineers.


						
The new technique makes 3D X-ray diffraction -- known as 3DXRD -- more readily accessible, potentially enabling quick analysis of samples and prototypes in academia and industry, as well as providing more opportunities for students.

3DXRD reconstructs 3D images using X-rays taken at multiple angles, similar to a CT scan. Instead of the imaging device rotating about a patient, a few-millimeters-wide material sample rotates on a stand in front of a powerful beam with about a million times more X-rays than a medical X-ray.

The huge X-ray concentration produces a micro-cale image of the tiny fused crystals that make up most metals, ceramics and rocks -- known as polycrystalline materials.

Results help researchers understand how materials react to mechanical stresses by measuring thousands of individual crystals' volume, position, orientation and strain. For example, imaging a sample from a steel beam under compression can show how crystals respond to bearing the weight of a building, helping researchers understand large-scale wear.

Synchrotrons were once the only facilities able to produce enough X-rays for 3DXRD as electrons spit off scads of X-rays as they travel through circular particle accelerators, which can then be directed into a sample.

While synchrotron X-ray beams produce state-of-the-art detail, there are only about 70 facilities world-wide. Research teams must put together project proposals for "beam time." Accepted projects often must wait six months to up to two years to run their experiments, which are limited to a maximum of six days.




In an effort to make this technique more widely available, the research team worked with PROTO Manufacturing to custom build the first laboratory-scale 3DXRD. As a whole, the instrument is about the size of a residential bathroom, but could be scaled down to the size of a broom closet.

"This technique gives us such interesting data that I wanted to create the opportunity to try new things that are high risk, high reward and allow teachable moments for students without the wait-time and pressure of synchrotron beam time," said Ashley Bucsek, U-M assistant professor of mechanical engineering and materials science and engineering and co-corresponding author of the study published in Nature Communications.

Previously, small-scale devices could not produce enough X-rays for 3DXRD because at a certain point, the electron beam pumps so much power into the anode -- the solid metal surface that the electrons strike to make X-rays -- that it would melt. Lab-3DXRD leverages a liquid-metal-jet anode that is already liquid at room temperature, allowing it to take in more power and produce more X-rays than once possible at this scale.

The researchers put the design to the test by scanning the same titanium alloy sample using three methods: lab-3DXRD, synchrotron-3DXRD and laboratory diffraction contrast tomography or LabDCT -- a technique used to map out crystal structures in 3D without strain information.

Lab-3DXRD was highly accurate, with 96% of the crystals it picked up overlapping with the other two methods. It did particularly well with larger crystals over 60 micrometers, but missed some of the smaller crystals. The researchers note that adding a more sensitive photon-counting detector, which detects the X-rays that are used to build the images, could help catch the finest-grained crystals.

With this technique available in-house, Bucsek's research team can try new experiments, honing parameters to prepare for a larger experiment at a synchrotron.




"Lab-3DXRD is like a nice backyard telescope while synchrotron-3DXRD is the Hubble Telescope. There are still certain situations where you need the Hubble, but we are now well prepared for those big experiments because we can try everything out beforehand," Bucsek said.

Beyond enabling more accessible experiments, lab-3DXRD allows researchers to extend projects past the synchrotron six day limit, which is particularly helpful when studying cyclic loading -- how a material responds to repeated stresses over thousands of cycles.

First author and co-corresponding author Seunghee Oh, a research fellow in mechanical engineering at the time of the study, now works in the X-ray Science Division at Argonne National Laboratory.

The research is funded by the National Science Foundation (CMMI-2142302; DMR-1829070) and the U.S. Department of Energy (Award DE-SC0008637).

Researchers from PROTO Manufacturing also contributed to the study.

LabDCT was performed at the Michigan Center for Materials Characterization.

Study: Taking three-dimensional X-ray diffraction (3DXRD) from the Synchrotron to the laboratory scale (DOI: 10.1038/s41467-025-58255-x)
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A vast molecular cloud, long invisible, is discovered near solar system | ScienceDaily
An international team of scientists led by a Rutgers University-New Brunswick astrophysicist has discovered a potentially star-forming cloud that is one of the largest single structures in the sky and among the closest to the sun and Earth ever to be detected.


						
The vast ball of hydrogen, long invisible to scientists, was revealed by looking for its main constituent -- molecular hydrogen. The finding marks the first time a molecular cloud has been detected with light emitted in the far-ultraviolet realm of the electromagnetic spectrum and opens the way to further explorations using the approach.

The scientists have named the molecular hydrogen cloud "Eos," after the Greek goddess of mythology who is the personification of dawn. Their discovery is outlined in a study published in Nature Astronomy.

"This opens up new possibilities for studying the molecular universe," said Blakesley Burkhart, an associate professor in the Department of Physics and Astronomy in the Rutgers School of Arts and Sciences who led the team and is an author on the study. Burkhart is also a research scientist at the Center for Computational Astrophysics at the Flatiron Institute in New York.

Molecular clouds are composed of gas and dust -- with the most common molecule being hydrogen, the fundamental building block of stars and planets and essential for life. They also contain other molecules such as carbon monoxide. Molecular clouds are often detected using conventional methods such as radio and infrared observations that easily pick up the chemical signature for carbon monoxide.

For this work, the scientists employed a different approach.

"This is the first-ever molecular cloud discovered by looking for far ultraviolet emission of molecular hydrogen directly," Burkhart said. "The data showed glowing hydrogen molecules detected via fluorescence in the far ultraviolet. This cloud is literally glowing in the dark."

Eos poses no danger to Earth and the solar system. Because of its proximity, the gas cloud presents a unique opportunity to study the properties of a structure within the interstellar medium, scientists said.




The interstellar medium, made of gas and dust that fills the space between stars within a galaxy, serves as raw material for new star formation.

"When we look through our telescopes, we catch whole solar systems in the act of forming, but we don't know in detail how that happens," Burkhart said. "Our discovery of Eos is exciting because we can now directly measure how molecular clouds are forming and dissociating, and how a galaxy begins to transform interstellar gas and dust into stars and planets."

The crescent-shaped gas cloud is located about 300 light years away from Earth. It sits on the edge of the Local Bubble, a large gas-filled cavity in space that encompasses the solar system. Scientists estimate that Eos is vast in projection on the sky, measuring about 40 moons across the sky, with a mass about 3,400 times that of the sun. The team used models to show it is expected to evaporate in 6 million years.

"The use of the far ultraviolet fluorescence emission technique could rewrite our understanding of the interstellar medium, uncovering hidden clouds across the galaxy and even out to the furthest detectable limits of cosmic dawn," said Thavisha Dharmawardena, a NASA Hubble Fellow at New York University and a shared first author of the study.

Eos was revealed to the team in data collected by a far-ultraviolet spectrograph called FIMS-SPEAR (an acronym for fluorescent imaging spectrograph) that operated as an instrument on the Korean satellite STSAT-1. A far-ultraviolet spectrograph breaks down far-ultraviolet light emitted by a material into its component wavelengths, just as a prism does with visible light, creating a spectrum that scientists can analyze.

The data had just been released publicly in 2023 when Burkhart came across it.




"It was kind of like just waiting to be explored," she said.

The findings highlight the importance of innovative observational techniques in advancing the understanding of the cosmos, Burkhart said. She noted that Eos is dominated by molecular hydrogen gas but is mostly "CO-dark," meaning it doesn't contain much of the material and doesn't emit the characteristic signature detected by conventional approaches. That explains how Eos eluded being identified for so long, researchers said.

"The story of the cosmos is a story of the rearrangement of atoms over billions of years," Burkhart said. "The hydrogen that is currently in the Eos cloud existed at the time of the Big Bang and eventually fell onto our galaxy and coalesced nearby the sun. So, it's been a long journey of 13.6 billion years for these hydrogen atoms."

The discovery presented itself as something of a surprise.

"When I was in graduate school, we were told that you can't easily directly observe molecular hydrogen," said Dharmawardena of NYU. "It's kind of wild that we can see this cloud in data that we didn't think we would see."

Eos also is named after a proposed NASA space mission that Burkhart and other members of the team are supporting. The mission aims to broaden the approach of detecting molecular hydrogen to greater swaths of the Galaxy, investigating the origins of stars by studying the evolution of molecular clouds.

The team is scouring data for molecular hydrogen clouds near and far. A study published as a preprint on arXiv by Burkhart and others using the James Webb Space Telescope (JWST) reports tentatively finding the most distant molecular gas yet.

"Using JWST, we may have found the very furthest hydrogen molecules from the sun," Burkhart said. "So, we have found both some of the closest and farthest using far-ultraviolet emission."

Other members of the scientific team included researchers from: Technion-Israel Institute of Technology, Haifa, Israel; Queen Mary University of London and University College London, both of London; University of Iowa, Iowa City, Iowa; Korea Astronomy and Space Science Institute, University of Science and Technology, and Korea Advanced Institute of Science and Technology, all of Daejeon, South Korea; Max Planck Institute for Astronomy, Heidelberg, Germany; University of Texas at Austin, Austin, Texas; University of Arizona, Tucson, Ariz.; University of California, Berkeley; Universite Paris Cite, Gif-sur-Yvette, France; Space Telescope Science Institute and Johns Hopkins University, Baltimore; University of British Columbia, Vancouver, Canada; Columbia University, New York; and the Harvard-Smithsonian Center for Astrophysics, Cambridge, Mass.
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Layered semiconductor shows potential for next-gen data storage | ScienceDaily
A squishy, layered material that dramatically transforms under pressure could someday help computers store more data with less energy.


						
That's according to a new study by researchers at Washington State University and the University of North Carolina at Charlotte that shows a hybrid zinc telluride-based material can undergo surprising structural changes when squeezed together like a molecular sandwich. Those changes could make it a strong candidate for phase change memory, a type of ultra-fast, long-lasting data storage that works differently than the memory found in today's devices and doesn't need a constant power source.

The research was made possible by a more than $1 million X-ray diffraction system that was acquired in 2022 with support from the Murdock Charitable Trust. This specialized equipment lets researchers observe tiny structural changes in the material as they happened -- all from WSU's Pullman campus. Usually, these kinds of experiments require time at massive national facilities like the Advanced Light Source at Berkely National Laboratory in California.

"Being able to do these high-pressure experiments on campus gave us the flexibility to really dig into what was happening," said Matt McCluskey, a professor of physics at WSU and co-author on the study in AIP Advances. "We discovered that the material didn't just compress -- it actually changed its internal structure in a big way."

The material, called b-ZnTe(en)0.5, consists of alternating layers of zinc telluride and an organic molecule known as ethylenediamine. McCluskey compares its structure to a sandwich. "Imagine layers of ceramic and plastic stacked over and over," he said. "When you apply pressure, the soft parts collapse more than the stiff ones."

Using a diamond anvil cell -- a device that can apply extreme pressure -- and the new X-ray system, researchers saw that the material went through two phase transitions at relatively low pressures (2.1 and 3.3 gigapascals). In both cases, the structure changed dramatically, shrinking by up to 8%.

Julie Miller, a physics PhD student at WSU and the study's lead author, explains that a phase transition is when a material changes its structure at the atomic level -- much like how water turns into ice or steam. In this case, the changes happened between two solid states, where the same atoms rearranged into a denser configuration. These kinds of transitions can dramatically alter a material's physical properties, including how it conducts electricity or emits light. Because different structural phases often have different electrical and optical characteristics, scientists think they could be used to encode digital information -- a principle behind phase change memory.




"Most materials like this need huge amounts of pressure to change structure, but this one started transforming at a tenth of the pressure we usually see in pure zinc telluride," Miller said. "That's what makes this material so interesting -- it's showing big effects at much lower pressures."

The researchers also found that the material behaves very differently depending on which direction it is squeezed. That directional sensitivity, combined with its layered structure, makes it more tunable and opens the door to additional uses.

In addition to memory, the material could find applications in photonics, where light instead of electricity is used to move and store information. Because the material emits ultraviolet light, the researchers suspect its glow might shift depending on its phase -- potentially making it useful in fiber optics or optical computing as well.

While it's still early days for b-ZnTe(en)0.5 as a potential commercial memory material, the discovery marks a big step forward.

"We're just beginning to understand what these hybrid materials can do," Miller said. "The fact that we could observe these changes with equipment right here on campus makes it that much more exciting."

Next, the team plans to study how the material responds to temperature changes and explore what happens when both pressure and heat are applied -- building a more complete map of its behaviors and possibilities.
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High-wire act: Soft robot can carry cargo up and down steep aerial wires | ScienceDaily
Researchers have created a light-powered soft robot that can carry loads through the air along established tracks, similar to cable cars or aerial trams. The soft robot operates autonomously, can climb slopes at angles of up to 80 degrees, and can carry loads up to 12 times its weight.


						
"We've previously created soft robots that can move quickly through the water and across solid ground, but wanted to explore a design that can carry objects through the air across open space," says Jie Yin, corresponding author of a paper on the work and an associate professor of mechanical and aerospace engineering at North Carolina State University. "The simplest way to do this is to follow established an established track -- similar to the aerial trams you see in the mountains. And we've now demonstrated that this is possible."

The soft robots are made of ribbon-like liquid crystal elastomers that are twisted -- like a rotini noodle -- and then joined together at the end to form a loop that resembles a bracelet. This "soft ring robot" is suspended on a track, which can be a thread, wire, cable or other material. Specifically, the same ring is looped around the track two or three times, which causes the ring to hang at an angle that is parallel to the track.

When exposed to infrared light that is placed perpendicular to the track, the portion of the ribbon absorbing the most light contracts. This induces a rolling motion: the portion of the ribbon exposed to light contracts, pulling the "cooler" part of the ribbon into the light, that portion then heats up as the first section cools, causing the cycle to repeat itself over and over again. And, as the soft ring rolls, twisting on itself, it pulls itself along the track.

"As the ribbon turns, it's like turning a screw, allowing the soft robot to move along the track -- even when carrying cargo up steep angles," Yin says.

The researchers demonstrated that the soft ring robot could navigate tracks as thin as a human hair, or as thick as a drinking straw. The soft ring robot was also able to overcome obstacles on the track, such as knots or bulges. The researchers demonstrated that the robot can also travel up or down a slope, and can carry loads more than 12 times its weight.  


"We also showed that it can follow complex routes -- it doesn't have to be a straight line," says Fangjie Qi, first author of the paper and a Ph.D. student at NC State. "We've demonstrated that it can follow curved lines, circles, three-dimensional spirals, and so on, in a controlled way. We think the adaptability of the robot when it comes to navigating complex patterns in predictable ways holds promise for its utility in practical applications."

"We're now thinking about specific applications for this technology, as well as adapting the soft robots to respond to inputs other than infrared light," says Yin. "For example, developing a soft ring robot that operates in sunlight or in response to other external energy sources."
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Using humor in communication helps scientists connect, build trust | ScienceDaily
Scientists aren't comedians, but it turns out a joke or two can go a long way.


						
That's according to a new University of Georgia study that found when researchers use humor in their communication -- particularly online -- audiences are more likely to find them trustworthy and credible.

"I think this should make scientists feel more comfortable using humor in their everyday communication, especially online communication," said Alexandra Frank, lead author of the study and a doctoral candidate in UGA's Grady College of Journalism and Mass Communication. "You can still communicate using humor and be viewed as a legitimate, appropriate source of information."

Science can bring smiles

As scientists research difficult and often complicated topics, it's important to keep the key ideas of the research simple for a general audience. One of the best ways to do that is through a little bit of light-heartedness, Frank said.

Frank tested how inserting humor into science-related posts could affect the likability and trustworthiness of scientists and their work.

The research team created four posts with different images on X, formerly known as Twitter.




The content centered around two self-driving cars, as well as the science and policy behind artificial intelligence technology.

One image contained a drawing with two cars and facts on self-driving technology with no joke included. Another contained the two cars and satire about this technology, reading, "A car approaches from the right and begins making precautionary adjustments. The other car acknowledges it. Not a problem unless the slab of meat inside interferes with its A.I. mode."

The third had the two cars sharing the facts themselves, as if they were sentient, and the fourth image had the cars telling the jokes themselves.

Benefits in clever communications

So, which got the most laughs?

The post that used satire and gave the cars more human-like characteristics was rated as the funniest. The respondents were also more likely to believe the scientist when they found the posted content as funny.




Because the scientist posting was considered more credible from the humor, people also considered whatever the scientist posted as fact.

"It is a double-edged sword. When people find something funny, they find things more legitimate. However, that humor could also substitute fact when something is untrue," said Frank.

In this scenario, those chuckling over the use of AI in self-driving cars may have drawn their own opinions on what that technology is like based on that post alone.

"I want for them to not be afraid of humor but to use it really mindfully ... The last thing we want is to make scientists less likable." -- Alexandra Frank, Grady College

There's a limit to the type of comedy, however. Science communication can't contain too much sarcasm or negativity, or it loses credibility, the researchers found.

Frank's advice for science communicators looking to build their audience is to keep posts short, clever and try not to strike a nerve.

"I want for them to not be afraid of humor but to use it really mindfully because it can come with drawbacks," Frank said. "Know that it can significantly increase engagement with the public, but scientists should use it cautiously. The last thing we want is to make scientists less likable."

This study was funded by the National Science Foundation. Co-authors include Michael A. Cacciatore, an associate professor in UGA's Grady College, Sara K. Yeo and Leona Yi-Fan Su.
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Geoengineering technique could cool planet using existing aircraft | ScienceDaily
A technique to cool the planet, in which particles are added to the atmosphere to reflect sunlight, would not require developing special aircraft but could be achieved using existing large planes, according to a new modelling study led by UCL (University College London) researchers.


						
Previously, most research has assumed that the technique, known as stratospheric aerosol injection, would be deployed in the tropics and so would require specially designed aircraft capable of flying at altitudes of 20km or more to inject the particles.

For the new study, published in the journal Earth's Future, scientists ran simulations of different aerosol injection strategies and concluded that adding particles 13km above the polar regions could meaningfully cool the planet, albeit much less effectively than at higher altitudes closer to the equator. Commercial jets such as the Boeing 777F could reach this altitude.

Lead author Alistair Duffey, a PhD student at UCL's Department of Earth Sciences, said: "Solar geoengineering comes with serious risks and much more research is needed to understand its impacts. However, our study suggests that it is easier to cool the planet with this particular intervention than we thought. This has implications for how quickly stratospheric aerosol injection could be started and by who.

"There are downsides to this polar low-altitude strategy. At this lower altitude, stratospheric aerosol injection is about one third as effective. That means that we would need to use three times the amount of aerosol to have the same effect on global temperature, increasing side effects such as acid rain. The strategy would also be less effective at cooling the tropics, where the direct vulnerability to warming is highest.

"However, climate change is a serious problem and it is vital to understand all our options, so that policy-makers have the evidence they need to make informed decisions."

The researchers ran simulations in the UK's Earth System Model 1 (UKESM1), a computer model of the climate, to estimate the impact of stratospheric aerosol injection. By adding sulphur dioxide -- which goes on to form tiny reflective particles -- at different altitudes, latitudes and seasons, they were able to quantify the effectiveness of different deployment strategies.




They said that low-altitude deployment of stratospheric aerosol injection could only work if it was done close to the Earth's polar regions. To be effective, particles need to be created in the stratosphere, a layer of the atmosphere above the top of most clouds, and this layer is closer to the ground nearer to the poles.

In the troposphere -- the lowermost layer of the atmosphere -- any aerosol particles would disappear quickly as they are caught up in clouds and rained out. However, the stratosphere is dry, stable and free of clouds, meaning that added particles would stay up for months or years.

The researchers estimated that injecting 12 million tonnes of sulphur dioxide a year at 13 km in the local spring and summer of each hemisphere would cool the planet by around 0.6degC. This is roughly the same amount added to the atmosphere by the eruption of the Mount Pinatubo volcano in 1991, which also produced an observable dip in global temperatures.

In the simulation, the sulphur dioxide was added at latitudes of 60 degrees north and south of the equator. That is roughly the latitude of Oslo in Norway and Anchorage in Alaska; in the south, that would be below the southernmost tip of South America.

This strategy is not as effective as injecting sulphur dioxide at 20km because the particles do not stay in the stratosphere for as long, i.e., for only a few months at 13km rather than for up to several years at 20km.

However, a low-altitude strategy using existing aircraft could begin sooner than a high-altitude approach, with the researchers noting an earlier study finding that designing and certifying high-flying aircraft might take a decade and cost several billion dollars.




Co-author Wake Smith, a Lecturer at Yale School of the Environment, part of Yale University, said: "Although pre-existing aircraft would still require a substantial modification programme to be able to function as deployment tankers, this route would be much quicker than designing a novel high-flying aircraft."

The strategy is not a quick fix -- any stratospheric aerosol injection would need to be introduced gradually, and reduced gradually, to avoid catastrophic impacts from sudden warming or cooling. Nor would it eliminate the need for emissions reductions.

Co-author Dr Matthew Henry, of the University of Exeter, said: "Stratospheric aerosol injection is certainly not a replacement for greenhouse gas emission reductions as any potential negative side effects increase with the amount of cooling: we can only achieve long-term climate stability with net zero."

The study received funding from the UK's Natural Environment Research Council (NERC).
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'Wood you believe it?' Engineers fortify wood with eco-friendly nano-iron | ScienceDaily
Scientists and engineers are developing high-performance materials from eco-friendly sources like plant waste. A key component, lignocellulose -- found in wood and many plants -- can be easily collected and chemically modified to improve its properties.


						
By using these kinds of chemical changes, researchers are creating advanced materials and new ways to design and build sustainably. With about 181.5 billion tons of wood produced globally each year, it's one of the largest renewable material sources.

Researchers from the College of Engineering and Computer Science at Florida Atlantic University, and collaborators from the University of Miami and Oak Ridge National Laboratory, wanted to find out if adding extremely hard minerals at the nanoscale could make the walls of wood cells stronger -- without making the wood heavy, expensive or bad for the environment. Few studies have investigated how treated wood performs at different scales, and none have successfully strengthened entire pieces of wood by incorporating inorganic minerals directly into the cell walls.

The research team focused on a special type of hardwood known as ring-porous wood, which comes from broad-leaf trees like oak, maple, cherry and walnut. These trees feature large, ring-shaped vessels in the wood that transport water from the roots to the leaves. For the study, researchers used red oak, a common hardwood in North America, and introduced an iron compound into the wood through a simple chemical reaction. By mixing ferric nitrate with potassium hydroxide, they created ferrihydrite, an iron oxide mineral commonly found in soil and water.

Results of the study, published in the journal ACS Applied Materials and Interfaces, revealed that a simple, cost-effective chemical method using a safe mineral called nanocrystalline iron oxyhydroxide can strengthen the tiny cell walls within wood while adding only a small amount of extra weight. Although the internal structure became more durable, the wood's overall behavior -- such as how it bends or breaks -- remained largely unchanged. This is likely because the treatment weakened the connections between individual wood cells, affecting how the material holds together on a larger scale.

The findings suggest that, with the right chemical treatment, it's possible to enhance the strength of wood and other plant-based materials without increasing their weight or harming the environment. These bio-based materials could one day replace traditional construction materials like steel and concrete in applications such as tall buildings, bridges, furniture and flooring.

"Wood, like many natural materials, has a complex structure with different layers and features at varying scales. To truly understand how wood bears loads and eventually fails, it's essential to examine it across these different levels," said Vivian Merk, Ph.D., senior author and an assistant professor in the FAU Department of Ocean and Mechanical Engineering, the FAU Department of Biomedical Engineering, and the FAU Department of Chemistry and Biochemistry within the Charles E. Schmidt College of Science. "To test our hypothesis -- that adding tiny mineral crystals to the cell walls would strengthen them -- we employed several types of mechanical testing at both the nanoscale and the macroscopic scale."

For the study, researchers used advanced tools like atomic force microscopy (AFM) to examine the wood at a very small scale, allowing them to measure properties such as stiffness and elasticity. Specifically, they employed a technique called AM-FM (Amplitude Modulation -- Frequency Modulation), which vibrates the AFM tip at two different frequencies. One frequency generates detailed surface images, while the other measures the material's elasticity and stickiness. This method gave them a precise view of how the wood's cell walls were altered after being treated with minerals.




Additionally, the team conducted nanoindentation tests within a scanning electron microscope (SEM), where tiny probes were pressed into the wood to measure its response to force in different areas. To round out their analysis, they performed standard mechanical tests -- such as bending both untreated and treated wood samples -- to evaluate their overall strength and how they broke under stress.

"By looking at wood at different levels -- from the microscopic structures inside the cell walls all the way up to the full piece of wood -- we were able to learn more about how to chemically improve natural materials for real-world use," said Merk.

This combination of small- and large-scale testing helped the researchers understand how the treatment affected both the fine details inside the cell walls and the overall strength of the wood.

"This research marks a significant advancement in sustainable materials science and a meaningful stride toward eco-friendly construction and design," said Stella Batalama, Ph.D., the dean of the College of Engineering and Computer Science. "By reinforcing natural wood through environmentally conscious and cost-effective methods, our researchers are laying the groundwork for a new generation of bio-based materials that have the potential to replace traditional materials like steel and concrete in structural applications. The impact of this work reaches far beyond the field of engineering -- it contributes to global efforts to reduce carbon emissions, cut down on waste, and embrace sustainable, nature-inspired solutions for everything from buildings to large-scale infrastructure."

Study co-authors are Steven A. Soini, a Ph.D. graduate from the FAU College of Engineering and Computer Science and FAU Charles E. Schmidt College of Science; Inam Lalani, a Ph.D. student at the University of Miami; Matthew L. Maron, Ph.D., a doctoral researcher at the University of Miami; David Gonzalez, a graduate student in the FAU College of Engineering and Computer Science; Hassan Mahfuz, Ph.D., a professor in the FAU Department of Ocean and Mechanical Engineering; and Neus Domingo-Marimon, Ph.D., senior R&D staff scientist, group leader for the Functional Atomic Force Microscopy Group, Oak Ridge National Laboratory.
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Scientists observe how blobs form crystals and discover a new crystal type | ScienceDaily
Crystals -- from sugar and table salt to snowflakes and diamonds -- don't always grow in a straightforward way. New York University researchers have captured this journey from amorphous blob to orderly structures in a new study published in Nature Communications.


						
In exploring how crystals form, the researchers also came across an unusual, rod-shaped crystal that hadn't been identified before, naming it "Zangenite" for the NYU graduate student who discovered it.

Order from chaos

Crystals are solid materials made up of particles that arrange themselves in repeating patterns. This process of self-assembly -- "orchestrating order from chaos," as the researchers describe it -- was once thought to follow a predictable, classic pattern of growth. But instead of always forming building block by building block, scientists are learning that crystals can grow through more complex pathways.

To study the formation of crystals, some researchers use crystals made up of little spheres called colloidal particles, which are tiny but much larger than the atoms that make up other crystals.

"The advantage of studying colloidal particles is that we can observe crystallization processes at a single-particle level, which is very hard to do with atoms because they're too small and fast. With colloids, we can watch crystals form with our microscope," said Stefano Sacanna, professor of chemistry at NYU.

A two-step process

To shed light on how colloidal crystals form, the researchers conducted experiments to carefully observe how charged colloidal particles behave in different growth conditions as they transition from salt water suspensions to fully formed crystals. The team also ran thousands of computer simulations -- led by Glen Hocky, assistant professor of chemistry at NYU -- to model how crystals grow and help explain what they observed in the experiments.




The researchers determined that colloidal crystals form through a two-step process: amorphous blobs of particles first condense before transforming into ordered crystal structures, resulting in a diverse array of crystal types and shapes.

An unexpected find

During these experiments, PhD student Shihao Zang came across a rod-shaped crystal that he couldn't identify. To the naked eye, it looked like a crystal previously discovered in the lab, but upon closer examination, the combination of particles was different and the tips of this crystal contained hollow channels. Zang compared the unknown structure with more than a thousand crystals found in the natural world and still couldn't find a match.

Turning to Hocky's computer modeling, the researchers simulated a crystal that was exactly the same, enabling them to study its elongated, hollow shape in even greater detail.

"This was puzzling because usually crystals are dense, but this one had empty channels that ran the length of the crystal," said Hocky, who is also a faculty member in the Simons Center for Computational Physical Chemistry at NYU.

"Through this synergy of experiments and simulation, we realized that this crystal structure had never been observed before," added Sacanna.




They named the newly discovered crystal L3S4 based on its composition, but began informally calling it "Zangenite" at lab meetings, given that Zang discovered it. The name stuck.

"We study colloidal crystals to mimic the real world of atomic crystals, but we never imagined that we would discover a crystal that we cannot find in the real world," said Zang.

The discovery of Zangenite creates an opportunity to explore uses for hollow, low-density crystals, and may pave the way for finding additional new crystals.

"The channels inside Zangenite are analogous to features in other materials that are useful for filtering or enclosing things inside them," said Hocky.

"Before, we thought it would be rare to observe a new crystal structure, but we may be able to discover additional new structures that haven't yet been characterized," said Sacanna.

More broadly, a deeper understanding of how crystals form holds promise for developing new materials, including photonic bandgap materials that are foundational for lasers, fiber-optic cables, solar panels, and other technologies that transmit or harvest light.

The study's other authors are Sanjib Paul, Cheuk Leung, Michael Chen, and Theodore Hueckel. The research was supported by the US Army Research Office (W911NF-21-1-0011), the Simons Center for Computational Physical Chemistry at NYU (Simons Foundation 839534), and the National Institutes of Health (R35GM138312).
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New look at galactic region surrounding our solar system: Lyman-alpha emissions | ScienceDaily
The NASA New Horizons spacecraft's extensive observations of Lyman-alpha emissions have resulted in the first-ever map from the galaxy at this important ultraviolet wavelength, providing a new look at the galactic region surrounding our solar system. The findings are described in a new study authored by the SwRI-led New Horizons team.


						
"Understanding the Lyman-alpha background helps shed light on nearby galactic structures and processes," said SwRI's Dr. Randy Gladstone, the study's lead investigator and first author of the publication. "This research suggests that hot interstellar gas bubbles like the one our solar system is embedded within may actually be regions of enhanced hydrogen gas emissions at a wavelength called Lyman alpha."

Lyman-alpha is a specific wavelength of ultraviolet light emitted and scattered by hydrogen atoms. It is especially useful to astronomers studying distant stars, galaxies and the interstellar medium, as it can help detect the composition, temperature and movement of these distant objects.

During its initial journey to Pluto, New Horizons collected baseline data about Lyman-alpha emissions using the Alice instrument, an SwRI-developed ultraviolet spectrograph. A spectrograph is a tool astronomers use to split light into its various colors. Alice specializes in the far-ultraviolet wavelength band.

After the spacecraft's primary objectives at Pluto were completed, scientists used Alice to make broader and more frequent surveys of Lyman-alpha emissions as New Horizons traveled farther from the Sun. These surveys included an extensive set of scans in 2023 that mapped roughly 83% of the sky.

To isolate emissions from the galaxy, the New Horizons team modeled scattered solar Lyman-alpha emissions and subtracted them from the spectrograph's data. The results indicate a roughly uniform background Lyman alpha sky brightness 10 times stronger than expected from previous estimates.

"These results point to the emission and scattering of Lyman-alpha photons by hydrogen atoms in the shell of a hot bubble, known to surround our solar system and nearby stars, that was formed by nearby supernova events a few million years ago," Gladstone said.

The study also found no evidence that a hydrogen wall, thought to surround the Sun's heliosphere, substantially contributes to the observed Lyman-alpha signal. Scientists had theorized that a wall of interstellar hydrogen atoms would accumulate as they encountered the edge of our heliosphere, the vast region of space dominated by the solar wind as it interacts with the interstellar medium. However, the New Horizons data saw nothing to indicate the wall is an important source of Lyman-alpha emissions.

"These are really landmark observations, in giving the first clear view of the sky surrounding the solar system at these wavelengths, both revealing new characteristics of that sky and refuting older ideas that the Alice New Horizons data just doesn't support," said co-author and New Horizons Principal Investigator Dr. Alan Stern. "This Lyman-alpha map also provides a solid foundation for future investigations to learn even more."
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Breakthrough extends fuel cell lifespan beyond 200,000 hours, paving the way for clean long-haul trucking | ScienceDaily
For trucks and heavy-duty vehicles that must travel long distances without frequent, time-consuming charging stops, batteries often fall short. Hydrogen fuel cells -- which can be refueled as quickly as traditional gasoline -- offer a cleaner, more efficient alternative.


						
Now, researchers at UCLA have made a breakthrough that could dramatically extend the lifespan of these fuel cells, making them a more viable clean energy source that can help bring sustainable, long-haul trucking closer to reality.

Led by Yu Huang, a professor of materials science and engineering at the UCLA Samueli School of Engineering, the research team has developed a new catalyst design capable of pushing the projected fuel cell catalyst lifespans to 200,000 hours, which is nearly seven times the U.S. Department of Energy's target for 2050. Published in Nature Nanotechnology, the research marks a significant step toward the widespread adoption of fuel cell technology in heavy-duty vehicles, such as long-haul tractor trailers.

Although medium- and heavy-duty trucks make up only about 5% of vehicles on the road, they are responsible for nearly a quarter of greenhouse gas automobile emissions, according to federal estimates. This makes heavy-duty applications an ideal entry point for polymer electrolyte membrane fuel cell technology.

Because fuel cells are significantly lighter than batteries, they require less energy to move the vehicles. With a projected power output of 1.08 watts per square centimeter, fuel cells featuring the new catalyst can deliver the same performance as conventional batteries that weigh up to eight times more. This difference is especially relevant for heavy-duty vehicles, which not only carry substantial cargo but also tend to be much heavier than standard vehicles. In addition, building a national hydrogen-refueling infrastructure would likely require less investment than establishing an electric vehicle-charging network across the country.

Fuel cells work by converting the chemical energy stored in hydrogen into electricity, emitting only water vapor as a byproduct. This has made them a promising solution for cleaner transportation. However, the slow chemical reaction for the energy conversion has been a challenge, requiring a catalyst to achieve practical speeds.

While platinum-alloy catalysts have historically delivered superior chemical reaction, the alloying elements leach out over time, diminishing catalytic performance. The degradation is further accelerated by the demanding voltage cycles required to power heavy-duty vehicles.




To address this challenge, the UCLA team has engineered a durable catalyst architecture with a novel design that shields platinum from the degradation typically observed in alloy systems.

The researchers began by embedding ultrafine platinum nanoparticles within protective graphene pockets. Composed of a single layer of carbon atoms arranged in a two-dimensional honeycomb lattice, graphene is the thinnest known material. Despite its atomic thinness, it is incredibly strong, lightweight and highly conductive. These graphene-encased nanoparticles were then nested inside the porous structure of Ketjenblack, a powdery carbon material. This "particles-within-particles" design provides long-term stability while preserving the high catalytic activity essential for efficient fuel cell performance.

"Heavy-duty fuel cell systems must withstand harsh operating conditions over long periods, making durability a key challenge," said Huang, who holds the Traugott and Dorothea Frederking Endowed Chair at UCLA Samueli. "Our pure platinum catalyst, enhanced with a graphene-based protection strategy, overcomes the shortcomings of conventional platinum alloys by preventing the leaching of alloying elements. This innovation ensures that the catalyst remains active and robust, even under the demanding conditions typical of long-haul applications."

The new catalyst exhibited a power loss of less than 1.1% after an accelerated stress test involving 90,000 square-wave voltage cycles designed to simulate years of real-world driving, where even a 10% loss is typically considered excellent. These superior results project fuel cell lifetimes exceeding 200,000 hours, far surpassing the DOE's target of 30,000 hours for heavy-duty proton exchange membrane fuel cell systems.

By successfully addressing the dual challenges of catalytic activity and durability, UCLA researchers' innovative catalyst design holds great promise for the adoption of hydrogen-powered heavy-duty vehicles -- an essential step toward reducing emissions and improving fuel efficiency in a sector that accounts for a substantial share of transportation energy use.

The team's findings built on its earlier success in developing a fuel cell catalyst for light-duty vehicles that demonstrated a lifespan of 15,000 hours -- nearly doubling the DOE's target of 8,000 hours.

The new study's lead authors are UCLA Ph.D. graduates Zeyan Liu and Bosi Peng, both advised by Huang, whose research group specializes in developing nanoscale building blocks for complex materials, such as fuel cell catalysts. Xiaofeng Duan, a professor of chemistry and biochemistry at UCLA, and Xiaoqing Pan, a professor of materials science and engineering at UC Irvine, are also authors on the paper. Huang and Duan are both members of the California NanoSystems Institute at UCLA.

Other authors on the paper are Yu-Han "Joseph" Tsai and Ao Zhang from UCLA, as well as Mingjie Xu, Wenjie Zang, XingXu Yan and Li Xing from UC Irvine.

UCLA's Technology Development Group has filed a patent on the technology.
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How math helps to protect crops from invasive disease | ScienceDaily
New research from The University of Texas at Arlington and the U.S. Department of Agriculture demonstrates how mathematical modeling can predict outbreaks of toxic fungi in Texas corn crops -- offering a potential lifeline to farmers facing billions in harvest losses.


						
"Our research focuses on predicting aflatoxin outbreaks in Texas using remote sensing satellites, soil properties and meteorological data," said coauthor Angela Avila, a postdoctoral fellow in mathematics at UTA. "One of the key challenges is that contamination can be present with no visible signs of fungal infection. This makes early risk prediction especially important for allowing targeted prevention and mitigation strategies."

Aflatoxins are toxic compounds produced by certain fungi in the mycotoxin family and are commonly found on crops such as corn (maize) and some nuts. They are carcinogenic and can pose serious health risks to humans and animals.

The research team included Jianzhong Su, professor and chair of UT Arlington's Department of Mathematics and Dr. Avila's former doctoral mentor. Together, they developed the aflatoxin risk index (ARI) and applied multiple machine learning methods to predict aflatoxin outbreaks in Texas. ARI is a predictive model that measures the cumulative risk of contamination during crop development.

"My main contribution was calculating historical planting dates for each county in Texas using time-series satellite imagery," Avila said. "Because maize is most susceptible to aflatoxin contamination at specific growth stages, having precise planting dates is critical. My contributions for planting date estimations significantly improved our risk assessment, enhancing the accuracy of our machine learning models by 20% to 30%."

"As part of her contributions to our mycotoxin research, Dr. Avila integrated a new input. She used the normalized difference vegetation index, acquired from satellite imagery, to predict planting times," said Lina Castano-Duque, lead author of the study in Frontiers in Microbiology and plant pathologist at the USDA Agricultural Research Service Southern Regional Research Center in New Orleans. "She will continue growing her model to apply it to the rest of the U.S."

Avila noted that the study has wide-reaching implications for farmers, processors and consumers, as mycotoxin contamination leads to billions of dollars in economic losses each year.

"Our research will allow farmers to make informed decisions to implement effective mitigation strategies, helping protect crops, food security, sustainability and economic stability," Avila said.

"This cutting-edge research will revolutionize the management of mycotoxin contamination in corn, addressing its associated challenges," Dr. Castano-Duque said. "Farmers will benefit from expert guidance on the risk levels of mycotoxin contamination that will aid in future crop selection and the ability to adapt input variables, such as fungicide and biocontrol application, as needed."

Support for this research was provided by the U.S. Department of Agriculture's Agricultural Research Service.
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Study using simulations highlights power of pooled data in environmental health research | ScienceDaily
Conflicting findings in environmental epidemiology have long stalled consensus on the health effects of toxic chemicals. A new study by Columbia University Mailman School of Public Health published in the American Journal of Epidemiology suggests that one major reason for these inconsistencies may be the limited exposure ranges in individual studies -- leading to underpowered results and unclear conclusions.


						
Researchers used simulated data to examine how well individual and pooled studies can identify dose-response relationships between chemical exposure and health outcomes. Their findings point to a clear solution: pooling data across studies should be prioritized, even when confounding variables vary between cohorts.

"Underpowered studies -- especially those with narrow exposure ranges -- may produce misleading results about whether and how a chemical affects human health," said lead author Eva Siegel, PhD in the Department of Environmental Health Sciences. "Our simulations show that combining data across multiple cohorts is a natural and necessary step to strengthen conclusions in environmental health research."

The research focused on polychlorinated biphenyls (PCBs), a class of persistent organic pollutants (POPs). Specifically, the study explored the relationship between maternal exposure to PCB-153 -- the most commonly detected PCB congener in human blood -- and birthweight, an association that has been inconsistently reported in previous studies.

"Some chemicals, like endocrine-disrupting POPs, may interfere with the body's systems even at very low doses," Siegel noted. "Understanding how health risks vary across the full exposure range is essential -- but that requires broader data than most single studies can offer."

To address this gap, researchers created five hypothetical populations with different exposure distributions -- from low to high -- based on real data from three well-known birth cohorts: The Columbia Children's Center for Environmental Health (CCCEH) in New York City, The Environmental Health Fund (EHF) cohort in Israel, and The Child Health and Development Studies (CHDS) in California.

By simulating these distinct exposure environments and analyzing them both individually and collectively, the team assessed how well each approach could recover a "true" dose-response curve. Their results were clear: studies with limited exposure variability often failed to detect effects, while pooled data more accurately reflected the expected relationship.

"Our results show that despite potential differences in confounding factors across studies, the benefits of data pooling outweigh the challenges especially when every effort is made to fully harmonize data between studies.," said Pam Factor-Litvak, PhD, professor of Epidemiology at Columbia Mailman School, and senior author. "To emphasize, this approach is especially crucial in understanding low-dose chemical effects, where many individual studies lack sufficient range to detect patterns."

Other co-authors are Matt Lamb, Jeff Goldsmith, and Andrew Rundle, Columbia University Mailman School of Public Health; Andreas Neophytou, Colorado State University, Matitiahu Berkovitch, Tel Aviv University; and Barbara Cohn, Public Health Institute.

The study was supported by the National Institute of Environmental Health Sciences (grants F31ES032331 and T32ES023772.
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Trouble hearing in noisy places and crowded spaces? Researchers say new algorithm could help hearing aid users | ScienceDaily
When a group of friends gets together at a bar or gathers for an intimate dinner, conversations can quickly multiply and mix, with different groups and pairings chatting over and across one another. Navigating this lively jumble of words -- and focusing on the ones that matter -- is particularly difficult for people with some form of hearing loss. Bustling conversations can become a fused mess of chatter, even if someone has hearing aids, which often struggle filtering out background noise. It's known as the "cocktail party problem" -- and Boston University researchers believe they might have a solution.


						
A new brain-inspired algorithm developed at BU could help hearing aids tune out interference and isolate single talkers in a crowd of voices. In testing, researchers found it could improve word recognition accuracy by 40 percentage points relative to current hearing aid algorithms.

"We were extremely surprised and excited by the magnitude of the improvement in performance -- it's pretty rare to find such big improvements," says Kamal Sen, the algorithm's developer and a BU College of Engineering associate professor of biomedical engineering. The findings were published in Communications Engineering, a Nature Portfolio journal.

Some estimates put the number of Americans with hearing loss at close to50 million; by 2050, around 2.5 billion people globally are expected to have some form of hearing loss, according to theWorld Health Organization.

"The primary complaint of people with hearing loss is that they have trouble communicating in noisy environments," saysVirginia Best, a BU Sargent College of Health & Rehabilitation Sciences research associate professor of speech, language, and hearing sciences. "These environments are very common in daily life and they tend to be really important to people -- think about dinner table conversations, social gatherings, workplace meetings. So, solutions that can enhance communication in noisy places have the potential for a huge impact."

Best was a coauthor on the study with Sen and BU biomedical engineering PhD candidate Alexander D. Boyd (ENG'23,'26). As part of the research, they also tested the ability of current hearing aid algorithms to cope with the cacophony of cocktail parties. Many hearing aids already include noise reduction algorithms and directional microphones, or beamformers, designed to emphasize sounds coming from the front.

