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        Microalgae biofuel yields boosted with nanotechnology
        As global energy use continues to rise, the demand for renewable energy sources such as biofuels is also growing--especially in the transportation sector. Now, researchers at The University of Texas at El Paso have demonstrated how nanotechnology can significantly improve biofuel production from microalgae, offering a sustainable path forward.
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Microalgae biofuel yields boosted with nanotechnology

										

    
        
            [image: UTEP researchers boost microalgae biofuel yields with nanotechnology]
             
                Researchers at The University of Texas at El Paso have shown how nanotechnology can significantly enhance biofuel production from microalgae. The team, led by Hamidreza Sharifan, Ph.D., assistant professor in the Department of Chemistry and Biochemistry (left), includes Luis Salmeron Covarrubias, a senior environmental science major (center), and Kavitha Beluri, a doctoral student in environmental science and engineering. Credit: The University of Texas at El Paso.
            
        

    


As global energy use continues to rise, the demand for renewable energy sources such as biofuels is also growing--especially in the transportation sector. Now, researchers at The University of Texas at El Paso have demonstrated how nanotechnology can significantly improve biofuel production from microalgae, offering a sustainable path forward.



										      
																																	The study, recently published in ACS Applied Bio Materials, focuses on the microalga Chlorella vulgaris, a fast-growing species commonly found in freshwater environments that is used to produce biofuels. Led by Hamidreza Sharifan, Ph.D., assistant professor in UTEP's Department of Chemistry and Biochemistry, the team showed that controlled doses of zinc oxide (ZnO) nanoparticles can dramatically increase the organism's lipid content, including the triacylglycerol used to produce biofuels.

Under normal growth conditions, the research team observed C. vulgaris cells contained about 14% lipids. But when exposed to moderate concentrations (30-50 mg/L) of synthesized ZnO nanoparticles, the cells increased their lipid content to as much as 48% of their mass--more than triple the baseline--without significant harm to the cells.

"Sometimes when people are stressed, they gain weight or, in other words, accumulate more lipids," Sharifan said. "We found that a similar thing happens to the cells of the microalgae when we induce stress, in our case, by exposing them to zinc oxide nanoparticles, due to the effect of reactive oxygen species."
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                Abstract Credit: ACS Applied Bio Materials (2025). DOI: 10.1021/acsabm.5c00300
            
        

    



The team also observed that higher concentrations of ZnO (above 50 mg/L) caused oxidative damage to the cells, reducing their biofuel potential--highlighting the importance of threshold levels.


																																						
    
     




																																			In addition to these findings, the researchers developed the Biofuel Suitability Score (BSS)--a new, scalable framework that evaluates and optimizes biofuel production conditions. Sharifan explained that the BSS integrates multiple factors, providing actionable insights to guide future strategies in sustainable energy production.

"This research exemplifies the innovative work our scientists are doing to address global energy challenges," said Robert Kirken, Ph.D., dean of UTEP's College of Science. "The team's work significantly advances our understanding of sustainable bioenergy solutions, setting the stage for impactful environmental applications."

The research team will now continue to refine their process in hopes of demonstrating its viability at large scale, also possibly using other species of microalgae that can thrive in environments such as wastewater and saltwater.


																																	
																														
																				
																						More information:
												Luis Pablo Salmeron Covarrubias et al, Advanced Nanoenabled Microalgae Systems: Integrating Oxidative Stress-Induced Metabolic Reprogramming and Enhanced Lipid Biosynthesis for Next-Generation Biofuel Production, ACS Applied Bio Materials (2025). DOI: 10.1021/acsabm.5c00300
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        Supercomputer simulation clarifies how turbulent boundary layers evolve at moderate Reynolds numbers
        Scientists at the University of Stuttgart's Institute of Aerodynamics and Gas Dynamics (IAG) have produced a novel dataset that will improve the development of turbulence models. With the help of the Hawk supercomputer at the High-Performance Computing Center Stuttgart (HLRS), investigators in the laboratory of Dr. Christoph Wenzel conducted a large-scale direct numerical simulation of a spatially evolving turbulent boundary layer.

      

      
        New microscopy method reveals detailed images of complex biological tissues
        Until today, skin, brain, and all tissues of the human body were difficult to observe in detail with an optical microscope, since the contrast in the image was hindered by the high density of their structures. The research group of the Molecular Microscopy and Spectroscopy Lab at the Istituto Italiano di Tecnologia (IIT-Italian Institute of Technology) in Genoa has devised a new method that allows scientists to see and photograph biological samples in all their complexity, obtaining clear and det...

      

      
        Physicists use terahertz light to manipulate electronic properties in 2D materials
        Physicists at Bielefeld University and the Leibniz Institute for Solid State and Materials Research Dresden (IFW Dresden) have developed a method to control atomically thin semiconductors using ultrashort light pulses. The study, published in Nature Communications, could pave the way for components that are controlled at unprecedented speeds directly by light--ushering in a new generation of optoelectronic devices.