"We decided to benchmark against the industry standard algorithm that's currently in hearing aids," says Sen. That existing algorithm "doesn't improve performance at all; if anything, it makes it slightly worse. Now we have data showing what's been known anecdotally from people with hearing aids."

Sen has patented the new algorithm -- known as BOSSA, which stands for biologically oriented sound segregation algorithm -- and is hoping to connect with companies interested in licensing the technology. He says that with Apple jumping into the hearing aid market -- its latest AirPod Pro 2 headphones are advertised as having a clinical-grade hearing aid function -- the BU team's breakthrough is timely: "If hearing aid companies don't start innovating fast, they're going to get wiped out, because Apple and other start-ups are entering the market."




Successfully Segregating Sounds

For the past 20 years, Sen has been studying how the brain encodes and decodes sounds, looking for the circuits involved in managing the cocktail party effect. With researchers in his Natural Sounds & Neural Coding Laboratory, he's plotted how sound waves are processed at different stages of the auditory pathway, tracking their journey from the ear to translation by the brain. One key mechanism: inhibitory neurons, brain cells that help suppress certain, unwanted sounds.

"You can think of it as a form of internal noise cancellation," he says. "If there's a sound at a particular location, these inhibitory neurons get activated." According to Sen, different neurons are tuned to different locations and frequencies.

The brain's approach is the inspiration for the new algorithm, which uses spatial cues like the volume and timing of a sound to tune into or tune out of it, sharpening or muffling a speaker's words as needed.

"It's basically a computational model that mimics what the brain does," says Sen, who's affiliated with BU's centers for neurophotonics and for systems neuroscience, "and actually segregates sound sources based on sound input."

A physicist who later trained in neuroscience, Sen says he came to BU in part because of the opportunity to work with the University'sHearing Research Center, where he's now a faculty member. And Sen turned to clinical researchers for help testing the algorithm.




"Ultimately, the only way to know if a benefit will translate to the listener is via behavioral studies," says Best, an expert on spatial perception and hearing loss, "and that requires scientists and clinicians who understand the target population."

Formerly a research scientist at Australia'sNational Acoustic Laboratories, Best helped design a study using a group of young adults with sensorineural hearing loss, typically caused by genetic factors or childhood diseases. In a lab, participants wore headphones that simulated people talking from different nearby locations. Their ability to pick out select speakers was tested with the aid of the new algorithm, the current standard algorithm, and no algorithm. Boyd helped collect much of the data and was the lead author on the paper.

Applying the Science Beyond Hearing Loss: ADHD and Autism

Reporting their findings, the researchers wrote that the "biologically inspired algorithm led to robust intelligibility gains under conditions in which a standard beamforming approach failed. The results provide compelling support for the potential benefits of biologically inspired algorithms for assisting individuals with hearing loss in 'cocktail party' situations." They're now in the early stages of testing an upgraded version that incorporates eye tracking technology to allow users to better direct their listening attention.

The science powering the algorithm might have implications beyond hearing loss too.

"The [neural] circuits we are studying are much more general purpose and much more fundamental," says Sen. "It ultimately has to do with attention, where you want to focus -- that's what the circuit was really built for. In the long term, we're hoping to take this to other populations, like people with ADHD or autism, who also really struggle when there's multiple things happening."
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New research shatters long-held beliefs about asteroid Vesta | ScienceDaily
For decades, scientists believed Vesta, one of the largest objects in our solar system's asteroid belt, wasn't just an asteroid. They concluded that Vesta has a crust, mantle and core -- fundamental properties of a planet.


						
Astronomers studied it for clues to how early planets grew, and what Earth might have looked like in its infancy.

Now, Michigan State University has contributed to research that flips this notion on its head.

A team led by the NASA Jet Propulsion Lab or JPL published a paper in Nature Astronomy revealing Vesta's interior structure is more uniform than previously thought. These findings startled researchers who, until then, assumed Vesta was a protoplanet that never grew to a full planet.

"The lack of a core was very surprising," said MSU Earth and Environmental Sciences Assistant Professor Seth Jacobson, a co-author on the paper. "It's a really different way of thinking about Vesta."

What is Vesta's true identity? The research team has two hypotheses that need further exploration.

The first possibility is Vesta went through incomplete differentiation, meaning it started the melting process needed to give the asteroid distinct layers, like a core, mantle and crust, but never finished. The second is a theory Jacobson floated at an astronomy conference years ago -- Vesta is a broken chunk off a growing planet in our solar system.




At the conference, Jacobson wanted other researchers to consider the possibility that some meteorites could be debris from collisions that took place during the planet formation era. He included Vesta in his suggestion but hadn't considered it a real possibility.

"This idea went from a somewhat silly suggestion to a hypothesis that we're now taking seriously due to this re-analysis of NASA Dawn mission data," Jacobson said.

More than an asteroid

Most asteroids are made of a very ancient chondritic material, appearing like a cosmic sedimentary gravel. In contrast, Vesta's surface is covered in volcanic basaltic rocks. Those rocks indicated to scientists that Vesta went through a melting process called planetary differentiation, where the metal sinks to the center and forms a core.

NASA launched the Dawn spacecraft in 2007 to study Vesta and Ceres, the two largest objects in the asteroid belt. The goal was to better understand how planets were formed.

Dawn spent months from 2011 to 2012 orbiting Vesta, measuring its gravity field and taking high-resolution images to create a very detailed map of its surface. After performing similar tasks at Ceres, the mission finished in 2018, and scientists published findings from the data.




Jacobson said the more that researchers used the data, the better they got at processing it. They found ways to more accurately calibrate measurements that yield an improved picture of Vesta's makeup. That's why Ryan Park, a JPL senior research scientist and principal engineer, and his team decided to reprocess Vesta's measurements.

"For years, conflicting gravity data from Dawn's observations of Vesta created puzzles," Park said. "After nearly a decade of refining our calibration and processing techniques, we achieved remarkable alignment between Dawn's Deep Space Network radiometric data and onboard imaging data. We were thrilled to confirm the data's strength in revealing Vesta's deep interior. Our findings show Vesta's history is far more complex than previously believed, shaped by unique processes like interrupted planetary differentation and late-stage collisions."

Planetary scientists can estimate the size of a celestial body's core by measuring what's called the moment of inertia. It's a concept from physics that describes how difficult it is to change the rotation of an object around an axis. Jacobson compared this concept to a figure skater spinning on ice. They change their speed by pulling their arms in to speed up and moving them outward to slow down. Their moment of inertia is changed by the changing position of their arms.

Similarly, an object in space with a larger core is like a ballerina with their arms pulled in. Celestial bodies with a dense core move differently than one with no core at all. Armed with this knowledge, the research team measured the rotation and gravity field of Vesta. The results showed Vesta didn't behave like an object with a core, challenging prior ideas about how it formed.

Two hypotheses

Neither hypothesis has been explored enough to rule either out, but both have problems that require more research to explain. While incomplete differentiation is possible, it doesn't line up with the meteorites researchers have collected over time.

"We're really confident these meteorites came from Vesta," Jacobson said. "And these don't show obvious evidence of incomplete differentiation."

The alternative explanation is based on the idea that as the terrestrial planets formed, large collisions occurred, mostly growing the planets but also generating impact debris. The ejected materials from those collisions would include rocks resulting from melting, and, like Vesta, they wouldn't have a core.

Jacobson's lab was already exploring the consequences of giant impacts during the planet formation era. He's working with one of his graduate students, Emily Elizondo, on the idea that some asteroids in the asteroid belt are pieces ejected from the growing planets.

This idea is still far from proven. More models need to be created and fine-tuned to prove that Vesta is an ancient chunk of a forming planet. Scientists can adjust how they study Vesta meteorites to dive deeper into either hypothesis, Jacobson said. They could also do further studies with the new approaches to the Dawn mission data.

This paper is only the beginning of a new direction of study, Jacobson said. It could forever change how scientists look at differentiated worlds.

"No longer is the Vesta meteorite collection a sample of a body in space that failed to make it as a planet," Jacobson said. "These could be pieces of an ancient planet before it grew to full completion. We just don't know which planet that is yet."
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Billion-year-old impact in Scotland sparks questions about life on land | ScienceDaily
New Curtin University research has revealed that a massive meteorite struck northwestern Scotland about 200 million years later than previously thought, in a discovery that not only rewrites Scotland's geological history but alters our understanding of the evolution of non-marine life on Earth.


						
Previously believed to have occurred 1.2 billion years ago, the impact created the Stac Fada Member, a layer of rock that holds vital clues to Earth's ancient past, including how meteorite strikes may have influenced the planet's environment and life.

Lead author Professor Chris Kirkland, from Curtin's Frontier Institute for Geoscience Solutions within the School of Earth and Planetary Sciences, said the research team used tiny zircon crystals as geological 'time capsules' to date the impact to 990 million years ago.

"These microscopic crystals recorded the exact moment of impact, with some even transforming into an incredibly rare mineral called reidite, which only forms under extreme pressures," Professor Kirkland said.

"This provided undeniable proof that a meteorite strike caused the Stac Fada deposit.

"When a meteorite hits, it partially resets the atomic clocks inside the zircon crystals and these 'broken timepieces' are often unable to be dated but we developed a model to reconstruct when the disturbance occurred, confirming the impact at 990 million years ago."

Professor Kirkland said this impact event occurred at a similar time to the emergence of some of the earliest freshwater eukaryotes, which are the ancient ancestors of plants, animals and fungi.




"The revised dating suggests these life forms in Scotland appeared at a similar time to a meteorite impact," Professor Kirkland said.

"This raises fascinating questions about whether large impacts may have influenced environmental conditions in ways that affected early ecosystems.

"While the impact crater itself has yet to be found, this study has collected further clues that could finally reveal its location.

"Understanding when meteorite impacts occurred helps us explore their potential influence on Earth's environment and the expansion of life beyond the oceans."

The research was done in collaboration with NASA Johnson Space Center, University of St. Andrews, University of Portsmouth, and Carl Zeiss Microscopy Ltd.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/04/250428220303.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Physicists uncover hidden order in the quantum world through deconfined quantum critical points | ScienceDaily
In the intricate world of quantum physics, where particles interact in ways that seem to defy the standard rules of space and time, lies a profound mystery that continues to captivate scientists: the nature of deconfined quantum critical points (DQCPs). These elusive critical phenomena break away from the conventional framework of physics, offering a fascinating glimpse into a realm where quantum matter behaves in ways that challenge our classical understanding of the fundamental forces shaping the universe.


						
A recent study, led by Professor Zi Yang MENG and co-authored by his PhD student Menghan SONG of HKU Department of Physics, in collaboration with researchers from the Chinese University of Hong Kong, Yale University, University of California, Santa Barbara, Ruhr-University Bochum and TU Dresden, has unravelled some of the secrets concealed within the entangled web of quantum systems.

Their findings, recently published in the journal Science Advances, push the boundaries of modern physics and offer a fresh perspective on how quantum matter operates at these enigmatic junctures. The study not only deepens our understanding of quantum mechanics but also paves the way for future discoveries that could revolutionise technology, materials science, and even our understanding of the cosmos.

What are Deconfined Quantum Critical Points?

In everyday life, we are familiar with phase transitions, such as water freezing into ice or boiling into steam. These transitions are well-understood and explained by thermodynamics. However, in the realm of quantum physics, phase transitions can occur at absolute zero temperature (-273.15 degC), driven not by thermal energy but by quantum fluctuations -- tiny, unpredictable movements of particles at the smallest scales. These are known as quantum critical points.

Traditional quantum critical points act as boundaries between two distinct states: a symmetry-broken phase (ordered phase), where particles are neatly arranged, and a disordered phase, where particles are jumbled and chaotic. This kind of transition is well-described by the Landau theory, a framework that has been the foundation of our understanding of phase transitions for decades.

But deconfined quantum critical points (DQCPs) break this mould. Instead of a sharp boundary separating an ordered phase from a disordered phase, DQCPs lie between two different ordered phases, each with its own unique symmetry-breaking pattern, meaning the way particles are arranged or interact in one phase is fundamentally different from the other. This is unusual because, traditionally, phase transitions involve moving from an ordered state to a disorder one, not from one type of order to another. This distinction makes DQCPs fundamentally different and highly intriguing.




Scientists have debated for decades whether DQCPs represent continuous phase transitions (which are smooth and gradual) or first-order transitions (which are sudden and abrupt). Understanding DQCPs could provide new insights into how particles interact and how exotic states of matter emerge.

The Key to the Mystery: Entanglement Entropy

At the heart of this new study lies the concept of entanglement entropy, a measure of how particles in quantum systems are interrelated. It provides a way to quantify the amount of information shared between different parts of a system. Entanglement entropy offers a glimpse into the hidden structure of quantum systems, serving as a fundamental tool for probing quantum matter and understanding the nature of complex interactions that emerge at critical points.

Using advanced quantum Monte Carlo simulations (a computational method for modelling quantum systems) and rigorous theoretical analysis, researchers examine the behaviour of entanglement entropy in square-lattice SU(N) spin models -- a theoretical framework designed to capture the essence of DQCPs.

Their meticulous computations revealed something extraordinary: at small value N (a parameter that determines the symmetry of the system), the behaviour of entanglement entropy deviated from expectations for smooth, continuous phase transitions. Instead, they found that DQCPs exhibit anomalous logarithmic behaviors, defyingthe theoretical constraints typically associated with continuous phase transitions.

The Breakthrough: A Critical Threshold and Conformal Fixed Points

One of the most striking revelations of the study was the identification of a critical threshold value of N. When N exceeds this threshold, DQCPs exhibit behaviours consistent with conformal fixed points -- a mathematical framework that describes smooth, continuous phase transitions. This discovery is significant because it suggests that, under certain conditions, DQCPs can resemble continuous phase transitions. At these critical points, the system aligns with conformal fixed points, revealing a hidden structure in the quantum world where the boundaries between distinct phases dissolve, and matter exists in a state of extraordinary fluidity, defying the usual rules of physics.




Why This Matters

The implications of these findings are profound. DQCPs provide a unique testing ground for exploring the interplay of quantum mechanics, symmetry, and critical phenomena. Understanding their nature could unlock new insights into:
    	Exotic States of Matter: DQCPs are believed to be connected to the emergence of exotic phases, such as quantum spin liquids, which have potential applications in quantum computing and other advanced technologies.
    	Fundamental Physics: By challenging the traditional Landau paradigm, DQCPs force us to rethink the principles that govern phase transitions, potentially leading to new theoretical frameworks.
    	Technological Innovation: Insights gained from studying DQCPs could inform the design of novel materials with unique quantum properties, such as high-temperature superconductors or quantum magnets.

Conclusion The enigmatic world of deconfined quantum critical points stands at the frontier of modern physics, offering a glimpse into the uncharted territory of quantum mechanics. Through their meticulous investigation of entanglement entropy and SU(N) spin models, researchers have made significant strides in unravelling the mysteries of these critical phenomena.

This study was conducted in collaboration with Dr Jiarui ZHAO from the Chinese University of Hong Kong, Professor Meng CHENG from Yale University, Professor Cenke XU from the University of California, Santa Barbara, Professor Michael M. SCHERER from Ruhr-University Bochum, and Professor Lukas JANSSEN from TU Dresden.
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AI model for thyroid cancer diagnosis, with over 90% accuracy and reduced consultation preparation time | ScienceDaily
An interdisciplinary research team from the LKS Faculty of Medicine of the University of Hong Kong (HKUMed), the InnoHK Laboratory of Data Discovery for Health (InnoHK D24H), and the London School of Hygiene & Tropical Medicine (LSHTM) has unveiled the world's first artificial intelligence (AI) model designed to classify both the cancer stage and risk category of thyroid cancer, achieving impressive accuracy exceeding 90%. This innovative HKUMed AI model promises to significantly cut frontline clinicians' pre-consultation preparation time by approximately 50%, aligning with the HKSAR Government's initiative to harness AI technology in healthcare. The findings were published in the journal npj Digital Medicine.


						
Thyroid cancer is among the most prevalent cancers in Hong Kong and globally. Precision management of the disease often rely on two systems: (1) the 8th edition of the American Joint Committee on Cancer (AJCC) or Tumour-Node-Metastasis (TNM) cancer staging system to determine the cancer stage; and (2) the American Thyroid Association (ATA) risk classification system to categorise cancer risk. These systems are crucial for predicting patient survival and guiding treatment decisions. However, the manual integration of complex clinical information into these systems can be time-consuming and lack efficiency.

The research team developed an AI assistant that leverages large language models (LLMs), like ChatGPT and DeepSeek, which are designed to understand and process human language, to analyse clinical documents and enhance the accuracy and efficiency of thyroid cancer staging and risk classification.

The model leverages four offline open-source LLMs -- Mistral (Mistral AI), Llama (Meta), Gemma (Google), and Qwen (Alibaba) -- to analyse free-text clinical documents. The AI model was trained with a United States based open-access data with pathology reports of 50 thyroid cancer patients from The Cancer Genome Atlas Programme (TCGA), with subsequent validation against pathology reports from 289 TCGA patients and 35 pseudo cases created by endocrine surgeons.

By combining the output of all four LLMs, the team improved the overall performance of the AI model, achieving overall accuracy of 88.5% to 100% in ATA risk classification and 92.9% to 98.1% in AJCC cancer staging. Compared to traditional manual document reviews, this advancement is expected to halve the time clinicians spend on pre-consultation preparation.

Professor Joseph T Wu, Sir Kotewall Professor in Public Health and Managing Director of InnoHK D24H at HKUMed, emphasised the model's remarkable performance. 'Our model achieves more than 90% accuracy in classifying AJCC cancer stages and ATA risk category', he said. 'A significant advantage of this model is its offline capability, which would allow local deployment without the need to share or upload sensitive patient information, thereby providing maximum patient privacy.'

'In view of the recent debut of DeepSeek, we conducted further comparative tests with a "zero-shot approach" against the latest versions of DeepSeek -- R1 and V3 -- as well as GPT-4o. We were pleased to find that our model performed on par with these powerful online LLMs,' added Professor Wu.




Dr Matrix Fung Man-him, Clinical Assistant Professor and Chief of Endocrine Surgery, Department of Surgery, School of Clinical Medicine, HKUMed, stated, 'In addition to providing high accuracy in extracting and analysing information from complex pathology reports, operation records and clinical notes, our AI model also dramatically reduces doctors' preparation time by almost half compared to human interpretation. It could simultaneously provide cancer staging and clinical risk stratification based on two internationally recognised clinical systems.'

'The AI model is versatile and could be readily integrated into various settings in the public and private sectors, and both local and international healthcare and research institutes,' said Dr Fung. 'We are optimistic that the real-world implementation of this AI model could enhance the efficiency of frontline clinicians and improve the quality of care. In addition, doctors will have more time to counsel with their patients.'

'In line with government's strong advocacy of AI adoption in healthcare, as exemplified by the recent launch of LLM-based medical report writing system in the Hospital Authority, our next step is to evaluate the performance of this AI assistant with a large amount of real-world patient data. Once validated, the AI model can be readily deployed in real clinical settings and hospitals to help clinicians improve operational and treatment efficiency,' explained Dr Carlos Wong, Honorary Associate Professor in the Department of Family Medicine and Primary Care, School of Clinical Medicine, HKUMed.

The study was led by Professor Joseph Wu Tsz-kei, Sir Robert Kotewall Professor in Public Health in the School of Public Health, and Managing Director & Lead Scientist of InnoHK D24H; Dr Matrix Fung Man-him, Clinical Assistant Professor and Chief of Endocrine Surgery in the Department of Surgery, School of Clinical Medicine; and Dr Carlos Wong King-ho, Honorary Associate Professor in the Department of Family Medicine and Primary Care, School of Clinical Medicine, and Senior Research Director in InnoHK D24H; all under HKUMed. The first authors were Dr Eric Tang Ho-man and Dr Tingting Wu from InnoHK D24H. 
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Hidden mechanisms in next-generation AI memory device | ScienceDaily
As artificial intelligence (AI) continues to advance, researchers at POSTECH (Pohang University of Science and Technology) have identified a breakthrough that could make AI technologies faster and more efficient.


						
Professor Seyoung Kim and Dr. Hyunjeong Kwak from the Departments of Materials Science & Engineering and Semiconductor Engineering at POSTECH, in collaboration with Dr. Oki Gunawan from the IBM T.J. Watson Research Center, have become the first to uncover the hidden operating mechanisms of Electrochemical Random-Access Memory (ECRAM), a promising next-generation technology for AI. This groundbreaking study has been published in the journal, Nature Communications.

As AI technologies advance, data processing demands have exponentially increased. Current computing systems, however, separate data storage ('memory') from data processing ('processors'), resulting in significant time and energy consumption due to data transfers between these units. To address this issue, researchers developed the concept of 'In-Memory Computing.'

'In-Memory Computing' enables calculations directly within memory, eliminating data movement and achieving faster, more efficient operations. ECRAM is a critical technology for implementing this concept. ECRAM devices store and process information using ionic movements, allowing for continuous analog-type data storage. However, understanding their complex structure and high-resistive oxide materials has remained challenging, significantly hindering commercialization.

To address this, the research team developed a multi-terminal structured ECRAM device using tungsten oxide and applied the 'Parallel Dipole Line Hall System', enabling observation of internal electron dynamics from ultra-low temperatures (-223degC, 50K) to room temperature (300K). They observed, for the first time, that oxygen vacancies inside the ECRAM create shallow donor states (~0.1 eV), effectively forming 'shortcuts' through which electrons move freely. Rather than simply increasing electron quantity, the ECRAM inherently creates an environment facilitating easier electron transport. Crucially, this mechanism remained stable even at extremely low temperatures, demonstrating the robustness and durability of the ECRAM device..

Prof. Seyoung Kim from POSTECH emphasized, "This research is significant as it experimentally clarified the switching mechanism of ECRAM across various temperatures. Commercializing this technology could lead to faster AI performance and extended battery life in devices such as smartphones, tablets, and laptops."

This work was supported by K-CHIPS(Korea Collaborative & High-tech Initiative for Prospective Semiconductor Research)funded by the Ministry of Trade, Industry & Energy of Korea (MOTIE).

Notes:

1. ECRAM(Electrochemical Random-Access Memory): An electrochemical memory device whose channel conductivity varies according to the concentration of ions within the channel. This behavior allows for the expression of analog memory states. The device features a three-terminal structure consisting of a source, drain, and gate. By applying voltage to the gate, ion movement is controlled, and the channel conductivity is read through the source and drain.

2. Parallel Dipole Line Hall System, PDL Hall System: A Hall measurement system composed of two cylindrical dipole magnets. When one magnet is rotated, the other rotates automatically, enabling the generation of a strong, superimposed magnetic field. This configuration allows for enhanced sensitivity in observing internal electron behaviors.
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Affordable hydrogen fuel production using surface reconstruction strategy | ScienceDaily
The hydrogen evolution reaction (HER) is a remarkable process that can create clean hydrogen fuel -- a potential part of a solution to our climate change crisis. The problem lies in scaling up this reaction from a lab experiment to large scale commercial production, while keeping costs down.


						
The findings were published in Advanced Energy Materials on April 3, 2025.

In their search for superior HER performance, researchers at Tohoku University demonstrated that a surface reconstruction pathway can produce durable non-noble metal-based cathodes that speed up the HER reaction. They can maintain their performance for more than 300 hours and are calculated to cost very close to the US Department of Energy's 2026 H2 production target ($2.00 per kgH2-1). This could pave the way for the rational design of brand new, highly-efficient non-noble metal-based cathodes for commercial PEM application -- finally bridging the gap from laboratory to factory.

The angle this study approached for trying to improve the HER -- which tends to be inefficient and slow by nature -- was transition metal phosphides (TMPs). This promising catalyst (which improves the HER's efficiency) is a durable and cost-effective non-noble metal. However, typically noble metals are used, so the researchers recognized that there was a knowledge gap about non-noble metals that needed to be filled.

The research team prepared F modified CoP and examined aspects such as its surface reconstruction and true active sites using operando X-ray absorption spectroscopy (XAS) and Raman measurements. Essentially, adding the F in the CoP1-x lattice allows for P-vacancy sites to form on the surface, which leads to more active sites that are able to speed up the HER.

"This reconstructed Co is highly active, works in acidic conditions, and can maintain approximately 76 W for over 300 hours," says Heng Liu (Advanced Institute for Materials Research (WPI-AIMR)). "We're getting close to an affordable method to produce fuel. The calculated cost of using this method is $2.17 per kgH2-1 -- just 17 cents over the current production target set for 2026."

The researchers found that when this F modified CoP cathode underwent surface reconstruction, its activity was improved. The experiment doesn't just test the setup in a lab-scale experimental setup with three electrodes, but also extends the findings to commercial-scale PEM electrolyzers. These results are significant advancements in HER catalyst research that could be the basis for the rational design of other non-noble metal-based cathodes.

"We're always thinking about the end goal, which is for research to make its way into everyday life. This advancement brings us one step closer to designing more realistic options for commercial PEM application," says Liu.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/04/250425113755.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Global survey highlights the challenges of VR-haptic technology in dental education | ScienceDaily
A recent global survey of 156 institutions reveals strong interest in VR-haptic technology for dental training, yet significant barriers impede widespread adoption. The study was led by the University of Eastern Finland and published in Frontiers in Dental Medicine.


						
Combining virtual reality with force feedback, VR-haptic technology is becoming more and more common in dental education where it complements traditional preclinical hand skill training methods. The aim of the present study was to understand dental educators' perceptions and needs regarding the acceptability and application of VR-haptics in dental education, as well as to gather suggestions for system improvements.

Over a third of 387 respondents (35%) cited technical limitations in current systems, such as insufficient haptic precision and restricted procedural options, which undermine skill transfer to real patient care. Financial constraints were another major hurdle, with 28% of institutions struggling to afford devices, leading to shortages and limited student access.

Resistance to change also persists: 24% noted low acceptance among educators and students, driven by disruptions to traditional teaching methods. Additionally, 13% highlighted time-intensive curriculum adaptations and training requirements as critical obstacles.

To address these challenges, the authors recommend further hardware and software development, seeking cost-reduction innovations, and providing targeted faculty training to demonstrate VR-haptics' educational benefits. They point out that future success hinges on multidisciplinary collaboration -- particularly among restorative dentistry, prosthodontics, and endodontics -- to develop realistic, discipline-specific training scenarios.
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Structure dictates effectiveness, safety in nanomedicine | ScienceDaily
Historically, the vast majority of pharmaceutical drugs have been meticulously designed down to the atomic level. The specific location of each atom within the drug molecule is a critical factor in determining how well it works and how safe it is. In ibuprofen, for example, one molecule is effective as a pain reliever, but the mirror image of that same molecule is completely inactive.


						
Now, Northwestern University and Mass General Brigham scientists argue that this precise structural control, which is applied to traditional medicines, should be harnessed to usher in a new class of potent nanomedicines that can treat some of the world's most debilitating diseases. With current nanomedicines like the mRNA vaccines, no two particles are the same. To ensure that all nanomedicines in the same batch are consistent -- and the most potent versions -- scientists are devising new strategies to precisely tailor their structures.

With this level of control, scientists can fine-tune how nanomedicines interact with the human body. These new designs are leading to potent vaccines or even cures for cancers, infectious diseases, neurodegenerative diseases and autoimmune disorders.

The perspective will be published on April 25 (Friday) in the journal Nature Reviews Bioengineering.

"Historically, most drugs have been small molecules," said Northwestern's Chad A. Mirkin, who coauthored the paper. "In the small molecule era, it was critical to control the placement of every atom and every bond within a particular structure. If one element was out of place, it might render the whole drug ineffective. Now, we need to bring that tight control to nanomedicine. Structural nanomedicine represents a massive shift in how we can approach therapeutic development. By focusing on the intricate details in our therapeutics and how different medicinal components are displayed within a larger structure, we can design interventions that are more effective, more targeted and, ultimately, more beneficial for patients."

A pioneer in nanomedicine, Mirkin is the George B. Rathmann Professor of Chemistry, Chemical and Biological Engineering, Biomedical Engineering, Materials Science and Engineering, and Medicine at Northwestern, where he has appointments in the Weinberg College of Arts and Sciences, McCormick School of Engineering and Feinberg School of Medicine. He also is founding director of the International Institute for Nanotechnology (IIN). Mirkin coauthored the perspective with Milan Mrksich, the Henry Wade Rogers Professor of Biomedical Engineering at McCormick, professor of chemistry at Weinberg and professor of cell and developmental biology at Feinberg; and Natalie Artzi, the head of structural nanomedicine at the Gene and Cell Therapy Institute at Mass General Brigham, an associate professor of medicine at Harvard Medical School and a core faculty member at the Wyss Institute for Biologically Inspired Engineering at Harvard University.

Problems with 'the blender approach' to vaccine design

In conventional approaches to vaccine design, researchers have mostly relied on mixing key components together. Typical cancer immunotherapies, for example, consist of a molecule or molecules from tumor cells (called antigens) paired with a molecule (called an adjuvant) that stimulates the immune system. Physicians mix the antigen and adjuvant together into a cocktail and then inject the mixture into the patient.




Mirkin calls this the "blender approach" -- in which the components are completely unstructured. In stark contrast, structural nanomedicines can be used to organize antigens and adjuvants. When structured at the nanoscale, those same medicinal components exhibit enhanced efficacy and decreased side effects compared to unstructured versions. However, unlike small molecule drugs, these nanomedicines are still imprecise at the molecular level.

"No two drugs in a batch are the same," Mirkin said. "Nanoscale vaccines have different numbers of lipids, different presentations of lipids, different amounts of RNA and different sizes of particles. There are an infinite number of variables in nanomedicine formulations. That inconsistency leads to uncertainty. There's no way to know if you have the most effective and safest construct among the vast number of possibilities.

Moving from co-assembly to molecular precision

To address this problem, Mirkin, Mrksich and Artzi advocate for a shift toward even more precise structural nanomedicines. In this approach, researchers build nanomedicines from chemically well-defined core structures that can be precisely engineered with multiple therapeutic components in a controlled spatial arrangement. By controlling design at the atomic level, researchers can unlock unprecedented capabilities, including the integration of multiple functionalities into one drug, optimized target engagement and triggered drug release in specific cells.

In the paper, the authors cite three examples of trailblazing structural nanomedicines: spherical nucleic acids (SNAs), chemoflares and megamolecules. Invented by Mirkin, SNAs are a globular form of DNA that can easily enter cells and bind to targets. More effective than linear DNA of the same sequence, SNAs have demonstrated significant potential in gene regulation, gene editing, drug delivery and vaccine development -- even in certain cases curing deadly forms of skin cancer in a clinical setting.

"We have proven that the overall structural presentation of an SNA-based vaccine or therapeutic -- not simply the active chemical components -- dramatically affects its potency," Mirkin said. "This finding could lead to treatments for many different types of cancer. In certain cases, we've used this to cure patients who could not be treated with any other known therapy."

Pioneered by Artzi and Mirkin, chemoflares are smart nanostructures that release chemotherapeutic drugs in response to disease-related cues in cancer cells. And megamolecules, invented by Mrksich, are precisely assembled protein structures that mimic antibodies. Researchers can engineer all these types of structural nanomedicines to carry multiple therapeutic agents or diagnostic tools.




"By harnessing disease-specific tissue and cellular cues, next-generation nanomedicines can achieve highly localized and timely drug release -- transforming how and where therapies act within the body," Artzi said. "This level of precision is especially critical for combination treatments, where coordinated delivery of multiple agents can dramatically enhance therapeutic efficacy while reducing systemic toxicity and minimizing off-target effects. Such smart, responsive systems represent a crucial step forward in overcoming the limitations of conventional drug delivery."

Harnessing AI in design

Going forward, researchers will need to address current challenges in scalability, reproducibility, delivery and multiple therapeutic agent integration, the authors say. The authors also highlight the increasingly important role of emerging technologies like machine learning and artificial intelligence (AI) in optimizing design and delivery parameters.

"When looking at structure, there are sometimes tens of thousands of possibilities for how to arrange components on nanomedicines," Mirkin said. "With AI, we can narrow down giant sets of unexplored structures to a handful to synthesize and test in the lab. By controlling structure, we can create the most potent medicines with the lowest chance of side effects. We can restructure medicinal components like nucleic acids to create entities that have properties that go so far beyond what we have ever seen with standard DNA and RNA. This is just the beginning, and we're excited to see what's next. We are poised to usher in an entire new era of structural medicine, with Northwestern taking the lead."

The paper, "The emerging era of structural nanomedicine," was supported by the National Cancer Institute (award numbers R01CA257926 and R01CA275430), the National Institute of Diabetes and Digestive and Kidney Diseases (award number U54DK137516), Edgar H. Bachrach through the Bachrach Family Foundation, the CZ Biohub, the Defense Threat Reduction Agency (award number HDTRA1-21-1-0038)and The Lefkofsky Family Foundation.
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Astronomers find Earth-like exoplanets common across the cosmos | ScienceDaily
Using the Korea Microlensing Telescope Network (KMTNet), an international team of researchers has discovered that super-Earth exoplanets are more common across the universe than previously thought, according to a new study.


						
By studying light anomalies made by the newly found planet's host star and combining their results with a larger sample from a KMTNet microlensing survey, the team found that super-Earths can exist as far from their host star as our gas giants are from the sun, said Andrew Gould, co-author of the study and professor emeritus of astronomy at The Ohio State University.

"Scientists knew there were more small planets than big planets, but in this study, we were able to show that within this overall pattern, there are excesses and deficits," he said. "It's very interesting."

While it can be relatively easy to locate worlds that orbit close to their star, planets with wider paths can be difficult to detect. Still, researchers further estimated that for every three stars, there should be at least one super-Earth present with a Jupiter-like orbital period, suggesting these massive worlds are extremely prevalent across the universe, said Gould, whose early theoretical research helped develop the field of planetary microlensing.

The findings in this study were made via microlensing, an observational effect that occurs when the presence of mass warps the fabric of space-time to a detectable degree. When a foreground object, such as a star or planet, passes between an observer and a more distant star, light is curved from the source, causing an apparent increase in the object's brightness that can last anywhere from a few hours to several months.

Astronomers can use these fluctuations, or bumps, in brightness to help locate alien worlds unlike our own. In this case, microlensing signals were used to locate OGLE-2016-BLG-0007, a super-Earth with a mass ratio roughly double that of Earth's and an orbit wider than Saturn's.

These observations allowed the team to divide exoplanets into two groups, one that consists of super-Earths and Neptune-like planets and the other comprising gas giants like Jupiter or Saturn. This discovery opens new doors for planetary system science: Having a better understanding of exoplanet distribution can reveal new insights about the processes by which they form and evolve.




The study, led by researchers in China, Korea and at Harvard University and the Smithsonian Institution in the United States, was recently published in the journal Science.

To explain their results, researchers also compared their findings to predictions made from theoretical simulations of planet formation. Their results showed that while exoplanets can be separated into groups by mass and makeup, the mechanisms that may produce them can vary.

"The dominant theory of gas-giant formation is through runaway gas accretion, but other people have said that it could be both accretion and gravitational instability," said Gould. "We're saying we can't distinguish between those two yet."

Doing so will likely require greater swaths of long-term data from specialized systems such as KMTNet and other microlensing instruments like it, said Richard Pogge, another co-author of the study and a professor of astronomy at Ohio State.

"Finding a microlensing star event is hard. Finding a microlensing star with a planet is hard-squared," he said. "We have to look at hundreds of millions of stars to find even a hundred of these things."

These alignments are so rare that only 237 out of the more than 5,000 exoplanets ever discovered have been identified using the microlensing method. Now, with the help of three powerful custom-built telescopes located in South Africa, Chile and Australia, the KMTNet system routinely allows scientists to scour the cosmos for these amazing events, said Pogge.

Most notably, it was scientists in Ohio State's Imaging Sciences Laboratory who designed and built the Korean Microlensing Telescope Network Cameras (KMTCam) that the system relies on to identify exoplanets. And as technology continues to evolve, having dedicated, global collaborations like this one will turn visions of scientific theory into real discoveries, said Pogge.

"We're like paleontologists reconstructing not only the history of the universe we live in but the processes that govern it," he said. "So helping to bring both of those pieces together into one picture has been enormously satisfying."

Other members of Ohio State's ISL team include Bruce Atwood, Tom O'Brien, Mark Johnson, Mark Derwent, Chris Colarosa, Jerry Mason, Daniel Pappalardo and Skip Shaller. This work was supported by the National Science Foundation, Tsinghua University, the National Natural Science Foundation of China, the Harvard-Smithsonian Center for Astrophysics, the China Manned Space Project, Polish National Agency for Academic Exchange and the National Research Foundation of Korea.
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This injected protein-like polymer helps tissues heal after a heart attack | ScienceDaily
Researchers have developed a new therapy that can be injected intravenously right after a heart attack to promote healing and prevent heart failure.


						
The therapy both prompts the immune system to encourage tissue repair and promotes survival of heart muscle cells after a heart attack. Researchers tested the therapy in rats and showed that it is effective up to five weeks after injection.

The research team, led by bioengineers at the University of California San Diego and chemists at Northwestern University, published their findings in the April 25 issue of the journal Advanced Materials.

"Preventing heart failure after a heart attack is still a major unmet clinical need," said Karen Christman, one of the study's corresponding authors and a professor in the Shu Chien-Gene Lay Department of Bioengineering at the UC San Diego Jacobs School of Engineering. "The goal of this therapy is to intervene very soon after someone suffers a heart attack to keep them from ultimately going into heart failure."

The therapy could have broader applications, said Nathan Gianneschi, the paper's other corresponding author and a professor in the Department of Chemistry at Northwestern.

"This therapeutic platform has tremendous potential for several diseases, including everything from macular degeneration to multiple sclerosis and kidney disease," Gianneschi said.

The platform aims to block the interaction of two key proteins that intervene in the body's response to stress and inflammation. When the protein Nrf2 is activated, cells resist the degradation brought on by inflammation. But KEAP1 binds with Nrf2 to degrade it in turn. After a heart attack, this process of degradation has to be stopped so that tissues can health better.




The protein-like polymer, or PLP, platform is made from a polymer that mimics Nrf2. Once injected intravenously, it finds KEAP1 and binds to it, preventing it from binding to the actual Nrf2 protein and degrading it.

Researchers injected rat models after a heart attack with either the PLP platform or a saline solution. The team was blinded to which animals received the polymer or saline. After five weeks, the rodents underwent MRIs while sedated. The animals injected with the polymer showed better cardiac function and significantly more healing in their heart muscle tissue. Other tests also showed that genes that promote healing of tissues were expressed more.

Researchers describe the study as a proof of concept. Before moving on to tests in larger mammals, they want to optimize the design and dosage, and conduct further analysis.

"Proteins are the molecular machines that drive all essential cellular function, and dysregulated intracellular protein-protein interactions are the cause of many human diseases," Gianneschi said. "Existing drug modalities are either unable to penetrate cells or cannot effectively engage these large disease target domains. We are looking at these challenges through a new lens."

The therapy method was developed by Gianneschi, while he was a faculty member at UC San Diego, where he is now an adjunct faculty. He continued working on the technology at Northwestern.

This work was made possible by research grants from the National Institutes of Health National Heart, Lung, and Blood Institute (NHLBI)(2R01HL139001, R00 CA248715).

Gianneschi is a co-founder of Grove Biopharma, which licensed intellectual property related to the study. Gianneschi and Christman are co-inventors on that same intellectual property. Gianneschi also serves on the Scientific Advisory Board for Grove Biopharma.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/04/250425113443.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Cutting the complexity from digital carpentry | ScienceDaily
Many products in the modern world are in some way fabricated using computer numerical control (CNC) machines, which use computers to automate machine operations in manufacturing. While simple in concept, the ways to instruct these machines is in reality often complex. A team of researchers including those from the University of Tokyo devised a system to demonstrate how to mitigate some of this complexity. Draw2Cut allows users to draw desired designs directly onto material to be cut or milled. In this case, color-coded lines drawn with standard marker pens instruct the Draw2Cut system to mill designs into wood without any prior knowledge of CNC machines or their typical workflows.


						
Various technologies can be said to democratize some skill or ability that was previously only accessible to those with time, money, luck, or all three. Ploughs, tractors, the printing press, the internet -- the list goes on. In recent years, things like 3D printing were touted to bring bespoke high-quality manufacturing into the home. Though it's yet to be seen how realistic that is, it highlights the real desire many people have to express greater control over the things they desire. 3D printing is of course just one mode of digital fabrication, and in many more cases, fabricated items are still often made using more established techniques employing molds or CNC machines. Despite being well established, using CNC machines is far from trivial.

"Operating CNC milling machines can be difficult because it usually requires users to first create 3D models using computer-aided design (CAD) software," said Project Assistant Professor Maria Larsson at the University of Tokyo's User Interface Research Group. "Our latest research explores the idea that, in several situations, it would be nice if the user could just draw directly onto materials they want the CNC machine to mill and cut, without modeling anything in CAD. We were inspired by the way in which carpenters mark wood for cutting, and thought, why can't we do a similar system for personal fabrication?"

To this end, Larsson and her team created Draw2Cut, essentially a novel vision system coupled with an intuitive workflow and simple set of steps to follow in order to create CAD plans for CNC machines. Assuming someone has an idea for the item they want to create, they can use a specific set of colors to draw their design directly onto some material. Draw2Cut then images the material and sketches and interprets the vision data to create 3D CAD plans to export to a CNC machine. The machine can be fed the actual piece of material the user drew on and will cut and mill accordingly. Though they've only experimented with wood, different CNC machines can work on different materials, including even metal if needs be.

"The most challenging part of this project was how to implement this workflow in practice. We found the key ingredient was to develop a drawing language where symbols and colors are assigned various meanings, in order to produce unambiguous machine instructions," said Larsson. "In this case, purple lines mark the general shape of a path to mill, red and green marks and lines then provide instructions to cut straight down into the material or instead produce gradients, respectively. Though, as with any project interfacing the real and virtual worlds, we also faced the challenge of getting our camera set up right and calibrating things before achieving an acceptable precision of cutting, within roughly 1 millimeter."

While Draw2Cut is not quite able to create items to the degree of quality a seasoned professional could produce, its main aim is not to replace people but to open up this mode of manufacture to more people, one of the broader themes of the User Interface Research Group.

"We involved a range of participants in designing and refining Draw2Cut. In particular, we found that Draw2Cut lowers the entry barrier for novice users, even children," said Larsson. "Expert users too might benefit from being more able to swiftly express their design intent. And we aim to expand the possibilities with a broader range of stroke patterns and symbols in the future. It's also possible to customize the color language for different needs. Our source code is open source, so developers with different needs can customize it accordingly."
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Can technology revolutionize health science? The promise of exposomics | ScienceDaily
Every breath we take, every meal we eat, and every environment we encounter leaves a molecular fingerprint in our bodies -- a hidden record of our lifelong exposures. Researchers in the field of exposomics explain how cutting-edge technologies are unlocking this biological archive, ushering in a new era of disease prevention and personalized medicine. The scientists lay out a roadmap to overcome technical and logistical challenges and realize the field's full potential.


						
Exposomics explores how the complex interplay of environmental factors -- from pollutants in our water and food to social and psychological stressors -- shapes our biology. By studying these combined exposures, researchers can uncover how they collectively influence health, from metabolism and heart function to brain health and disease risk.

The Perspectives article is led by the Banbury Exposomics Consortium -- an interdisciplinary group of scientists who gathered at Cold Spring Harbor's Banbury Center in 2023 to define the core principles of this rapidly evolving field. Gary Miller, PhD, a foremost expert in exposomics and faculty member at Columbia University Mailman School of Public Health, was the lead organizer of the Consortium.

Miller, Vice Dean of Research and Innovation and Professor of Environmental Health Sciences at Columbia Mailman School, co-leads the NIH-funded national coordinating center for exposomics, NEXUS. He also leads IndiPHARM, an ARPA-H-funded initiative using exposomics to predict drug interactions and enhance medication effectiveness.

Exposomics in Action

The young field is already proving its transformative potential. Researchers analyzing molecular evidence identified a specific industrial solvent as the culprit behind kidney disease clusters among factory workers. In another study, scientists merged satellite pollution mapping with residential location information to reveal how airborne particulates prematurely age the brain. Scientists analyzing thousands of circulating molecules pinpointed TMAO, a gut microbiome metabolite produced when eating red meat and dairy, as a previously overlooked major contributor to heart attack risk.

These discoveries are made possible by cutting-edge technologies and tools such as wearable sensors that track chemical exposures in real-time, satellite imagery that maps pollution down to city blocks, and ultra-sensitive mass spectrometers that detect compounds present at just one part per trillion.




A Wider Lens on Our Health

While genetics provides our biological blueprint, it explains only a fraction of chronic disease risk. The exposome captures everything that happens to us, from industrial chemicals to social stressors. Unlike traditional studies examining single exposures in isolation, exposomics integrates advanced tools to understand how environmental, social, and psychological factors collectively interact with our biology.

This approach synergizes powerfully with other "omics" sciences. When combined with genomics, proteomics, and metabolomics, exposomics creates the first complete picture of health determinants. The authors envision a future where all major disease studies incorporate exposome analysis as standard practice.

Systematically analyzing these complex interactions can improve drug development, uncover hidden drivers of disease, and address health disparities. The approach bridges precision medicine and population health.

The Way Forward

Miller and colleagues outline critical priorities for advancing exposomics. These include the development of more sensitive technologies, such as wearable or minimally invasive tools that measure an individual's exposome; the creation of a human exposome reference to enable analysis and contextualization at the population scale; and the implementation of standardized protocols to enable AI-driven analysis of complex datasets. The field must also address ethical considerations around data privacy and the need for greater focus on the social determinants of health, the authors write.

Newly launched U.S. and European exposomics hubs now provide the infrastructure for worldwide collaboration, standardizing methods, harmonizing data, and training researchers in the cross-disciplinary skills needed to advance this field. These centers form the critical backbone for the future progress of exposomics.

"We're now building the first systematic framework to measure how all exposures -- from chemical to social -- interact with biology across the lifespan. Our goal is to create actionable strategies for healthier lives," says Miller.
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Nanophotonic platform boosts efficiency of nonlinear-optical quantum teleportation | ScienceDaily
Researchers have long recognized that quantum communication systems would transmit quantum information more faithfully and be impervious to certain forms of error if nonlinear optical processes were used. However, past efforts at incorporating such processes could not operate with the extremely low light levels required for quantum communication.


						
Now, a team at the University of Illinois Urbana-Champaign has improved the technology by basing the nonlinear process on an indium-gallium-phosphide nanophotonic platform. The result is substantially more efficient than prior systems, meaning that it requires much less light and operates all the way down to single photons, the smallest unit of light. For the first time, there is a path forward to making quantum communication systems with nonlinear optics feasible.

"Our nonlinear system transmits quantum information with 94% fidelity, compared to the theoretical limit of 33% on systems using linear optical components," said Kejie Fang, an Illinois professor of electrical and computer engineering and the project lead. "This alone demonstrates the power of quantum communication with nonlinear optics. The big problem to solve is efficiency. By using a nanophotonic platform, we saw the efficiency increase by enough to show that the technology is promising."

This research was recently published in the journal Physical Review Letters.

Transmission of quantum information over networks is facilitated by the quantum teleportation protocol. In it, the phenomenon of quantum entanglement -- in which two quantum objects, typically single photons, influence each other even when there is no apparent physical connection between them -- is exploited to transfer quantum information between a sender and a receiver without transmitting it through a communication channel. The advantage of this procedure is that the influences of external noise and channel imperfections are greatly mitigated.

There are two factors which limit the performance of quantum teleportation. First, the use of standard, linear optical components introduces inherent ambiguities in the transmission. Second, the entangled photons are made with an imperfect process subject to errors and excess noise. In particular, it is common for entanglement sources to produce more than a single pair of photons at once, making it unclear whether the two used in teleportation are truly entangled.

"Multiphoton noise occurs in all realistic entanglement sources, and it's a serious problem for quantum networks," said Elizabeth Goldschmidt, an Illinois professor of physics and a co-author of the study. "The appeal of nonlinear optics is that it can mitigate the effect of multiphoton noise by virtue of the underlying physics, making it possible to work with imperfect entanglement sources."

Nonlinear optical components cause photons of different frequencies to combine and create new photons at new frequencies. For quantum teleportation, the nonlinear process used is "sum frequency generation" (SFG), in which the frequencies of two photons add to form a new photon. However, the original two photons must have specific starting frequencies for the process to occur.




When SFG is used in quantum teleportation, the protocol does not proceed if two photons of the same frequency are detected. This filters out the primary type of noise in most entangled photon sources and allows for much higher teleportation fidelities than would be possible otherwise. The main drawback is that an SFG conversion occurs with very low probability, making the teleportation process highly inefficient.

"Researchers have known about this for a long time, but it was not fully explored due to the low probability of successful SFG," Fang said. "In the past, the best that was achieved is 1 in 100 million. Our achievement is realizing a factor of 10,000 increase conversion efficiency to 1 in 10,000 with a nanophotonic platform."

The researchers are optimistic that, with further development, quantum teleportation with nonlinear optical components can be made even more efficient. They believe that it will find use in other quantum communications protocols, including entanglement swapping.
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Quantum sensors tested for next-generation particle physics experiments | ScienceDaily
To learn more about the nature of matter, energy, space, and time, physicists smash high-energy particles together in large accelerator machines, creating sprays of millions of particles per second of a variety of masses and speeds. The collisions may also produce entirely new particles not predicted by the standard model, the prevailing theory of fundamental particles and forces in our universe. Plans are underway to create more powerful particle accelerators, whose collisions will unleash even larger subatomic storms. How will researchers sift through the chaos?


						
The answer may lie in quantum sensors. Researchers from the U.S. Department of Energy's Fermi National Accelerator Laboratory (Fermilab), Caltech, NASA's Jet Propulsion Laboratory (which is managed by Caltech), and other collaborating institutions have developed a novel high-energy particle detection instrumentation approach that leverages the power of quantum sensors -- devices capable of precisely detecting single particles.

"In the next 20 to 30 years, we will see a paradigm shift in particle colliders as they become more powerful in energy and intensity," says Maria Spiropulu, the Shang-Yi Ch'en Professor of Physics at Caltech. "And that means we need more precise detectors. This is why we are developing the quantum technology today. We want to include quantum sensing in our toolbox to optimize next-generation searches for new particles and dark matter, and to study the origins of space and time."

Reporting in the Journal of Instrumentation, the research team, which also includes collaborators at the University of Geneva and Universidad Santa Maria in Venezuela, tested its new technology, called superconducting microwire single-photon detectors (SMSPDs), for the first time at Fermilab near Chicago. They exposed the quantum sensors to high-energy beams of protons, electrons, and pions, and demonstrated that the sensors were highly efficient at detecting the particles with improved time and spatial resolution compared to traditional detectors.

This is a significant step toward developing advanced detectors for future particle physics experiments, says co-author Si Xie, a scientist at Fermilab who has a joint appointment at Caltech as a research scientist. "This is just the beginning," he says. "We have the potential to detect particles lower in mass than we could before as well as exotic particles like those that may constitute dark matter."

The quantum sensors used in the study are similar to a related family of sensors (called superconducting nanowire single-photon detectors, or SNSPDs), which have applications in quantum networks and astronomy experiments. For example, researchers at JPL -- who are among the world's top experts at designing and fabricating these sensors -- recently used them in the Deep Space Optical Communications experiment, a technology demonstration that used lasers to transmit high-definition data from space to the ground.

Spiropulu, Xie, and other scientists from Fermilab, Caltech, and JPL have also used the SNSPD sensors in quantum networking experiments, in which they teleported information across long distances -- an important step in developing a quantum internet in the future. That program, called Intelligent Quantum Networks and Technologies (INQNET), was jointly founded in 2017 by Caltech and AT&T.




For the particle physics tests, the researchers used SMSPDs rather than the SNSPDs, because they have a larger surface area for collecting the sprays of particles. They used the sensors to detect charged particles for the first time, an ability that is not needed for quantum networks or astronomy applications but is essential for particle physics experiments. "The novelty of this study is that we proved the sensors can efficiently detect charged particles," Xie says.

The SMSPD sensors can also more precisely detect particles in both space and time. "We call them 4D sensors because they can achieve better spatial and time resolution all at once," Xie says. "Normally in particle physics experiments, you have to tune the sensors to have either more precise time or spatial resolution but not both simultaneously."

When researchers analyze the bunches of particles that fly out of high-speed collisions, they want to be able to precisely trace their paths in space and time. As an analogy, imagine you want to use security images to track a suspicious person hiding in a crowd of people flooding into Grand Central Station from various trains. You would want the images to have enough spatial resolution to track individuals. But you would also want enough time resolution to make sure you catch your person of interest. If you can only obtain images taken every 10 seconds, you might miss the person, but if you have pictures captured every second, you will have better odds.

"In these collisions, you might want to track the performance of millions of events per second," Spiropulu says. "You are swamped with hundreds of interactions, and it can be hard to find the primary interactions with precision. Back in the 1980s, we thought having the spatial coordinates were enough, but now, as the particle collisions become more intense, producing more particles, we also need to track time."

"We are very excited to work on cutting-edge detector R&D like SMSPDs because they may play a vital role in capstone projects in the field such as the planned Future Circular Collider or a muon collider, says Fermilab scientist and Caltech alumnus Cristian Pena (PhD '17), who led the research. "And we are thrilled to have assembled a world-class team across several institutions to push this emerging research to the next level."

The study, titled "High energy particle detection with large area superconducting microwire array," was funded by the US Department of Energy, Fermilab, the National Agency for Research and Development (ANID) in Chile, and the Federico Santa Maria Technical University. Other Caltech authors include former graduate student Christina Wang (PhD '24), research scientist Adi Bornheim, postdoc Andrew Mueller (PhD '24), and graduate student Sahil Patel (MS '22). Other JPL authors are Boris Korzh (now a professor at the University of Geneva), Jamie Luskin, and Matthew Shaw.
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The heart of world's largest solar telescope begins to beat | ScienceDaily
The world's largest solar telescope, the U.S. National Science Foundation (NSF) Daniel K. Inouye Solar Telescope in Hawaii, has reached an important milestone. After almost 15 years of preparation, the German instrument for the Inouye Solar Telescope, the Visible Tunable Filtergraph (VTF), has now taken its first images. The imaging spectro-polarimeter was developed and built at the Institute for Solar Physics (KIS) in Freiburg (Germany). The Max Planck Institute for Solar System Research (MPS) in Gottingen (Germany) is a partner in the project. 


						
The data published now were obtained during the technical commissioning of the instrument. VTF analyzes the sunlight captured by the Inouye Solar Telescope in more detail than ever before and, among other things, extracts information on the flow velocity of the solar plasma and the magnetic field strength at the visible surface of the Sun and in the directly adjacent gas layers above. Even in the current technical test phase, VTF is making smallest structures visible. In later scientific operation, when the data is extensively post-processed, the resolution will improve further.

With a primary mirror diameter of four meters, the Inouye Solar Telescope is the largest in the world. Thanks to the optimal observational conditions on the Hawaiian volcano Haleakala and the use of sophisticated methods of image stabilization and reconstruction, the Inouye Solar Telescope has been providing breathtakingly detailed views of our star since 2022: it can make smallest structures visible. To extract as much detailed information as possible about our star from sunlight, the Inouye Solar Telescope is gradually being equipped with additional scientific instruments. They process the incoming light, for example by examining individual wavelength ranges or polarization states of the light separately. Four of the five instruments are already in operation. The latest addition, the world's largest spectro-polarimeter VTF, is the most powerful of them. As part of the technical commissioning, the first images of the Sun have now been taken with VTF. Researchers refer to this milestone as a technical first light.

"The Inouye Solar Telescope was designed to study the underlying physics of the Sun as the driver of space weather. In pursuing this goal, the Inouye is an ideal platform for an unprecedented and pioneering instrument like the VTF," said Christoph Keller, Director of the National Solar Observatory, which operates the Inouye Solar Telescope.

A look at the dynamic nature of the Sun

The goal of the VTF team is to better understand the dynamic nature of our star. Time and again, the Sun displays powerful eruptions that hurl particles and radiation into space. On Earth, this solar bombardment can trigger spectacular auroras, but can also disrupt technical infrastructure and satellites. With VTF, the Inouye Solar Telescope will peer more precisely than ever before into the region of the Sun where eruptions originate: the visible surface of the Sun, the photosphere, and the adjacent layer of the solar atmosphere, the chromosphere. The complex interaction of hot plasma flows and changing magnetic fields there holds the key to a better understanding of the processes that trigger eruptions. VFT can determine crucial properties such as plasma flow velocity, magnetic field strength, pressure, and temperature.

A colossus peering at the Sun

"The commissioning of VTF represents a significant technological advance for the Inouye Solar Telescope. The instrument is, so to speak, the heart of the solar telescope, which is now finally beating at its final destination," says Matthias Schubert, VTF project scientist at KIS.




VTF is a true colossus. Weighing 5.6 tons and with a footprint roughly the size of a small garage, it occupies two floors. It was developed over the past years at the Institute for Solar Physics in Freiburg (Germany); installation on site at the Inouye Solar Telescope began at the beginning of last year. The total development time was about 15 years, almost as long as that of the solar telescope itself.

The task of VFT is to image the Sun at the highest possible spatial, temporal, and spectral resolution. To filter out individual, very narrow wavelength ranges from the incoming visible sunlight, the instrument uses two Fabry-Perot interferometers that are unique in the world in terms of their size and precision. This makes it possible to spectrally scan the sunlight with an accuracy of a few picometers. In addition, VTF selects individual polarization states, i.e. the oscillation direction of the light. Two-dimensional images of the Sun are then created for each wavelength and polarization state, from which temperature, pressure, speed, and magnetic field strength at different altitudes of the Sun can be determined. The observational data achieves a spatial resolution of about 10 kilometers per pixel and a temporal resolution of hundreds of images per second.

"VTF enables images of unprecedented quality and thus heralds a new era in ground-based solar observation," says Sami K. Solanki, director at the MPS.

A first glimpse

The newly published image utilizes sunlight with a wavelength of 588.9 nanometers. It shows a dark sunspot with its finely structured penumbra in a section of the solar surface measuring approximately 25,000 kilometers by 25,000 kilometers. Sunspots cover the surface of the Sun with varying frequency. They are associated with particularly strong magnetic fields that prevent hot plasma from rising from the interior of the Sun. The image achieves a spatial resolution of 10 kilometers per pixel.
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Awkward. Humans are still better than AI at reading the room | ScienceDaily
Humans, it turns out, are better than current AI models at describing and interpreting social interactions in a moving scene -- a skill necessary for self-driving cars, assistive robots, and other technologies that rely on AI systems to navigate the real world.


						
The research, led by scientists at Johns Hopkins University, finds that artificial intelligence systems fail at understanding social dynamics and context necessary for interacting with people and suggests the problem may be rooted in the infrastructure of AI systems.

"AI for a self-driving car, for example, would need to recognize the intentions, goals, and actions of human drivers and pedestrians. You would want it to know which way a pedestrian is about to start walking, or whether two people are in conversation versus about to cross the street," said lead author Leyla Isik, an assistant professor of cognitive science at Johns Hopkins University. "Any time you want an AI to interact with humans, you want it to be able to recognize what people are doing. I think this sheds light on the fact that these systems can't right now."

Kathy Garcia, a doctoral student working in Isik's lab at the time of the research and co-first author, will present the research findings at the International Conference on Learning Representations on April 24.

To determine how AI models measure up compared to human perception, the researchers asked human participants to watch three-second videoclips and rate features important for understanding social interactions on a scale of one to five. The clips included people either interacting with one another, performing side-by-side activities, or conducting independent activities on their own.

The researchers then asked more than 350 AI language, video, and image models to predict how humans would judge the videos and how their brains would respond to watching. For large language models, the researchers had the AIs evaluate short, human-written captions.

Participants, for the most part, agreed with each other on all the questions; the AI models, regardless of size or the data they were trained on, did not. Video models were unable to accurately describe what people were doing in the videos. Even image models that were given a series of still frames to analyze could not reliably predict whether people were communicating. Language models were better at predicting human behavior, while video models were better at predicting neural activity in the brain.




The results provide a sharp contrast to AI's success in reading still images, the researchers said.

"It's not enough to just see an image and recognize objects and faces. That was the first step, which took us a long way in AI. But real life isn't static. We need AI to understand the story that is unfolding in a scene. Understanding the relationships, context, and dynamics of social interactions is the next step, and this research suggests there might be a blind spot in AI model development," Garcia said.

Researchers believe this is because AI neural networks were inspired by the infrastructure of the part of the brain that processes static images, which is different from the area of the brain that processes dynamic social scenes.

"There's a lot of nuances, but the big takeaway is none of the AI models can match human brain and behavior responses to scenes across the board, like they do for static scenes," Isik said. "I think there's something fundamental about the way humans are processing scenes that these models are missing."
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Finding 'win-win-wins' for climate, economics and justice | ScienceDaily
As evidence continues to pour in showing that climate change's impacts disproportionately affect disadvantaged communities around the globe, so, too, do stories showing that these communities can also pay outsized costs to implement climate solutions.


						
Yet, in examining the available body of data and literature detailing how different countries have rolled out climate change mitigation strategies, research led by the University of Michigan has found reasons for optimism.

"It's not all doom and gloom," said report author Peter Reich, professor at the U-M School for Environment and Sustainability, or SEAS, and director of the Institute for Global Change Biology.

"I think there's an expectation that poor countries have to pollute to bring a middle-class life to most of its people, like we did. But we've seen some low-middle-income countries start to decarbonize through investing in renewables and increasing energy efficiency. And they are lowering their emissions while reducing income inequality and increasing the well-being of their people."

At the same time, Reich said, it's all too easy to find cases where vulnerable peoples experience negative consequences from investments in renewables. Take, for example, Indigenous people who have been forced off of their land to build a hydroelectric dam. In fact, that was part of the inspiration for the new study.

There are hundreds of research articles and as many pages of Intergovernmental Panel on Climate Change reports that highlight such inequities. These are found both in the effects of climate change and also in the mitigation strategies used to slow and stop climate change. Reich and his collaborators wanted to extract broader insights by starting to bring those individual reports together under a systematic and comprehensive analytical framework.

In its new report, the team examined connections between climate impacts, mitigation strategies and social justice considerations, like wealth distribution and overall public health and well-being.




And, while the effort did show certain countries performing better and worse by certain metrics, the team's goal wasn't to rank, praise or critique. It was to find an answer to a much more fundamental question: Is there evidence that it's possible to build up sustainable policies and infrastructure in a just way?

"Because inequity can result from mitigation actions themselves, sometimes that can have a perverse effect and actually slow down the broader adoption of mitigation strategies," said Reich, who is also a professor at the University of Minnesota.

This slowing has contributed to a dogmatic belief that asking poorer countries to move to renewables is asking their people to suffer, he added.

"But there's no consistent evidence suggesting that moving to renewable energy has overall negative impacts or consequences for poorer countries or their peoples," Reich said. "If countries are able to invest in renewables, we're seeing cases where it's actually beneficial for their people, it's reducing pollution and it's slowing climate change. It's a win-win-win."

As an example, the team found thirteen low-to-medium-income countries that were increasing their renewable deployment along with their average income and gross domestic product per capita over the last 30 years. Those countries also saw their emissions and Gini indices, a measure of inequality, drop.

"We're not saying it's all causally related," Reich said. "But there's no evidence that renewables are getting in the way of equity or economic advancement."

The team's work was published in the journal Proceedings of the National Academy of Sciences.




Another important point that Reich stressed is that this does not let wealthy countries with high emissions, such as the U.S., off the hook. They still need to work harder to decarbonize in order to reach international climate goals, he said, but he believes the economic data will compel them to act.

"Every decade that we wait to take action, we see the cost of climate change damages go up astronomically and the cost of renewables go down," Reich said. "That's not just me, some ecologist, making up these numbers. They come from major corporations and insurers whose jobs are to understand the risks."

Although he admits time could prove him wrong for feeling this way, Reich does walk away from the team's study with optimism.

"We're not wide-eyed idealists. The international community hasn't solved this yet, and is not going to solve it tomorrow," he said. "But we can slow and eventually stop climate change, and do so while actually saving money and enhancing environmental justice."

The research team also included Kathryn Grace of the University of Minnesota, Harini Nagendra of Azim Premji University in India and Arun Agrawal of the University of Notre Dame. Agrawal is also an emeritus professor with SEAS.
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New method improves survival analysis power in clinical and epidemiological studies | ScienceDaily
The restricted mean survival time (RMST) analysis technique was introduced in health care research about 25 years ago and since then has become widely used in economics, engineering, business and other professions.


						
In clinical settings, RMST is useful because it is a straightforward way to understand the average survival time -- the length of time patients live after diagnosis or treatment and the factors that affect that time -- within a specified timeframe.

In addition, unlike Cox regression models and other popular models, estimations and comparisons made using RMST do not rely on the proportional hazard assumption that the likelihood of an event happening will be constant over time.

"But there's a catch: RMST can test differences in a treatment's effect between groups from baseline to a time point -- the threshold -- but identifying the ideal threshold in clinical and epidemiological studies is difficult," said Gang Han, PhD, biostatistics professor in the Texas A&M University School of Public Health. "This leads to results that are less statistically powerful than they could be."

To address this challenge, Han and colleagues in academia and industry have developed a new method that uses an existing mathematical tool -- the reduced piecewise exponential model -- to determine the ideal or optimal threshold time in the restricted mean survival time analysis when studying two groups.

"This is especially important in medical studies, since the probability of a specific event happening can change over the different stages of treatment," said Matthew Lee Smith, PhD, a health behavior professor in the Texas A&M School of Public Health, who was involved in this research.

To determine the optimal threshold, the team calculated a threshold time from significant changepoint(s) in hazard rates and compared what they found with the largest possible threshold time.




Their research paper, published in the American Journal of Epidemiology, showed the benefits of the proposed method in multiple simulation studies and two real examples, a clinical study and an epidemiology study.

They used the new method to measure Type 1 error rates and statistical power in simulations in which the hazard rate was constant for one group and was changed for another group. They compared the groups using the standard logrank test and their new model.

"Our model performed the best," said Marcia G. Ory, PhD, Regents and Distinguished Professor in the School of Public Health who researches evidence-based prevention methods. "That also was the case when we applied it to two real-world scenarios."

For both scenarios, traditional statistical analysis methods revealed no notable differences between two treatments. When the new model was applied, however, the results for each scenario found that one treatment was clearly superior.

The first scenario compared two treatments over seven months for patients with non-small-cell lung cancer who had lower levels of a key biomarker. The second used a standard assessment to measure the time to decline of people with mild dementia who lived with caregivers compared to those who did not live with caregivers.

"These results are promising, and more research is needed that compares more than two groups and that uses multiple covariates, such as participants' age, ethnicity and socioeconomic status," Han said. "Still, based on these early results, we believe this method could be more powerful than all existing comparisons for two groups in the analysis of time-to-event outcomes."

Others involved in the study were Department of Epidemiology and Biostatistics doctoral student Laura Hopkins, Raymond Carroll, PhD, Distinguished Professor in the Texas A&M Department of Statistics and external collaborators from Eli Lilly and Company, and the H. Lee Moffitt Cancer Center & Research Institute.
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A new recycling process for silicones could greatly reduce the sector's environmental impacts | ScienceDaily

The raw material used to make silicones is naturally occurring quartz2. Its constituents are decomposed using metallurgy at high temperature to obtain pure silicon. That then reacts with methyl chloride to form chlorosilanes, molecules essential to all silicone-based polymers. These first two transformations are very energy intensive and emit CO2, the main greenhouse gas causing climate change. Consequently, this new recycling technique would make it possible to circumvent one of the most harmful impacts of the silicone sector. Moreover, as this chemical recycling process gives direct access to (methyl)chlorosilanes, which can be separated and purified industrially, it guarantees the quality of silicone materials from recycling, and can do that infinitely without loss of properties.

At a time when key chemical elements -- and the associated mineral resources -- are increasingly sought after, a recycling process like this also opens up a path to easing potential tensions around the crucial quartz resource, and the resulting silicon that is one of the key components used by the electronics industry. Together with their scientific and industrial partners3, the authors continue their research, both on improving this process to make it industrially applicable, and by proposing recycling methods for other stages of silicone processing. Finally, they are also working on recycling other materials to make their use more sustainable.

Notes

1 -- From the " Catalyse, Polymerisation, Procedes et Materiaux " laboratory (CNRS/CPE Lyon /Universite Claude Bernard Lyon 1).

2 -- Critstalline silica with fewer impurities than sand.

3 -- This study was conducted alongside the Centre de RMN a tres haut champs at Lyon (CNRS/ENS de Lyon/Universite Claude Bernard Lyon 1), the Institut de chimie et biochimie moleculaires et supramoleculaires (CNRS/Universite Claude Bernard Lyon 1) and private companies Activation and Elkem Silicones.
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        Landmark experiment sheds new light on the origins of consciousness
        An experiment seven years in the making has uncovered new insights into the nature of consciousness and challenges two prominent, competing scientific theories: Integrated Information Theory (IIT) and Global Neuronal Workspace Theory (GNWT). The findings mark a pivotal moment in the goal to understand the elusive origins consciousness.

      

      
        One of Earth's ancient volcanic mysteries solved
        A new study traces a 120-million-year-old 'super-eruption' to its source, offering new insights into Earth's complex geological history.

      

      
        Restoring oil wells back to nature with moss
        In what could represent a milestone in ecological restoration, researchers have implemented a method capable of restoring peatlands at tens of thousands of oil and gas exploration sites in Western Canada. The project involves lowering the surface of these decommissioned sites, known as well pads, and transplanting native moss onto them to effectively recreate peatlands. This is the first time researchers have applied the method to scale on an entire well pad. The study found that the technique re...

      

      
        'Scratching' more than the ocean's surface to map global microplastic movement
        An international team of scientists has moved beyond just 'scratching the surface,' to understand how microplastics move through and impact the global ocean. For the first time, scientists have mapped microplastic distribution from the surface to the deep sea at a global scale -- revealing not only where plastics accumulate, but how they infiltrate critical ocean systems. Researchers synthesized depth-profile data from 1,885 stations collected between 2014 and 2024 to map microplastic distributio...

      

      
        When sea stars fall, sea otters rise: Sea otters benefit from prey boom triggered by loss of ochre sea stars
        In 2013, a sea star wasting syndrome decimated populations of Pisaster along the west coast of North America and along the Monterey Peninsula in California, where this study was conducted. The orange and purple stars have a hungry appetite for mussels in the rocky intertidal. Without the voracious sea stars lurking around, mussel populations exploded, expanding in cover from around five percent to more than 18 percent within three years. In the wake of the sea star die-off, mussels became a major...

      

      
        Giant croclike carnivore fossils found in the Caribbean
        Imagine a crocodile built like a greyhound -- that's a sebecid. Standing tall, with some species reaching 20 feet in length, they dominated South American landscapes after the extinction of dinosaurs until about 11 million years ago. Or at least, that's what paleontologists thought. A new study shows the Caribbean Islands were a refuge for the last sebecid populations at least 5 million years after they went extinct everywhere else.

      

      
        Will the vegetables of the future be fortified using tiny needles?
        Researchers have shown they can inexpensively nanomanufacture silk microneedles to precisely fortify crops, monitor plant health, and detect soil toxins.

      

      
        Heart disease deaths worldwide linked to chemical widely used in plastics
        Daily exposure to certain chemicals used to make plastic household items could be linked to more than 356,000 global deaths from heart disease in 2018 alone, a new analysis of population surveys shows. While the chemicals, called phthalates, are in widespread use globally, the Middle East, South Asia, East Asia, and the Pacific bore a much larger share of the death toll than others -- about three-fourths of the total.

      

      
        Rainfall triggers extreme humid heat in tropics and subtropics
        Scientists believe they have found a way to improve warning systems for vulnerable communities threatened by humid heatwaves, which are on the rise due to climate change and can be damaging and even fatal to human health. The study analysed how patterns of recent rainfall can interact with dry or moist land conditions to influence the risk of extreme humid heat in the global tropics and subtropics.

      

      
        Global study links consumption of ultraprocessed foods to preventable premature deaths
        A study analyzing data from nationally representative dietary surveys and mortality data from eight countries (Australia, Brazil, Canada, Chile, Colombia, Mexico, United Kingdom, and United States) shows that premature deaths attributable to consumption of ultraprocessed foods (UPFs) increase significantly according to their share in individuals' total energy intake. The new study reinforces the call for global action to reduce UPF consumption, supported by regulatory and fiscal policies that fos...

      

      
        Elephant instead of wild boar? What could have been in Europe
        Even under today's climatic conditions, the long-extinct straight-tusked elephant could still live in Europe. This is the conclusion of a recent study. For this finding, the research group combined fossil finds with reconstructions of past climates.

      

      
        Family first: Scientists reveal long-tailed tits' remarkable family bonds
        Forget fleeting friendships the social secrets of the long-tailed tit has revealed an extraordinary level of family commitment even during migratory journeys. Birds that babysit: scientists reveal long-tailed tits' remarkable family bonds.

      

      
        Geoengineering technique could cool planet using existing aircraft
        A technique to cool the planet, in which particles are added to the atmosphere to reflect sunlight, would not require developing special aircraft but could be achieved using existing large planes, according to a new modelling study.

      

      
        'Wood you believe it?' Engineers fortify wood with eco-friendly nano-iron
        With more than 181.5 billion tons of wood produced globally each year, a new method could revolutionize how we build sustainably. By infusing red oak with ferrihydrite using a simple, low-cost process, researchers strengthened the wood at the cellular level without adding weight or altering flexibility -- offering a durable, eco-friendly alternative to steel and concrete. The treated wood retains its natural behavior but gains internal durability -- paving the way for greener alternatives in cons...

      

      
        Climate change increases the risk of simultaneous wildfires
        Climate change is increasing the risk of wildfires in many regions of the world. This is due partly to specific weather conditions -- known as fire weather -- that facilitate the spread of wildfires. Researchers have found that fire weather seasons are increasingly overlapping between eastern Australia and western North America. The research team examined the causes of this shift and its implications for cross-border cooperation between fire services in Canada, the US, and Australia.

      

      
        Extreme rainfall: A long-standing hypothesis on temperature dependence finally settled?
        Flash floods resulting from extreme rainfall pose a major risk to people and infrastructure, especially in urban areas. Higher temperatures due to global climate change affect continuous rainfall and short rain showers in somewhat equal measure. However, if both types of precipitation occur at the same time, as is typical for thunderstorm cloud clusters, the amount of precipitation increases more strongly with increasing temperature, as shown in a recent study.

      

      
        Bacteria's mysterious viruses can fan flames of antibiotic damage
        Scientists built a model that allows them to diminish phage communities from a mouse gut microbiome -- and then bring them back -- without affecting the bacteria. On a test run of their model, researchers found evidence that phages may increase gut bacteria's sensitivity to antibiotics.

      

      
        Influenza virus hacks cell's internal system
        The influenza virus manipulates the body's gene regulation system to accelerate its own spread. A new study also shows that an already approved drug could help strengthen immune defenses -- though its effect in humans remains to be confirmed.

      

      
        Breakthrough extends fuel cell lifespan beyond 200,000 hours, paving the way for clean long-haul trucking
        Researchers have developed a new catalyst design capable of pushing the projected fuel cell catalyst lifespans to 200,000 hours. The research marks a significant step toward the widespread adoption of fuel cell technology in heavy-duty vehicles, such as long-haul tractor trailers. While platinum-alloy catalysts have historically delivered superior chemical reactions, the alloying elements leach out over time, diminishing catalytic performance. The degradation is further accelerated by the demandi...

      

      
        Updated equestrian helmet ratings system adds racing and high-speed events
        Falling off a horse at high-speed changes the impact to the rider's head and the parameters for a quality helmet, according to new research. The findings indicate that head impacts during falls at high speed generate unique head rotation, which in turn, directly affects helmet behavior.

      

      
        How math helps to protect crops from invasive disease
        New research demonstrates how mathematical modeling can predict outbreaks of toxic fungi in Texas corn crops -- offering a potential lifeline to farmers facing billions in harvest losses.

      

      
        Study using simulations highlights power of pooled data in environmental health research
        Conflicting findings in environmental epidemiology have long stalled consensus on the health effects of toxic chemicals. A new study suggests that one major reason for these inconsistencies may be the limited exposure ranges in individual studies -- leading to underpowered results and unclear conclusions.

      

      
        Blackberries with no thorns? Scientist assembles genome of a blackberry in major step to breed better fruit
        New blackberry varieties could provide a boon for farmers looking to rebound after the decline of Florida citrus and who see an opportunity to meet the growing demand for blackberries, which have soared in popularity in recent years.

      

      
        Anatomy of a 'zombie' volcano: Investigating the cause of unrest inside Uturuncu
        Scientists have collaborated to analyze the inner workings of Bolivia's 'zombie' volcano, Uturuncu. By combining seismology, physics models and analysis of rock composition, researchers identify the causes of Uturuncu's unrest, alleviating fears of an imminent eruption.

      

      
        Evolution of pugs and Persians converges on cuteness
        Through intensive breeding, humans have pushed breeds such as pug dogs and Persian cats to evolve with very similar skulls and 'smushed' faces, so they're more similar to each other than they are to other dogs or cats.

      

      
        Billion-year-old impact in Scotland sparks questions about life on land
        New research has revealed that a massive meteorite struck northwestern Scotland about 200 million years later than previously thought, in a discovery that not only rewrites Scotland's geological history but alters our understanding of the evolution of non-marine life on Earth.

      

      
        Noto quake 3D model adds dimension to understand earthquake dynamics
        On Jan. 1, 2024, a 7.5-magnitude earthquake struck the Noto Peninsula in Japan, resulting in extensive damage in the region caused by uplift, when the land rises due to shifting tectonic plates. The observed uplift, however, varied significantly, with some areas experiencing as much as a 5-meter rise of the ground surface. To better understand how the characteristics of the affected fault lines impact earthquake dynamics, researchers in Japan used recently developed simulations to make a detailed...

      

      
        Less intensive farming works best for agricultural soil
        The less intensively you manage the soil, the better the soil can function. Such as not plowing as often or using more grass-clover mixtures as cover crops. Surprisingly, it applies to both conventional and organic farming.

      

      
        Animal energy usage made visible through video
        Strong methods do exist for measuring animal movement in the context of energy expenditure, but these are limited by the physical size of the equipment used. Now, in a paper published in the Journal of Experimental Biology, researchers from the Marine Biophysics Unit at the Okinawa Institute of Science and Technology (OIST), in collaboration with Professor Amatzia Genin from the Hebrew University of Jerusalem, describe an innovative method for measuring energy usage during movement with video and...

      

      
        Single-dose baloxavir reduces household influenza transmission
        A landmark study reveals that a single oral dose of baloxavir marboxil (baloxavir) significantly reduces the transmission of influenza within households, marking a major advancement in influenza management. The trial provides robust evidence that an antiviral treatment can curb the spread of influenza to close contacts.

      

      
        Affordable hydrogen fuel production using surface reconstruction strategy
        Researchers found a strategy to create catalysts that make the production of hydrogen for clean fuel more efficient and affordable.

      

      
        Study on the reproducibility of behavioral experiments with insects now published
        A recent study provides evidence that some results of behavioral experiments with insects cannot be fully reproduced. So far, possible reproducibility problems have been little discussed in this context.

      

      
        'Cryosphere meltdown' will impact Arctic marine carbon cycles and ecosystems, new study warns
        A new study has found worrying signs that climate change may be undermining the capacity of Arctic fjords to serve as effective carbon sinks. The findings suggest that the capacity of polar oceans to remove carbon from the atmosphere may be reduced as the world continues to heat up.

      

      
        Cinnamon could affect drug metabolism in the body
        Cinnamon is one of the oldest and most commonly used spices in the world, but a new study indicates a compound in it could interfere with some prescription medications.

      

      
        Finding 'win-win-wins' for climate, economics and justice
        In examining how different countries have rolled out climate change mitigation strategies, research has found reasons to be optimistic about preserving our environment while promoting prosperity and well-being.

      

      
        How to break through climate apathy
        A new study finds that presenting the same continuous climate data, such as incremental changes in temperature, in binary form -- such as whether a lake did or did not freeze in the winter -- significantly increases people's ability to see the impact of climate change.

      

      
        A new recycling process for silicones could greatly reduce the sector's environmental impacts
        A study describes a new method of recycling silicone waste (caulk, sealants, gels, adhesives, cosmetics, etc.). It has the potential to significantly reduce the sector's environmental impacts. This is the first universal recycling process that brings any type of used silicone material back to an earlier state in its life cycle where each molecule has only one silicon atom. And there is no need for the raw materials currently used to design new silicones. Moreover, since it is chemical and not mec...

      

      
        Blocking a surprising master regulator of immunity eradicates liver tumors in mice
        'Cold' tumors are resistant to common immunotherapies. Researchers have uncovered a master regulator that can be manipulated to prevent tumor growth in mice.
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Landmark experiment sheds new light on the origins of consciousness | ScienceDaily
An experiment seven years in the making has uncovered new insights into the nature of consciousness and challenges two prominent, competing scientific theories: Integrated Information Theory (IIT) and Global Neuronal Workspace Theory (GNWT). The findings were published today in Nature and mark a pivotal moment in the goal to understand the elusive origins consciousness.


						
IIT suggests that consciousness emerges when information inside a system (like the brain) is highly connected and unified, for as long as the information is consciously perceived, acting as a single whole. On the other hand, GNWT suggests a network of brain areas will spotlight important pieces of information in the brain -- bringing it to the forefront of our minds -- broadcasting it widely the moment it enters consciousness, and this produces conscious experience. The two competing theories were tested against one another in 2019 in a collaborative experiment involving 256 human subjects, and the findings were just released.

"Adversarial collaboration fits within the Allen Institute's mission of team science, open science and big science, in service of one of the biggest, and most long-standing, intellectual challenges of humanity: the Mind-Body Problem," said Christof Koch, Ph.D., meritorious investigator at the Allen Institute. "Unravelling this mystery is the passion of my entire life."

The Findings 

Research showed that there's functional connection between neurons in early visual areas of the brain (the areas that process vision, which are at the back of the brain) and the frontal areas of the brain, helping us understand how our perceptions tie to our thoughts. The findings de-emphasize the importance of the prefrontal cortex in consciousness, suggesting that while it's important for reasoning and planning, consciousness itself may be linked with sensory processing and perception. In other words, intelligence is about doing while consciousness is about being.

This discovery has implications for how we understand consciousness and may shed light on disorders of consciousness such as comas or vegetative states. Identifying where consciousness comes from could help detect "covert consciousness" in unresponsive patients with severe injuries -- a condition known to occur in about one-quarter of cases as reported in the New England Journal of Medicine last year.

Neither Theory Came Out on Top 

Integrated Information Theory (IIT) says consciousness comes from the interaction and cooperation of various parts of the brain as they work together to integrate information, like teamwork. It arises from how these parts are connected and how they share information with each other rather than any one individual area or part of the brain generating consciousness. The study, however, did not find enough lasting connections in the back of the brain to support this idea. Global Neuronal Workspace Theory (GNWT) supports the idea that consciousness happens in the front of the brain, but the study didn't find enough support for this idea either.




"It was clear that no single experiment would decisively refute either theory. The theories are just too different in their assumptions and explanatory goals, and the available experimental methods too coarse, to enable one theory to conclusively win out over another," said Anil Seth, Ph.D., a professor of cognitive and computational neuroscience at the University of Sussex. "Having said all this, the findings of the collaboration remain extremely valuable -- much has been learned about both theories and about where and when in the brain information about visual experience can be decoded from.

The study involved 256 subjects, which is unprecedented for this kind of experiment. Researchers showed them various visual stimuli and then used three common human brain measurement tools that track blood flow as well as magnetic and electrical activity to study their brains while they looked at the stimuli.

The highly collaborative experiment is the result of a large-scale, open science collaboration that began at a workshop at the Allen Institute in 2018. This innovative approach brought together researchers with differing perspectives to test two theories in a collaborative, yet critical, environment aimed at reducing confirmation bias and accelerating scientific progress.

"Adversarial collaborations are a powerful social process, little used because of its challenging nature, within any field that has competing theories," said Koch. "The bio-medical field could hugely profit by 'friendly' competition among theories -- neurobiological or others. But it requires a great deal of cooperation and work."
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One of Earth's ancient volcanic mysteries solved | ScienceDaily
Geologists led by the University of Maryland and the University of Hawai'i finally connected the dots between one of the largest volcanic eruptions in Earth's history and its source deep beneath the Pacific Ocean.


						
In a paper published in the journal Nature on April 30, 2025, the team revealed that the same underwater hotspot created both a chain of underwater volcanoes in the southern Pacific region and the massive Ontong-Java Plateau, the largest volcanic platform on Earth.

"Up until now, we've had this extremely disconnected picture of the Pacific and its volcanoes," said the study's corresponding author Val Finlayson, an assistant research scientist in UMD's Department of Geology. "But for the first time, we're able to make a clear connection between the younger southern and older western Pacific volcanic systems. It's a discovery that gives us a more complete history of how the Pacific Ocean basin has evolved over millions of years to become what it is today."

For years, scientists wondered whether the southern Pacific Ocean's Louisville hotspot -- an area where hot and chemically distinct material from deep inside the Earth rises to the surface to create volcanoes -- formed both the underwater mountain chain bearing its name and the 120-million-year-old Ontong-Java Plateau, a submerged seafloor platform located what is now north of the Solomon Islands. Previous theories and models on how the Pacific seafloor moved attempted to explain the connection between the two major geological features but failed to provide a definitive answer.

"Much of the physical evidence for a connection between Louisville and Ontong-Java has disappeared because part of the Louisville hotspot track was subducted, or pushed, under tectonic plates in the Pacific region," Finlayson said. "We had to sample deeply submerged volcanoes from a different long-lived hotspot track to find evidence from tens of millions of years ago that suggested our models for the Pacific plate needed revision."

Finlayson and her team made their first breakthrough when they discovered a series of underwater mountains near Samoa that were much older than expected for volcanoes in the area. By analyzing the age and chemical makeup of ancient rock samples taken from the area, the researchers concluded that these mountains were part of a much older segment of the Louisville volcanic track, which Finlayson compared to a volcano's "footprints." As the Earth's crust (tectonic plates) moves over hotspots, they form these volcanic tracks.

"We can track these 'footprints' across time and space," Finlayson explained. "The footprints get progressively older as you move away from an active hot spot, similar to how your own footprints will fade away in the sand as you walk. But you can still tell that these prints belong to the same source. Thanks to this new evidence, we were able to revise current models of Pacific plate motion and gain a better understanding of how the seafloor has moved over millions of years."

Finlayson's team now plans to apply their improved models to better understand other ancient volcanic features scattered across the ocean floor and above its surface. As many Pacific island nations currently sit atop volcanic platforms and underwater volcanic chains, Finlayson hopes that her work furthers understanding of the very foundations of those countries. She also believes that her team's discovery will help scientists develop a better understanding of volcanism and geological evolution, not just in the Pacific region, but around the world.