      

      
        Spin waves observed directly at nanoscale for first time
        For the first time, spin waves, also known as magnons, have been directly observed at the nanoscale. This breakthrough was made possible by combining a high-energy-resolution electron microscope with a theoretical method developed at Uppsala University. The results open exciting new opportunities for studying and controlling magnetism at the nanoscale.

      

      
        New method simplifies analysis of complex quantum systems with strong interactions
        A research team led by TU Darmstadt has transformed a difficult problem in quantum physics into a much simpler version through innovative reformulation--without losing any important information. The scientists have thus developed a new method for better understanding and predicting difficult quantum mechanical systems. The study is published in Physical Review Letters.

      

      
        Theory-guided strategy expands the scope of measurable quantum interactions
        A new theory-guided framework could help scientists probe the properties of new semiconductors for next-generation microelectronic devices, or discover materials that boost the performance of quantum computers.

      

      
        New scheme mitigates self-discharging in quantum batteries
        Quantum batteries (QBs) are energy storage devices that could serve as an alternative to classical batteries, potentially charging faster and enabling the extraction of more energy. In contrast with existing batteries, these batteries leverage effects rooted in quantum mechanics, such as entanglement and superposition.
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                After a certain point in the development of a turbulent flow--for example, as air moves over a wing in flight--the outer region of the turbulent boundary layer (where blue dominates) maintains a persistent, self-similar physical structure. Credit: IAG, University of Stuttgart
            
        

    


Scientists at the University of Stuttgart's Institute of Aerodynamics and Gas Dynamics (IAG) have produced a novel dataset that will improve the development of turbulence models. With the help of the Hawk supercomputer at the High-Performance Computing Center Stuttgart (HLRS), investigators in the laboratory of Dr. Christoph Wenzel conducted a large-scale direct numerical simulation of a spatially evolving turbulent boundary layer.



										      
																																	Using more than 100 million CPU hours on Hawk, the simulation is unique in that it captures the onset of a canonical, fully-developed turbulent state in a single computational domain. The study also identified with unprecedented clarity an inflection point at which the outer region of the turbulent boundary layer begins to maintain a self-similar structure as it moves toward high Reynolds numbers. The results appear in a new paper published in the Journal of Fluid Mechanics.

"Our team's goal is to understand unexplored parameter regimes in turbulent boundary layers," said Jason Appelbaum, a Ph.D. candidate in the Wenzel Lab and leader of this research. "By running a large-scale simulation that fully resolves the entire development of turbulence from an early to an evolved state, we have generated the first reliable, full-resolution dataset for investigating how high-Reynolds-number effects emerge."

Why it's difficult to study moderate Reynolds numbers

During flight, turbulence causes very high shear stress on the surface of an aircraft. The resulting drag can reduce flight performance and fuel efficiency. To predict this effect, aerospace engineers rely on computational models of the turbulent boundary layer, the millimeters-thin region where the surface of the aircraft interacts with free-flowing air.

For industrial applications, turbulence models do not need to replicate physics down to the finest details; they must only be accurate enough for practical use and be capable of running smoothly on modest computing resources.


																																						
    
     




																																			Before engineers can use such simplified models, however, scientific research using high-performance computing systems is necessary to provide the data on which they are based. This is why the Wenzel Lab has long used HLRS's supercomputers to run NS3D, direct numerical simulation software it created to investigate fundamental physical properties of turbulent boundary layers at extremely high resolution.

Scientists in the field of computational fluid dynamics (CFD) use a figure called the Reynolds number to characterize the developmental state of a turbulent boundary layer. The Reynolds number is the ratio of inertial forces to viscous forces in a fluid flow, which governs the local range of turbulent eddy sizes.

At low Reynolds numbers, which occur early in the motion of a surface through air, nonlinear convective instabilities responsible for turbulence are quickly damped by viscous action at small scales. With increasing Reynolds number, the turbulent boundary layer becomes thicker. Large, coherent structures emerge, creating a more complex turbulent system that is not simply an extrapolation of trends at low Reynolds numbers, but has its own distinct properties.



    
        
            [image: Large-scale simulation reveals novel insights about turbulence]
             
                The top of this figure represents the IAG team's large-scale simulation, which captured the complete development of a turbulent boundary layer from low to high Reynolds numbers. As a flow moves across a surface, the outer region of the turbulent boundary layer becomes thicker. Beyond a certain point, it retains similar physical properties. Credit: IAG, University of Stuttgart
            
        

    



In the past, CFD simulations have generated rich datasets for understanding turbulence at low Reynolds numbers. This is because the computational domain size and the necessary number of simulation time steps involved at this stage are still relatively small. By today's standards, this means that the simulations are not prohibitively expensive.