"We've solved one mystery, but there are countless more waiting to be unraveled. This finding offers us a more accurate history of the Pacific and its volcanic activity and helps us understand more about the dynamics and style of volcanism that occurs there," Finlayson said. "Everything new we learn about the Earth's tumultuous past helps us better understand the dynamic planet we live on today."
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Restoring oil wells back to nature with moss | ScienceDaily
In what could represent a milestone in ecological restoration, researchers have implemented a method capable of restoring peatlands at tens of thousands of oil and gas exploration sites in western Canada.


						
Researchers from the University of Waterloo led the project that involves lowering the surface of these decommissioned sites, known as well pads, and transplanting native moss onto them to effectively recreate peatlands. This is the first time researchers have applied the method to scale on an entire well pad. The study found that the technique results in sufficient water for the growth of peatland moss across large portions of the study site.

Historically, restoration efforts involved planting trees or grasses to establish upland forests or grasslands. This newmethod returns a well pad to its condition before drilling occurred and supports the ongoing development of peatland restoration techniques. The discovery can help the oil and gas industry and its regulators better mitigate the long-term impact of resource extraction on Canadian peatland ecosystems.

"These results are the first to suggest that the re-establishment of peatland vegetation on full-scale lowered well pads is possible. through peatlands, which can negatively affect the ecosystem in surrounding areas," said Murdoch McKinnon, PhD candidate in the Faculty of Environment. "Well pads bury all of the native peatland vegetation under clay or sand, negatively impacting the ability of the peatland to sequester carbon and also reducing the availability of habitat for wildlife."

The researchers plan to continue monitoring ecosystem development on the tested well pads to confirm that the transplanted mosses will be self-sustaining over the coming decades. Partners at the Northern Alberta Institute of Technology's Centre for Boreal Research are now applying some of the study's recommendations at sites across northern Alberta.

"Preserving peatlands is critical because of the role they play storing and supplying water in the landscape," said Dr. Richard Petrone, a professor in the Department of Geography and Environmental Management at Waterloo. "They are also our best choice for nature-based climate change solutions because of the vast amounts of carbon that they store."

In the future, researchers will focus on increasing the amount of water that flows from surrounding natural peatlands into well pads to further optimize soil moisture. This will be an essential step given the sensitivity of the native mosses to drying out and might therefore improve regrowth.

Mount Royal University, the Northern Alberta Institute of Technology and Athabasca University also contributed to this work. The study, Hydrologic assessment of mineral substrate suitability for true moss initiation in a boreal peatland undergoing restoration, appears in Ecological Engineering.
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'Scratching' more than the ocean's surface to map global microplastic movement | ScienceDaily
Marine plastic pollution is a global crisis, with 9 to 14 million metric tons of plastic entering the ocean every year. Tiny fragments called microplastics -- ranging from 1 micron to 5 millimeters -- make up the vast majority of plastic pieces found and pose serious risks to ocean health.


						
Most research has focused on surface waters, usually sampling just the top 15 to 50 centimeters using net tows. However, microplastics come in many forms with different properties, influencing how they move and interact with their surroundings.

A researcher from Florida Atlantic University is among an international team of scientists who has moved beyond just "scratching the surface," marking a turning point in our understanding of how microplastics move through and impact the global ocean.

For the first time, scientists have mapped microplastic distribution from the surface to the deep sea at a global scale -- revealing not only where plastics accumulate, but how they infiltrate critical ocean systems. For the study, researchers synthesized depth-profile data from 1,885 stations collected between 2014 and 2024 to map microplastic distribution patterns by size and polymer type, while also evaluating potential transport mechanisms.

Results, published in Nature, reveal that microplastics are not just surface pollutants -- they're deeply embedded in the ocean's structure. Ranging from a few to thousands of particles per cubic meter, their size determines how they move: smaller microplastics (1 to 100 micrometers) spread more evenly and penetrate deeper, while larger ones (100 to 5,000 micrometers) concentrate near the surface, especially within the top 100 meters of gyres. Gyres act like massive, slow-moving whirlpools that trap and concentrate floating debris -- especially plastic.

Strikingly, microplastics are becoming a measurable part of the ocean's carbon cycle, making up just 0.1% of carbon particles at 30 meters but rising to 5% at 2,000 meters. This suggests that microplastics are not only persistent pollutants but may also be altering key biogeochemical processes in the deep sea.

"Microplastics are not just floating at the surface -- they're deeply embedded throughout the ocean, from coastal waters to the open sea," said Tracy Mincer, Ph.D., co-author and an associate professor of biology and biochemistry in FAU's Harriet L. Wilkes Honors College.




Researchers identified more than 56 types of plastic polymers in their synthesized microplastic dataset. While buoyant plastics dominate overall, denser microplastics are more prevalent offshore -- likely because they fragment more readily. Dense polymers become brittle and break down faster, particularly after prolonged exposure to environmental weathering. These small, persistent particles -- often originating from fishing gear and containers like polyester bottles -- can remain in the ocean for decades.

Polypropylene, commonly found in items like yogurt containers and rope, photodegrades more quickly than polyethylene, which is used in plastic bags and water bottles. This may account for its lower abundance in offshore waters. Nonetheless, significant uncertainties remain in subsurface microplastic data due to inconsistent sampling techniques and limited coverage, highlighting the need for specialized equipment and greater collaboration to improve data reliability.

The ocean's water column -- the largest habitat on Earth -- plays a crucial role in global carbon cycling, supporting half of the planet's primary production and absorbing human-made CO?. As microplastics move through this vast space, they interact with natural particles and processes, potentially affecting how the ocean functions.

"Our findings suggest microplastics are becoming a measurable part of the ocean's carbon cycle, with potential consequences for climate regulation and marine food webs," said Mincer. "This work sets the stage for taking the next steps in understanding the residence time of plastic in the interior of the ocean."

The study was led by the Japan Agency for Marine-Earth Science and Technology in collaboration with FAU; Aotearoa Blue Ocean Research in New Zealand; Northeastern University; East China Normal University; NIOZ Royal Netherlands Institute for Sea Research, The Netherlands; The Ocean Cleanup, The Netherlands; Egger Research and Consulting, Switzerland; University of Amsterdam, The Netherlands; Utrecht University, The Netherlands; Universidad Catolica del Norte, Chile; Smithsonian Environmental Research Center; Harvard University; University of Siena, Italy; and the National Biodiversity Future Center, Italy.

Several authors were FAU researchers in the Mincer lab including Luisa Galgani, Ph.D., who served as a Marie Curie Postdoctoral Fellow and is now faculty at the University of Siena; Ryan Bos, Ph.D., who was a Ph.D. student in the integrative biology program at FAU and is now a postdoc at Harvard; and Shiye Zhao, Ph.D., the lead author, who was an FAU postdoc for several years and is now tenured faculty at the Japan Agency for Marine-Earth Science and Technology.
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When sea stars fall, sea otters rise: Sea otters benefit from prey boom triggered by loss of ochre sea stars | ScienceDaily
New research led by Monterey Bay Aquarium reveals a surprising ripple effect in coastal ecosystems: the collapse of one marine predator can benefit another. Published today in the journal Science Advances, the study shows that a mass die-off of ochre sea stars (often called Pisaster ochraceus) due to a sea star wasting event created a mussel boom -- offering sea otters an unexpected prey buffet.


						
"Our research shows that the loss of a predator in one ecosystem can send shockwaves into another," said lead author Dr. Joshua Smith, a research scientist at Monterey Bay Aquarium. "It's an example of how ecosystems are connected through keystone predation in ways that we haven't understood before."

In 2013, a sea star wasting syndrome decimated populations of Pisaster along the west coast of North America and along the Monterey Peninsula in California, where this study was conducted. The orange and purple stars have a hungry appetite for mussels in the rocky intertidal. Without the voracious sea stars lurking around, mussel populations exploded, expanding in cover from around five percent to more than 18 percent within three years. In the wake of the sea star die-off, mussels became a major prey surplus for sea otters, revealing a surprising link between the adjacent rocky intertidal and kelp forest ecosystems. The new research into the phenomenon shows how the loss of a keystone predator (Pisaster) in one ecosystem can impart changes to another (sea otters), linking ecosystems.

Mussel bonanza benefits sea otters

Monterey Bay Aquarium researchers have been observing sea otter foraging behavior for decades. Sea otters consume their prey at the surface, which is key to recording what they eat and where they forage. Following the loss of Pisaster, sea otters more than doubled their mussel consumption, increasing from less than seven percent to nearly 18 percent of their overall diet. The local number of sea otters also increased from a decade average (2000-2012) of 373 to 535 during 2014-2024, and the prey surplus supported the increased numbers.

Increases in mussel consumption by sea otters in the rocky intertidal were documented by the Multi-Agency Rocky Intertidal Network (MARINe) -- a consortium of organizations that conduct long-term ecosystem monitoring. The MARINe group sampled four locations over several decades in the rocky intertidal along the Monterey Peninsula. For each survey, they recorded information on the number of sea stars, the cover of mussels, and how far the mussel beds extended from the upper intertidal toward the water.

"The long-term monitoring data collected by MARINe were really key to cinching the correlation between the decline in sea stars and the increase in mussels," Smith said. "The 2013 sea star wasting event was so abrupt. By late 2013 the local population of stars had nearly collapsed."

"Predators like sea stars and sea otters are essential to maintaining resilient ecosystems. When these predators are removed, everything crumbles," Smith said. "Our findings reveal what we are calling 'keystone interdependence' -- where the loss of a predator in one ecosystem doesn't just affect that particular ecosystem, it also extends to adjacent ecosystems, even benefiting other predators."




From prey surplus to ecological uncertainty

Although sea otters thrived in response to increased availability of mussels, researchers caution this might only be temporary. With mussels now reaching sizes that are too large for sea stars to consume, a return to the previous balance may be slow -- even after Pisaster recovers. Researchers hypothesize that sea otters might shift their diets once again, after they deplete the overabundance of large mussels and after Pisaster eventually recovers.

The study also highlights how climate change compounds the effects of ecosystem shifts. Shortly before the mussel population increase, the largest marine heatwave on record occurred in the northeast Pacific Ocean from 2014-2016. In the sweltering sea temperatures, kelp forests declined, kelp-eating sea urchin numbers exploded, and sea otters shifted their diet toward sea urchins. Later, the sea otters pivoted again -- this time toward mussels as this prey surplus became available in the rocky intertidal.

Predator diversity increases resilience

This study highlights the importance of conservation that considers ecosystems and habitats as being fundamentally connected systems.

"Conservation efforts rarely consider how adjacent ecosystems are connected," said Dr. April Ridlon, co-author of the paper and aquarium director of U.S. and California science. "The findings of this study show that predators are important for enabling ecological resilience, and that when predators decline in one ecosystem, the consequences may be manifest in another."

With climate extremes like marine heatwaves on the rise, understanding how changes in one ecosystem impact another is central to developing effective conservation strategies.

"Predators like sea stars and sea otters are essential to maintaining resilient ecosystems," said co-author and aquarium Senior Sea Otter Biologist Leilani Konrad. "Our findings of keystone interdependence reveal that conservation of predators in one ecosystem can enhance resilience that transcends ecosystems and protects biodiversity."
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Giant croclike carnivore fossils found in the Caribbean | ScienceDaily
Imagine a crocodile built like a greyhound -- that's a sebecid. Standing tall, with some species reaching 20 feet in length, they dominated South American landscapes after the extinction of dinosaurs until about 11 million years ago. Or at least, that's what paleontologists thought, until they began finding strange, fossilized teeth in the Caribbean.


						
"The first question that we had when these teeth were found in the Dominican Republic and on other islands in the Caribbean was: What are they?" said Jonathan Bloch, curator of vertebrate paleontology at the Florida Museum of Natural History.

This initial confusion was warranted. Three decades ago, researchers uncovered two roughly 18 million-year-old teeth in Cuba. With a tapered shape and small, sharp serrations specialized for tearing into meat, it unmistakenly belonged to a predator at the top of the food chain. But for the longest time, scientists didn't think such large, land-based predators ever existed in the Caribbean. The mystery deepened when another tooth turned up in Puerto Rico, this one 29 million years old. The teeth alone weren't enough to identify a specific animal, and the matter went unresolved.

That changed in early 2023, when a research team unearthed another fossilized tooth in the Dominican Republic -- but this time, it was accompanied by two vertebrae. It wasn't much to go on, but it was enough. The fossils belonged to a sebecid, and the Caribbean, far from never having large, terrestrial predators, was a refuge for the last sebecid populations at least 5 million years after they went extinct everywhere else.

A research team described the implications of their finding in a new study published in the Proceedings of the Royal Society B. The study's lead author, Lazaro Vinola Lopez, conducted the research as a graduate student at the University of Florida. He knew his team members had come upon something exceptional when they unearthed the fossils. "That emotion of finding the fossil and realizing what it is, it's indescribable," he said.

Sebecids were the last surviving members of the Notosuchia, a large and diverse group of extinct crocodilians with a fossil record that extends back into the age of dinosaurs. They represented a wide range in size, diet and habitat and were notably different from their crocodile relatives, as most of them lived entirely on land.

The sebecids acted like carnivorous dinosaurs, sprinting after prey on their four long, agile limbs and tearing through flesh with their notorious teeth. Some species could reach 20 feet in length and had protective armor made of bony plates embedded in their skin. The mass extinction event 66 million years ago that wiped out nonavian dinosaurs nearly destroyed notosuchians as well. In South America, only the sebecids endured, and with the dinosaurs gone, they quickly rose to be the apex predator.




The open sea separating the Caribbean islands and mainland South America would have posed a serious challenge for a terrestrial sebecid to swim across. In finding the fossils, the research team revealed possible evidence in support of the GAARlandia hypothesis. This theory suggests a pathway of temporary land bridges or a chain of islands once allowed land animals to travel from South America to the Caribbean.

If, as scientists hypothesize, the serrated teeth discovered on other Caribbean islands also belonged to a sebecid, the history of these giant reptiles extends beyond the Dominican Republic. They would have occupied and shaped the region's ecosystems for millions of years. Yet today you'd be hard-pressed to find evidence of the large terrestrial predators. In their absence, smaller endemic predators like birds, snakes and crocodiles have evolved to fill the gap in the food chain.

"You wouldn't have been able to predict this looking at the modern ecosystem," Bloch said. "The presence of a large predator is really different than we imagined before, and it's exciting to think about what might be discovered next in the Caribbean fossil record as we explore back further in time."

This revelation aligns with similar observations ecologists have described worldwide. Islands are known to act as "museums of biodiversity," providing a haven that allows plants and animals to survive even after their related species have gone extinct on the mainland.

Although the tropics are among the most biodiverse places on Earth, much of their natural history remains a mystery. That's why, according to Bloch, they're the most important -- albeit challenging -- regions for paleontologists to study.

Historically, many paleontologists in the Caribbean have excavated fossils from caves and blue holes, where large accumulations of remains are often found. Caves can serve as shelter against harsh conditions for animals, and predatory birds like owls and hawks frequently bring their prey inside to eat, leaving behind pellets or discarded bones. Blue holes preserve fossils exceptionally well, as they lack the oxygen that fuels decay.




But these locations only provide a narrow snapshot of past biodiversity because most of the fossils are relatively young. While these sites provide valuable insight into recent history, they have their limitations when it comes to older, less well-known fossils.

Today, Caribbean paleontologists are taking a new approach. Finding deep-time fossils often requires more effort and fortunate circumstances, but they're willing to face the obstacles. "This is like a renaissance," said Vinola-Lopez, describing the renewed interest and excitement in the region.

Local scientists have the advantage of being able to react quickly when a potential fossil bed is discovered. The dry, rocky landscapes that contain fossils are hard to come by in the Caribbean, where wind and rain erode outcrops and today's forests cover fossil beds.

"Outcrops don't last too long, so you go there when you can. When they're cutting the road or a few months after that, you find the fossils. If you're looking in a few years, it will be gone," Vinola-Lopez said.

Finding sebecid fossils in the Dominican Republic site was possible because local work crews happened to be cutting a road directly through it. Elson Core, a graduate student from the University of Puerto Rico in Mayaguez at the time, came across the fossil beds while conducting stratigraphy research and alerted his colleagues. Vinola-Lopez learned about the site through fellow paleontologists and was eager to plan a visit for fieldwork.

This study represents one of many incredible discoveries that have recently come out of the Caribbean. Lazaro and his colleagues uncovered the Caribbean's first record of mosasaurs, enormous reptiles that once dominated the seas. Meanwhile, the discovery of the oldest ground sloth fossils in Hispaniola has helped fill a gap in the region's paleontological record.

Even more recent mysteries are coming into focus as well, with research suggesting the arrival of humans may be to blame for the extinction of the island's native rodents. This flow of information and discovery emerging from the region is far from over. As Vinola-Lopez said, "The sebecid is only the tip of the iceberg."
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Will the vegetables of the future be fortified using tiny needles? | ScienceDaily
When farmers apply pesticides to their crops, 30 to 50 percent of the chemicals end up in the air or soil instead of on the plants. Now, a team of researchers from MIT and Singapore has developed a much more precise way to deliver substances to plants: tiny needles made of silk.


						
In a study published today in Nature Nanotechnology, the researchers developed a way to produce large amounts of these hollow silk microneedles. They used them to inject agrochemicals and nutrients into plants, and to monitor their health.

"There's a big need to make agriculture more efficient," says Benedetto Marelli, the study's senior author and an associate professor of civil and environmental engineering at MIT. "Agrochemicals are important for supporting our food system, but they're also expensive and bring environmental side effects, so there's a big need to deliver them precisely."

Yunteng Cao PhD '22, currently a postdoc Yale University, and Doyoon Kim, a former postdoc in the Marelli lab, led the study, which included a collaboration with the Disruptive and Sustainable Technologies for Agricultural Precision (DiSTAP) interdisciplinary research group at the Singapore-MIT Alliance for Research and Technology (SMART).

In demonstrations, the team used the technique to give plants iron to treat a disease known as chlorosis, and to add vitamin B12 to tomato plants to make them more nutritious. The researchers also showed the microneedles could be used to monitor the quality of fluids flowing into plants and to detect when the surrounding soil contained heavy metals.

Overall, the researchers believe the microneedles could serve as a new kind of plant interface for real-time health monitoring and biofortification.

"These microneedles could be a tool for plant scientists so they can understand more about plant health and how they grow," Marelli says. "But they can also be used to add value to crops, making them more resilient and possibly even increasing yields."

The inner workings of plants




Accessing the inner tissues of living plants requires scientists to get through the plants' waxy skin without causing too much stress. In previous work, the researchers used silk-based microneedles to deliver agrochemicals to plants in lab environments and to detect pH changes in living plants. But these initial efforts involved small payloads, limiting their applications in commercial agriculture.

"Microneedles were originally developed for the delivery of vaccines or other drugs in humans," Marelli explains. "Now we've adapted it so that the technology can work with plants, but initially we could not deliver sufficient doses of agrochemicals and nutrients to mitigate stressors or enhance crop nutritional values."

Hollow structures could increase the amount of chemicals microneedles can deliver, but Marelli says creating those structures at scale has historically required clean rooms and expensive facilities like the ones found inside the MIT.nano building.

For this study, Cao and Kim created a new way to manufacture hollow silk microneedles by combining silk fibroin protein with a salty solution inside tiny, cone-shaped molds. As water evaporated from the solution, the silk solidified into the mold while the salt forms crystalline structures inside the molds. When the salt was removed, it left behind in each needle a hollow structure or tiny pores, depending on the salt concentration and the separation of the organic and inorganic phases.

"It's a pretty simple fabrication process. It can be done outside of a clean room -- you could do it in your kitchen if you wanted," Kim says. "It doesn't require any expensive machinery."

The researchers then tested their microneedles' ability to deliver iron to iron-deficient tomato plants, which can cause a disease known as chlorosis. Chlorosis can decrease yields, but treating it by spraying crops is inefficient and can have environmental side effects. The researchers showed that their hollow microneedles could be used for the sustained delivery of iron without harming the plants.




The researchers also showed their microneedles could be used to fortify crops while they grow. Historically, crop fortification efforts have focused on minerals like zinc or iron, with vitamins only added after the food is harvested.

In each case, the researchers applied the microneedles to the stalks of plants by hand, but Marelli envisions equipping autonomous vehicles and other equipment already used in farms to automate and scale the process.

As part of the study, the researchers used microneedles to deliver vitamin B12, which is primarily found naturally in animal products, into the stalks of growing tomatoes, showing that vitamin B12 moved into the tomato fruits before harvest. The researchers propose their method could be used to fortify more plants with the vitamin.

Co-author Daisuke Urano, a plant scientist with DiSTAP, explains that "through a comprehensive assessment, we showed minimal adverse effects from microneedle injections in plants, with no observed short- or long-term negative impacts."

"This new delivery mechanism opens up a lot of potential applications, so we wanted to do something nobody had done before," Marelli explains.

Finally, the researchers explored the use of their microneedles to monitor the health of plants by studying tomatoes growing in hydroponic solutions contaminated with cadmium, a toxic metal commonly found in farms close to industrial and mining sites. They showed their microneedles absorbed the toxin within 15 minutes of being injected into the tomato stalks, offering a path to rapid detection.

Current advanced techniques for monitoring plant health, such as colorimetric and hyperspectral lead analyses, can only detect problems after plants growth is already being stunted. Other methods, such as sap sampling, can be too time-consuming.

Microneedles, in contrast, could be used to more easily collect sap for ongoing chemical analysis. For instance, the researchers showed they could monitor cadmium levels in tomatoes over the course of 18 hours.

A new platform for farming

The researchers believe the microneedles could be used to complement existing agricultural practices like spraying. The researchers also note the technology has applications beyond agriculture, such as in biomedical engineering.

"This new polymeric microneedle fabrication technique may also benefit research in microneedle-mediated transdermal and intradermal drug delivery and health monitoring," Cao says.

For now, though, Marelli believes the microneedles offer a path to more precise, sustainable agriculture practices.

"We want to maximize the growth of plants without negatively affecting the health of the farm or the biodiversity of surrounding ecosystems," Marelli says. "There shouldn't be a trade-off between the agriculture industry and the environment. They should work together."

This work was supported, in part, by the U.S. Office of Naval Research, the U.S. National Science Foundation, SMART, the National Research Foundation of Singapore, and the Singapore Prime Minister's Office.
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Heart disease deaths worldwide linked to chemical widely used in plastics | ScienceDaily
Daily exposure to certain chemicals used to make plastic household items could be linked to more than 356,000 global deaths from heart disease in 2018 alone, a new analysis of population surveys shows.


						
While the chemicals, called phthalates, are in widespread use globally, the Middle East, South Asia, East Asia, and the Pacific bore a much larger share of the death toll than others -- about three-fourths of the total.

For decades, experts have connected health problems to exposure to certain phthalates found in cosmetics, detergents, solvents, plastic pipes, bug repellants, and other products. When these chemicals break down into microscopic particles and are ingested, studies have linked them to an increased risk of conditions ranging from obesity and diabetes to fertility issues and cancer.

Led by researchers at NYU Langone Health, the current study focused on a kind of phthalate called di-2-ethylhexyl phthalate (DEHP), which is used to make food containers, medical equipment, and other plastic softer and more flexible. Exposure has been shown in other studies to prompt an overactive immune response (inflammation) in the heart's arteries, which, over time, is associated with increased risk of heart attack or stroke. In their new analysis, the authors estimated that DEHP exposure contributed to 356,238 deaths, or more than 13% of all global mortality from heart disease in 2018 among men and women ages 55 through 64.

"By highlighting the connection between phthalates and a leading cause of death across the world, our findings add to the vast body of evidence that these chemicals present a tremendous danger to human health," said study lead author Sara Hyman, BS, an associate research scientist at NYU Grossman School of Medicine.

According to the authors, the resulting economic burden from the deaths identified in their study was estimated to be around $510 billion and may have reached as high as $3.74 trillion.

In a past study from 2021, the research team tied phthalates to more than 50,000 premature deaths each year, mostly from heart disease, among older Americans. Their latest investigation is believed to be the first global estimate to date of cardiovascular mortality -- or indeed any health outcome -- resulting from exposure to the chemicals, says Hyman, who is also a graduate student at NYU School of Public Global Health.




A report on the findings is publishing online April 29 in the journal Lancet eBiomedicine.

For the research, the team used health and environmental data from dozens of population surveys to estimate DEHP exposure across 200 countries and territories. The information included urine samples containing chemical breakdown products left by the plastic additive. Mortality data was obtained from the Institute for Health Metrics and Evaluation, a research group in the US that collects medical information worldwide to identify trends in public health.

Among the key findings, the study showed that losses in the combined region of East Asia and the Middle East and the combined region of East Asia and the Pacific accounted, respectively, for about 42% and 32% of the mortality from heart disease linked to DEHP. Specifically, India had the highest death count at 103,587 deaths, followed by China and Indonesia. The larger heart death risks in these populations held true even after the researchers adjusted their statistical analysis to take into account population size within the studied age group.

A possible explanation, the authors say, is that these countries face higher rates of exposure to the chemicals, possibly because they are undergoing a boom in plastic production but with fewer manufacturing restrictions than other regions.

"There is a clear disparity in which parts of the world bear the brunt of heightened heart risks from phthalates," said study senior author Leonardo Trasande, MD, MPP. "Our results underscore the urgent need for global regulations to reduce exposure to these toxins, especially in areas most affected by rapid industrialization and plastic consumption," added Trasande, the Jim G. Hendrick, MD, Professor of Pediatrics at NYU Grossman School of Medicine.

Trasande, who is also a professor in the Department of Population Health, cautions that the analysis was not designed to establish that DEHP directly or alone caused heart disease and that higher death risks did not take into account other types of phthalates. Nor did it include mortality among those in other age groups. As a result, the overall death toll from heart disease connected to these chemicals is likely much higher, he says.




Trasande says that the researchers next plan to track how reductions in phthalate exposure may, over time, affect global mortality rates, as well as to expand the study to other health concerns posed by the chemicals, such as preterm birth. Trasande also serves as director of NYU Grossman School of Medicine's Division of Environmental Pediatrics and the Center for the Investigation of Environmental Hazards.

Funding for the study was provided by National Institutes of Health grant P2CES033423. Further study funding was provided by Beyond Petrochemicals.

Trasande has received support for travel or meetings from the Endocrine Society, World Health Organization, the United Nations Environment Programme, Japan's Environment and Health Ministries, and the American Academy of Pediatrics. He has also received royalties and licenses from Houghton Mifflin Harcourt, Audible, Paidos, and Kobunsha, and has served in leadership or fiduciary roles at Beautycounter, Ahimsa, Grassroots Environmental Education, and Footprint. None of these activities were related to the current study. The terms and conditions of all of these relationships are being managed by NYU Langone Health.

In addition to Hyman and Trasande, other NYU Langone researchers involved in the study are Jonathan Acevedo, MPH, and Chiara Gianarelli, MD, PhD.
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Rainfall triggers extreme humid heat in tropics and subtropics | ScienceDaily
Scientists believe they have found a way to improve warning systems for vulnerable communities threatened by humid heatwaves, which are on the rise due to climate change and can be damaging and even fatal to human health.


						
The team, from the University of Leeds and the UK Centre for Ecology and Hydrology has provided the first ever analysis of how patterns of recent rainfall can interact with dry or moist land conditions to influence the risk of extreme humid heat in the global tropics and subtropics.

The study, which is published today in the journal Nature Communications, offers new insight which could lead to the development of early warning systems for vulnerable communities in those regions.

Climate change means humid heatwaves are a growing risk to human and animal health, especially in tropical regions. While there is established research into dry heatwaves, there is little understanding of the meteorological drivers of extreme humid heat.

Humid heat is related to heat stress, occurring when environmental conditions overwhelm the body's ability to cool itself. Severe heat stress leads to an increase in the core body temperature of 3degC or more and can cause confusion, seizures, and loss of consciousness. If not treated promptly, severe heat stress can lead to muscle damage, major organ failure, and death.

Humid heatwaves are particularly concerning for humans because a wet-bulb temperature (a measure of temperature that accounts for how much cooling can occur through evaporation under ideal conditions) of 35degC means they are unable to shed heat effectively through sweating. Several subtropical coastal locations have already experienced this 35degC threshold.

Lead author of the study Dr Lawrence Jackson, a Research Fellow in the School of Earth and Environment, said: "With climate change driving more frequent and intense humid heat events, particularly in tropical and subtropical regions, the risks to vulnerable populations and outdoor workers are increasing.




"The new understanding provided by our research highlights the potential for improved humid heat early warning systems, using near real-time satellite observations for soil moisture and rainfall."

The team studied humid heatwaves across the tropics and subtropics using weather and climate data from 2001 to 2022.

The researchers identified heatwave events and looked at how they were influenced by recent rainfall, using satellite observations to distinguish between wetter and drier days. They then calculated how likely a heatwave was to occur after these different rainfall conditions.

Humid heatwaves are widespread across the global tropics and subtropics. They occur in monsoon regions such as West Africa, India, East China, and north Australia, in humid regions such as the Amazon, southeast US, and the Congo basin, and in hot coastal regions in the Middle East.

The new study reveals that recent rainfall patterns play a critical role in triggering humid heatwaves in tropical and subtropical regions, with the results showing that the risk of humid heatwaves depends on whether the surface environment is drier or wetter.

In drier regions, humid heatwaves are more likely during or just after periods of enhanced rainfall. In wetter regions, humid heatwaves tend to follow at least two days of suppressed rainfall.




This difference arises because rainfall increases moisture in soils making conditions more humid. By contrast, less rainfall and fewer clouds allow the land to warm, thereby increasing temperatures.

Cathryn Birch, Professor in Meteorology and Climate in the School of Earth and Environment, led the study. She explained: "The outlook for tropical humid heat is really concerning. Humans avoid overheating by sweating. Evaporation of the sweat cools your body, allowing you to maintain a safe body temperature. Humidity makes this less effective.

"Humid heatwaves can be lethal at air temperatures that for dry heat would be relatively safe. The tropics are naturally humid and even an apparently small increase in global temperatures leads to large increases in dangerous humid heat extremes. We not only need to urgently cut greenhouse gas emissions but also need improved early warning systems for humid heat.

Co-author John Marsham, a Professor of Atmospheric Science in the School of Earth and Environment, added: "Our results focus on the daily timescale for these heatwaves. An obvious next step would be to extend our analysis to hourly time scales which might allow us to work towards near real-time predictions with all the benefits that would bring to vulnerable communities."
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Global study links consumption of ultraprocessed foods to preventable premature deaths | ScienceDaily
A study analyzing data from nationally representative dietary surveys and mortality data from eight countries (Australia, Brazil, Canada, Chile, Colombia, Mexico, United Kingdom, and United States) shows that premature deaths attributable to consumption of ultraprocessed foods (UPFs) increase significantly according to their share in individuals' total energy intake. The new study, appearing in the American Journal of Preventive Medicine, published by Elsevier, reinforces the call for global action to reduce UPF consumption, supported by regulatory and fiscal policies that foster healthier environments.


						
UPFs are ready-to-eat-or-heat industrial formulations that are made with ingredients extracted from foods or synthesized in laboratories, with little or no whole foods in their composition. These have gradually been replacing traditional foods and meals made from fresh and minimally processed ingredients.

Lead investigator of the study Eduardo Augusto Fernandes Nilson, DSc, Oswaldo Cruz Foundation (Fiocruz), Brazil, says, "UPFs affect health beyond the individual impact of high content of critical nutrients (sodium, trans fats, and sugar) because of the changes in the foods during industrial processing and the use of artificial ingredients, including colorants, artificial flavors and sweeteners, emulsifiers, and many other additives and processing aids, so assessing deaths from all-causes associated with UPF consumption allows an overall estimate of the effect of industrial food processing on health."

While previous studies focused on specific dietary risk factors instead of food patterns, the current study modeled data from nationally representative dietary surveys and mortality data from eight countries (Australia, Brazil, Canada, Chile, Colombia, Mexico, United Kingdom, and United States) to link dietary patterns, considering the extent and purpose of industrial food processing, to deaths from all causes.

Dr. Nilson explains, "We first estimated a linear association between the dietary share of UPFs and all-cause mortality, so that each 10% increase in the participation of UPFs in the diet increases the risk of death from all causes by 3%. Then, using the relative risks and the food consumption data for all countries (ranging from 15% of the total energy intake in Colombia, to over 50% of the calories in the United States), we built a model that estimated that the percentage of all-cause premature preventable deaths due to the consumption of UPFs can vary from 4% in countries with lower UPF consumption to almost 14% in countries with the highest UPF consumption. For example, in 2018, 124,000 premature deaths were attributable to the consumption of UPFs in the United States."

High consumption of UPFs has been associated with 32 different diseases, including cardiovascular disease, obesity, diabetes, some types of cancer, and depression. For the first time, this study has estimated the burden of UPF intake on premature deaths from all-causes in different countries, showing that the attributable mortality is significant in all settings and that addressing UPF consumption should be a global public nutrition priority.

Dr. Nilson notes, "It is concerning that, while in high-income countries UPF consumption is already high but relatively stable for over a decade, in low- and middle-income countries the consumption has continuously increased, meaning that while the attributable burden in high-income countries is currently higher, it is growing in the other countries. This shows that policies that disincentivize the consumption of UPFs are urgently needed globally, promoting traditional dietary patterns based on local fresh and minimally processed foods."
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Elephant instead of wild boar? What could have been in Europe | ScienceDaily
Elephants are among the largest land mammals on Earth and are often referred to as "ecosystem engineers" because they sustainably alter their surroundings through grazing, trampling, and digging. Europe, too, had an elephant: the straight-tusked elephant (Palaeoloxodon antiquus) lived on our continent for around 700,000 years. The species survived multiple ice ages before becoming extinct during the last one due to additional hunting pressure from humans. Throughout its existence, the straight-tusked elephant helped shape Europe's landscape, maintaining open spaces and light woodlands. Many native plant species are still adapted to these conditions today.


						
"The German name Waldelefant (forest elephant) originates from the assumption that this species primarily lived in the wooded regions of Europe. However, fossil evidence shows that P. antiquus often inhabited open or semi-open habitats with mosaic-like vegetation, similar to modern elephants," explains Prof. Dr. Manuel Steinbauer, Chair of Sport Ecology at the University of Bayreuth.

To reconstruct the way of life of P. antiquus and, in particular, its actual habitat -- known as the realised niche -- the research team examined scientific literature and palaeontological databases for fossil finds of P. antiquus that could be assigned to specific Marine Isotope Stages. Marine Isotope Stages are periods in the earth's history that reflect climate history, representing warm and cold stages. The Bayreuth research team assigned fossil finds from across Europe to either a warm or cold stage and used climate models from these periods to reconstruct the realised niche of the straight-tusked elephant. A comparison with modern climate data suggests that straight-tusked elephants would still be able to live in Europe today. The climate in Western and Central Europe would be particularly suitable, except for mountainous regions such as the Alps and the Caucasus.

"In the past, megafauna like the straight-tusked elephant and their regulatory mechanisms -- such as grazing -- were omnipresent. Many European species, particularly plants that thrive in open habitats, likely established in their diversity in Europe because they benefited from these ecological influences. Traditional conservation strategies in Europe primarily aim to protect biodiversity by shielding habitats from human activities. However, this strategy alone is unlikely to restore the lost ecological functions of megafauna," says Franka Gaiser, a doctoral student in the Sport Ecology research team and lead author of the study.

Modern conservation projects actively reintroduce large herbivores to Europe. However, this comes with challenges, as the ecological processes that have shaped modern ecosystems are not yet fully understood. Additionally, today's large herbivores cannot entirely replace the role of extinct megafauna, as both the animals themselves and the landscape structures, as well as species interactions, have changed significantly.
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Family first: Scientists reveal long-tailed tits' remarkable family bonds | ScienceDaily
Forget fleeting friendships -- the social secrets of the long-tailed tit has revealed an extraordinary level of family commitment even during migratory journeys.


						
Scientists at the University of Sheffield have discovered the tiny birds, which are a familiar sight in UK gardens, maintain strong family bonds outside of their local 'kin-neighbourhoods', with those without fledglings often helping to support new parents -- just like human families.

The research, published in the Journal of Animal Ecology, sheds fresh light on the evolution of cooperation, a behaviour where some individuals forgo their own breeding to help raise the young of others -- a complex phenomenon seen across the animal kingdom, from bees to primates. In long-tailed tits, unsuccessful breeders often become crucial helpers for related pairs, mirroring the support systems seen in humans.

Led by a team of researchers at the University of Sheffield's School of Biosciences, the 30-year data synthesis reveals that long-tailed tits migrate in family units, ensuring they arrive at their destination ready to cooperate with their relatives. This is the first time such consistent family cohesion has been documented throughout migration in any cooperative bird species.

Dr Jennifer Morinay, co-lead author of the study and Post-doctoral Research Associate at the University of Sheffield's School of Biosciences, said: "This 30-year study is unique in its depth and has allowed us to understand the evolution of cooperation in a way that would not have been possible otherwise. The discovery of family ties persisting through migration is particularly exciting.

"These tiny birds essentially travel with their support network, ensuring that when they reach their new location, they have their kin ready to assist. It highlights the profound importance of family in their social structure."

The research pinpoints key factors influencing whether a bird becomes a helper. These include their own breeding success (or failure), the strength of their familial connections, and the availability of opportunities to assist within their kin group. External pressures like predator numbers and the length of the breeding season also play a crucial role in shaping cooperative behaviours within the entire population. Importantly, the study found that the benefits of helping diminish the further an individual disperses from its birthplace, underscoring the crucial link between family proximity and cooperation.

Professor Ben Hatchwell, co-lead author of the study and Professor of Evolutionary Ecology at the University of Sheffield's School of Biosciences, said: "The push and pull between cooperation and competition is something we readily recognize in our own lives. This study demonstrates that these same fundamental tensions are at play in the social dynamics of long-tailed tits and likely many other species.

"Our long-term research provides significant insights into the ecological and social conditions that favour cooperative behaviour and the evolutionary forces that sculpt these intricate social interactions."

Next steps for the research is to identify how long-tailed tits recognise their relatives, focusing on the role of calls, smells, and social bonds. They aim to further unravel the intricate mechanisms underlying cooperative breeding in this fascinating species.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/04/250428221909.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Geoengineering technique could cool planet using existing aircraft | ScienceDaily
A technique to cool the planet, in which particles are added to the atmosphere to reflect sunlight, would not require developing special aircraft but could be achieved using existing large planes, according to a new modelling study led by UCL (University College London) researchers.


						
Previously, most research has assumed that the technique, known as stratospheric aerosol injection, would be deployed in the tropics and so would require specially designed aircraft capable of flying at altitudes of 20km or more to inject the particles.

For the new study, published in the journal Earth's Future, scientists ran simulations of different aerosol injection strategies and concluded that adding particles 13km above the polar regions could meaningfully cool the planet, albeit much less effectively than at higher altitudes closer to the equator. Commercial jets such as the Boeing 777F could reach this altitude.

Lead author Alistair Duffey, a PhD student at UCL's Department of Earth Sciences, said: "Solar geoengineering comes with serious risks and much more research is needed to understand its impacts. However, our study suggests that it is easier to cool the planet with this particular intervention than we thought. This has implications for how quickly stratospheric aerosol injection could be started and by who.

"There are downsides to this polar low-altitude strategy. At this lower altitude, stratospheric aerosol injection is about one third as effective. That means that we would need to use three times the amount of aerosol to have the same effect on global temperature, increasing side effects such as acid rain. The strategy would also be less effective at cooling the tropics, where the direct vulnerability to warming is highest.

"However, climate change is a serious problem and it is vital to understand all our options, so that policy-makers have the evidence they need to make informed decisions."

The researchers ran simulations in the UK's Earth System Model 1 (UKESM1), a computer model of the climate, to estimate the impact of stratospheric aerosol injection. By adding sulphur dioxide -- which goes on to form tiny reflective particles -- at different altitudes, latitudes and seasons, they were able to quantify the effectiveness of different deployment strategies.




They said that low-altitude deployment of stratospheric aerosol injection could only work if it was done close to the Earth's polar regions. To be effective, particles need to be created in the stratosphere, a layer of the atmosphere above the top of most clouds, and this layer is closer to the ground nearer to the poles.

In the troposphere -- the lowermost layer of the atmosphere -- any aerosol particles would disappear quickly as they are caught up in clouds and rained out. However, the stratosphere is dry, stable and free of clouds, meaning that added particles would stay up for months or years.

The researchers estimated that injecting 12 million tonnes of sulphur dioxide a year at 13 km in the local spring and summer of each hemisphere would cool the planet by around 0.6degC. This is roughly the same amount added to the atmosphere by the eruption of the Mount Pinatubo volcano in 1991, which also produced an observable dip in global temperatures.

In the simulation, the sulphur dioxide was added at latitudes of 60 degrees north and south of the equator. That is roughly the latitude of Oslo in Norway and Anchorage in Alaska; in the south, that would be below the southernmost tip of South America.

This strategy is not as effective as injecting sulphur dioxide at 20km because the particles do not stay in the stratosphere for as long, i.e., for only a few months at 13km rather than for up to several years at 20km.

However, a low-altitude strategy using existing aircraft could begin sooner than a high-altitude approach, with the researchers noting an earlier study finding that designing and certifying high-flying aircraft might take a decade and cost several billion dollars.




Co-author Wake Smith, a Lecturer at Yale School of the Environment, part of Yale University, said: "Although pre-existing aircraft would still require a substantial modification programme to be able to function as deployment tankers, this route would be much quicker than designing a novel high-flying aircraft."

The strategy is not a quick fix -- any stratospheric aerosol injection would need to be introduced gradually, and reduced gradually, to avoid catastrophic impacts from sudden warming or cooling. Nor would it eliminate the need for emissions reductions.

Co-author Dr Matthew Henry, of the University of Exeter, said: "Stratospheric aerosol injection is certainly not a replacement for greenhouse gas emission reductions as any potential negative side effects increase with the amount of cooling: we can only achieve long-term climate stability with net zero."

The study received funding from the UK's Natural Environment Research Council (NERC).
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'Wood you believe it?' Engineers fortify wood with eco-friendly nano-iron | ScienceDaily
Scientists and engineers are developing high-performance materials from eco-friendly sources like plant waste. A key component, lignocellulose -- found in wood and many plants -- can be easily collected and chemically modified to improve its properties.


						
By using these kinds of chemical changes, researchers are creating advanced materials and new ways to design and build sustainably. With about 181.5 billion tons of wood produced globally each year, it's one of the largest renewable material sources.

Researchers from the College of Engineering and Computer Science at Florida Atlantic University, and collaborators from the University of Miami and Oak Ridge National Laboratory, wanted to find out if adding extremely hard minerals at the nanoscale could make the walls of wood cells stronger -- without making the wood heavy, expensive or bad for the environment. Few studies have investigated how treated wood performs at different scales, and none have successfully strengthened entire pieces of wood by incorporating inorganic minerals directly into the cell walls.

The research team focused on a special type of hardwood known as ring-porous wood, which comes from broad-leaf trees like oak, maple, cherry and walnut. These trees feature large, ring-shaped vessels in the wood that transport water from the roots to the leaves. For the study, researchers used red oak, a common hardwood in North America, and introduced an iron compound into the wood through a simple chemical reaction. By mixing ferric nitrate with potassium hydroxide, they created ferrihydrite, an iron oxide mineral commonly found in soil and water.

Results of the study, published in the journal ACS Applied Materials and Interfaces, revealed that a simple, cost-effective chemical method using a safe mineral called nanocrystalline iron oxyhydroxide can strengthen the tiny cell walls within wood while adding only a small amount of extra weight. Although the internal structure became more durable, the wood's overall behavior -- such as how it bends or breaks -- remained largely unchanged. This is likely because the treatment weakened the connections between individual wood cells, affecting how the material holds together on a larger scale.

The findings suggest that, with the right chemical treatment, it's possible to enhance the strength of wood and other plant-based materials without increasing their weight or harming the environment. These bio-based materials could one day replace traditional construction materials like steel and concrete in applications such as tall buildings, bridges, furniture and flooring.

"Wood, like many natural materials, has a complex structure with different layers and features at varying scales. To truly understand how wood bears loads and eventually fails, it's essential to examine it across these different levels," said Vivian Merk, Ph.D., senior author and an assistant professor in the FAU Department of Ocean and Mechanical Engineering, the FAU Department of Biomedical Engineering, and the FAU Department of Chemistry and Biochemistry within the Charles E. Schmidt College of Science. "To test our hypothesis -- that adding tiny mineral crystals to the cell walls would strengthen them -- we employed several types of mechanical testing at both the nanoscale and the macroscopic scale."

For the study, researchers used advanced tools like atomic force microscopy (AFM) to examine the wood at a very small scale, allowing them to measure properties such as stiffness and elasticity. Specifically, they employed a technique called AM-FM (Amplitude Modulation -- Frequency Modulation), which vibrates the AFM tip at two different frequencies. One frequency generates detailed surface images, while the other measures the material's elasticity and stickiness. This method gave them a precise view of how the wood's cell walls were altered after being treated with minerals.




Additionally, the team conducted nanoindentation tests within a scanning electron microscope (SEM), where tiny probes were pressed into the wood to measure its response to force in different areas. To round out their analysis, they performed standard mechanical tests -- such as bending both untreated and treated wood samples -- to evaluate their overall strength and how they broke under stress.

"By looking at wood at different levels -- from the microscopic structures inside the cell walls all the way up to the full piece of wood -- we were able to learn more about how to chemically improve natural materials for real-world use," said Merk.

This combination of small- and large-scale testing helped the researchers understand how the treatment affected both the fine details inside the cell walls and the overall strength of the wood.

"This research marks a significant advancement in sustainable materials science and a meaningful stride toward eco-friendly construction and design," said Stella Batalama, Ph.D., the dean of the College of Engineering and Computer Science. "By reinforcing natural wood through environmentally conscious and cost-effective methods, our researchers are laying the groundwork for a new generation of bio-based materials that have the potential to replace traditional materials like steel and concrete in structural applications. The impact of this work reaches far beyond the field of engineering -- it contributes to global efforts to reduce carbon emissions, cut down on waste, and embrace sustainable, nature-inspired solutions for everything from buildings to large-scale infrastructure."

Study co-authors are Steven A. Soini, a Ph.D. graduate from the FAU College of Engineering and Computer Science and FAU Charles E. Schmidt College of Science; Inam Lalani, a Ph.D. student at the University of Miami; Matthew L. Maron, Ph.D., a doctoral researcher at the University of Miami; David Gonzalez, a graduate student in the FAU College of Engineering and Computer Science; Hassan Mahfuz, Ph.D., a professor in the FAU Department of Ocean and Mechanical Engineering; and Neus Domingo-Marimon, Ph.D., senior R&D staff scientist, group leader for the Functional Atomic Force Microscopy Group, Oak Ridge National Laboratory.
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Climate change increases the risk of simultaneous wildfires | ScienceDaily
Climate change is increasing the risk of wildfires in many regions of the world. This is due partly to specific weather conditions -- known as fire weather -- that facilitate the spread of wildfires. Researchers from the Helmholtz Centre for Environmental Research (UFZ) and Australian colleagues have found that fire weather seasons are increasingly overlapping between eastern Australia and western North America. The research team examined the causes of this shift and its implications for cross-border cooperation between fire services in Canada, the US, and Australia. The research was published in Earth's Future.


						
The west coast of North America and the east coast of Australia have been repeatedly hit hard by wildfires. For example, the January 2025 wildfire disaster in Los Angeles destroyed over 10,000 buildings and claimed 29 lives, according to media reports. The east coast of Australia was hit by one of the country's most devastating bushfires between September 2019 and March 2020: more than 12 million hectares of forest and bushland burned. Firefighters from Canada, the US, and Australia have supported each other during these disasters and many others.

The international team of scientists set out to examine how the timing of fire weather seasons in the two regions is changing as a result of climate change. The researchers used the Canadian Fire Weather Index (FWI), a meteorological index used worldwide to estimate fire risk. It takes into account rainfall, temperature, relative humidity, and wind speed. They used it to identify fire weather days -- days with a high risk of wildfires. Based on observational data, the researchers found that the fire weather days -- and thus the risk of wildfires -- have been increasingly overlapping since 1979.

The greatest likelihood of overlap -- around 75% -- occurs between July and December. Overall, the number of simultaneous fire weather days in eastern Australia and western North America has been increasing by one day per year for the past 40 years. This is because the fire season in eastern Australia is starting earlier in spring and overlapping with the end of the fire season on the west coast of North America," explains Dr Andreia Ribeiro, UFZ climate scientist and lead author, who contributed to the German-Australian research project funded by the German Academic Exchange Service (DAAD).

The team also analysed how the seasonal overlap is likely to develop. They used four climate models, drawing on many simulations to account for uncertainty. The trend is clear: "The number of overlapping fire weather days in western North America and eastern Australia will continue to increase," says Andreia Ribeiro. Depending on the climate model used and the level of future global warming, the increases could range from 4 to 29 days per year by mid-century.

The overlap depends partly on the variability of the El Nino Southern Oscillation, a system that controls the circulation of the ocean and atmosphere in the equatorial Pacific. Fire weather in eastern Australia is typically linked to El Nino conditions -- unusually high sea surface temperatures. This often leads to droughts and heatwaves, among other phenomena. In contrast, fire weather in western North America is more often linked to La Nina conditions -- the opposite situation. "Despite these generally opposing patterns, we found that during strong fire weather overlap, El Nino conditions are especially pronounced in the Central Pacific," says Andreia Ribeiro. However, the effects of El Nino are expected to be overshadowed by climate change in the medium term. "Climate change is causing global temperature rises and increasing drought in some regions while the El Nino effect is expected to remain largely unchanged," says Prof Dr Jakob Zscheischler, UFZ climate scientist and co-author.

This poses a challenge for cooperation between US, Canadian, and Australian fire services, which have long supported one another by sharing personnel and aircraft during wildfire emergencies. Until recently, the fire seasons occurred at distinctly different times of the year: on the west coast of North America between June and October and in eastern Australia between October and March. These gaps provided enough time for teams to assist one another when needed. "But these increasingly overlapping fire weather seasons in the US and Australia are narrowing the window for international cooperation and making it harder to respond quickly to large-scale wildfires," says lead author Dr Doug Richardson from the ARC Centre of Excellence for Climate Extremes at the University of New South Wales (Australia). International agreements on firefighting cooperation and national firefighting capacities therefore need to be reviewed. Both Australia and the US will need to strengthen their domestic firefighting capacities in order to reduce reliance on international cooperation.
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Extreme rainfall: A long-standing hypothesis on temperature dependence finally settled? | ScienceDaily
Extreme rainfall can cause rapid flooding, so-called "flash flooding." How does such extreme rainfall change with temperature? This question has been studied for decades by using appropriate recordings of rainfall and temperature, measured at short intervals of one hour or less.


						
Rainfall and clouds form when the water vapor in the air saturates, thus forming small droplets that eventually lump together to form rain drops. According to the Clausius-Clapeyron relation, saturation requires roughly 7 percent more vapor when temperatures rise by one degree Celsius. This relation might, as an oversimplified image, be motivated by a sponge that can capture more water as temperatures increase. An extreme rainfall event in this image corresponds to squeezing the sponge to release most of its water.

This hypothesis had been challenged in 2008 by analysis of a long timeseries of rainfall data in the Netherlands. The authors of that study, Lenderink and van Meijgaard, concluded from their statistical approach that the Clausius-Clapeyron relation was insufficient to describe the increase in extreme rainfall, in particular that of thunderstorms which could increase at 14 percent per degree Celsius -- thus twice the rate of Clausius-Clapeyron.

In the past 17 years the work by Lenderink and van Meijgaard, now cited more than 1000 times, has led to numerous investigations into the phenomenon, without being able to unambiguously confirm or reject the groundwork laid out by the Netherlands study. In particular, it was difficult to determine, in how far the blend of different rainfall types could give rise to statistical superpositions.

The current work takes a detailed look at two precipitation types: stratiform rainfall that is continuous and uniform in intensity compared to short rain showers typical for thunderstorms. "We make use of a large and high-frequency dataset from Germany which is combined with a novel lightning detection dataset. Since lightning indicates thunderstorm activity, stratiform rainfall can be separated in this way," explains Nicolas Da Silva from the University of Potsdam. "The result is rather striking: when carefully selecting only clear thunderstorm rainfall and studying the extremes at each temperature, the increase is almost perfectly along the Clausius-Clapeyron theory," adds Jan O. Harter from the University of Potsdam who is also affiliated with the Leibniz Centre for Tropical Marine Research (ZMT). Equally, when selecting only for stratiform rainfall alone, the data fit the Clausius-Clapyron relation very well. Only when combining the statistics of both types of rainfall, much higher temperature increase rates emerge, as proposed in the study of Lenderink and van Meijgaard. The authors Da Silva and Harter state that this 'super-Clausius-Clapeyron' increase is thus of purely statistical origin such that a long-standing controversy may now finally be settled.

However, the current study points out that the statistical 'super-Clausius-Clapeyron' increase in rainfall extremes does apply to clusters containing both thunderstorm and stratiform clouds. Such cloud clusters are responsible for most of the extreme flash flood inducing rainfall. "Assuming the temperature changes projected for the coming decades under climate warming, extreme rainfall may indeed reach unprecedented risk levels for humans and infrastructure, especially in urban areas," the authors stress.
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Bacteria's mysterious viruses can fan flames of antibiotic damage | ScienceDaily
Your gut microbiome teems with bacteria-eating viruses that have longed baffled scientists. Using a new mouse model that can eliminate and revive these virus communities, Virginia Tech biologists discovered that the viruses can exacerbate collateral damage from antibiotics.


						
Some things just go together in your belly: peanut butter and jelly, salt and pepper, bacteria and bacteria-eating viruses.

For the bacterial species that inhabit your gut, there's a frenzy of viruses called bacteriophages that naturally infect them. Although they co-evolved with bacteria, phages get far less glory. They're harder to classify and so deeply entangled with the bacteria they target that scientists struggle to understand what functions they serve.

But what if there was a way to compare the exact same gut microbiome conditions with and without phages?

Virgina Tech biologist Bryan Hsu's team found a way to do just that.

Hsu and graduate student Hollyn Franklin built a model that allows them to diminish phage communities from a mouse gut microbiome -- and then bring them back -- without affecting the bacteria. On a test run of their model, researchers found evidence that phages may increase gut bacteria's sensitivity to antibiotics. Their results were published April 28 in the journal Cell Host and Microbe.

It's for research, Mom

What could inhibit a bacteria's viruses but not the bacteria itself? In her early search through the literature, Franklin found a chemical compound called acriflavine that fit the bill. It's a component of a widely available medication used in Brazil to treat urinary tract infections (UTI).




Fortuitously, a member of Hsu's lab and paper co-author, Rogerio Bataglioli, is a native Brazilian. He shipped a massive order of acriflavine to his parent's house. But he forgot to tell his parents it was coming, Hsu said.

"His mom called, and asked, 'Is everything OK? Because 20 boxes of UTI treatment just arrived under your name.'"

After that got sorted, Franklin began administering acriflavine to lab mice. Over a period of 12 days, there was a dramatic reduction in the concentration of viral particles. And they didn't bounce back when she stopped administering the drug.

But when Franklin reintroduced a tiny sample of the mouse's own gut microbiome, extracted before treatment, the natural phage populations sprang back to life.

"It goes away when we wanted it to, and came back when we wanted it to," said Hsu. "Which means we have a bacteriophage conditional mouse model."

Or, more fun: BaCon mouse model.




Exacerbating antibiotic damage

To see if the mouse model had some significance for health, Hsu's research team went straight to one of the hottest topics in the field: the collateral damage that antibiotics have on a patient's resident microbial population.

Antibiotics save millions of lives every year, but the drug rages indiscriminately through bad, benign, and beneficial bacteria alike, disrupting our gut microbiome and leaving us vulnerable to new pathogens.

Could phages be playing a role in the destructive wake of an antibiotic treatment? Hsu and Franklin used their BaCon mouse model to ask this question and administered antibiotics to mice with and without phage populations.

Their results suggest that phages increase the sensitivity of bacteria to antibiotics.

"It's hard to make definitive conclusions, but these results are telling us that phages have some significance for how we respond to antibiotics," Hsu said.

The next questions, according to Franklin, will explore if phages caused these effects or are simply correlated with them, and what role phages play in diseases -- which would open new doors in microbiome studies.

Answers may be served with a side of BaCon mouse.

Funding for this work was provided by the Virginia Tech Institute for Critical Technology and Applied Science, the National Institute of General Medical Sciences of the National Institutes of Health.
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Influenza virus hacks cell's internal system | ScienceDaily
The influenza virus manipulates the body's gene regulation system to accelerate its own spread, according to researchers at the University of Gothenburg. Their study also shows that an already approved drug could help strengthen immune defenses -- though its effect in humans remains to be confirmed.


						
The study, published in the journal Nucleic Acids Research, concerns a previously unknown strategy used by the influenza A virus to take over the body's own systems. The study shows that the virus manipulates a protein that normally helps regulate which genes should be active in the cell, turning this protein against the immune system.

The protein, referred to as AGO2, is involved in what is known as RNA interference, a mechanism that regulates gene activity. While AGO2 usually works outside the cell nucleus, in conjunction with infection, the virus manages to move the protein into the nucleus, where it turns off genes that are key to the immune system.

Virus mutes the alarm 

This primarily concerns type I interferons -- signaling substances used by infected cells to warn their neighbors and strengthen the body's defenses.

Aishe Sarshad, associate professor of cellular and molecular biology at Sahlgrenska Academy at the University of Gothenburg, is one of the study's senior authors:

"Most surprising was that the virus manages to hijack such a fundamental and well-regulated system as RNA interference -- even using it inside the nucleus, where it isn't normally found," says Aishe Sarshad.




Much of the laboratory work was performed by Hsiang-Chi Huang, a postdoc member of the group at the time. The work shows that the AGO2 protein follows the tumor suppressor p53 into the nucleus, binding itself to genes that regulate the body's alarm signals and turning them off.

New antiviral treatment 

The researchers also investigated whether the manipulative actions of the virus could be stopped. To this end, they used arsenic trioxide (ATO), a drug approved for treating a type of blood cancer. In both cell cultures and mice, the drug was shown to increase the production of interferons and reduce the amount of virus in the lungs.

This discovery indicates that it may be possible to influence the body's own RNAi system to slow viral infections -- and not just influenza, but perhaps even other RNA viruses. "Now, we want to continue our investigations to see whether the same mechanism is found in other types of infections. This paves the way for a completely new type of antiviral treatment, where we target not only the virus, but also how it uses our own cells," says Aishe Sarshad.
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Breakthrough extends fuel cell lifespan beyond 200,000 hours, paving the way for clean long-haul trucking | ScienceDaily
For trucks and heavy-duty vehicles that must travel long distances without frequent, time-consuming charging stops, batteries often fall short. Hydrogen fuel cells -- which can be refueled as quickly as traditional gasoline -- offer a cleaner, more efficient alternative.


						
Now, researchers at UCLA have made a breakthrough that could dramatically extend the lifespan of these fuel cells, making them a more viable clean energy source that can help bring sustainable, long-haul trucking closer to reality.

Led by Yu Huang, a professor of materials science and engineering at the UCLA Samueli School of Engineering, the research team has developed a new catalyst design capable of pushing the projected fuel cell catalyst lifespans to 200,000 hours, which is nearly seven times the U.S. Department of Energy's target for 2050. Published in Nature Nanotechnology, the research marks a significant step toward the widespread adoption of fuel cell technology in heavy-duty vehicles, such as long-haul tractor trailers.

Although medium- and heavy-duty trucks make up only about 5% of vehicles on the road, they are responsible for nearly a quarter of greenhouse gas automobile emissions, according to federal estimates. This makes heavy-duty applications an ideal entry point for polymer electrolyte membrane fuel cell technology.

Because fuel cells are significantly lighter than batteries, they require less energy to move the vehicles. With a projected power output of 1.08 watts per square centimeter, fuel cells featuring the new catalyst can deliver the same performance as conventional batteries that weigh up to eight times more. This difference is especially relevant for heavy-duty vehicles, which not only carry substantial cargo but also tend to be much heavier than standard vehicles. In addition, building a national hydrogen-refueling infrastructure would likely require less investment than establishing an electric vehicle-charging network across the country.

Fuel cells work by converting the chemical energy stored in hydrogen into electricity, emitting only water vapor as a byproduct. This has made them a promising solution for cleaner transportation. However, the slow chemical reaction for the energy conversion has been a challenge, requiring a catalyst to achieve practical speeds.

While platinum-alloy catalysts have historically delivered superior chemical reaction, the alloying elements leach out over time, diminishing catalytic performance. The degradation is further accelerated by the demanding voltage cycles required to power heavy-duty vehicles.




To address this challenge, the UCLA team has engineered a durable catalyst architecture with a novel design that shields platinum from the degradation typically observed in alloy systems.

The researchers began by embedding ultrafine platinum nanoparticles within protective graphene pockets. Composed of a single layer of carbon atoms arranged in a two-dimensional honeycomb lattice, graphene is the thinnest known material. Despite its atomic thinness, it is incredibly strong, lightweight and highly conductive. These graphene-encased nanoparticles were then nested inside the porous structure of Ketjenblack, a powdery carbon material. This "particles-within-particles" design provides long-term stability while preserving the high catalytic activity essential for efficient fuel cell performance.

"Heavy-duty fuel cell systems must withstand harsh operating conditions over long periods, making durability a key challenge," said Huang, who holds the Traugott and Dorothea Frederking Endowed Chair at UCLA Samueli. "Our pure platinum catalyst, enhanced with a graphene-based protection strategy, overcomes the shortcomings of conventional platinum alloys by preventing the leaching of alloying elements. This innovation ensures that the catalyst remains active and robust, even under the demanding conditions typical of long-haul applications."

The new catalyst exhibited a power loss of less than 1.1% after an accelerated stress test involving 90,000 square-wave voltage cycles designed to simulate years of real-world driving, where even a 10% loss is typically considered excellent. These superior results project fuel cell lifetimes exceeding 200,000 hours, far surpassing the DOE's target of 30,000 hours for heavy-duty proton exchange membrane fuel cell systems.

By successfully addressing the dual challenges of catalytic activity and durability, UCLA researchers' innovative catalyst design holds great promise for the adoption of hydrogen-powered heavy-duty vehicles -- an essential step toward reducing emissions and improving fuel efficiency in a sector that accounts for a substantial share of transportation energy use.

The team's findings built on its earlier success in developing a fuel cell catalyst for light-duty vehicles that demonstrated a lifespan of 15,000 hours -- nearly doubling the DOE's target of 8,000 hours.

The new study's lead authors are UCLA Ph.D. graduates Zeyan Liu and Bosi Peng, both advised by Huang, whose research group specializes in developing nanoscale building blocks for complex materials, such as fuel cell catalysts. Xiaofeng Duan, a professor of chemistry and biochemistry at UCLA, and Xiaoqing Pan, a professor of materials science and engineering at UC Irvine, are also authors on the paper. Huang and Duan are both members of the California NanoSystems Institute at UCLA.

Other authors on the paper are Yu-Han "Joseph" Tsai and Ao Zhang from UCLA, as well as Mingjie Xu, Wenjie Zang, XingXu Yan and Li Xing from UC Irvine.

UCLA's Technology Development Group has filed a patent on the technology.
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Updated equestrian helmet ratings system adds racing and high-speed events | ScienceDaily
Falling off a horse at high-speed changes the impact to the rider's head and the parameters for a quality helmet, according to new research from the Virginia Tech Helmet Lab.


						
Published on April 28 in the Annals of Biomedical Engineering, the findings from researchers Steve Rowson and Lauren Duma indicate that head impacts during falls at high speed generate unique head rotation, which in turn, directly affects helmet behavior.

"Rotational motion of the head is very important," said Rowson, helmet lab director. "While our testing already incorporated rotational head motion, falling off a horse at high speed can put a large force across the helmet and generate rotation in a different way than our previous testing. This means that the helmets behave a little differently during low-speed and high-speed impact scenarios."

Lauren Duma, a Ph.D. student and member of the lab, was the lead author of the study.

The new study builds on the lab's previous work that documented video-captured falls in a wide array of equestrian disciplines, where riders fell from varying heights on the front, side, and back of the helmet. Horse racing and other high-speed accidents were not included with the initial research project.

The testing now includes impact scenarios where the horse and rider are moving with horizontal velocity, which typically occurs in racing and cross-country events.

The additional testing criteria were motivated by the Federation Equestre Internationale's (FEI) technical report on new testing protocols for improved equestrian helmet performance, which included horse racing accidents. The added tests were used to update the lab's original helmet ratings, which were released in December 2022.




"FEI suggested a new testing standard where the head is dropped on an angled surface, which is very similar to how we already test bicycle helmets in the lab," Rowson said. "This test does a great job of simulating high-speed falls, so we worked to include tests similar to the FEI specification to have a more comprehensive test protocol."

In addition to various fall scenarios, the lab also performed a large computational modeling analysis of the head impacts to identify the best method for quantifying injury risk to the rider.

Previously, the lab's STAR ratings only incorporated one method of testing -- either the pendulum impactor used for football helmets or the oblique drop tower used for bike and snow sport helmets. This was the first time ratings have been generated using both tests and with 49 helmets tested, the lab's largest study on equestrian helmets to date.

Ratings reflect the concussion risk associated with each model and are meant to inform consumer decisions about helmet purchasing. Helmets are rated on a scale of one to five stars, with a one-star helmet offering the least head protection, making it more likely for an individual to develop a concussion, and a five-star helmet offering the most protection and reducing concussion risk.

Updated ratings are available on the helmet lab website. Early research was funded by Jacqueline Mars, the United States Hunter Jumper Association, the United States Equestrian Federation, the United States Eventing Association, and an anonymous private donor.
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How math helps to protect crops from invasive disease | ScienceDaily
New research from The University of Texas at Arlington and the U.S. Department of Agriculture demonstrates how mathematical modeling can predict outbreaks of toxic fungi in Texas corn crops -- offering a potential lifeline to farmers facing billions in harvest losses.


						
"Our research focuses on predicting aflatoxin outbreaks in Texas using remote sensing satellites, soil properties and meteorological data," said coauthor Angela Avila, a postdoctoral fellow in mathematics at UTA. "One of the key challenges is that contamination can be present with no visible signs of fungal infection. This makes early risk prediction especially important for allowing targeted prevention and mitigation strategies."

Aflatoxins are toxic compounds produced by certain fungi in the mycotoxin family and are commonly found on crops such as corn (maize) and some nuts. They are carcinogenic and can pose serious health risks to humans and animals.

The research team included Jianzhong Su, professor and chair of UT Arlington's Department of Mathematics and Dr. Avila's former doctoral mentor. Together, they developed the aflatoxin risk index (ARI) and applied multiple machine learning methods to predict aflatoxin outbreaks in Texas. ARI is a predictive model that measures the cumulative risk of contamination during crop development.

"My main contribution was calculating historical planting dates for each county in Texas using time-series satellite imagery," Avila said. "Because maize is most susceptible to aflatoxin contamination at specific growth stages, having precise planting dates is critical. My contributions for planting date estimations significantly improved our risk assessment, enhancing the accuracy of our machine learning models by 20% to 30%."

"As part of her contributions to our mycotoxin research, Dr. Avila integrated a new input. She used the normalized difference vegetation index, acquired from satellite imagery, to predict planting times," said Lina Castano-Duque, lead author of the study in Frontiers in Microbiology and plant pathologist at the USDA Agricultural Research Service Southern Regional Research Center in New Orleans. "She will continue growing her model to apply it to the rest of the U.S."

Avila noted that the study has wide-reaching implications for farmers, processors and consumers, as mycotoxin contamination leads to billions of dollars in economic losses each year.

"Our research will allow farmers to make informed decisions to implement effective mitigation strategies, helping protect crops, food security, sustainability and economic stability," Avila said.

"This cutting-edge research will revolutionize the management of mycotoxin contamination in corn, addressing its associated challenges," Dr. Castano-Duque said. "Farmers will benefit from expert guidance on the risk levels of mycotoxin contamination that will aid in future crop selection and the ability to adapt input variables, such as fungicide and biocontrol application, as needed."

Support for this research was provided by the U.S. Department of Agriculture's Agricultural Research Service.
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Study using simulations highlights power of pooled data in environmental health research | ScienceDaily
Conflicting findings in environmental epidemiology have long stalled consensus on the health effects of toxic chemicals. A new study by Columbia University Mailman School of Public Health published in the American Journal of Epidemiology suggests that one major reason for these inconsistencies may be the limited exposure ranges in individual studies -- leading to underpowered results and unclear conclusions.


						
Researchers used simulated data to examine how well individual and pooled studies can identify dose-response relationships between chemical exposure and health outcomes. Their findings point to a clear solution: pooling data across studies should be prioritized, even when confounding variables vary between cohorts.

"Underpowered studies -- especially those with narrow exposure ranges -- may produce misleading results about whether and how a chemical affects human health," said lead author Eva Siegel, PhD in the Department of Environmental Health Sciences. "Our simulations show that combining data across multiple cohorts is a natural and necessary step to strengthen conclusions in environmental health research."

The research focused on polychlorinated biphenyls (PCBs), a class of persistent organic pollutants (POPs). Specifically, the study explored the relationship between maternal exposure to PCB-153 -- the most commonly detected PCB congener in human blood -- and birthweight, an association that has been inconsistently reported in previous studies.

"Some chemicals, like endocrine-disrupting POPs, may interfere with the body's systems even at very low doses," Siegel noted. "Understanding how health risks vary across the full exposure range is essential -- but that requires broader data than most single studies can offer."

To address this gap, researchers created five hypothetical populations with different exposure distributions -- from low to high -- based on real data from three well-known birth cohorts: The Columbia Children's Center for Environmental Health (CCCEH) in New York City, The Environmental Health Fund (EHF) cohort in Israel, and The Child Health and Development Studies (CHDS) in California.

By simulating these distinct exposure environments and analyzing them both individually and collectively, the team assessed how well each approach could recover a "true" dose-response curve. Their results were clear: studies with limited exposure variability often failed to detect effects, while pooled data more accurately reflected the expected relationship.

"Our results show that despite potential differences in confounding factors across studies, the benefits of data pooling outweigh the challenges especially when every effort is made to fully harmonize data between studies.," said Pam Factor-Litvak, PhD, professor of Epidemiology at Columbia Mailman School, and senior author. "To emphasize, this approach is especially crucial in understanding low-dose chemical effects, where many individual studies lack sufficient range to detect patterns."

Other co-authors are Matt Lamb, Jeff Goldsmith, and Andrew Rundle, Columbia University Mailman School of Public Health; Andreas Neophytou, Colorado State University, Matitiahu Berkovitch, Tel Aviv University; and Barbara Cohn, Public Health Institute.

The study was supported by the National Institute of Environmental Health Sciences (grants F31ES032331 and T32ES023772.
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Blackberries with no thorns? Scientist assembles genome of a blackberry in major step to breed better fruit | ScienceDaily
Thornless, disease-resistant, and tastier blackberries could be on the horizon -- thanks to new genetic research from the University of Florida.


						
New UF blackberry varieties could provide a boon for farmers looking to rebound after the decline of Florida citrus and who see an opportunity to meet the growing demand for blackberries, which have soared in popularity in recent years.

"Overall, this study not only advances our understanding of blackberry genetics, but it sets the stage for significant improvements in blackberry breeding techniques," said UF/IFAS researcher Zhanao Deng, who led the study that was recently published in journal Horticulture Research. "The end result could be better, more robust blackberry varieties that benefit both growers and consumers worldwide."

Over the past 20 years,consumer demand for blackberries has increased, leading to farmers growing more of the flavorful fruit in the United States and across the globe.

The United States produces 37 million pounds of processed blackberries and almost 3 million pounds of fresh fruit annually. In Florida, growers produced blackberries on 277 farms and 702 acres, according to the 2022 U.S. Department of Agriculture Census of Agriculture.

The new study delves into the genetic makeup of blackberries, said Deng, a professor of environmental horticulture at the UF/IFAS Gulf Coast Research and Education Center. He and colleagues have been developing new blackberry varieties using deep insights gained from genome sequencing.

Using a large collection of DNA sequences from an experimental blackberry BL1, the team computationally pieced them together, rebuilding the original sequence of the entire genome of this blackberry.




It starts with understanding that BL1 is a tetraploid fruit, one that comes from a plant with four copies of each chromosome in its cells. That means it has twice the normal number of chromosomes as a typical diploid plant, like a raspberry. Working with a tetraploid is more complex than a diploid, Deng said.

"The release of this tetraploid blackberry genome can contribute to more efficient and targeted breeding, ultimately leading to the development of new cultivars with enhanced fruit quality, and resistance to important diseases," Deng said. "The reference genome created from this research can be a powerful tool for anyone working with blackberries."

The genome assembly also uncovers the secrets behind key traits like growing blackberry plants with no thorns and the production of anthocyanin production, which affects the color and health benefits of the fruit.

"This finding can help us understand why blackberries develop their characteristic deep purple/black color over time and how to potentially enhance this process for more nutritious berries" he said.

For Florida, the southeastern United States and regions with similar climates, this research holds huge promise.

By using the genetic insights gained from this study, Deng said it can accelerate the process to create blackberry varieties that are better suited to local growing conditions, enhancing both the yield and the quality of the fruit produced in Florida and globally.
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Anatomy of a 'zombie' volcano: Investigating the cause of unrest inside Uturuncu | ScienceDaily
Scientists from China, the UK and the USA have collaborated to analyse the inner workings of Bolivia's "zombie" volcano, Uturuncu. By combining seismology, physics models and analysis of rock composition, researchers identify the causes of Uturuncu's unrest, alleviating fears of an imminent eruption. The findings have been published today (28 April) in the journal PNAS.


						
Deep in the Central Andes lies Uturuncu, Bolivia's "zombie" volcano -so called because despite being technically dead (last erupting 250 thousand years ago), it still shows signs of unrest, including earthquakes and plumes of gases. This unrest manifests itself in a "sombrero" pattern of deformation, with the land in the centre of the volcanic system rising up, and surrounding areas sinking down.

For the local population, it is vitally important to assess the potential start and severity of an eruption from Uturuncu, which could cause widespread damage and threat to life. However, up to now there was no explanation for the continued volcanic unrest. Scientists believed that the key to understanding this was to visualise the way that magma and gases move around underneath the volcano.

This new study, which drew upon expertise from University of Science and Technology of China, the University of Oxford and Cornell University, used signals detected from more than 1,700 earthquake events to perform high-resolution imaging of the plumbing system in the shallow crust beneath Uturuncu. According to the findings, the "zombie"-like unrest of Uturuncu is due to the movement of liquid and gas beneath the crater, with a low likelihood of an imminent eruption.

Volcanic plumbing systems are a complex mixture of fluids and gases in magmatic reservoirs and hydrothermal systems. Previous studies have shown that Uturuncu sits above the world's largest known magma body in the Earth's crust, the Altiplano-Puna Volcanic Complex, and that an active hydrothermal system connects this body and the surface. But it was unknown how fluids may be moving through this underground system.

The research team made use of seismic tomography, a way of imaging the interior of the volcano, similar to methods used in medical imaging of the human body. Seismic waves travel at different speeds through different materials, thereby providing high-resolution insights into the inner workings of Uturuncu in three dimensions. They combined this with analysis of the physical properties of the system, including rock composition, to better understand the subterranean volcanic system. This detailed analysis picked out possible upward migration pathways of geothermally heated fluids and showed how liquids and gases accumulate in reservoirs directly below the volcano's crater. The research team believe that this is the most likely cause for the deformation in the centre of the volcanic system, and that the risk of a real eruption is low.

Co-author Professor Mike Kendall (Department of Earth Sciences, University of Oxford) said: "I am very pleased to be involved in this truly international collaboration. Our results show how linked geophysical and geological methods can be used to better understand volcanoes, and the hazards and potential resources they present."

Co-author Professor Haijiang Zhang (School of Earth and Space Sciences, University of Science and Technology of China) said: "Understanding the anatomy of the Uturuncu volcanic system was only possible thanks to the expertise within the research team. This enabled us to combine various advanced geophysical imaging tools with modelling of the rock properties and their interactions with fluids."

Co-author Professor Matthew Pritchard (Cornell University) added: "The methods in this paper could be applied to the more than 1400 potentially active volcanoes and to the dozens of volcanoes like Uturuncu that aren't considered active but that show signs of life -- other potential zombie volcanoes."

The research team hope that similar studies using the joint analysis of seismological and petrological properties can be used to view the anatomy of other volcanic systems in the future.
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Evolution of pugs and Persians converges on cuteness | ScienceDaily
Through intensive breeding, humans have pushed breeds such as pug dogs and Persian cats to evolve with very similar skulls and "smushed" faces, so they're more similar to each other than they are to most other dogs or cats.


						
For the first time, scientists at Cornell University and Washington University have uncovered examples of how selection pressures from breeding cats and dogs have led to "convergence" -- the tendency of unrelated animals and plants to evolve similar characteristics under similar environmental conditions.

In this case, the researchers found remarkable examples of convergence both within these two domesticated species and also between them. The convergence showed up in breeds with short faces, technically referred to as brachycephalic or "smushed" faces.

As a result of artificial selection from breeding, certain breeds of these two species -- which shared a common ancestor but have been evolutionarily separated for 50 million years -- have converged to such an extreme that they are more similar to each other than they are to most members of their own species or their ancestors. This phenomenon hadn't previously been observed in domesticated species, according to the paper.

When the researchers measured the skulls of brachycephalic dogs and cats, they found strikingly similar overlap between these breeds from two different species.

"Persian cats and pug and Pekingese dogs all have skull shapes that are very similar to each other, with flat and short faces, and their muzzles and palettes are tilted up in the same way," said Abby Drake, senior lecturer at Cornell. Drake is a corresponding author on the paper along with Jonathan Losos, professor of biology at Washington University.

The same pattern of convergence has occurred multiple times within each species. In dogs, it occurred in bulldog breeds, but then separately in Asian dog breeds such as Pekingese and Shih Tzu. In cats, the same traits can be seen in Persian, Himalayan and Burmese breeds.




When convergence occurs through natural selection -- such as in the development of wings in birds, bats and insects -- it is usually a sign of a successful trait. In the case of domesticated species, evolution happens so rapidly, it can offer insight into evolutionary processes, Drake said.

The researchers mapped the skull shapes, compared them and discovered these similarities, even though the ancestors of cats and dogs looked quite different. Dogs descended from wolves, a larger animal with a long muzzle, while cats descended from wildcats, which are smaller animals with a shorter face and a snout.

"They start off in different places," Drake said, "but because humans applied the same selection pressures, they evolved to look almost identical to each other."

Artificial selection from breeding has led to a remarkable diversity of both cats and dogs, though dog diversity is even more extreme. It turns out dogs as a species are more diverse than the entire order of Carnivora.

"We're seeing this very large evolutionary variation within a species that's only been evolving for a relatively very short amount of time," Drake said. "That's a remarkable thing to see in evolution, which takes millions of years, but we did it with dogs by pushing them to the extremes."

In this study, the team similarly found that cats are more diverse as a species than the entire family of Felidae, which has 41 species.

Unfortunately, Drake said, humans have pushed brachycephalic breeds to such extremes that they're susceptible to breathing, eating and birthing issues and wouldn't survive in the wild.

In the study, the researchers collected three-dimensional measurements of skull morphology from CT scans of domestic cats, dogs, wildcats, wolves, species within the Canidae (dog) family and from the Felidae (cat) family, and additional species such as weasels and walruses from the order Carnivora. These were acquired from veterinary institutions, museum collections and MorphoSource, a natural history digital archive.
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Billion-year-old impact in Scotland sparks questions about life on land | ScienceDaily
New Curtin University research has revealed that a massive meteorite struck northwestern Scotland about 200 million years later than previously thought, in a discovery that not only rewrites Scotland's geological history but alters our understanding of the evolution of non-marine life on Earth.


						
Previously believed to have occurred 1.2 billion years ago, the impact created the Stac Fada Member, a layer of rock that holds vital clues to Earth's ancient past, including how meteorite strikes may have influenced the planet's environment and life.

Lead author Professor Chris Kirkland, from Curtin's Frontier Institute for Geoscience Solutions within the School of Earth and Planetary Sciences, said the research team used tiny zircon crystals as geological 'time capsules' to date the impact to 990 million years ago.

"These microscopic crystals recorded the exact moment of impact, with some even transforming into an incredibly rare mineral called reidite, which only forms under extreme pressures," Professor Kirkland said.

"This provided undeniable proof that a meteorite strike caused the Stac Fada deposit.

"When a meteorite hits, it partially resets the atomic clocks inside the zircon crystals and these 'broken timepieces' are often unable to be dated but we developed a model to reconstruct when the disturbance occurred, confirming the impact at 990 million years ago."

Professor Kirkland said this impact event occurred at a similar time to the emergence of some of the earliest freshwater eukaryotes, which are the ancient ancestors of plants, animals and fungi.




"The revised dating suggests these life forms in Scotland appeared at a similar time to a meteorite impact," Professor Kirkland said.

"This raises fascinating questions about whether large impacts may have influenced environmental conditions in ways that affected early ecosystems.

"While the impact crater itself has yet to be found, this study has collected further clues that could finally reveal its location.

"Understanding when meteorite impacts occurred helps us explore their potential influence on Earth's environment and the expansion of life beyond the oceans."

The research was done in collaboration with NASA Johnson Space Center, University of St. Andrews, University of Portsmouth, and Carl Zeiss Microscopy Ltd.
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Noto quake 3D model adds dimension to understand earthquake dynamics | ScienceDaily
On New Year's Day 2024, a massive 7.5-magnitude earthquake struck the Noto Peninsula in north central Japan, resulting in extensive damage in the region caused by uplift, when the land rises due to shifting tectonic plates. The observed uplift, however, varied significantly, with some areas experiencing as much as a 5-meter rise of the ground surface. To better understand how the characteristics of the affected fault lines impact earthquake dynamics, researchers in Japan used recently developed simulations to make a detailed model of the fault. The findings could help develop models to simulate scenarios of different earthquakes and mitigate disasters in the future.


						
The results were published in the journal Earth, Planets and Space as a Frontier Letter.

"During the Noto Peninsula earthquake, we saw devastating uplift in some areas compared to others. In this study, we set out to understand the mechanism controlling the magnitude and spatial and temporal variation of fault slip and the resulting ground surface uplift," said Ryosuke Ando, an associate professor in the Graduate School of Science at the University of Tokyo and lead author of the current study.

Researchers wanted to develop a model of the 2024 earthquake that built on previous research and used observational data obtained before the earthquake occurred, such as characteristics of the faults involved and seismic activity preceding the devastating quake. If a simulation based on the real-world fault characteristics could accurately model what happened during the earthquake, it would help researchers understand how fault geometry -- which describes characteristics such as the shape, orientation, different angles (including what are known as dip and strike) and direction of motion (slip) of the fault -- affects earthquake dynamics.

There are three major faults involved in the 2024 Noto Peninsula earthquake. They are what are known as conjugate faults, i.e., faults with opposite sense of lateral movement. Two of them (the Monzen Fault, marked as Seg. 1 in the figures, and the Noto Peninsula Hoku-gan Fault Zones, Segs. 2-4) are southeast dipping, while the third (the Toyama Trough Sei-en Fault, Seg. 5) is northwest dipping. Dipping refers to the direction of the fault's incline. Observational data on fault traces (where faults intersect with the earth's surface) and the fault dipping angle were used to build the 3D fault geometry model. Data from previous seismic activity were used to establish the model of stress conditions. This area was subject to a localized, concentrated seismic swarm of smaller, shallower quakes for years leading up to the 2024 earthquake.

The simulation, developed with observational data of the fault geometry, was able to reproduce the variation in uplift that occurred during the 2024 Noto Peninsula earthquake. In some areas, uplift caused significant damage, while in others the effect was not as severe due to less prominent uplift. Based on the model of the Noto quake, vertical displacement was concentrated near the fault traces where the fault locally deviates from its overall horizontal orientation. This points to the fault geometry being key to how the earthquake affects the land.

"Our simulation with a supercomputer enabled the analysis of the three-dimensional fault geometry, which is irregularly shaped. We revealed that the fault geometry controlled the overall process through the relative fault orientations to the compressional force acting in the tectonic plate in this region," said Ando.

Looking ahead, the researchers are considering how this model could be used to develop better dynamic rupture scenarios for future earthquakes. "By demonstrating the potential of simulations with detailed models of fault geometries, we have shown how the characteristics of the fault slip pattern can be constrained before the occurrence of large earthquakes. We expect this finding to lead to building a method to assess the characteristics of hazards caused by future large earthquakes," said Ando.
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Less intensive farming works best for agricultural soil | ScienceDaily
The less intensively you manage the soil, the better the soil can function. Such as not ploughing as often or using more grass-clover mixtures as cover crops. These are the conclusions from a research team led by the Netherlands Institute of Ecology (NIOO-KNAW). Surprisingly, it applies to both conventional and organic farming. These important insights for making agriculture more sustainable are published in the scientific journal Science today. 'It offers clear evidence to help farmers manage soils better.'


						
Growing food more sustainably: what's the best way to do this? It is one of the big challenges: producing enough food without compromising the soil. After all, healthy soil has many functions -- called multifunctionality -- and for sustainable agriculture these must be preserved.

'A multifunctional soil is essential for sustainable food production, because plants get their food from it,' state the researchers from NIOO and Wageningen University & Research (the Netherlands), and the Universitat Tubingen (Germany). 'Soil also has indispensable roles in water storage, coping with climate change and disease suppression.'

Organic vs conventional

Research on farms across the Netherlands now shows that it is mainly the intensity of tillage that determines whether the soil can retain all its functions. Interestingly, the difference between conventional and organic farming has less of an influence. In both types of agricultural systems, a lot of variation is found in soil tillage and management.

'The good news is that in conventional agriculture, which is the vast majority, there is a lot to gain,' states soil ecologist and NIOO professor Wim van der Putten. 'On all farms, including organic ones, it is important at this point not to cultivate the soil too intensively. For example: ploughing less. Inverting the soil during ploughing is a very big disruption for soil life.'

More than ploughing less

Not only less frequent ploughing but also making more use of mixtures of grasses and plants from the bean family, such as clovers, contributes to multifunctional healthy soil. You can alternate these with growing cereals such as wheat, barley, spelt and rye.




The research team took samples and carried out measurements at more than 50 Dutch agricultural farms on both clay and sandy soils. This was always done in pairs: a farm with conventional agriculture plus an organic neighbouring farm. The soil type and other conditions were then very similar. 'That way, we could compare them like twins,' clarifies Guusje Koorneef. Together with Sophie van Rijssel, she conducted her PhD research on this topic.

Sustainable and productive

A wide array of soil properties was measured and farmers shared what farming practices they applied. The organic carbon present in the soil proved to be the best predictor of soil multifunctionality, and for biological indicators this was the bacterial biomass. Koorneef adds: 'We looked at both sandy and marine clay soils. These are two very different soil types in the Netherlands. And we see the same picture in both soil types.'

'The popular term of sustainable intensification is contradictory to our results,' argues contributing researcher Kyle Mason-Jones, now working at the Universitat Tubingen. 'More intensive soil management leads to reduction of soil functions and is thus less sustainable.' Therefore, the researchers propose a new, appropriate goal. 'Productive de-intensification. If it is successful, you will get more functions from a less intensively cultivated soil while retaining the crop yield as much as possible.'

Vital soil

These findings are the final result of the Vital Soils project. The project was subsidised by NWO Groen, coordinated by NIOO and carried out together with Wageningen University & Research. Besides the scientific partners, there were also several social partners involved: Eurofins-Agro, BO Akkerbouw, Open Teelten (formerly PPO-AGV) and LTO-Noord.

Previous research using satellite imagery, within the same project, measured the 'greenness' of crops in the field. This gives us an estimate of production levels. It showed that the degree of greenness (the crop yield) did not suffer from a decrease in management intensity. Interestingly, organic farming could return to being as productive as conventional farming about 17 years after the transition.

Back to the current research. 'You don't necessarily have to have gone through the entire transition to organic farming to still have a positive impact on soil health,' says Koorneef. 'I find it really promising that in both conventional and organic farms you can strengthen the functioning of the soil by working it less intensively.'
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Animal energy usage made visible through video | ScienceDaily
Energy scarcity is a central driver of animal behavior and evolution. The amazing diversity of life on this planet is a testament to the plethora of novel biological solutions to the problem of securing and maintaining energy. However, despite being so central to biology, it remains difficult to quantify, and thereby empirically analyze, energy consumption.


						
While organisms use energy for a very wide variety of processes -- from growth to cognition -- one activity is a major drain for many animals: movement. For highly mobile animals, movement is as such a powerful lens through which to estimate energy usage.

Strong methods do exist for measuring animal movement in the context of energy expenditure, but these are limited by the physical size of the equipment used. Now, in a paper published in the Journal of Experimental Biology, researchers from the Marine Biophysics Unit at the Okinawa Institute of Science and Technology (OIST), in collaboration with Professor Amatzia Genin from the Hebrew University of Jerusalem, describe an innovative method for measuring energy usage during movement with video and 3D-tracking via deep learning. "The best method without space limitations has until now been ruled out in the study of about half of the world's species, due to the reliance on wearable equipment," says Dr. Kota Ishikawa, first author of the study. "With video, we now have a more inclusive method for studying energy usage in the context of animal behavior and ecology."

Dynamic Body Acceleration (DBA) has long been the state-of-the-art method for estimating energy usage during movement. In essence, DBA involves measuring the oxygen consumption of a given species performing a given behavior in the lab, by simply measuring the amount of oxygen consumed through the activity. Oxygen is a good indicator of energy, as it is consumed as part of aerobic respiration to produce ATP -- the 'fuel' providing energy for most bodily processes, including muscle contraction. The acceleration of the animal is measured simultaneously with an accelerometer, and in most cases, because the correlation between acceleration and oxygen consumption during the behavior is very strong, DBA provides a reliable estimate of energy consumption.

With the standard set in the lab, DBA is then measured in the wild, where reliably measuring oxygen consumption is impossible, through a wearable accelerometer. However, relying on physical equipment presents a major barrier. "To ensure accurate measurements without influencing the behavior during observation, researchers have used equipment that weighs at least ten times less than the animal. Given that the accelerometer and battery pack weigh 10-20 grams, this rules out the study of any animals below 100 grams -- about half the world's vertebrate species. It can also affect movement, especially when it depends on drag efficiency, such as swimming or flight," says Dr. Ishikawa.

Their solution to this problem is elegantly simple. Instead of using a physical accelerometer to measure the movements, two cameras capture video footage of the behavior -- in this case, a damselfish swimming in a fishtank -- from multiple angles to reconstruct the behavior in 3D space. A few frames of the videos are then used to train a deep learning neural network to track the position of body features such as eyes, which allows researchers to subsequently measure the movement-related acceleration.

Both in the field and in the lab, once cameras are set up to capture animal movements, energy consumption can be estimated. For example, video-based DBA can be used in the context of collective behavior: "Energy expenditure during schooling of small fish has long remained mysterious," explains Dr. Ishikawa. "For example, do the leading fish use more energy, and is schooling an energy-efficient form of movement? And what can that tell us about the ecology and evolution of fish schooling?"

With video-based DBA, the accurate measurement of energy usage during free-ranging animal behavior has been opened to the smaller half of the world's vertebrate species, potentially enabling many new research avenues into the breadth of life on our planet.
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Single-dose baloxavir reduces household influenza transmission | ScienceDaily

The phase 3b, double-blind, randomised, placebo-controlled trial enrolled 1,457 influenza-positive index patients and 2,681 household contacts across 15 countries from 2019 to 2024. The index patients, aged 5 to 64, were assigned to receive either baloxavir or a placebo within 48 hours of symptom onset. The primary endpoint was laboratory-confirmed influenza transmission to household contacts by day 5.

Key Findings:
    	Treatment with baloxavir reduced the odds of untreated household members contracting the virus by 32%.
    	Transmission resulting in symptomatic influenza was lower with baloxavir (5.8% vs. 7.6%), though the difference was not statistically significant (P=0.16).
    	Baloxavir led to a faster reduction in viral titers, with a mean reduction of 2.22 log10 TCID50/mL by day 3 compared to 1.85 log10 TCID50/mL for placebo.
    	Drug-resistant viruses emerged in 7.2% of baloxavir-treated index patients but were not detected in household contacts, suggesting limited transmission risk.
    	No new safety concerns were identified, with adverse events reported in 4.6% of baloxavir-treated patients compared to 7.0% in the placebo group.

'These results highlight baloxavir's potential not only to treat influenza but also to reduce its spread within communities,' said Professor Benjamin Cowling, co-author of the study and Helen and Francis Zimmern Professor in Population Health, Chair Professor of Epidemiology, and Head of the Division of Epidemiology and Biostatistics, School of Public Health, HKUMed. 'This dual effect could transform how we manage seasonal influenza and prepare for future pandemics.'

The study underscores the complementary role of antiviral drugs alongside vaccination, particularly in unvaccinated populations or during pandemics when vaccines may not be immediately available.
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Affordable hydrogen fuel production using surface reconstruction strategy | ScienceDaily
The hydrogen evolution reaction (HER) is a remarkable process that can create clean hydrogen fuel -- a potential part of a solution to our climate change crisis. The problem lies in scaling up this reaction from a lab experiment to large scale commercial production, while keeping costs down.


						
The findings were published in Advanced Energy Materials on April 3, 2025.

In their search for superior HER performance, researchers at Tohoku University demonstrated that a surface reconstruction pathway can produce durable non-noble metal-based cathodes that speed up the HER reaction. They can maintain their performance for more than 300 hours and are calculated to cost very close to the US Department of Energy's 2026 H2 production target ($2.00 per kgH2-1). This could pave the way for the rational design of brand new, highly-efficient non-noble metal-based cathodes for commercial PEM application -- finally bridging the gap from laboratory to factory.

The angle this study approached for trying to improve the HER -- which tends to be inefficient and slow by nature -- was transition metal phosphides (TMPs). This promising catalyst (which improves the HER's efficiency) is a durable and cost-effective non-noble metal. However, typically noble metals are used, so the researchers recognized that there was a knowledge gap about non-noble metals that needed to be filled.

The research team prepared F modified CoP and examined aspects such as its surface reconstruction and true active sites using operando X-ray absorption spectroscopy (XAS) and Raman measurements. Essentially, adding the F in the CoP1-x lattice allows for P-vacancy sites to form on the surface, which leads to more active sites that are able to speed up the HER.

"This reconstructed Co is highly active, works in acidic conditions, and can maintain approximately 76 W for over 300 hours," says Heng Liu (Advanced Institute for Materials Research (WPI-AIMR)). "We're getting close to an affordable method to produce fuel. The calculated cost of using this method is $2.17 per kgH2-1 -- just 17 cents over the current production target set for 2026."

The researchers found that when this F modified CoP cathode underwent surface reconstruction, its activity was improved. The experiment doesn't just test the setup in a lab-scale experimental setup with three electrodes, but also extends the findings to commercial-scale PEM electrolyzers. These results are significant advancements in HER catalyst research that could be the basis for the rational design of other non-noble metal-based cathodes.

"We're always thinking about the end goal, which is for research to make its way into everyday life. This advancement brings us one step closer to designing more realistic options for commercial PEM application," says Liu.
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Study on the reproducibility of behavioral experiments with insects now published | ScienceDaily
A recent study provides evidence that some results of behavioural experiments with insects cannot be fully reproduced. So far, possible reproducibility problems have been little discussed in this context.


						
If an experiment is repeated under similar conditions, the results should be the same. In reality, the situation is often different -- scientists speak of a "reproducibility crisis," which affects different disciplines. A recent study by an eleven-member research team from the Universities of Munster, Bielefeld and Jena (Germany) has provided evidence that some results of behavioural experiments with insects cannot be fully reproduced. Nevertheless, at least half of the findings in the various experiments could successfully be reproduced. Depending on the different definitions and methods used to determine reproducibility, the non-reproducible results ranged from 17 to 42 per cent.

Reproducibility is studied intensively in biomedical research and in behavioural research on mammals. However, there are no comparable systematic studies on insects. The team led by behavioural biologist Prof Helene Richter from the University of Munster has now used a multi-laboratory approach to test the reproducibility of ecological insect studies. They conducted three different behavioural experiments. For each experiment, the researchers used a different insect species (turnip sawfly, meadow grasshopper and red flour beetle). They carried out all three studies in laboratories in Munster, Bielefeld and Jena and compared the results. The experiments examined the effects of starvation on behaviour in larvae of the turnip sawfly, the relationship between body colour and preferred substrate colour in grasshoppers and the choice of habitat in red flour beetles.

To the research team's knowledge, the study is the first to systematically demonstrate that behavioural studies on insects can also be affected by poor reproducibility. This was particularly surprising as insect studies generally used comparatively large sample sizes and could therefore provide more robust results. However, reproducibility was higher compared to other systematic replication studies that were not carried out on insects. This suggested that reproducibility problems are less severe in insect studies than in other areas of science.

The results are of particular interest to scientists in behavioural biology and ecology, but also for all other disciplines in which behavioural experiments are carried out with animals. The deliberate introduction of systematic variations could improve reproducibility in studies with living organisms, the research team concludes.
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'Cryosphere meltdown' will impact Arctic marine carbon cycles and ecosystems, new study warns | ScienceDaily
A new study led by Jochen Knies from the iC3 Polar Research Hub has found worrying signs that climate change may be undermining the capacity of Arctic fjords to serve as effective carbon sinks. The findings suggest that the capacity of polar oceans to remove carbon from the atmosphere may be reduced as the world continues to heat up.


						
Jochen and his collaborators discovered that rapid changes in the Arctic are transforming vibrant fjord ecosystems like Kongsfjorden in Svalbard. Their findings document not only a shift in phytoplankton communities due to melting ice but also a worrying decline in the capacity of these fjords to sequester carbon.

The Hidden World of Phytoplankton

At the foundation of Arctic food webs lies phytoplankton -- tiny, microscopic heroes of our oceans. These organisms are not just food for fish. They play a pivotal role in carbon cycling and climate regulation. As the ice retreats, sunlight reaches more of the ocean surface, encouraging phytoplankton to thrive. Imagine a feast of life emerging from the depths, with fish and marine animals gathering around this newfound abundance.

Jochen Knies, lead author of the study, highlights this dynamic: "The changes we observe suggest that the future of these fjord ecosystems will depend heavily on how well they adapt to a warmer climate."

Balancing Growth and Sustainability in a Warming Climate

Warmer waters can enhance phytoplankton growth during sunlit summers, presenting an initial opportunity for increased productivity. However, as the waters become stratified, essential nutrients become harder to access, leading to a double-edged sword: while we may see a rise in phytoplankton biomass, the efficiency of carbon capture could decline.




Jochen emphasizes this critical point: "While we anticipate greater primary production, the reality is that warmer, stratified waters could hinder the fjords' ability to serve as effective carbon sinks."

Furthermore, the influx of glacial meltwater, like a lifeline for marine life, plays a vital role in reshaping the nutrient landscape of these fjords. As glaciers disappear, this nutrient supply becomes unpredictable, raising concerns about the long-term health of these ecosystems. Without a steady flow of nutrients, the ecological balance may be disrupted, potentially impacting the food web and overall productivity of the fjords.

Looking Ahead: The Arctic as a Climate Barometer

The Arctic acts as a vital indicator of global climate change. The world's focus is drawn to these melting ice caps not just for their beauty, but because they hold significant lessons about our shared future. "The future of Arctic fjords reflects the broader climate challenges we face globally," Jochen warns.
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Cinnamon could affect drug metabolism in the body | ScienceDaily
Cinnamon is one of the oldest and most commonly used spices in the world, but a new study from the National Center for Natural Products Research indicates a compound in it could interfere with some prescription medications.


						
In a recent study published in Food Chemistry: Molecular Sciences, researchers at the University of Mississippi center found that cinnamaldehyde -- a primary component of cinnamon -- activates receptors that control the metabolic clearance of medication from the body, meaning consuming large amounts of cinnamon could reduce the effects of drugs.

"Health concerns could arise if excessive amounts of supplements are consumed without the knowledge of health care provider or prescriber of the medications," said Shabana Khan, a principal scientist in the center. "Overconsumption of supplements could lead to a rapid clearance of the prescription medicine from the body, and that could result in making the medicine less effective."

Aside from its culinary uses, cinnamon has a long history of being used in traditional medicine and can help manage blood sugar and heart health and reduce inflammation. But how the product actually functions in the body remains unclear.

Sprinkling cinnamon on your morning coffee is unlikely to cause an issue, but using highly concentrated cinnamon as a dietary supplement might.

"Despite its vast uses, very few reports were available to describe the fate of its major component -- cinnamaldehyde," Khan said. "Understanding its bioaccessibility, metabolism and interaction with xenobiotic receptors was important to evaluate how excess intake of cinnamon would affect the prescription drugs if taken at the same time."

Not all cinnamon is equal. Cinnamon oil -- which is commonly used topically as an antifungal or antibacterial and as a flavoring agent in food and drinks -- presents almost no risk of herb-drug interactions, said Amar Chittiboyina, the center's associate director.




But cinnamon bark -- especially Cassia cinnamon, a cheaper variety of cinnamon that originates in southern China -- contains high levels of coumarin, a blood thinner, compared to other cinnamon varieties. Ground Cassia cinnamon bark is what is normally found in grocery stores.

"In contrast, true cinnamon from Sri Lanka carries a lower risk due to its reduced coumarin content," he said. "Coumarin's anticoagulant properties can be hazardous for individuals on blood thinners."

More research is needed to fully understand the role that cinnamon plays in the body and what potential herb-drug interactions may occur, said Bill Gurley, a principal scientist in the center and co-author of the study.

"We know there's a potential for cinnamaldehyde to activate these receptors that can pose a risk for drug interactions," he said. "That's what could happen, but we won't know exactly what will happen until we do a clinical study."

Until those studies are complete, the researchers recommend anyone interested in using cinnamon as a dietary supplement to check with their doctor first.

"People who suffer from chronic diseases -- like hypertension, diabetes, cancer, arthritis, asthma, obesity, HIV, AIDS or depression -- should be cautious when using cinnamon or any other supplements," Khan said. "Our best advice is to talk to a health care provider before using any supplements along with the prescription medicine.

"By definition, supplements are not meant to treat, cure or mitigate any disease."

This work is based on material supported in part by the United States Department of Agriculture Specific Cooperative Agreement No. 58-6060-6-015.
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Finding 'win-win-wins' for climate, economics and justice | ScienceDaily
As evidence continues to pour in showing that climate change's impacts disproportionately affect disadvantaged communities around the globe, so, too, do stories showing that these communities can also pay outsized costs to implement climate solutions.


						
Yet, in examining the available body of data and literature detailing how different countries have rolled out climate change mitigation strategies, research led by the University of Michigan has found reasons for optimism.

"It's not all doom and gloom," said report author Peter Reich, professor at the U-M School for Environment and Sustainability, or SEAS, and director of the Institute for Global Change Biology.

"I think there's an expectation that poor countries have to pollute to bring a middle-class life to most of its people, like we did. But we've seen some low-middle-income countries start to decarbonize through investing in renewables and increasing energy efficiency. And they are lowering their emissions while reducing income inequality and increasing the well-being of their people."

At the same time, Reich said, it's all too easy to find cases where vulnerable peoples experience negative consequences from investments in renewables. Take, for example, Indigenous people who have been forced off of their land to build a hydroelectric dam. In fact, that was part of the inspiration for the new study.

There are hundreds of research articles and as many pages of Intergovernmental Panel on Climate Change reports that highlight such inequities. These are found both in the effects of climate change and also in the mitigation strategies used to slow and stop climate change. Reich and his collaborators wanted to extract broader insights by starting to bring those individual reports together under a systematic and comprehensive analytical framework.

In its new report, the team examined connections between climate impacts, mitigation strategies and social justice considerations, like wealth distribution and overall public health and well-being.




And, while the effort did show certain countries performing better and worse by certain metrics, the team's goal wasn't to rank, praise or critique. It was to find an answer to a much more fundamental question: Is there evidence that it's possible to build up sustainable policies and infrastructure in a just way?

"Because inequity can result from mitigation actions themselves, sometimes that can have a perverse effect and actually slow down the broader adoption of mitigation strategies," said Reich, who is also a professor at the University of Minnesota.

This slowing has contributed to a dogmatic belief that asking poorer countries to move to renewables is asking their people to suffer, he added.

"But there's no consistent evidence suggesting that moving to renewable energy has overall negative impacts or consequences for poorer countries or their peoples," Reich said. "If countries are able to invest in renewables, we're seeing cases where it's actually beneficial for their people, it's reducing pollution and it's slowing climate change. It's a win-win-win."

As an example, the team found thirteen low-to-medium-income countries that were increasing their renewable deployment along with their average income and gross domestic product per capita over the last 30 years. Those countries also saw their emissions and Gini indices, a measure of inequality, drop.

"We're not saying it's all causally related," Reich said. "But there's no evidence that renewables are getting in the way of equity or economic advancement."

The team's work was published in the journal Proceedings of the National Academy of Sciences.




Another important point that Reich stressed is that this does not let wealthy countries with high emissions, such as the U.S., off the hook. They still need to work harder to decarbonize in order to reach international climate goals, he said, but he believes the economic data will compel them to act.

"Every decade that we wait to take action, we see the cost of climate change damages go up astronomically and the cost of renewables go down," Reich said. "That's not just me, some ecologist, making up these numbers. They come from major corporations and insurers whose jobs are to understand the risks."

Although he admits time could prove him wrong for feeling this way, Reich does walk away from the team's study with optimism.

"We're not wide-eyed idealists. The international community hasn't solved this yet, and is not going to solve it tomorrow," he said. "But we can slow and eventually stop climate change, and do so while actually saving money and enhancing environmental justice."

The research team also included Kathryn Grace of the University of Minnesota, Harini Nagendra of Azim Premji University in India and Arun Agrawal of the University of Notre Dame. Agrawal is also an emeritus professor with SEAS.
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How to break through climate apathy | ScienceDaily
Slowing human-caused climate change requires decisive action, but the slow upward creep of global temperatures contributes to apathy among people who don't experience regular climate-driven disasters, psychologists say. In a new study from UCLA and Princeton, researchers looked into ways to communicate the true impact of climate change and found a solution.


						
Showing people continuous data, such as temperature increases in a town, left people with a vague impression of gradual change, but showing binary data for the same town, specifically whether a lake froze or not each winter, brought home the striking shift, said incoming UCLA communications professor and cognitive psychologist Rachit Dubey.

"People are adjusting to worsening environmental conditions, like multiple fire seasons per year, disturbingly fast," said Dubey, senior author of the study. "When we used the same temperature data for a location but presented it in a starker way, it broke through people's climate apathy. Unfortunately, compared to those who looked at a clearer presentation of the same information, those who only looked at gradual data perceived a 12% smaller climate impact and cared less."

Dubey studies how people reason about climate change, how to communicate about it and how to improve climate communications. He noted how heavily political and personal experiences influence risk perceptions around climate change, and how quickly people redefine "normal." A Vox article reporting on climate apathy in 2020 inspired Dubey to look deeper into the human tendency to adjust to change, even as science has proven that humans' greenhouse gas emissions are causing climate change and increasing disasters like wildfires, droughts, floods, hurricanes, and sea-level rise.

"For years, we assumed that if the climate worsened enough, people would act, but instead, we're seeing the 'boiling frog' effect, where humans continuously reset their perception of 'normal' every few years," Dubey said. "People are adjusting to worsening environmental conditions, like multiple fire seasons per year, disturbingly fast. My research examines how people are mentally adapting to the negative changes in our environment."

In the study, published April 17 in the journal Nature Human Behavior, the researchers first asked study participants about the climate in a fictional city they named "Townsville," and later asked a second group about five real lakeside cities around the world, including Lake George in New York and Grand Traverse Bay in Michigan. In both versions of the experiment, the scientists showed half of the study participants a graph of temperature increases from 1940-2020, and the other half a graph showing whether temperatures caused the lake to freeze each winter. Whether charting temperatures or lake freezes, each pair of charts drew from the same slowly warming weather information. As temperatures gradually climbed, the lakes stopped freezing as often. For the real towns, study participants hearing about the lake also learned about the decline of activities like ice skating and ice fishing.

When the researchers asked participants to rate from 1 to 10 how much climate change impacted the town, people who learned about a range of temperatures responded lower than people who learned whether the lake froze -- on average, 6.6, compared to 7.5, or 12% higher.




Making the emotional connection to local traditions, whether ice skating in the winter or freedom from wildfire smoke in the summer, may also contribute to overcoming apathy, said lead author Grace Liu, a Ph.D. student at Carnegie Mellon University.

"Our study drives home the importance of discussing climate change not just in gradual temperature terms, but in concrete, either-or terms, showing how life has changed," Liu said. "It's not just warmer winters; it's also a loss of ice hockey and white Christmases. It's not just hotter summers; it's the disappearance of a swimming hole due to drought or soccer practice (being) canceled because it's dangerously hot."

The researchers hope the results help anyone designing visual representations of climate change graphics or those seeking to clarify gradual changes, from climate generalists and data visualization professionals to policymakers and journalists.

"People working in these fields have a sense that binary data is more effective, and our study adds theoretical rigor, using careful cognitive experiments," Dubey said. "Our study also helps explain why the 'Show Your Stripes' visualization is so compelling because it takes continuous data and presents it in a more binary format."

By focusing on the increasing rate of once-rare events, like extreme heat days or thousand-year floods, or the slow loss of seasonal joys like skiing or outdoor ice skating, the researchers hope that the same temperature data that once led to public apathy can instead help communities care more about the climate crisis.
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A new recycling process for silicones could greatly reduce the sector's environmental impacts | ScienceDaily

The raw material used to make silicones is naturally occurring quartz2. Its constituents are decomposed using metallurgy at high temperature to obtain pure silicon. That then reacts with methyl chloride to form chlorosilanes, molecules essential to all silicone-based polymers. These first two transformations are very energy intensive and emit CO2, the main greenhouse gas causing climate change. Consequently, this new recycling technique would make it possible to circumvent one of the most harmful impacts of the silicone sector. Moreover, as this chemical recycling process gives direct access to (methyl)chlorosilanes, which can be separated and purified industrially, it guarantees the quality of silicone materials from recycling, and can do that infinitely without loss of properties.

At a time when key chemical elements -- and the associated mineral resources -- are increasingly sought after, a recycling process like this also opens up a path to easing potential tensions around the crucial quartz resource, and the resulting silicon that is one of the key components used by the electronics industry. Together with their scientific and industrial partners3, the authors continue their research, both on improving this process to make it industrially applicable, and by proposing recycling methods for other stages of silicone processing. Finally, they are also working on recycling other materials to make their use more sustainable.

Notes

1 -- From the " Catalyse, Polymerisation, Procedes et Materiaux " laboratory (CNRS/CPE Lyon /Universite Claude Bernard Lyon 1).

2 -- Critstalline silica with fewer impurities than sand.

3 -- This study was conducted alongside the Centre de RMN a tres haut champs at Lyon (CNRS/ENS de Lyon/Universite Claude Bernard Lyon 1), the Institut de chimie et biochimie moleculaires et supramoleculaires (CNRS/Universite Claude Bernard Lyon 1) and private companies Activation and Elkem Silicones.
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Blocking a surprising master regulator of immunity eradicates liver tumors in mice | ScienceDaily
A protein identified nearly 40 years ago for its ability to stimulate the production of red blood cells plays a surprising, critical role in dampening the immune system's response to cancer.


						
Blocking the activity of the protein turns formerly "cold," or immune-resistant, liver tumors in mice into "hot" tumors teeming with cancer-fighting immune cells. When combined with an immunotherapy that further activates these immune cells against the cancer, the treatment led to complete regression of existing liver tumors in most mice. Treated animals lived for the duration of the experiment. In contrast, control animals survived only a few weeks.

"This is a fundamental breakthrough in our understanding of how the immune system is turned off and on in cancer," said Edgar Engleman, MD, PhD, a professor of pathology and of medicine. "I could not be more excited about this discovery, and I hope treatments that target the mechanism we uncovered will quickly move forward to human trials."

Engleman is the senior author of the research, which will be published online April 24 in Science. Basic life research scientist David Kung-Chun Chiu, PhD, is the lead author of the study.

Likely applicable to many cancers

Although the work was completed in mice, there are strong indications that the protein, erythropoietin or EPO, plays a similar role in many types of human cancers.

"Research from more than a decade ago has shown that giving EPO to cancer patients with anemia to stimulate red blood cell formation accelerates the growth of the tumor," Engleman said.




The connection was so striking that in 2007 the Food and Drug Administration required a black box warning label on the drug cautioning against its use in people with cancers. Researchers also saw a clear correlation between patient prognosis and the levels of naturally occurring EPO and its receptor in the tumor.

"Those old reports showed clearly that the more EPO or EPOR there was in tumors, the worse off the patients were," Engleman said. "But the connection between EPO and cancer immunity was never made until now. In fact, it took a long time and a lot of experiments to convince us that EPO plays a fundamental role in blocking the immune response to cancer, because EPO is so well established as a red blood cell growth factor."

Chiu developed and studied genome editing techniques to create several mouse models of liver cancer to study how liver tumors develop and respond to treatment. Each model recapitulates specific mutations, histology and the response to approved therapies found in subtypes of human liver cancers. Tumor formation was either induced by injecting a combination of DNA encoding proteins associated with liver cancer into the animals' tail vein or by implanting liver cancer cells into the animals' livers.

The researchers were interested in the effect on cancer growth of a common immunotherapy targeting a molecule called PD-1 on immune cells called T cells. Binding to PD-1 blocks the ability of cancer cells to dampen the activity of T cells. Anti-PD-1 therapies, including one marketed commercially as Keytruda, are routinely used to treat many types of human cancers including melanoma, Hodgkin's lymphoma and some types of lung cancer. In some cases they have transformed patient outcomes. But a large majority of tumors, including most liver, pancreas, colon, breast and prostate cancers are resistant to the treatment.

The researchers found that, similar to what has been observed in human liver cancers, some combinations of mutations led to the development of liver tumors that were largely ignored by the immune system, rendering them immune privileged, or cold. These tumors did not shrink when the animals were treated with anti-PD-1 because few T cells were present in the tumor.

In contrast to the cold tumors, other mutations led to hot or "inflamed" tumors replete with T cells. These tumors were highly sensitive to anti-PD1 treatment, which triggered the T cells to attack the cancer.




Unexpectedly, the cold tumors displayed elevated levels of EPO when compared with hot tumors. This increase is likely caused by the oxygen-poor microenvironment -- a condition called hypoxia -- prevalent in cold tumors. Hypoxia induces the production of proteins in cancer cells that, in turn, ramp up the production of EPO to create more red blood cells to combat low oxygen levels.

"Hypoxia in tumors has been studied for decades," Engleman said. "It just didn't dawn on anyone, including me, that EPO could be doing anything in this context other than serving as a red blood cell growth factor."

Curious, the researchers turned to existing databases to confirm that elevated levels of EPO are correlated with poorer survival of people with cancers of the liver, kidney, breast, colon and skin. They then tinkered with the ability of the tumor cells to make EPO and were surprised at what happened in the animals' liver tumors.

They found that mutations that had led to the development of cold tumors instead caused hot tumors when the tumors were modified to be unable to make EPO. Conversely, hot tumors that had previously been successfully eradicated by the immune system thrived when they were engineered to make elevated levels of EPO.

Further exhaustive research showed that, in cold tumors, the tumor cells make and secrete EPO, which binds to receptors on the surface of immune cells called macrophages. The macrophages then switch to an immunosuppressive role, shooing away cancer-killing T cells and tamping down their activity.

The importance of this EPO-moderated crosstalk between tumor cells and macrophages showed clearly when the researchers studied the combinatorial effect of simultaneously blocking the EPO signaling pathway and anti-PD-1 pathway.

In those experiments, no mice with cold liver tumors that were treated with control or with anti-PD-1 lived more than eight weeks after tumor induction. In contrast, 40% of mice with macrophages unable to make the EPO receptor lived for 18 weeks after tumor induction, when the experiment was terminated. When anti-PD-1 treatment was given to mice lacking the EPO receptor, all animals lived for the duration of the experiment.

"It's simple," Engleman said. "If you remove this EPO signaling, either by lowering the hormone levels or by blocking the receptors on the macrophages, you don't just get a reduction in tumor growth, you get tumor regression along with sensitivity to anti-PD-1treatment."

Engleman and his colleagues are now designing treatments targeting EPO signaling in human cancers. Non-specifically targeting the EPO protein could cause anemia, which Engleman speculates might be an acceptable trade-off for an effective cancer therapy. An alternative approach is to selectively block the EPO receptors on the surfaces of macrophages in the cancer.

"I continue to be amazed by this finding," Engleman said. "Not every tumor is going to respond in the same way, but I'm very optimistic that this discovery will lead to powerful new cancer therapies."

Researchers from the New York Blood Center and the pharmaceutical company ImmunEdge Inc. contributed to the research.

The study was funded by the National Institutes of Health (grants R01CA262361, P01CA244114, U54CA2745115 and P01HL149626).

Chiu is a cofounder of ImmunEdge Inc. Engleman is a founder, shareholder and board member of ImmunEdge Inc. Chiu and Engleman are Stanford-affiliated inventors of PCT/US2023/063997, entitled "EPO receptor agonists and antagonists."
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        Children's reading and writing develop better when they are trained in handwriting
        Researchers explored how manual and keyboard practice influenced children's abilities in their reading and writing learning process. 5-year-olds were taught an artificial alphabet using different techniques, and the conclusion was that children who are trained with pencil and paper assimilate new letters and words better.

      

      
        Synchrotron in a closet: Bringing powerful 3D X-ray microscopy to smaller labs
        For the first time, researchers can study the microstructures inside metals, ceramics and rocks with X-rays in a standard laboratory without needing to travel to a particle accelerator, according to engineers.

      

      
        Study suggests dance and lullabies aren't universal human behaviors
        Social singing and dance are often assumed to be hard-wired into the human condition; studies have supported the conclusion that these are common across cultures. But new research from an anthropologist challenges the idea that dance and lullabies are universal among humans. The study draws on 43 years of research with an Indigenous population in Paraguay.

      

      
        Using humor in communication helps scientists connect, build trust
        Scientists aren't comedians, but it turns out a joke or two can go a long way. That's according to a new study that found when researchers use humor in their communication -- particularly online -- audiences are more likely to find them trustworthy and credible.

      

      
        Climate change increases the risk of simultaneous wildfires
        Climate change is increasing the risk of wildfires in many regions of the world. This is due partly to specific weather conditions -- known as fire weather -- that facilitate the spread of wildfires. Researchers have found that fire weather seasons are increasingly overlapping between eastern Australia and western North America. The research team examined the causes of this shift and its implications for cross-border cooperation between fire services in Canada, the US, and Australia.

      

      
        Personality traits shape our prosocial behavior
        Why do some people do more for the community than others? A new study now shows that personality traits such as extraversion and agreeableness correlate with volunteering and charitable giving.

      

      
        Global survey highlights the challenges of VR-haptic technology in dental education
        A recent global survey of 156 institutions reveals strong interest in VR-haptic technology for dental training, yet significant barriers impede widespread adoption.

      

      
        Awkward. Humans are still better than AI at reading the room
        Humans are better than current AI models at interpreting social interactions and understanding social dynamics in moving scenes. Researchers believe this is because AI neural networks were inspired by the infrastructure of the part of the brain that processes static images, which is different from the area of the brain that processes dynamic social scenes.

      

      
        Finding 'win-win-wins' for climate, economics and justice
        In examining how different countries have rolled out climate change mitigation strategies, research has found reasons to be optimistic about preserving our environment while promoting prosperity and well-being.

      

      
        How to break through climate apathy
        A new study finds that presenting the same continuous climate data, such as incremental changes in temperature, in binary form -- such as whether a lake did or did not freeze in the winter -- significantly increases people's ability to see the impact of climate change.
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Children's reading and writing develop better when they are trained in handwriting | ScienceDaily
Today, it is common for children's classrooms to have digital resources to be used as tools for certain learning processes. For example, there are computer programs geared towards children who are learning to read and write. Since the exercises that they propose are to be done on computer, the students press keys and buttons, and do away with pencil and paper. To measure the impact of these typing-based methods, a UPV/EHU study made a comparison to analyse the effects of manual and keyboard training on children's skills. "As children write less and less by hand, we wanted to explore the impact of this on alphabetic and orthographic skills. In other words, we wanted to see whether the ability to learn letters and to assimilate and remember word structure develops differently through manual training or the use of keyboards. We concluded that the children who used their hands obtained the best results," explained researcher Joana Acha.


						
To reach this conclusion, an experiment was conducted with 5 to 6-year-olds. This age was chosen because it is the most favourable moment in their development. This is in fact when they begin to acquire the ability to read and write. So 50 children with basic reading comprehension were taught 9 letters of the Georgian and Armenian alphabets, as well as 16 pseudowords invented by the researchers by combining the letters.

"The aim was to use letters and words that were completely new to the children to make sure they were learning from scratch. In fact, the studies carried out so far used the alphabets in the children's culture, so it is not so easy to find out the extent to which they did not know the symbols presented," said Acha.

So all the students were taught new letters and words, but not all in the same way: half of them were asked to copy them by hand and the other half with keyboards. That way the UPV/EHU study was able to focus on the importance of the graphomotor function. In other words, what kind of effect does moving the hand have on the reading and writing process. In fact, when we write on keyboards we do not trace the shape of the letter and so the graphomotor function exerts less influence when it comes to assimilating letter and word structure. By contrast, writing by hand exerts a greater influence.

"Once we had taught each group of children the new letters and words and trained them using one method, we submitted them to three tests to assess the knowledge acquired. We measured their ability to identify, write and pronounce both the letters and the pseudowords, and the results clearly indicated that those who had practised manually developed greater skill. In particular, the difference was clear with the pseudowords; almost everyone who had learnt on computer did not complete the exercises on letter sequences correctly. So our work confirms that the graphomotor function is essential in memorizing letters and word structures," explained Acha.

Variability also exerts an influence

But they did not look at the impact of the degree of hand movement alone. The groups who were working by hand and with keyboards were divided into two subgroups from the start. During the teaching of the letters and the words, among those who were working with pencils, some were asked to follow the guides marked with small dots (technique of low variability). The others, by contrast, practised without any reference at all: copying freely on to the blank page (great variability). They did the same with those who were working on computer: some always used the same font for training (e.g. Tahoma), and others, more than one. That way, the researchers were able to analyse the influence of the shape variability factor in addition to the grapho-motor function.

What they saw was that all those who had been trained by hand were more competent than all those who had worked with keyboards, but even among those who had practised with pencil and paper, there were differences. Those who had been trained freely obtained the best results. "So we concluded that while it helps children to have to trace in order to practice at first, once they're able to make more or less small, precise movements, it's advisable to move on to free writing. However, what is most clear is the need to prioritize manual practice in the learning processes. They learn best from hand movements and so technological devices should only be used in a complementary way," said Acha.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/04/250430142559.htm



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Synchrotron in a closet: Bringing powerful 3D X-ray microscopy to smaller labs | ScienceDaily
For the first time, researchers can study the microstructures inside metals, ceramics and rocks with X-rays in a standard laboratory without needing to travel to a particle accelerator, according to a study led by University of Michigan engineers.


						
The new technique makes 3D X-ray diffraction -- known as 3DXRD -- more readily accessible, potentially enabling quick analysis of samples and prototypes in academia and industry, as well as providing more opportunities for students.

3DXRD reconstructs 3D images using X-rays taken at multiple angles, similar to a CT scan. Instead of the imaging device rotating about a patient, a few-millimeters-wide material sample rotates on a stand in front of a powerful beam with about a million times more X-rays than a medical X-ray.

The huge X-ray concentration produces a micro-cale image of the tiny fused crystals that make up most metals, ceramics and rocks -- known as polycrystalline materials.

Results help researchers understand how materials react to mechanical stresses by measuring thousands of individual crystals' volume, position, orientation and strain. For example, imaging a sample from a steel beam under compression can show how crystals respond to bearing the weight of a building, helping researchers understand large-scale wear.

Synchrotrons were once the only facilities able to produce enough X-rays for 3DXRD as electrons spit off scads of X-rays as they travel through circular particle accelerators, which can then be directed into a sample.

While synchrotron X-ray beams produce state-of-the-art detail, there are only about 70 facilities world-wide. Research teams must put together project proposals for "beam time." Accepted projects often must wait six months to up to two years to run their experiments, which are limited to a maximum of six days.




In an effort to make this technique more widely available, the research team worked with PROTO Manufacturing to custom build the first laboratory-scale 3DXRD. As a whole, the instrument is about the size of a residential bathroom, but could be scaled down to the size of a broom closet.

"This technique gives us such interesting data that I wanted to create the opportunity to try new things that are high risk, high reward and allow teachable moments for students without the wait-time and pressure of synchrotron beam time," said Ashley Bucsek, U-M assistant professor of mechanical engineering and materials science and engineering and co-corresponding author of the study published in Nature Communications.

Previously, small-scale devices could not produce enough X-rays for 3DXRD because at a certain point, the electron beam pumps so much power into the anode -- the solid metal surface that the electrons strike to make X-rays -- that it would melt. Lab-3DXRD leverages a liquid-metal-jet anode that is already liquid at room temperature, allowing it to take in more power and produce more X-rays than once possible at this scale.

The researchers put the design to the test by scanning the same titanium alloy sample using three methods: lab-3DXRD, synchrotron-3DXRD and laboratory diffraction contrast tomography or LabDCT -- a technique used to map out crystal structures in 3D without strain information.

Lab-3DXRD was highly accurate, with 96% of the crystals it picked up overlapping with the other two methods. It did particularly well with larger crystals over 60 micrometers, but missed some of the smaller crystals. The researchers note that adding a more sensitive photon-counting detector, which detects the X-rays that are used to build the images, could help catch the finest-grained crystals.

With this technique available in-house, Bucsek's research team can try new experiments, honing parameters to prepare for a larger experiment at a synchrotron.




"Lab-3DXRD is like a nice backyard telescope while synchrotron-3DXRD is the Hubble Telescope. There are still certain situations where you need the Hubble, but we are now well prepared for those big experiments because we can try everything out beforehand," Bucsek said.

Beyond enabling more accessible experiments, lab-3DXRD allows researchers to extend projects past the synchrotron six day limit, which is particularly helpful when studying cyclic loading -- how a material responds to repeated stresses over thousands of cycles.

First author and co-corresponding author Seunghee Oh, a research fellow in mechanical engineering at the time of the study, now works in the X-ray Science Division at Argonne National Laboratory.

The research is funded by the National Science Foundation (CMMI-2142302; DMR-1829070) and the U.S. Department of Energy (Award DE-SC0008637).

Researchers from PROTO Manufacturing also contributed to the study.

LabDCT was performed at the Michigan Center for Materials Characterization.

Study: Taking three-dimensional X-ray diffraction (3DXRD) from the Synchrotron to the laboratory scale (DOI: 10.1038/s41467-025-58255-x)
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Study suggests dance and lullabies aren't universal human behaviors | ScienceDaily
Social singing and dance are often assumed to be hard-wired into the human condition; studies have supported the conclusion that these are common across cultures. But new research from a University of California, Davis, anthropologist challenges the idea that dance and lullabies are universal among humans. The study, published April 29 in Current Biology, draws on 43 years of research with the Northern Ache, an Indigenous population in Paraguay.


						
"Aside from church singing introduced by missionaries, Northern Ache adults sing alone and in a limited number of contexts," said study author Manvir Singh, an assistant professor of anthropology at UC Davis. "As far as we can tell, anthropologists have never observed dancing or infant-directed song among the Northern Ache."

The research -- stemming from detailed and longstanding ethnographic fieldwork by anthropologist, Arizona State University (ASU) professor and study second author Kim Hill -- helps clarify the separate roles biology and cultural transmission play in producing and sustaining dance and lullabies in human societies.

"Dance and infant-related song are widely considered universal, a view that has been supported by cross-cultural research, including my own," said Singh. "And this conclusion, in turn, informs evolutionary theorizing about music's origins."

The research supports the idea that dance and lullabies are learned behaviors that don't arise spontaneously. Individuals must invent, tweak and culturally transmit them.

An extensive ethnographic record

Between 1977 and 2020, Hill, an associate director at the Institute of Human Origins at ASU, spent more than 120 months living among Northern Ache communities. He thoroughly documented various aspects of Ache life and behavior, including their relationship to music.




Hill recorded that singing among the Northern Ache was limited and a solo pursuit, performed by one individual rather than with a group. Men, who sing more than women, sing songs primarily about hunting but sometimes sing about current events and social conflict. Women sing primarily about dead loved ones. Northern Ache children sometimes mimic adult songs.

Over this time, Hill and other researchers witnessed neither infant-directed song nor dancing among the Northern Ache community.

"It's not that the Northern Ache don't have any need for lullabies," Singh said. "Ache parents still calm fussy infants. They use playful speech, funny faces, smiling and giggling. Given that lullabies have been shown to soothe infants, Ache parents would presumably find them useful."

Singh's previous ethnomusicological research suggested that practices like dance and lullabies were universal human behaviors. Eventually, Hill contacted Singh and his co-authors and notified them that the Northern Ache appeared to be an exception.

"I found his observations totally fascinating and hugely important and urged him to publish them," Singh said. "He wasn't sure how to report them, so we ended up writing the manuscript together."

A lost practice

According to the researchers, evidence suggests that the Northern Ache lost dance and infant-related song -- along with other cultural practices such as shamanism, horticulture and the ability to make fire -- during periods when their population dropped significantly.




But it's also possible that the practices were lost when the Northern Ache were settled on reservations. During that time, other traditional behaviors disappeared, including puberty ceremonies and hunting magic.

The researchers note that dance and lullabies may have been introduced to the Northern Ache in the years following the conclusion of Hill's fieldwork in 2020, which coincided with the growing presence of Paraguayan missionaries.

The research supports the idea that infant-directed song and dance aren't inherent human behaviors, like smiling. Rather, they're more like fire-making, a behavior that must be invented and learned.

"This doesn't refute the possibility that humans have genetically evolved adaptations for dancing and responding to lullabies," Singh said. "It does mean, however, that cultural transmission matters much more for maintaining those behaviors than many researchers, including myself, have suspected."
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Using humor in communication helps scientists connect, build trust | ScienceDaily
Scientists aren't comedians, but it turns out a joke or two can go a long way.


						
That's according to a new University of Georgia study that found when researchers use humor in their communication -- particularly online -- audiences are more likely to find them trustworthy and credible.

"I think this should make scientists feel more comfortable using humor in their everyday communication, especially online communication," said Alexandra Frank, lead author of the study and a doctoral candidate in UGA's Grady College of Journalism and Mass Communication. "You can still communicate using humor and be viewed as a legitimate, appropriate source of information."

Science can bring smiles

As scientists research difficult and often complicated topics, it's important to keep the key ideas of the research simple for a general audience. One of the best ways to do that is through a little bit of light-heartedness, Frank said.

Frank tested how inserting humor into science-related posts could affect the likability and trustworthiness of scientists and their work.

The research team created four posts with different images on X, formerly known as Twitter.




The content centered around two self-driving cars, as well as the science and policy behind artificial intelligence technology.

One image contained a drawing with two cars and facts on self-driving technology with no joke included. Another contained the two cars and satire about this technology, reading, "A car approaches from the right and begins making precautionary adjustments. The other car acknowledges it. Not a problem unless the slab of meat inside interferes with its A.I. mode."

The third had the two cars sharing the facts themselves, as if they were sentient, and the fourth image had the cars telling the jokes themselves.

Benefits in clever communications

So, which got the most laughs?

The post that used satire and gave the cars more human-like characteristics was rated as the funniest. The respondents were also more likely to believe the scientist when they found the posted content as funny.




Because the scientist posting was considered more credible from the humor, people also considered whatever the scientist posted as fact.

"It is a double-edged sword. When people find something funny, they find things more legitimate. However, that humor could also substitute fact when something is untrue," said Frank.

In this scenario, those chuckling over the use of AI in self-driving cars may have drawn their own opinions on what that technology is like based on that post alone.

"I want for them to not be afraid of humor but to use it really mindfully ... The last thing we want is to make scientists less likable." -- Alexandra Frank, Grady College

There's a limit to the type of comedy, however. Science communication can't contain too much sarcasm or negativity, or it loses credibility, the researchers found.

Frank's advice for science communicators looking to build their audience is to keep posts short, clever and try not to strike a nerve.

"I want for them to not be afraid of humor but to use it really mindfully because it can come with drawbacks," Frank said. "Know that it can significantly increase engagement with the public, but scientists should use it cautiously. The last thing we want is to make scientists less likable."

This study was funded by the National Science Foundation. Co-authors include Michael A. Cacciatore, an associate professor in UGA's Grady College, Sara K. Yeo and Leona Yi-Fan Su.
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Climate change increases the risk of simultaneous wildfires | ScienceDaily
Climate change is increasing the risk of wildfires in many regions of the world. This is due partly to specific weather conditions -- known as fire weather -- that facilitate the spread of wildfires. Researchers from the Helmholtz Centre for Environmental Research (UFZ) and Australian colleagues have found that fire weather seasons are increasingly overlapping between eastern Australia and western North America. The research team examined the causes of this shift and its implications for cross-border cooperation between fire services in Canada, the US, and Australia. The research was published in Earth's Future.


						
The west coast of North America and the east coast of Australia have been repeatedly hit hard by wildfires. For example, the January 2025 wildfire disaster in Los Angeles destroyed over 10,000 buildings and claimed 29 lives, according to media reports. The east coast of Australia was hit by one of the country's most devastating bushfires between September 2019 and March 2020: more than 12 million hectares of forest and bushland burned. Firefighters from Canada, the US, and Australia have supported each other during these disasters and many others.

The international team of scientists set out to examine how the timing of fire weather seasons in the two regions is changing as a result of climate change. The researchers used the Canadian Fire Weather Index (FWI), a meteorological index used worldwide to estimate fire risk. It takes into account rainfall, temperature, relative humidity, and wind speed. They used it to identify fire weather days -- days with a high risk of wildfires. Based on observational data, the researchers found that the fire weather days -- and thus the risk of wildfires -- have been increasingly overlapping since 1979.

The greatest likelihood of overlap -- around 75% -- occurs between July and December. Overall, the number of simultaneous fire weather days in eastern Australia and western North America has been increasing by one day per year for the past 40 years. This is because the fire season in eastern Australia is starting earlier in spring and overlapping with the end of the fire season on the west coast of North America," explains Dr Andreia Ribeiro, UFZ climate scientist and lead author, who contributed to the German-Australian research project funded by the German Academic Exchange Service (DAAD).

The team also analysed how the seasonal overlap is likely to develop. They used four climate models, drawing on many simulations to account for uncertainty. The trend is clear: "The number of overlapping fire weather days in western North America and eastern Australia will continue to increase," says Andreia Ribeiro. Depending on the climate model used and the level of future global warming, the increases could range from 4 to 29 days per year by mid-century.

The overlap depends partly on the variability of the El Nino Southern Oscillation, a system that controls the circulation of the ocean and atmosphere in the equatorial Pacific. Fire weather in eastern Australia is typically linked to El Nino conditions -- unusually high sea surface temperatures. This often leads to droughts and heatwaves, among other phenomena. In contrast, fire weather in western North America is more often linked to La Nina conditions -- the opposite situation. "Despite these generally opposing patterns, we found that during strong fire weather overlap, El Nino conditions are especially pronounced in the Central Pacific," says Andreia Ribeiro. However, the effects of El Nino are expected to be overshadowed by climate change in the medium term. "Climate change is causing global temperature rises and increasing drought in some regions while the El Nino effect is expected to remain largely unchanged," says Prof Dr Jakob Zscheischler, UFZ climate scientist and co-author.

This poses a challenge for cooperation between US, Canadian, and Australian fire services, which have long supported one another by sharing personnel and aircraft during wildfire emergencies. Until recently, the fire seasons occurred at distinctly different times of the year: on the west coast of North America between June and October and in eastern Australia between October and March. These gaps provided enough time for teams to assist one another when needed. "But these increasingly overlapping fire weather seasons in the US and Australia are narrowing the window for international cooperation and making it harder to respond quickly to large-scale wildfires," says lead author Dr Doug Richardson from the ARC Centre of Excellence for Climate Extremes at the University of New South Wales (Australia). International agreements on firefighting cooperation and national firefighting capacities therefore need to be reviewed. Both Australia and the US will need to strengthen their domestic firefighting capacities in order to reduce reliance on international cooperation.
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Personality traits shape our prosocial behavior | ScienceDaily
People's willingness to do volunteer work or give to charity differs greatly. Besides financial and social incentives, individual differences in people's personality can explain why some of us are more likely to contribute to community welfare than others.


						
Researchers at the Department of Psychology of the University of Zurich have examined the links between the so-called Big Five personality traits (openness, conscientiousness, extraversion, agreeableness, neuroticism) and people's willingness to engage in prosocial behavior. Their analysis was based on 29 international studies comprising more than 90,000 participants. It included different methods to describe people's personality and covered various forms of philanthropic engagement.

Personality traits matter

The study findings show that two personality traits in particular are linked to philanthropic engagement. Sociability and assertiveness (extraversion) positively correlate with volunteering. In other words, extraverts are more likely to do volunteer work. Meanwhile, agreeableness correlates more closely with a willingness to give money to charity. This behavior may be explained by the fact that agreeable people tend to be more compassionate and considerate of other people's feelings.

Research on the other personality traits, however, yielded mixed results. For example, there was no clear link between conscientiousness and philanthropic engagement. Openness and neuroticism also appeared to have little effect on people's prosocial behavior.

New strategies to promote volunteering and donating

"Our findings confirm that individual differences in personality play a role in whether and how much people engage in prosocial behavior," says Wiebke Bleidorn, first author and professor of psychology at the University of Zurich. She believes that a better understanding of these links can help to encourage people to contribute to the common welfare based on their individual strengths and motivations.

The study thus not only provides valuable scientific insights but also practical guidance for organizations and policymakers wishing to promote volunteering and charitable giving. "This knowledge can be used to develop more targeted strategies aimed at promoting volunteering and charitable giving," says Christopher J. Hopwood, last author and professor of psychology.
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Global survey highlights the challenges of VR-haptic technology in dental education | ScienceDaily
A recent global survey of 156 institutions reveals strong interest in VR-haptic technology for dental training, yet significant barriers impede widespread adoption. The study was led by the University of Eastern Finland and published in Frontiers in Dental Medicine.


						
Combining virtual reality with force feedback, VR-haptic technology is becoming more and more common in dental education where it complements traditional preclinical hand skill training methods. The aim of the present study was to understand dental educators' perceptions and needs regarding the acceptability and application of VR-haptics in dental education, as well as to gather suggestions for system improvements.

Over a third of 387 respondents (35%) cited technical limitations in current systems, such as insufficient haptic precision and restricted procedural options, which undermine skill transfer to real patient care. Financial constraints were another major hurdle, with 28% of institutions struggling to afford devices, leading to shortages and limited student access.

Resistance to change also persists: 24% noted low acceptance among educators and students, driven by disruptions to traditional teaching methods. Additionally, 13% highlighted time-intensive curriculum adaptations and training requirements as critical obstacles.

To address these challenges, the authors recommend further hardware and software development, seeking cost-reduction innovations, and providing targeted faculty training to demonstrate VR-haptics' educational benefits. They point out that future success hinges on multidisciplinary collaboration -- particularly among restorative dentistry, prosthodontics, and endodontics -- to develop realistic, discipline-specific training scenarios.
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Awkward. Humans are still better than AI at reading the room | ScienceDaily
Humans, it turns out, are better than current AI models at describing and interpreting social interactions in a moving scene -- a skill necessary for self-driving cars, assistive robots, and other technologies that rely on AI systems to navigate the real world.


						
The research, led by scientists at Johns Hopkins University, finds that artificial intelligence systems fail at understanding social dynamics and context necessary for interacting with people and suggests the problem may be rooted in the infrastructure of AI systems.

"AI for a self-driving car, for example, would need to recognize the intentions, goals, and actions of human drivers and pedestrians. You would want it to know which way a pedestrian is about to start walking, or whether two people are in conversation versus about to cross the street," said lead author Leyla Isik, an assistant professor of cognitive science at Johns Hopkins University. "Any time you want an AI to interact with humans, you want it to be able to recognize what people are doing. I think this sheds light on the fact that these systems can't right now."

Kathy Garcia, a doctoral student working in Isik's lab at the time of the research and co-first author, will present the research findings at the International Conference on Learning Representations on April 24.

To determine how AI models measure up compared to human perception, the researchers asked human participants to watch three-second videoclips and rate features important for understanding social interactions on a scale of one to five. The clips included people either interacting with one another, performing side-by-side activities, or conducting independent activities on their own.

The researchers then asked more than 350 AI language, video, and image models to predict how humans would judge the videos and how their brains would respond to watching. For large language models, the researchers had the AIs evaluate short, human-written captions.

Participants, for the most part, agreed with each other on all the questions; the AI models, regardless of size or the data they were trained on, did not. Video models were unable to accurately describe what people were doing in the videos. Even image models that were given a series of still frames to analyze could not reliably predict whether people were communicating. Language models were better at predicting human behavior, while video models were better at predicting neural activity in the brain.




The results provide a sharp contrast to AI's success in reading still images, the researchers said.

"It's not enough to just see an image and recognize objects and faces. That was the first step, which took us a long way in AI. But real life isn't static. We need AI to understand the story that is unfolding in a scene. Understanding the relationships, context, and dynamics of social interactions is the next step, and this research suggests there might be a blind spot in AI model development," Garcia said.

Researchers believe this is because AI neural networks were inspired by the infrastructure of the part of the brain that processes static images, which is different from the area of the brain that processes dynamic social scenes.

"There's a lot of nuances, but the big takeaway is none of the AI models can match human brain and behavior responses to scenes across the board, like they do for static scenes," Isik said. "I think there's something fundamental about the way humans are processing scenes that these models are missing."
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Finding 'win-win-wins' for climate, economics and justice | ScienceDaily
As evidence continues to pour in showing that climate change's impacts disproportionately affect disadvantaged communities around the globe, so, too, do stories showing that these communities can also pay outsized costs to implement climate solutions.


						
Yet, in examining the available body of data and literature detailing how different countries have rolled out climate change mitigation strategies, research led by the University of Michigan has found reasons for optimism.

"It's not all doom and gloom," said report author Peter Reich, professor at the U-M School for Environment and Sustainability, or SEAS, and director of the Institute for Global Change Biology.

"I think there's an expectation that poor countries have to pollute to bring a middle-class life to most of its people, like we did. But we've seen some low-middle-income countries start to decarbonize through investing in renewables and increasing energy efficiency. And they are lowering their emissions while reducing income inequality and increasing the well-being of their people."

At the same time, Reich said, it's all too easy to find cases where vulnerable peoples experience negative consequences from investments in renewables. Take, for example, Indigenous people who have been forced off of their land to build a hydroelectric dam. In fact, that was part of the inspiration for the new study.

There are hundreds of research articles and as many pages of Intergovernmental Panel on Climate Change reports that highlight such inequities. These are found both in the effects of climate change and also in the mitigation strategies used to slow and stop climate change. Reich and his collaborators wanted to extract broader insights by starting to bring those individual reports together under a systematic and comprehensive analytical framework.

In its new report, the team examined connections between climate impacts, mitigation strategies and social justice considerations, like wealth distribution and overall public health and well-being.




And, while the effort did show certain countries performing better and worse by certain metrics, the team's goal wasn't to rank, praise or critique. It was to find an answer to a much more fundamental question: Is there evidence that it's possible to build up sustainable policies and infrastructure in a just way?

"Because inequity can result from mitigation actions themselves, sometimes that can have a perverse effect and actually slow down the broader adoption of mitigation strategies," said Reich, who is also a professor at the University of Minnesota.

This slowing has contributed to a dogmatic belief that asking poorer countries to move to renewables is asking their people to suffer, he added.

"But there's no consistent evidence suggesting that moving to renewable energy has overall negative impacts or consequences for poorer countries or their peoples," Reich said. "If countries are able to invest in renewables, we're seeing cases where it's actually beneficial for their people, it's reducing pollution and it's slowing climate change. It's a win-win-win."

As an example, the team found thirteen low-to-medium-income countries that were increasing their renewable deployment along with their average income and gross domestic product per capita over the last 30 years. Those countries also saw their emissions and Gini indices, a measure of inequality, drop.

"We're not saying it's all causally related," Reich said. "But there's no evidence that renewables are getting in the way of equity or economic advancement."

The team's work was published in the journal Proceedings of the National Academy of Sciences.




Another important point that Reich stressed is that this does not let wealthy countries with high emissions, such as the U.S., off the hook. They still need to work harder to decarbonize in order to reach international climate goals, he said, but he believes the economic data will compel them to act.

"Every decade that we wait to take action, we see the cost of climate change damages go up astronomically and the cost of renewables go down," Reich said. "That's not just me, some ecologist, making up these numbers. They come from major corporations and insurers whose jobs are to understand the risks."

Although he admits time could prove him wrong for feeling this way, Reich does walk away from the team's study with optimism.

"We're not wide-eyed idealists. The international community hasn't solved this yet, and is not going to solve it tomorrow," he said. "But we can slow and eventually stop climate change, and do so while actually saving money and enhancing environmental justice."

The research team also included Kathryn Grace of the University of Minnesota, Harini Nagendra of Azim Premji University in India and Arun Agrawal of the University of Notre Dame. Agrawal is also an emeritus professor with SEAS.
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How to break through climate apathy | ScienceDaily
Slowing human-caused climate change requires decisive action, but the slow upward creep of global temperatures contributes to apathy among people who don't experience regular climate-driven disasters, psychologists say. In a new study from UCLA and Princeton, researchers looked into ways to communicate the true impact of climate change and found a solution.


						
Showing people continuous data, such as temperature increases in a town, left people with a vague impression of gradual change, but showing binary data for the same town, specifically whether a lake froze or not each winter, brought home the striking shift, said incoming UCLA communications professor and cognitive psychologist Rachit Dubey.

"People are adjusting to worsening environmental conditions, like multiple fire seasons per year, disturbingly fast," said Dubey, senior author of the study. "When we used the same temperature data for a location but presented it in a starker way, it broke through people's climate apathy. Unfortunately, compared to those who looked at a clearer presentation of the same information, those who only looked at gradual data perceived a 12% smaller climate impact and cared less."

Dubey studies how people reason about climate change, how to communicate about it and how to improve climate communications. He noted how heavily political and personal experiences influence risk perceptions around climate change, and how quickly people redefine "normal." A Vox article reporting on climate apathy in 2020 inspired Dubey to look deeper into the human tendency to adjust to change, even as science has proven that humans' greenhouse gas emissions are causing climate change and increasing disasters like wildfires, droughts, floods, hurricanes, and sea-level rise.

"For years, we assumed that if the climate worsened enough, people would act, but instead, we're seeing the 'boiling frog' effect, where humans continuously reset their perception of 'normal' every few years," Dubey said. "People are adjusting to worsening environmental conditions, like multiple fire seasons per year, disturbingly fast. My research examines how people are mentally adapting to the negative changes in our environment."

In the study, published April 17 in the journal Nature Human Behavior, the researchers first asked study participants about the climate in a fictional city they named "Townsville," and later asked a second group about five real lakeside cities around the world, including Lake George in New York and Grand Traverse Bay in Michigan. In both versions of the experiment, the scientists showed half of the study participants a graph of temperature increases from 1940-2020, and the other half a graph showing whether temperatures caused the lake to freeze each winter. Whether charting temperatures or lake freezes, each pair of charts drew from the same slowly warming weather information. As temperatures gradually climbed, the lakes stopped freezing as often. For the real towns, study participants hearing about the lake also learned about the decline of activities like ice skating and ice fishing.

When the researchers asked participants to rate from 1 to 10 how much climate change impacted the town, people who learned about a range of temperatures responded lower than people who learned whether the lake froze -- on average, 6.6, compared to 7.5, or 12% higher.




Making the emotional connection to local traditions, whether ice skating in the winter or freedom from wildfire smoke in the summer, may also contribute to overcoming apathy, said lead author Grace Liu, a Ph.D. student at Carnegie Mellon University.

"Our study drives home the importance of discussing climate change not just in gradual temperature terms, but in concrete, either-or terms, showing how life has changed," Liu said. "It's not just warmer winters; it's also a loss of ice hockey and white Christmases. It's not just hotter summers; it's the disappearance of a swimming hole due to drought or soccer practice (being) canceled because it's dangerously hot."

The researchers hope the results help anyone designing visual representations of climate change graphics or those seeking to clarify gradual changes, from climate generalists and data visualization professionals to policymakers and journalists.

"People working in these fields have a sense that binary data is more effective, and our study adds theoretical rigor, using careful cognitive experiments," Dubey said. "Our study also helps explain why the 'Show Your Stripes' visualization is so compelling because it takes continuous data and presents it in a more binary format."

By focusing on the increasing rate of once-rare events, like extreme heat days or thousand-year floods, or the slow loss of seasonal joys like skiing or outdoor ice skating, the researchers hope that the same temperature data that once led to public apathy can instead help communities care more about the climate crisis.
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Engineers advance toward a fault-tolerant quantum computer
        Researchers demonstrated extremely strong nonlinear light-matter coupling in a quantum circuit. Stronger coupling enables faster quantum readout and operations, ultimately improving the accuracy of quantum operations.

      

      
        Giant croclike carnivore fossils found in the Caribbean
        Imagine a crocodile built like a greyhound -- that's a sebecid. Standing tall, with some species reaching 20 feet in length, they dominated South American landscapes after the extinction of dinosaurs until about 11 million years ago. Or at least, that's what paleontologists thought. A new study shows the Caribbean Islands were a refuge for the last sebecid populations at least 5 million years after they went extinct everywhere else.

      

      
        Will the vegetables of the future be fortified using tiny needles?
        Researchers have shown they can inexpensively nanomanufacture silk microneedles to precisely fortify crops, monitor plant health, and detect soil toxins.

      

      
        A vast molecular cloud, long invisible, is discovered near solar system
        Astrophysicists have discovered a potentially star-forming cloud that is one of the largest single structures in the sky and among the closest to the sun and Earth ever to be detected. The scientists have named the molecular hydrogen cloud 'Eos,' after the Greek goddess of mythology who is the personification of dawn.

      

      
        Elephant instead of wild boar? What could have been in Europe
        Even under today's climatic conditions, the long-extinct straight-tusked elephant could still live in Europe. This is the conclusion of a recent study. For this finding, the research group combined fossil finds with reconstructions of past climates.

      

      
        Family first: Scientists reveal long-tailed tits' remarkable family bonds
        Forget fleeting friendships the social secrets of the long-tailed tit has revealed an extraordinary level of family commitment even during migratory journeys. Birds that babysit: scientists reveal long-tailed tits' remarkable family bonds.

      

      
        High-wire act: Soft robot can carry cargo up and down steep aerial wires
        Researchers have created a light-powered soft robot that can carry loads through the air along established tracks, similar to cable cars or aerial trams. The soft robot operates autonomously, can climb slopes at angles of up to 80 degrees, and can carry loads up to 12 times its weight.

      

      
        Geoengineering technique could cool planet using existing aircraft
        A technique to cool the planet, in which particles are added to the atmosphere to reflect sunlight, would not require developing special aircraft but could be achieved using existing large planes, according to a new modelling study.

      

      
        Scientists observe how blobs form crystals and discover a new crystal type
        Crystals -- from sugar and table salt to snowflakes and diamonds -- don't always grow in a straightforward way. Researchers have now captured this journey from amorphous blob to orderly structures. In exploring how crystals form, the researchers also came across an unusual, rod-shaped crystal that hadn't been identified before, naming it 'Zangenite' for the graduate student who discovered it.

      

      
        New look at galactic region surrounding our solar system: Lyman-alpha emissions
        The NASA New Horizons spacecraft's extensive observations of Lyman-alpha emissions have resulted in the first-ever map from the galaxy at this important ultraviolet wavelength, providing a new look at the galactic region surrounding our solar system.

      

      
        New research shatters long-held beliefs about asteroid Vesta
        For decades, scientists believed Vesta, one of the largest objects in our solar system's asteroid belt, wasn't just an asteroid and eventually concluded it was more like a planet with a crust, mantle and core. Now, new research flips this notion on its head. Astronomers reveals Vesta doesn't have a core. These findings startled researchers who, until that point, assumed Vesta was a protoplanet that never grew to a full planet.

      

      
        Anatomy of a 'zombie' volcano: Investigating the cause of unrest inside Uturuncu
        Scientists have collaborated to analyze the inner workings of Bolivia's 'zombie' volcano, Uturuncu. By combining seismology, physics models and analysis of rock composition, researchers identify the causes of Uturuncu's unrest, alleviating fears of an imminent eruption.

      

      
        Evolution of pugs and Persians converges on cuteness
        Through intensive breeding, humans have pushed breeds such as pug dogs and Persian cats to evolve with very similar skulls and 'smushed' faces, so they're more similar to each other than they are to other dogs or cats.

      

      
        Physicists uncover hidden order in the quantum world through deconfined quantum critical points
        A recent study has unraveled some of the secrets concealed within the entangled web of quantum systems.

      

      
        Study on the reproducibility of behavioral experiments with insects now published
        A recent study provides evidence that some results of behavioral experiments with insects cannot be fully reproduced. So far, possible reproducibility problems have been little discussed in this context.

      

      
        Astronomers find Earth-like exoplanets common across the cosmos
        Astronomers have discovered that super-Earth exoplanets are more common across the universe than previously thought. While it can be relatively easy to locate worlds that orbit close to their star, planets with wider paths can be difficult to detect. Still, researchers estimated that for every three stars, there should be at least one super-Earth present with a Jupiter-like orbital period, suggesting these massive worlds are extremely prevalent across the universe.

      

      
        Nanophotonic platform boosts efficiency of nonlinear-optical quantum teleportation
        Researchers have long recognized that quantum communication systems would transmit quantum information more faithfully and be impervious to certain forms of error if nonlinear optical processes were used. However, past efforts at incorporating such processes could not operate with the extremely low light levels required for quantum communication.
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Engineers advance toward a fault-tolerant quantum computer | ScienceDaily
In the future, quantum computers could rapidly simulate new materials or help scientists develop faster machine-learning models, opening the door to many new possibilities.


						
But these applications will only be possible if quantum computers can perform operations extremely quickly, so scientists can make measurements and perform corrections before compounding error rates reduce their accuracy and reliability.

The efficiency of this measurement process, known as readout, relies on the strength of the coupling between photons, which are particles of light that carry quantum information, and artificial atoms, units of matter that are often used to store information in a quantum computer.

Now, MIT researchers have demonstrated what they believe is the strongest nonlinear light-matter coupling ever achieved in a quantum system. Their experiment is a step toward realizing quantum operations and readout that could be performed in a few nanoseconds.

The researchers used a novel superconducting circuit architecture to show nonlinear light-matter coupling that is about an order of magnitude stronger than prior demonstrations, which could enable a quantum processor to run about 10 times faster.

There is still much work to be done before the architecture could be used in a real quantum computer, but demonstrating the fundamental physics behind the process is a major step in the right direction, says Yufeng "Bright" Ye PhD '24, lead author of a paper on this research.

"This would really eliminate one of the bottlenecks in quantum computing. Usually, you have to measure the results of your computations in between rounds of error correction. This could accelerate how quickly we can reach the fault-tolerant quantum computing stage and be able to get real-world applications and value out of our quantum computers," says Ye.




He is joined on the paper by senior author Kevin O'Brien, an associate professor and principal investigator in the Research Laboratory of Electronics at MIT who leads the Quantum Coherent Electronics Group in the Department of Electrical Engineering and Computer Science (EECS), as well as others at MIT, MIT Lincoln Laboratory, and Harvard University. The research appears in Nature Communications.

A new coupler

This physical demonstration builds on years of theoretical research in the O'Brien group.

After Ye joined the lab as a PhD student in 2019, he began developing a specialized photon detector to enhance quantum information processing.

Through that work, he invented a new type of quantum coupler, which is a device that facilitates interactions between qubits. Qubits are the building blocks of a quantum computer. This so-called quarton coupler had so many potential applications in quantum operations and readout that it quickly became a focus of the lab.

This quarton coupler is a special type of superconducting circuit that has the potential to generate extremely strong nonlinear coupling, which is essential for running most quantum algorithms. As the researchers feed more current into the coupler, it creates an even stronger nonlinear interaction. In this sense, nonlinearity means a system behaves in a way that is greater than the sum of its parts, exhibiting more complex properties.




"Most of the useful interactions in quantum computing come from nonlinear coupling of light and matter. If you can get a more versatile range of different types of coupling, and increase the coupling strength, then you can essentially increase the processing speed of the quantum computer," Ye explains.

For quantum readout, researchers shine microwave light onto a qubit and then, depending on whether that qubit is in state 0 or 1, there is a frequency shift on its associated readout resonator. They measure this shift to determine the qubit's state.

Nonlinear light-matter coupling between the qubit and resonator enables this measurement process.

The MIT researchers designed an architecture with a quarton coupler connected to two superconducting qubits on a chip. They turn one qubit into a resonator and use the other qubit as an artificial atom which stores quantum information. This information is transferred in the form of microwave light particles called photons.

"The interaction between these superconducting artificial atoms and the microwave light that routes the signal is basically how an entire superconducting quantum computer is built," Ye explains.

Enabling faster readout

The quarton coupler creates nonlinear light-matter coupling between the qubit and resonator that's about an order of magnitude stronger than researchers had achieved before. This could enable a quantum system with lightning-fast readout.

"This work is not the end of the story. This is the fundamental physics demonstration, but there is work going on in the group now to realize really fast readout," O'Brien says.

That would involve adding additional electronic components, such as filters, to produce a readout circuit that could be incorporated into a larger quantum system.

The researchers also demonstrated extremely strong matter-matter coupling, another type of qubit interaction that is important for quantum operations. This is another area they plan to explore with future work.

Fast operations and readout are especially important for quantum computers because qubits have finite lifespans, a concept known as coherence time.

Stronger nonlinear coupling enables a quantum processor to run faster and with lower error, so the qubits can perform more operations in the same amount of time. This means the qubits can run more rounds of error correction during their lifespans.

"The more runs of error correction you can get in, the lower the error will be in the results," Ye says.

In the long run, this work could help scientists build a fault-tolerant quantum computer, which is essential for practical, large-scale quantum computation.

This research was supported, in part, by the Army Research Office, the AWS Center for Quantum Computing, and the MIT Center for Quantum Engineering.
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Giant croclike carnivore fossils found in the Caribbean | ScienceDaily
Imagine a crocodile built like a greyhound -- that's a sebecid. Standing tall, with some species reaching 20 feet in length, they dominated South American landscapes after the extinction of dinosaurs until about 11 million years ago. Or at least, that's what paleontologists thought, until they began finding strange, fossilized teeth in the Caribbean.


						
"The first question that we had when these teeth were found in the Dominican Republic and on other islands in the Caribbean was: What are they?" said Jonathan Bloch, curator of vertebrate paleontology at the Florida Museum of Natural History.

This initial confusion was warranted. Three decades ago, researchers uncovered two roughly 18 million-year-old teeth in Cuba. With a tapered shape and small, sharp serrations specialized for tearing into meat, it unmistakenly belonged to a predator at the top of the food chain. But for the longest time, scientists didn't think such large, land-based predators ever existed in the Caribbean. The mystery deepened when another tooth turned up in Puerto Rico, this one 29 million years old. The teeth alone weren't enough to identify a specific animal, and the matter went unresolved.

That changed in early 2023, when a research team unearthed another fossilized tooth in the Dominican Republic -- but this time, it was accompanied by two vertebrae. It wasn't much to go on, but it was enough. The fossils belonged to a sebecid, and the Caribbean, far from never having large, terrestrial predators, was a refuge for the last sebecid populations at least 5 million years after they went extinct everywhere else.

A research team described the implications of their finding in a new study published in the Proceedings of the Royal Society B. The study's lead author, Lazaro Vinola Lopez, conducted the research as a graduate student at the University of Florida. He knew his team members had come upon something exceptional when they unearthed the fossils. "That emotion of finding the fossil and realizing what it is, it's indescribable," he said.

Sebecids were the last surviving members of the Notosuchia, a large and diverse group of extinct crocodilians with a fossil record that extends back into the age of dinosaurs. They represented a wide range in size, diet and habitat and were notably different from their crocodile relatives, as most of them lived entirely on land.

The sebecids acted like carnivorous dinosaurs, sprinting after prey on their four long, agile limbs and tearing through flesh with their notorious teeth. Some species could reach 20 feet in length and had protective armor made of bony plates embedded in their skin. The mass extinction event 66 million years ago that wiped out nonavian dinosaurs nearly destroyed notosuchians as well. In South America, only the sebecids endured, and with the dinosaurs gone, they quickly rose to be the apex predator.




The open sea separating the Caribbean islands and mainland South America would have posed a serious challenge for a terrestrial sebecid to swim across. In finding the fossils, the research team revealed possible evidence in support of the GAARlandia hypothesis. This theory suggests a pathway of temporary land bridges or a chain of islands once allowed land animals to travel from South America to the Caribbean.

If, as scientists hypothesize, the serrated teeth discovered on other Caribbean islands also belonged to a sebecid, the history of these giant reptiles extends beyond the Dominican Republic. They would have occupied and shaped the region's ecosystems for millions of years. Yet today you'd be hard-pressed to find evidence of the large terrestrial predators. In their absence, smaller endemic predators like birds, snakes and crocodiles have evolved to fill the gap in the food chain.

"You wouldn't have been able to predict this looking at the modern ecosystem," Bloch said. "The presence of a large predator is really different than we imagined before, and it's exciting to think about what might be discovered next in the Caribbean fossil record as we explore back further in time."

This revelation aligns with similar observations ecologists have described worldwide. Islands are known to act as "museums of biodiversity," providing a haven that allows plants and animals to survive even after their related species have gone extinct on the mainland.

Although the tropics are among the most biodiverse places on Earth, much of their natural history remains a mystery. That's why, according to Bloch, they're the most important -- albeit challenging -- regions for paleontologists to study.

Historically, many paleontologists in the Caribbean have excavated fossils from caves and blue holes, where large accumulations of remains are often found. Caves can serve as shelter against harsh conditions for animals, and predatory birds like owls and hawks frequently bring their prey inside to eat, leaving behind pellets or discarded bones. Blue holes preserve fossils exceptionally well, as they lack the oxygen that fuels decay.




But these locations only provide a narrow snapshot of past biodiversity because most of the fossils are relatively young. While these sites provide valuable insight into recent history, they have their limitations when it comes to older, less well-known fossils.

Today, Caribbean paleontologists are taking a new approach. Finding deep-time fossils often requires more effort and fortunate circumstances, but they're willing to face the obstacles. "This is like a renaissance," said Vinola-Lopez, describing the renewed interest and excitement in the region.

Local scientists have the advantage of being able to react quickly when a potential fossil bed is discovered. The dry, rocky landscapes that contain fossils are hard to come by in the Caribbean, where wind and rain erode outcrops and today's forests cover fossil beds.

"Outcrops don't last too long, so you go there when you can. When they're cutting the road or a few months after that, you find the fossils. If you're looking in a few years, it will be gone," Vinola-Lopez said.

Finding sebecid fossils in the Dominican Republic site was possible because local work crews happened to be cutting a road directly through it. Elson Core, a graduate student from the University of Puerto Rico in Mayaguez at the time, came across the fossil beds while conducting stratigraphy research and alerted his colleagues. Vinola-Lopez learned about the site through fellow paleontologists and was eager to plan a visit for fieldwork.

This study represents one of many incredible discoveries that have recently come out of the Caribbean. Lazaro and his colleagues uncovered the Caribbean's first record of mosasaurs, enormous reptiles that once dominated the seas. Meanwhile, the discovery of the oldest ground sloth fossils in Hispaniola has helped fill a gap in the region's paleontological record.

Even more recent mysteries are coming into focus as well, with research suggesting the arrival of humans may be to blame for the extinction of the island's native rodents. This flow of information and discovery emerging from the region is far from over. As Vinola-Lopez said, "The sebecid is only the tip of the iceberg."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/04/250429195320.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Will the vegetables of the future be fortified using tiny needles? | ScienceDaily
When farmers apply pesticides to their crops, 30 to 50 percent of the chemicals end up in the air or soil instead of on the plants. Now, a team of researchers from MIT and Singapore has developed a much more precise way to deliver substances to plants: tiny needles made of silk.


						
In a study published today in Nature Nanotechnology, the researchers developed a way to produce large amounts of these hollow silk microneedles. They used them to inject agrochemicals and nutrients into plants, and to monitor their health.

"There's a big need to make agriculture more efficient," says Benedetto Marelli, the study's senior author and an associate professor of civil and environmental engineering at MIT. "Agrochemicals are important for supporting our food system, but they're also expensive and bring environmental side effects, so there's a big need to deliver them precisely."

Yunteng Cao PhD '22, currently a postdoc Yale University, and Doyoon Kim, a former postdoc in the Marelli lab, led the study, which included a collaboration with the Disruptive and Sustainable Technologies for Agricultural Precision (DiSTAP) interdisciplinary research group at the Singapore-MIT Alliance for Research and Technology (SMART).

In demonstrations, the team used the technique to give plants iron to treat a disease known as chlorosis, and to add vitamin B12 to tomato plants to make them more nutritious. The researchers also showed the microneedles could be used to monitor the quality of fluids flowing into plants and to detect when the surrounding soil contained heavy metals.

Overall, the researchers believe the microneedles could serve as a new kind of plant interface for real-time health monitoring and biofortification.

"These microneedles could be a tool for plant scientists so they can understand more about plant health and how they grow," Marelli says. "But they can also be used to add value to crops, making them more resilient and possibly even increasing yields."

The inner workings of plants




Accessing the inner tissues of living plants requires scientists to get through the plants' waxy skin without causing too much stress. In previous work, the researchers used silk-based microneedles to deliver agrochemicals to plants in lab environments and to detect pH changes in living plants. But these initial efforts involved small payloads, limiting their applications in commercial agriculture.

"Microneedles were originally developed for the delivery of vaccines or other drugs in humans," Marelli explains. "Now we've adapted it so that the technology can work with plants, but initially we could not deliver sufficient doses of agrochemicals and nutrients to mitigate stressors or enhance crop nutritional values."

Hollow structures could increase the amount of chemicals microneedles can deliver, but Marelli says creating those structures at scale has historically required clean rooms and expensive facilities like the ones found inside the MIT.nano building.

For this study, Cao and Kim created a new way to manufacture hollow silk microneedles by combining silk fibroin protein with a salty solution inside tiny, cone-shaped molds. As water evaporated from the solution, the silk solidified into the mold while the salt forms crystalline structures inside the molds. When the salt was removed, it left behind in each needle a hollow structure or tiny pores, depending on the salt concentration and the separation of the organic and inorganic phases.

"It's a pretty simple fabrication process. It can be done outside of a clean room -- you could do it in your kitchen if you wanted," Kim says. "It doesn't require any expensive machinery."

The researchers then tested their microneedles' ability to deliver iron to iron-deficient tomato plants, which can cause a disease known as chlorosis. Chlorosis can decrease yields, but treating it by spraying crops is inefficient and can have environmental side effects. The researchers showed that their hollow microneedles could be used for the sustained delivery of iron without harming the plants.




The researchers also showed their microneedles could be used to fortify crops while they grow. Historically, crop fortification efforts have focused on minerals like zinc or iron, with vitamins only added after the food is harvested.

In each case, the researchers applied the microneedles to the stalks of plants by hand, but Marelli envisions equipping autonomous vehicles and other equipment already used in farms to automate and scale the process.

As part of the study, the researchers used microneedles to deliver vitamin B12, which is primarily found naturally in animal products, into the stalks of growing tomatoes, showing that vitamin B12 moved into the tomato fruits before harvest. The researchers propose their method could be used to fortify more plants with the vitamin.

Co-author Daisuke Urano, a plant scientist with DiSTAP, explains that "through a comprehensive assessment, we showed minimal adverse effects from microneedle injections in plants, with no observed short- or long-term negative impacts."

"This new delivery mechanism opens up a lot of potential applications, so we wanted to do something nobody had done before," Marelli explains.

Finally, the researchers explored the use of their microneedles to monitor the health of plants by studying tomatoes growing in hydroponic solutions contaminated with cadmium, a toxic metal commonly found in farms close to industrial and mining sites. They showed their microneedles absorbed the toxin within 15 minutes of being injected into the tomato stalks, offering a path to rapid detection.

Current advanced techniques for monitoring plant health, such as colorimetric and hyperspectral lead analyses, can only detect problems after plants growth is already being stunted. Other methods, such as sap sampling, can be too time-consuming.

Microneedles, in contrast, could be used to more easily collect sap for ongoing chemical analysis. For instance, the researchers showed they could monitor cadmium levels in tomatoes over the course of 18 hours.

A new platform for farming

The researchers believe the microneedles could be used to complement existing agricultural practices like spraying. The researchers also note the technology has applications beyond agriculture, such as in biomedical engineering.

"This new polymeric microneedle fabrication technique may also benefit research in microneedle-mediated transdermal and intradermal drug delivery and health monitoring," Cao says.

For now, though, Marelli believes the microneedles offer a path to more precise, sustainable agriculture practices.

"We want to maximize the growth of plants without negatively affecting the health of the farm or the biodiversity of surrounding ecosystems," Marelli says. "There shouldn't be a trade-off between the agriculture industry and the environment. They should work together."

This work was supported, in part, by the U.S. Office of Naval Research, the U.S. National Science Foundation, SMART, the National Research Foundation of Singapore, and the Singapore Prime Minister's Office.
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A vast molecular cloud, long invisible, is discovered near solar system | ScienceDaily
An international team of scientists led by a Rutgers University-New Brunswick astrophysicist has discovered a potentially star-forming cloud that is one of the largest single structures in the sky and among the closest to the sun and Earth ever to be detected.


						
The vast ball of hydrogen, long invisible to scientists, was revealed by looking for its main constituent -- molecular hydrogen. The finding marks the first time a molecular cloud has been detected with light emitted in the far-ultraviolet realm of the electromagnetic spectrum and opens the way to further explorations using the approach.

The scientists have named the molecular hydrogen cloud "Eos," after the Greek goddess of mythology who is the personification of dawn. Their discovery is outlined in a study published in Nature Astronomy.

"This opens up new possibilities for studying the molecular universe," said Blakesley Burkhart, an associate professor in the Department of Physics and Astronomy in the Rutgers School of Arts and Sciences who led the team and is an author on the study. Burkhart is also a research scientist at the Center for Computational Astrophysics at the Flatiron Institute in New York.

Molecular clouds are composed of gas and dust -- with the most common molecule being hydrogen, the fundamental building block of stars and planets and essential for life. They also contain other molecules such as carbon monoxide. Molecular clouds are often detected using conventional methods such as radio and infrared observations that easily pick up the chemical signature for carbon monoxide.

For this work, the scientists employed a different approach.

"This is the first-ever molecular cloud discovered by looking for far ultraviolet emission of molecular hydrogen directly," Burkhart said. "The data showed glowing hydrogen molecules detected via fluorescence in the far ultraviolet. This cloud is literally glowing in the dark."

Eos poses no danger to Earth and the solar system. Because of its proximity, the gas cloud presents a unique opportunity to study the properties of a structure within the interstellar medium, scientists said.




The interstellar medium, made of gas and dust that fills the space between stars within a galaxy, serves as raw material for new star formation.

"When we look through our telescopes, we catch whole solar systems in the act of forming, but we don't know in detail how that happens," Burkhart said. "Our discovery of Eos is exciting because we can now directly measure how molecular clouds are forming and dissociating, and how a galaxy begins to transform interstellar gas and dust into stars and planets."

The crescent-shaped gas cloud is located about 300 light years away from Earth. It sits on the edge of the Local Bubble, a large gas-filled cavity in space that encompasses the solar system. Scientists estimate that Eos is vast in projection on the sky, measuring about 40 moons across the sky, with a mass about 3,400 times that of the sun. The team used models to show it is expected to evaporate in 6 million years.

"The use of the far ultraviolet fluorescence emission technique could rewrite our understanding of the interstellar medium, uncovering hidden clouds across the galaxy and even out to the furthest detectable limits of cosmic dawn," said Thavisha Dharmawardena, a NASA Hubble Fellow at New York University and a shared first author of the study.

Eos was revealed to the team in data collected by a far-ultraviolet spectrograph called FIMS-SPEAR (an acronym for fluorescent imaging spectrograph) that operated as an instrument on the Korean satellite STSAT-1. A far-ultraviolet spectrograph breaks down far-ultraviolet light emitted by a material into its component wavelengths, just as a prism does with visible light, creating a spectrum that scientists can analyze.

The data had just been released publicly in 2023 when Burkhart came across it.




"It was kind of like just waiting to be explored," she said.

The findings highlight the importance of innovative observational techniques in advancing the understanding of the cosmos, Burkhart said. She noted that Eos is dominated by molecular hydrogen gas but is mostly "CO-dark," meaning it doesn't contain much of the material and doesn't emit the characteristic signature detected by conventional approaches. That explains how Eos eluded being identified for so long, researchers said.

"The story of the cosmos is a story of the rearrangement of atoms over billions of years," Burkhart said. "The hydrogen that is currently in the Eos cloud existed at the time of the Big Bang and eventually fell onto our galaxy and coalesced nearby the sun. So, it's been a long journey of 13.6 billion years for these hydrogen atoms."

The discovery presented itself as something of a surprise.

"When I was in graduate school, we were told that you can't easily directly observe molecular hydrogen," said Dharmawardena of NYU. "It's kind of wild that we can see this cloud in data that we didn't think we would see."

Eos also is named after a proposed NASA space mission that Burkhart and other members of the team are supporting. The mission aims to broaden the approach of detecting molecular hydrogen to greater swaths of the Galaxy, investigating the origins of stars by studying the evolution of molecular clouds.

The team is scouring data for molecular hydrogen clouds near and far. A study published as a preprint on arXiv by Burkhart and others using the James Webb Space Telescope (JWST) reports tentatively finding the most distant molecular gas yet.

"Using JWST, we may have found the very furthest hydrogen molecules from the sun," Burkhart said. "So, we have found both some of the closest and farthest using far-ultraviolet emission."

Other members of the scientific team included researchers from: Technion-Israel Institute of Technology, Haifa, Israel; Queen Mary University of London and University College London, both of London; University of Iowa, Iowa City, Iowa; Korea Astronomy and Space Science Institute, University of Science and Technology, and Korea Advanced Institute of Science and Technology, all of Daejeon, South Korea; Max Planck Institute for Astronomy, Heidelberg, Germany; University of Texas at Austin, Austin, Texas; University of Arizona, Tucson, Ariz.; University of California, Berkeley; Universite Paris Cite, Gif-sur-Yvette, France; Space Telescope Science Institute and Johns Hopkins University, Baltimore; University of British Columbia, Vancouver, Canada; Columbia University, New York; and the Harvard-Smithsonian Center for Astrophysics, Cambridge, Mass.
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Elephant instead of wild boar? What could have been in Europe | ScienceDaily
Elephants are among the largest land mammals on Earth and are often referred to as "ecosystem engineers" because they sustainably alter their surroundings through grazing, trampling, and digging. Europe, too, had an elephant: the straight-tusked elephant (Palaeoloxodon antiquus) lived on our continent for around 700,000 years. The species survived multiple ice ages before becoming extinct during the last one due to additional hunting pressure from humans. Throughout its existence, the straight-tusked elephant helped shape Europe's landscape, maintaining open spaces and light woodlands. Many native plant species are still adapted to these conditions today.


						
"The German name Waldelefant (forest elephant) originates from the assumption that this species primarily lived in the wooded regions of Europe. However, fossil evidence shows that P. antiquus often inhabited open or semi-open habitats with mosaic-like vegetation, similar to modern elephants," explains Prof. Dr. Manuel Steinbauer, Chair of Sport Ecology at the University of Bayreuth.

To reconstruct the way of life of P. antiquus and, in particular, its actual habitat -- known as the realised niche -- the research team examined scientific literature and palaeontological databases for fossil finds of P. antiquus that could be assigned to specific Marine Isotope Stages. Marine Isotope Stages are periods in the earth's history that reflect climate history, representing warm and cold stages. The Bayreuth research team assigned fossil finds from across Europe to either a warm or cold stage and used climate models from these periods to reconstruct the realised niche of the straight-tusked elephant. A comparison with modern climate data suggests that straight-tusked elephants would still be able to live in Europe today. The climate in Western and Central Europe would be particularly suitable, except for mountainous regions such as the Alps and the Caucasus.

"In the past, megafauna like the straight-tusked elephant and their regulatory mechanisms -- such as grazing -- were omnipresent. Many European species, particularly plants that thrive in open habitats, likely established in their diversity in Europe because they benefited from these ecological influences. Traditional conservation strategies in Europe primarily aim to protect biodiversity by shielding habitats from human activities. However, this strategy alone is unlikely to restore the lost ecological functions of megafauna," says Franka Gaiser, a doctoral student in the Sport Ecology research team and lead author of the study.

Modern conservation projects actively reintroduce large herbivores to Europe. However, this comes with challenges, as the ecological processes that have shaped modern ecosystems are not yet fully understood. Additionally, today's large herbivores cannot entirely replace the role of extinct megafauna, as both the animals themselves and the landscape structures, as well as species interactions, have changed significantly.
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Family first: Scientists reveal long-tailed tits' remarkable family bonds | ScienceDaily
Forget fleeting friendships -- the social secrets of the long-tailed tit has revealed an extraordinary level of family commitment even during migratory journeys.


						
Scientists at the University of Sheffield have discovered the tiny birds, which are a familiar sight in UK gardens, maintain strong family bonds outside of their local 'kin-neighbourhoods', with those without fledglings often helping to support new parents -- just like human families.

The research, published in the Journal of Animal Ecology, sheds fresh light on the evolution of cooperation, a behaviour where some individuals forgo their own breeding to help raise the young of others -- a complex phenomenon seen across the animal kingdom, from bees to primates. In long-tailed tits, unsuccessful breeders often become crucial helpers for related pairs, mirroring the support systems seen in humans.

Led by a team of researchers at the University of Sheffield's School of Biosciences, the 30-year data synthesis reveals that long-tailed tits migrate in family units, ensuring they arrive at their destination ready to cooperate with their relatives. This is the first time such consistent family cohesion has been documented throughout migration in any cooperative bird species.

Dr Jennifer Morinay, co-lead author of the study and Post-doctoral Research Associate at the University of Sheffield's School of Biosciences, said: "This 30-year study is unique in its depth and has allowed us to understand the evolution of cooperation in a way that would not have been possible otherwise. The discovery of family ties persisting through migration is particularly exciting.

"These tiny birds essentially travel with their support network, ensuring that when they reach their new location, they have their kin ready to assist. It highlights the profound importance of family in their social structure."

The research pinpoints key factors influencing whether a bird becomes a helper. These include their own breeding success (or failure), the strength of their familial connections, and the availability of opportunities to assist within their kin group. External pressures like predator numbers and the length of the breeding season also play a crucial role in shaping cooperative behaviours within the entire population. Importantly, the study found that the benefits of helping diminish the further an individual disperses from its birthplace, underscoring the crucial link between family proximity and cooperation.

Professor Ben Hatchwell, co-lead author of the study and Professor of Evolutionary Ecology at the University of Sheffield's School of Biosciences, said: "The push and pull between cooperation and competition is something we readily recognize in our own lives. This study demonstrates that these same fundamental tensions are at play in the social dynamics of long-tailed tits and likely many other species.

"Our long-term research provides significant insights into the ecological and social conditions that favour cooperative behaviour and the evolutionary forces that sculpt these intricate social interactions."

Next steps for the research is to identify how long-tailed tits recognise their relatives, focusing on the role of calls, smells, and social bonds. They aim to further unravel the intricate mechanisms underlying cooperative breeding in this fascinating species.
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High-wire act: Soft robot can carry cargo up and down steep aerial wires | ScienceDaily
Researchers have created a light-powered soft robot that can carry loads through the air along established tracks, similar to cable cars or aerial trams. The soft robot operates autonomously, can climb slopes at angles of up to 80 degrees, and can carry loads up to 12 times its weight.


						
"We've previously created soft robots that can move quickly through the water and across solid ground, but wanted to explore a design that can carry objects through the air across open space," says Jie Yin, corresponding author of a paper on the work and an associate professor of mechanical and aerospace engineering at North Carolina State University. "The simplest way to do this is to follow established an established track -- similar to the aerial trams you see in the mountains. And we've now demonstrated that this is possible."

The soft robots are made of ribbon-like liquid crystal elastomers that are twisted -- like a rotini noodle -- and then joined together at the end to form a loop that resembles a bracelet. This "soft ring robot" is suspended on a track, which can be a thread, wire, cable or other material. Specifically, the same ring is looped around the track two or three times, which causes the ring to hang at an angle that is parallel to the track.

When exposed to infrared light that is placed perpendicular to the track, the portion of the ribbon absorbing the most light contracts. This induces a rolling motion: the portion of the ribbon exposed to light contracts, pulling the "cooler" part of the ribbon into the light, that portion then heats up as the first section cools, causing the cycle to repeat itself over and over again. And, as the soft ring rolls, twisting on itself, it pulls itself along the track.

"As the ribbon turns, it's like turning a screw, allowing the soft robot to move along the track -- even when carrying cargo up steep angles," Yin says.

The researchers demonstrated that the soft ring robot could navigate tracks as thin as a human hair, or as thick as a drinking straw. The soft ring robot was also able to overcome obstacles on the track, such as knots or bulges. The researchers demonstrated that the robot can also travel up or down a slope, and can carry loads more than 12 times its weight.  


"We also showed that it can follow complex routes -- it doesn't have to be a straight line," says Fangjie Qi, first author of the paper and a Ph.D. student at NC State. "We've demonstrated that it can follow curved lines, circles, three-dimensional spirals, and so on, in a controlled way. We think the adaptability of the robot when it comes to navigating complex patterns in predictable ways holds promise for its utility in practical applications."

"We're now thinking about specific applications for this technology, as well as adapting the soft robots to respond to inputs other than infrared light," says Yin. "For example, developing a soft ring robot that operates in sunlight or in response to other external energy sources."
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Geoengineering technique could cool planet using existing aircraft | ScienceDaily
A technique to cool the planet, in which particles are added to the atmosphere to reflect sunlight, would not require developing special aircraft but could be achieved using existing large planes, according to a new modelling study led by UCL (University College London) researchers.


						
Previously, most research has assumed that the technique, known as stratospheric aerosol injection, would be deployed in the tropics and so would require specially designed aircraft capable of flying at altitudes of 20km or more to inject the particles.

For the new study, published in the journal Earth's Future, scientists ran simulations of different aerosol injection strategies and concluded that adding particles 13km above the polar regions could meaningfully cool the planet, albeit much less effectively than at higher altitudes closer to the equator. Commercial jets such as the Boeing 777F could reach this altitude.

Lead author Alistair Duffey, a PhD student at UCL's Department of Earth Sciences, said: "Solar geoengineering comes with serious risks and much more research is needed to understand its impacts. However, our study suggests that it is easier to cool the planet with this particular intervention than we thought. This has implications for how quickly stratospheric aerosol injection could be started and by who.

"There are downsides to this polar low-altitude strategy. At this lower altitude, stratospheric aerosol injection is about one third as effective. That means that we would need to use three times the amount of aerosol to have the same effect on global temperature, increasing side effects such as acid rain. The strategy would also be less effective at cooling the tropics, where the direct vulnerability to warming is highest.

"However, climate change is a serious problem and it is vital to understand all our options, so that policy-makers have the evidence they need to make informed decisions."

The researchers ran simulations in the UK's Earth System Model 1 (UKESM1), a computer model of the climate, to estimate the impact of stratospheric aerosol injection. By adding sulphur dioxide -- which goes on to form tiny reflective particles -- at different altitudes, latitudes and seasons, they were able to quantify the effectiveness of different deployment strategies.




They said that low-altitude deployment of stratospheric aerosol injection could only work if it was done close to the Earth's polar regions. To be effective, particles need to be created in the stratosphere, a layer of the atmosphere above the top of most clouds, and this layer is closer to the ground nearer to the poles.

In the troposphere -- the lowermost layer of the atmosphere -- any aerosol particles would disappear quickly as they are caught up in clouds and rained out. However, the stratosphere is dry, stable and free of clouds, meaning that added particles would stay up for months or years.

The researchers estimated that injecting 12 million tonnes of sulphur dioxide a year at 13 km in the local spring and summer of each hemisphere would cool the planet by around 0.6degC. This is roughly the same amount added to the atmosphere by the eruption of the Mount Pinatubo volcano in 1991, which also produced an observable dip in global temperatures.

In the simulation, the sulphur dioxide was added at latitudes of 60 degrees north and south of the equator. That is roughly the latitude of Oslo in Norway and Anchorage in Alaska; in the south, that would be below the southernmost tip of South America.

This strategy is not as effective as injecting sulphur dioxide at 20km because the particles do not stay in the stratosphere for as long, i.e., for only a few months at 13km rather than for up to several years at 20km.

However, a low-altitude strategy using existing aircraft could begin sooner than a high-altitude approach, with the researchers noting an earlier study finding that designing and certifying high-flying aircraft might take a decade and cost several billion dollars.




Co-author Wake Smith, a Lecturer at Yale School of the Environment, part of Yale University, said: "Although pre-existing aircraft would still require a substantial modification programme to be able to function as deployment tankers, this route would be much quicker than designing a novel high-flying aircraft."

The strategy is not a quick fix -- any stratospheric aerosol injection would need to be introduced gradually, and reduced gradually, to avoid catastrophic impacts from sudden warming or cooling. Nor would it eliminate the need for emissions reductions.

Co-author Dr Matthew Henry, of the University of Exeter, said: "Stratospheric aerosol injection is certainly not a replacement for greenhouse gas emission reductions as any potential negative side effects increase with the amount of cooling: we can only achieve long-term climate stability with net zero."

The study received funding from the UK's Natural Environment Research Council (NERC).
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Scientists observe how blobs form crystals and discover a new crystal type | ScienceDaily
Crystals -- from sugar and table salt to snowflakes and diamonds -- don't always grow in a straightforward way. New York University researchers have captured this journey from amorphous blob to orderly structures in a new study published in Nature Communications.


						
In exploring how crystals form, the researchers also came across an unusual, rod-shaped crystal that hadn't been identified before, naming it "Zangenite" for the NYU graduate student who discovered it.

Order from chaos

Crystals are solid materials made up of particles that arrange themselves in repeating patterns. This process of self-assembly -- "orchestrating order from chaos," as the researchers describe it -- was once thought to follow a predictable, classic pattern of growth. But instead of always forming building block by building block, scientists are learning that crystals can grow through more complex pathways.

To study the formation of crystals, some researchers use crystals made up of little spheres called colloidal particles, which are tiny but much larger than the atoms that make up other crystals.

"The advantage of studying colloidal particles is that we can observe crystallization processes at a single-particle level, which is very hard to do with atoms because they're too small and fast. With colloids, we can watch crystals form with our microscope," said Stefano Sacanna, professor of chemistry at NYU.

A two-step process

To shed light on how colloidal crystals form, the researchers conducted experiments to carefully observe how charged colloidal particles behave in different growth conditions as they transition from salt water suspensions to fully formed crystals. The team also ran thousands of computer simulations -- led by Glen Hocky, assistant professor of chemistry at NYU -- to model how crystals grow and help explain what they observed in the experiments.




The researchers determined that colloidal crystals form through a two-step process: amorphous blobs of particles first condense before transforming into ordered crystal structures, resulting in a diverse array of crystal types and shapes.

An unexpected find

During these experiments, PhD student Shihao Zang came across a rod-shaped crystal that he couldn't identify. To the naked eye, it looked like a crystal previously discovered in the lab, but upon closer examination, the combination of particles was different and the tips of this crystal contained hollow channels. Zang compared the unknown structure with more than a thousand crystals found in the natural world and still couldn't find a match.

Turning to Hocky's computer modeling, the researchers simulated a crystal that was exactly the same, enabling them to study its elongated, hollow shape in even greater detail.

"This was puzzling because usually crystals are dense, but this one had empty channels that ran the length of the crystal," said Hocky, who is also a faculty member in the Simons Center for Computational Physical Chemistry at NYU.

"Through this synergy of experiments and simulation, we realized that this crystal structure had never been observed before," added Sacanna.




They named the newly discovered crystal L3S4 based on its composition, but began informally calling it "Zangenite" at lab meetings, given that Zang discovered it. The name stuck.

"We study colloidal crystals to mimic the real world of atomic crystals, but we never imagined that we would discover a crystal that we cannot find in the real world," said Zang.

The discovery of Zangenite creates an opportunity to explore uses for hollow, low-density crystals, and may pave the way for finding additional new crystals.

"The channels inside Zangenite are analogous to features in other materials that are useful for filtering or enclosing things inside them," said Hocky.

"Before, we thought it would be rare to observe a new crystal structure, but we may be able to discover additional new structures that haven't yet been characterized," said Sacanna.

More broadly, a deeper understanding of how crystals form holds promise for developing new materials, including photonic bandgap materials that are foundational for lasers, fiber-optic cables, solar panels, and other technologies that transmit or harvest light.

The study's other authors are Sanjib Paul, Cheuk Leung, Michael Chen, and Theodore Hueckel. The research was supported by the US Army Research Office (W911NF-21-1-0011), the Simons Center for Computational Physical Chemistry at NYU (Simons Foundation 839534), and the National Institutes of Health (R35GM138312).
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New look at galactic region surrounding our solar system: Lyman-alpha emissions | ScienceDaily
The NASA New Horizons spacecraft's extensive observations of Lyman-alpha emissions have resulted in the first-ever map from the galaxy at this important ultraviolet wavelength, providing a new look at the galactic region surrounding our solar system. The findings are described in a new study authored by the SwRI-led New Horizons team.


						
"Understanding the Lyman-alpha background helps shed light on nearby galactic structures and processes," said SwRI's Dr. Randy Gladstone, the study's lead investigator and first author of the publication. "This research suggests that hot interstellar gas bubbles like the one our solar system is embedded within may actually be regions of enhanced hydrogen gas emissions at a wavelength called Lyman alpha."

Lyman-alpha is a specific wavelength of ultraviolet light emitted and scattered by hydrogen atoms. It is especially useful to astronomers studying distant stars, galaxies and the interstellar medium, as it can help detect the composition, temperature and movement of these distant objects.

During its initial journey to Pluto, New Horizons collected baseline data about Lyman-alpha emissions using the Alice instrument, an SwRI-developed ultraviolet spectrograph. A spectrograph is a tool astronomers use to split light into its various colors. Alice specializes in the far-ultraviolet wavelength band.

After the spacecraft's primary objectives at Pluto were completed, scientists used Alice to make broader and more frequent surveys of Lyman-alpha emissions as New Horizons traveled farther from the Sun. These surveys included an extensive set of scans in 2023 that mapped roughly 83% of the sky.

To isolate emissions from the galaxy, the New Horizons team modeled scattered solar Lyman-alpha emissions and subtracted them from the spectrograph's data. The results indicate a roughly uniform background Lyman alpha sky brightness 10 times stronger than expected from previous estimates.

"These results point to the emission and scattering of Lyman-alpha photons by hydrogen atoms in the shell of a hot bubble, known to surround our solar system and nearby stars, that was formed by nearby supernova events a few million years ago," Gladstone said.

The study also found no evidence that a hydrogen wall, thought to surround the Sun's heliosphere, substantially contributes to the observed Lyman-alpha signal. Scientists had theorized that a wall of interstellar hydrogen atoms would accumulate as they encountered the edge of our heliosphere, the vast region of space dominated by the solar wind as it interacts with the interstellar medium. However, the New Horizons data saw nothing to indicate the wall is an important source of Lyman-alpha emissions.

"These are really landmark observations, in giving the first clear view of the sky surrounding the solar system at these wavelengths, both revealing new characteristics of that sky and refuting older ideas that the Alice New Horizons data just doesn't support," said co-author and New Horizons Principal Investigator Dr. Alan Stern. "This Lyman-alpha map also provides a solid foundation for future investigations to learn even more."
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New research shatters long-held beliefs about asteroid Vesta | ScienceDaily
For decades, scientists believed Vesta, one of the largest objects in our solar system's asteroid belt, wasn't just an asteroid. They concluded that Vesta has a crust, mantle and core -- fundamental properties of a planet.


						
Astronomers studied it for clues to how early planets grew, and what Earth might have looked like in its infancy.

Now, Michigan State University has contributed to research that flips this notion on its head.

A team led by the NASA Jet Propulsion Lab or JPL published a paper in Nature Astronomy revealing Vesta's interior structure is more uniform than previously thought. These findings startled researchers who, until then, assumed Vesta was a protoplanet that never grew to a full planet.

"The lack of a core was very surprising," said MSU Earth and Environmental Sciences Assistant Professor Seth Jacobson, a co-author on the paper. "It's a really different way of thinking about Vesta."

What is Vesta's true identity? The research team has two hypotheses that need further exploration.

The first possibility is Vesta went through incomplete differentiation, meaning it started the melting process needed to give the asteroid distinct layers, like a core, mantle and crust, but never finished. The second is a theory Jacobson floated at an astronomy conference years ago -- Vesta is a broken chunk off a growing planet in our solar system.




At the conference, Jacobson wanted other researchers to consider the possibility that some meteorites could be debris from collisions that took place during the planet formation era. He included Vesta in his suggestion but hadn't considered it a real possibility.

"This idea went from a somewhat silly suggestion to a hypothesis that we're now taking seriously due to this re-analysis of NASA Dawn mission data," Jacobson said.

More than an asteroid

Most asteroids are made of a very ancient chondritic material, appearing like a cosmic sedimentary gravel. In contrast, Vesta's surface is covered in volcanic basaltic rocks. Those rocks indicated to scientists that Vesta went through a melting process called planetary differentiation, where the metal sinks to the center and forms a core.

NASA launched the Dawn spacecraft in 2007 to study Vesta and Ceres, the two largest objects in the asteroid belt. The goal was to better understand how planets were formed.

Dawn spent months from 2011 to 2012 orbiting Vesta, measuring its gravity field and taking high-resolution images to create a very detailed map of its surface. After performing similar tasks at Ceres, the mission finished in 2018, and scientists published findings from the data.




Jacobson said the more that researchers used the data, the better they got at processing it. They found ways to more accurately calibrate measurements that yield an improved picture of Vesta's makeup. That's why Ryan Park, a JPL senior research scientist and principal engineer, and his team decided to reprocess Vesta's measurements.

"For years, conflicting gravity data from Dawn's observations of Vesta created puzzles," Park said. "After nearly a decade of refining our calibration and processing techniques, we achieved remarkable alignment between Dawn's Deep Space Network radiometric data and onboard imaging data. We were thrilled to confirm the data's strength in revealing Vesta's deep interior. Our findings show Vesta's history is far more complex than previously believed, shaped by unique processes like interrupted planetary differentation and late-stage collisions."

Planetary scientists can estimate the size of a celestial body's core by measuring what's called the moment of inertia. It's a concept from physics that describes how difficult it is to change the rotation of an object around an axis. Jacobson compared this concept to a figure skater spinning on ice. They change their speed by pulling their arms in to speed up and moving them outward to slow down. Their moment of inertia is changed by the changing position of their arms.

Similarly, an object in space with a larger core is like a ballerina with their arms pulled in. Celestial bodies with a dense core move differently than one with no core at all. Armed with this knowledge, the research team measured the rotation and gravity field of Vesta. The results showed Vesta didn't behave like an object with a core, challenging prior ideas about how it formed.

Two hypotheses

Neither hypothesis has been explored enough to rule either out, but both have problems that require more research to explain. While incomplete differentiation is possible, it doesn't line up with the meteorites researchers have collected over time.

"We're really confident these meteorites came from Vesta," Jacobson said. "And these don't show obvious evidence of incomplete differentiation."

The alternative explanation is based on the idea that as the terrestrial planets formed, large collisions occurred, mostly growing the planets but also generating impact debris. The ejected materials from those collisions would include rocks resulting from melting, and, like Vesta, they wouldn't have a core.

Jacobson's lab was already exploring the consequences of giant impacts during the planet formation era. He's working with one of his graduate students, Emily Elizondo, on the idea that some asteroids in the asteroid belt are pieces ejected from the growing planets.

This idea is still far from proven. More models need to be created and fine-tuned to prove that Vesta is an ancient chunk of a forming planet. Scientists can adjust how they study Vesta meteorites to dive deeper into either hypothesis, Jacobson said. They could also do further studies with the new approaches to the Dawn mission data.

This paper is only the beginning of a new direction of study, Jacobson said. It could forever change how scientists look at differentiated worlds.

"No longer is the Vesta meteorite collection a sample of a body in space that failed to make it as a planet," Jacobson said. "These could be pieces of an ancient planet before it grew to full completion. We just don't know which planet that is yet."
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Anatomy of a 'zombie' volcano: Investigating the cause of unrest inside Uturuncu | ScienceDaily
Scientists from China, the UK and the USA have collaborated to analyse the inner workings of Bolivia's "zombie" volcano, Uturuncu. By combining seismology, physics models and analysis of rock composition, researchers identify the causes of Uturuncu's unrest, alleviating fears of an imminent eruption. The findings have been published today (28 April) in the journal PNAS.


						
Deep in the Central Andes lies Uturuncu, Bolivia's "zombie" volcano -so called because despite being technically dead (last erupting 250 thousand years ago), it still shows signs of unrest, including earthquakes and plumes of gases. This unrest manifests itself in a "sombrero" pattern of deformation, with the land in the centre of the volcanic system rising up, and surrounding areas sinking down.

For the local population, it is vitally important to assess the potential start and severity of an eruption from Uturuncu, which could cause widespread damage and threat to life. However, up to now there was no explanation for the continued volcanic unrest. Scientists believed that the key to understanding this was to visualise the way that magma and gases move around underneath the volcano.

This new study, which drew upon expertise from University of Science and Technology of China, the University of Oxford and Cornell University, used signals detected from more than 1,700 earthquake events to perform high-resolution imaging of the plumbing system in the shallow crust beneath Uturuncu. According to the findings, the "zombie"-like unrest of Uturuncu is due to the movement of liquid and gas beneath the crater, with a low likelihood of an imminent eruption.

Volcanic plumbing systems are a complex mixture of fluids and gases in magmatic reservoirs and hydrothermal systems. Previous studies have shown that Uturuncu sits above the world's largest known magma body in the Earth's crust, the Altiplano-Puna Volcanic Complex, and that an active hydrothermal system connects this body and the surface. But it was unknown how fluids may be moving through this underground system.

The research team made use of seismic tomography, a way of imaging the interior of the volcano, similar to methods used in medical imaging of the human body. Seismic waves travel at different speeds through different materials, thereby providing high-resolution insights into the inner workings of Uturuncu in three dimensions. They combined this with analysis of the physical properties of the system, including rock composition, to better understand the subterranean volcanic system. This detailed analysis picked out possible upward migration pathways of geothermally heated fluids and showed how liquids and gases accumulate in reservoirs directly below the volcano's crater. The research team believe that this is the most likely cause for the deformation in the centre of the volcanic system, and that the risk of a real eruption is low.

Co-author Professor Mike Kendall (Department of Earth Sciences, University of Oxford) said: "I am very pleased to be involved in this truly international collaboration. Our results show how linked geophysical and geological methods can be used to better understand volcanoes, and the hazards and potential resources they present."

Co-author Professor Haijiang Zhang (School of Earth and Space Sciences, University of Science and Technology of China) said: "Understanding the anatomy of the Uturuncu volcanic system was only possible thanks to the expertise within the research team. This enabled us to combine various advanced geophysical imaging tools with modelling of the rock properties and their interactions with fluids."

Co-author Professor Matthew Pritchard (Cornell University) added: "The methods in this paper could be applied to the more than 1400 potentially active volcanoes and to the dozens of volcanoes like Uturuncu that aren't considered active but that show signs of life -- other potential zombie volcanoes."

The research team hope that similar studies using the joint analysis of seismological and petrological properties can be used to view the anatomy of other volcanic systems in the future.
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Evolution of pugs and Persians converges on cuteness | ScienceDaily
Through intensive breeding, humans have pushed breeds such as pug dogs and Persian cats to evolve with very similar skulls and "smushed" faces, so they're more similar to each other than they are to most other dogs or cats.


						
For the first time, scientists at Cornell University and Washington University have uncovered examples of how selection pressures from breeding cats and dogs have led to "convergence" -- the tendency of unrelated animals and plants to evolve similar characteristics under similar environmental conditions.

In this case, the researchers found remarkable examples of convergence both within these two domesticated species and also between them. The convergence showed up in breeds with short faces, technically referred to as brachycephalic or "smushed" faces.

As a result of artificial selection from breeding, certain breeds of these two species -- which shared a common ancestor but have been evolutionarily separated for 50 million years -- have converged to such an extreme that they are more similar to each other than they are to most members of their own species or their ancestors. This phenomenon hadn't previously been observed in domesticated species, according to the paper.

When the researchers measured the skulls of brachycephalic dogs and cats, they found strikingly similar overlap between these breeds from two different species.

"Persian cats and pug and Pekingese dogs all have skull shapes that are very similar to each other, with flat and short faces, and their muzzles and palettes are tilted up in the same way," said Abby Drake, senior lecturer at Cornell. Drake is a corresponding author on the paper along with Jonathan Losos, professor of biology at Washington University.

The same pattern of convergence has occurred multiple times within each species. In dogs, it occurred in bulldog breeds, but then separately in Asian dog breeds such as Pekingese and Shih Tzu. In cats, the same traits can be seen in Persian, Himalayan and Burmese breeds.




When convergence occurs through natural selection -- such as in the development of wings in birds, bats and insects -- it is usually a sign of a successful trait. In the case of domesticated species, evolution happens so rapidly, it can offer insight into evolutionary processes, Drake said.

The researchers mapped the skull shapes, compared them and discovered these similarities, even though the ancestors of cats and dogs looked quite different. Dogs descended from wolves, a larger animal with a long muzzle, while cats descended from wildcats, which are smaller animals with a shorter face and a snout.

"They start off in different places," Drake said, "but because humans applied the same selection pressures, they evolved to look almost identical to each other."

Artificial selection from breeding has led to a remarkable diversity of both cats and dogs, though dog diversity is even more extreme. It turns out dogs as a species are more diverse than the entire order of Carnivora.

"We're seeing this very large evolutionary variation within a species that's only been evolving for a relatively very short amount of time," Drake said. "That's a remarkable thing to see in evolution, which takes millions of years, but we did it with dogs by pushing them to the extremes."

In this study, the team similarly found that cats are more diverse as a species than the entire family of Felidae, which has 41 species.

Unfortunately, Drake said, humans have pushed brachycephalic breeds to such extremes that they're susceptible to breathing, eating and birthing issues and wouldn't survive in the wild.

In the study, the researchers collected three-dimensional measurements of skull morphology from CT scans of domestic cats, dogs, wildcats, wolves, species within the Canidae (dog) family and from the Felidae (cat) family, and additional species such as weasels and walruses from the order Carnivora. These were acquired from veterinary institutions, museum collections and MorphoSource, a natural history digital archive.
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Physicists uncover hidden order in the quantum world through deconfined quantum critical points | ScienceDaily
In the intricate world of quantum physics, where particles interact in ways that seem to defy the standard rules of space and time, lies a profound mystery that continues to captivate scientists: the nature of deconfined quantum critical points (DQCPs). These elusive critical phenomena break away from the conventional framework of physics, offering a fascinating glimpse into a realm where quantum matter behaves in ways that challenge our classical understanding of the fundamental forces shaping the universe.


						
A recent study, led by Professor Zi Yang MENG and co-authored by his PhD student Menghan SONG of HKU Department of Physics, in collaboration with researchers from the Chinese University of Hong Kong, Yale University, University of California, Santa Barbara, Ruhr-University Bochum and TU Dresden, has unravelled some of the secrets concealed within the entangled web of quantum systems.

Their findings, recently published in the journal Science Advances, push the boundaries of modern physics and offer a fresh perspective on how quantum matter operates at these enigmatic junctures. The study not only deepens our understanding of quantum mechanics but also paves the way for future discoveries that could revolutionise technology, materials science, and even our understanding of the cosmos.

What are Deconfined Quantum Critical Points?

In everyday life, we are familiar with phase transitions, such as water freezing into ice or boiling into steam. These transitions are well-understood and explained by thermodynamics. However, in the realm of quantum physics, phase transitions can occur at absolute zero temperature (-273.15 degC), driven not by thermal energy but by quantum fluctuations -- tiny, unpredictable movements of particles at the smallest scales. These are known as quantum critical points.

Traditional quantum critical points act as boundaries between two distinct states: a symmetry-broken phase (ordered phase), where particles are neatly arranged, and a disordered phase, where particles are jumbled and chaotic. This kind of transition is well-described by the Landau theory, a framework that has been the foundation of our understanding of phase transitions for decades.

But deconfined quantum critical points (DQCPs) break this mould. Instead of a sharp boundary separating an ordered phase from a disordered phase, DQCPs lie between two different ordered phases, each with its own unique symmetry-breaking pattern, meaning the way particles are arranged or interact in one phase is fundamentally different from the other. This is unusual because, traditionally, phase transitions involve moving from an ordered state to a disorder one, not from one type of order to another. This distinction makes DQCPs fundamentally different and highly intriguing.




Scientists have debated for decades whether DQCPs represent continuous phase transitions (which are smooth and gradual) or first-order transitions (which are sudden and abrupt). Understanding DQCPs could provide new insights into how particles interact and how exotic states of matter emerge.

The Key to the Mystery: Entanglement Entropy

At the heart of this new study lies the concept of entanglement entropy, a measure of how particles in quantum systems are interrelated. It provides a way to quantify the amount of information shared between different parts of a system. Entanglement entropy offers a glimpse into the hidden structure of quantum systems, serving as a fundamental tool for probing quantum matter and understanding the nature of complex interactions that emerge at critical points.

Using advanced quantum Monte Carlo simulations (a computational method for modelling quantum systems) and rigorous theoretical analysis, researchers examine the behaviour of entanglement entropy in square-lattice SU(N) spin models -- a theoretical framework designed to capture the essence of DQCPs.

Their meticulous computations revealed something extraordinary: at small value N (a parameter that determines the symmetry of the system), the behaviour of entanglement entropy deviated from expectations for smooth, continuous phase transitions. Instead, they found that DQCPs exhibit anomalous logarithmic behaviors, defyingthe theoretical constraints typically associated with continuous phase transitions.

The Breakthrough: A Critical Threshold and Conformal Fixed Points

One of the most striking revelations of the study was the identification of a critical threshold value of N. When N exceeds this threshold, DQCPs exhibit behaviours consistent with conformal fixed points -- a mathematical framework that describes smooth, continuous phase transitions. This discovery is significant because it suggests that, under certain conditions, DQCPs can resemble continuous phase transitions. At these critical points, the system aligns with conformal fixed points, revealing a hidden structure in the quantum world where the boundaries between distinct phases dissolve, and matter exists in a state of extraordinary fluidity, defying the usual rules of physics.




Why This Matters

The implications of these findings are profound. DQCPs provide a unique testing ground for exploring the interplay of quantum mechanics, symmetry, and critical phenomena. Understanding their nature could unlock new insights into:
    	Exotic States of Matter: DQCPs are believed to be connected to the emergence of exotic phases, such as quantum spin liquids, which have potential applications in quantum computing and other advanced technologies.
    	Fundamental Physics: By challenging the traditional Landau paradigm, DQCPs force us to rethink the principles that govern phase transitions, potentially leading to new theoretical frameworks.
    	Technological Innovation: Insights gained from studying DQCPs could inform the design of novel materials with unique quantum properties, such as high-temperature superconductors or quantum magnets.

Conclusion The enigmatic world of deconfined quantum critical points stands at the frontier of modern physics, offering a glimpse into the uncharted territory of quantum mechanics. Through their meticulous investigation of entanglement entropy and SU(N) spin models, researchers have made significant strides in unravelling the mysteries of these critical phenomena.

This study was conducted in collaboration with Dr Jiarui ZHAO from the Chinese University of Hong Kong, Professor Meng CHENG from Yale University, Professor Cenke XU from the University of California, Santa Barbara, Professor Michael M. SCHERER from Ruhr-University Bochum, and Professor Lukas JANSSEN from TU Dresden.
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Study on the reproducibility of behavioral experiments with insects now published | ScienceDaily
A recent study provides evidence that some results of behavioural experiments with insects cannot be fully reproduced. So far, possible reproducibility problems have been little discussed in this context.


						
If an experiment is repeated under similar conditions, the results should be the same. In reality, the situation is often different -- scientists speak of a "reproducibility crisis," which affects different disciplines. A recent study by an eleven-member research team from the Universities of Munster, Bielefeld and Jena (Germany) has provided evidence that some results of behavioural experiments with insects cannot be fully reproduced. Nevertheless, at least half of the findings in the various experiments could successfully be reproduced. Depending on the different definitions and methods used to determine reproducibility, the non-reproducible results ranged from 17 to 42 per cent.

Reproducibility is studied intensively in biomedical research and in behavioural research on mammals. However, there are no comparable systematic studies on insects. The team led by behavioural biologist Prof Helene Richter from the University of Munster has now used a multi-laboratory approach to test the reproducibility of ecological insect studies. They conducted three different behavioural experiments. For each experiment, the researchers used a different insect species (turnip sawfly, meadow grasshopper and red flour beetle). They carried out all three studies in laboratories in Munster, Bielefeld and Jena and compared the results. The experiments examined the effects of starvation on behaviour in larvae of the turnip sawfly, the relationship between body colour and preferred substrate colour in grasshoppers and the choice of habitat in red flour beetles.

To the research team's knowledge, the study is the first to systematically demonstrate that behavioural studies on insects can also be affected by poor reproducibility. This was particularly surprising as insect studies generally used comparatively large sample sizes and could therefore provide more robust results. However, reproducibility was higher compared to other systematic replication studies that were not carried out on insects. This suggested that reproducibility problems are less severe in insect studies than in other areas of science.

The results are of particular interest to scientists in behavioural biology and ecology, but also for all other disciplines in which behavioural experiments are carried out with animals. The deliberate introduction of systematic variations could improve reproducibility in studies with living organisms, the research team concludes.
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Astronomers find Earth-like exoplanets common across the cosmos | ScienceDaily
Using the Korea Microlensing Telescope Network (KMTNet), an international team of researchers has discovered that super-Earth exoplanets are more common across the universe than previously thought, according to a new study.


						
By studying light anomalies made by the newly found planet's host star and combining their results with a larger sample from a KMTNet microlensing survey, the team found that super-Earths can exist as far from their host star as our gas giants are from the sun, said Andrew Gould, co-author of the study and professor emeritus of astronomy at The Ohio State University.

"Scientists knew there were more small planets than big planets, but in this study, we were able to show that within this overall pattern, there are excesses and deficits," he said. "It's very interesting."

While it can be relatively easy to locate worlds that orbit close to their star, planets with wider paths can be difficult to detect. Still, researchers further estimated that for every three stars, there should be at least one super-Earth present with a Jupiter-like orbital period, suggesting these massive worlds are extremely prevalent across the universe, said Gould, whose early theoretical research helped develop the field of planetary microlensing.

The findings in this study were made via microlensing, an observational effect that occurs when the presence of mass warps the fabric of space-time to a detectable degree. When a foreground object, such as a star or planet, passes between an observer and a more distant star, light is curved from the source, causing an apparent increase in the object's brightness that can last anywhere from a few hours to several months.

Astronomers can use these fluctuations, or bumps, in brightness to help locate alien worlds unlike our own. In this case, microlensing signals were used to locate OGLE-2016-BLG-0007, a super-Earth with a mass ratio roughly double that of Earth's and an orbit wider than Saturn's.

These observations allowed the team to divide exoplanets into two groups, one that consists of super-Earths and Neptune-like planets and the other comprising gas giants like Jupiter or Saturn. This discovery opens new doors for planetary system science: Having a better understanding of exoplanet distribution can reveal new insights about the processes by which they form and evolve.




The study, led by researchers in China, Korea and at Harvard University and the Smithsonian Institution in the United States, was recently published in the journal Science.

To explain their results, researchers also compared their findings to predictions made from theoretical simulations of planet formation. Their results showed that while exoplanets can be separated into groups by mass and makeup, the mechanisms that may produce them can vary.

"The dominant theory of gas-giant formation is through runaway gas accretion, but other people have said that it could be both accretion and gravitational instability," said Gould. "We're saying we can't distinguish between those two yet."

Doing so will likely require greater swaths of long-term data from specialized systems such as KMTNet and other microlensing instruments like it, said Richard Pogge, another co-author of the study and a professor of astronomy at Ohio State.

"Finding a microlensing star event is hard. Finding a microlensing star with a planet is hard-squared," he said. "We have to look at hundreds of millions of stars to find even a hundred of these things."

These alignments are so rare that only 237 out of the more than 5,000 exoplanets ever discovered have been identified using the microlensing method. Now, with the help of three powerful custom-built telescopes located in South Africa, Chile and Australia, the KMTNet system routinely allows scientists to scour the cosmos for these amazing events, said Pogge.

Most notably, it was scientists in Ohio State's Imaging Sciences Laboratory who designed and built the Korean Microlensing Telescope Network Cameras (KMTCam) that the system relies on to identify exoplanets. And as technology continues to evolve, having dedicated, global collaborations like this one will turn visions of scientific theory into real discoveries, said Pogge.

"We're like paleontologists reconstructing not only the history of the universe we live in but the processes that govern it," he said. "So helping to bring both of those pieces together into one picture has been enormously satisfying."

Other members of Ohio State's ISL team include Bruce Atwood, Tom O'Brien, Mark Johnson, Mark Derwent, Chris Colarosa, Jerry Mason, Daniel Pappalardo and Skip Shaller. This work was supported by the National Science Foundation, Tsinghua University, the National Natural Science Foundation of China, the Harvard-Smithsonian Center for Astrophysics, the China Manned Space Project, Polish National Agency for Academic Exchange and the National Research Foundation of Korea.
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Nanophotonic platform boosts efficiency of nonlinear-optical quantum teleportation | ScienceDaily
Researchers have long recognized that quantum communication systems would transmit quantum information more faithfully and be impervious to certain forms of error if nonlinear optical processes were used. However, past efforts at incorporating such processes could not operate with the extremely low light levels required for quantum communication.


						
Now, a team at the University of Illinois Urbana-Champaign has improved the technology by basing the nonlinear process on an indium-gallium-phosphide nanophotonic platform. The result is substantially more efficient than prior systems, meaning that it requires much less light and operates all the way down to single photons, the smallest unit of light. For the first time, there is a path forward to making quantum communication systems with nonlinear optics feasible.

"Our nonlinear system transmits quantum information with 94% fidelity, compared to the theoretical limit of 33% on systems using linear optical components," said Kejie Fang, an Illinois professor of electrical and computer engineering and the project lead. "This alone demonstrates the power of quantum communication with nonlinear optics. The big problem to solve is efficiency. By using a nanophotonic platform, we saw the efficiency increase by enough to show that the technology is promising."

This research was recently published in the journal Physical Review Letters.

Transmission of quantum information over networks is facilitated by the quantum teleportation protocol. In it, the phenomenon of quantum entanglement -- in which two quantum objects, typically single photons, influence each other even when there is no apparent physical connection between them -- is exploited to transfer quantum information between a sender and a receiver without transmitting it through a communication channel. The advantage of this procedure is that the influences of external noise and channel imperfections are greatly mitigated.

There are two factors which limit the performance of quantum teleportation. First, the use of standard, linear optical components introduces inherent ambiguities in the transmission. Second, the entangled photons are made with an imperfect process subject to errors and excess noise. In particular, it is common for entanglement sources to produce more than a single pair of photons at once, making it unclear whether the two used in teleportation are truly entangled.

"Multiphoton noise occurs in all realistic entanglement sources, and it's a serious problem for quantum networks," said Elizabeth Goldschmidt, an Illinois professor of physics and a co-author of the study. "The appeal of nonlinear optics is that it can mitigate the effect of multiphoton noise by virtue of the underlying physics, making it possible to work with imperfect entanglement sources."

Nonlinear optical components cause photons of different frequencies to combine and create new photons at new frequencies. For quantum teleportation, the nonlinear process used is "sum frequency generation" (SFG), in which the frequencies of two photons add to form a new photon. However, the original two photons must have specific starting frequencies for the process to occur.




When SFG is used in quantum teleportation, the protocol does not proceed if two photons of the same frequency are detected. This filters out the primary type of noise in most entangled photon sources and allows for much higher teleportation fidelities than would be possible otherwise. The main drawback is that an SFG conversion occurs with very low probability, making the teleportation process highly inefficient.

"Researchers have known about this for a long time, but it was not fully explored due to the low probability of successful SFG," Fang said. "In the past, the best that was achieved is 1 in 100 million. Our achievement is realizing a factor of 10,000 increase conversion efficiency to 1 in 10,000 with a nanophotonic platform."

The researchers are optimistic that, with further development, quantum teleportation with nonlinear optical components can be made even more efficient. They believe that it will find use in other quantum communications protocols, including entanglement swapping.
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