Laboratory experiments also provide invaluable data for turbulence research. For quantities relevant to the present study, however, they have only focused on the high Reynolds number regime due to physical limitations. Sensors can only be machined so small, and some fundamental physical quantities, such as shear stress, are notoriously difficult to measure in the lab with high accuracy.

As a result, scientists have accumulated a wealth of simulation data for low Reynolds numbers and reliable experimental data for high Reynolds numbers. What has been missing, however, is a clear picture of what happens in between, as both simulation and experimental methods are of limited use. Appelbaum and his collaborators in the Wenzel Lab set out to attack this problem directly.
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																																			A sharp turn

Using HLRS's Hawk supercomputer, Appelbaum ran a series of simulations that, when the results were stitched together, replicate the entire evolution of a turbulent boundary layer from low to high Reynolds numbers. Although the "real-life" situation the simulation represented might seem vanishingly small--traveling at Mach 2 for approximately 20 milliseconds--the campaign required large-scale computing power.

The team used 1,024 computing nodes (more than 130,000 cores) on Hawk--one-fourth of the entire machine--for hundreds of short runs, each of which lasted 4 to 5 hours. In total, the simulation required more than 30 days of computer runtime.

"Most research groups would not take the risk of spending so much computational time on a problem like this, and might instead look at other interesting research problems that aren't as expensive," Appelbaum said. "We're the weird ones who put all of our eggs in this one basket to investigate a long-standing gap in the research."

The investment paid off. In their large-scale simulation the investigators focused on (among other factors) the skin friction coefficient, a value that represents the proportion between shear stress at a solid surface in a moving fluid in comparison to free momentum of the flow. It is a key parameter describing the shape of the mean velocity profile and is fundamental in determining the viscous drag.

Appelbaum used the results of the simulation to show how the previously separate datasets for low and high Reynolds numbers blend together. Whereas past research could only estimate through interpolation how the datasets might intersect, the IAG team's results reveal a sharp turn.
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                While past research produced data reflecting the skin fraction coefficient (cf) at low and high Reynolds numbers, a large-scale simulation on HLRS's Hawk supercomputer for the first time revealed a specific period at moderate Reynolds numbers at which a fundamental change occurs. Credit: IAG, University of Stuttgart
            
        

    



Notably, they identified a change in skin friction scaling that is linked to the establishment of a fully-developed state in the outer 90% of the boundary layer. This self-similar state is a milestone in the turbulent boundary layer's development, signaling that scaling behavior continues in a predictable way as it evolves to industrially relevant Reynolds numbers.


																																						
    
     




																																			"To understand self-similarity, it helps to think about the aspect ratio of a photograph," Appelbaum explained. "If I have a rectangular picture where the lengths of the sides have a ratio of 1:2, it doesn't matter whether the picture is the size of my hand or if I scale it to the size of a bus. The relationships among the elements in the photo remain self-similar, regardless how large it is. Our work confirms that the outer region of the turbulent boundary layer takes on the same kind of self-similarity once the system reaches a specific Reynolds number.

"Importantly, this state is coupled with the change in scaling behavior of the skin friction coefficient, which experiments have shown to remain in effect until very high Reynolds numbers seen in aerospace applications. This allows us to get an early, but realistic glimpse of the turbulent behavior in this ultimate regime of turbulence."

Increased performance offers new opportunities for research and engineering

This new dataset offers a unique resource that will better enable researchers in the computational fluid dynamics community to investigate turbulent boundary layers at moderate Reynolds numbers. For the Wenzel Lab, the next step will be to dive deeper into the physics behind the inflection point they identified. Appelbaum says that the team already has some ideas about this and plans to publish a follow-up paper soon.

In other ongoing work in the Wenzel Lab, the scientists have been busy porting the NS3D code to GPUs on HLRS's newest supercomputer, Hunter. With the help of user support staff at HLRS and computing processor manufacturer AMD, they have already verified that the code remains physically accurate and performant using the new, GPU-accelerated system. In the coming months, they will be optimizing NS3D to ensure that it takes full advantage of the increased performance that Hunter offers.


																																			"We anticipate being able to simulate larger domains at even higher turbulent states," Appelbaum said. "More computing performance will also make it more feasible to do studies in which we might run several simulations to investigate the scaling behavior of two or more parameters simultaneously."

In work that points toward this future, Tobias Gibis, a member of the Wenzel Lab and co-author of the present work, recently defended his thesis, in which he unified the scaling behavior of heat transfer and pressure gradients in turbulent boundary layers.

Appelbaum added, "Building on Christoph and Tobias's transformative work on the influence of heat transfer and pressure gradients to include Reynolds number effects would undoubtedly have very high scientific value. The support and resources from HLRS are the bedrock for this type of heavy computational work."

In the meantime, the team's dataset at moderate Reynolds numbers will contribute to a pool of wall-bounded turbulent flow data and could aid in the development of more comprehensive, more accurate turbulence models. This will give engineers new capabilities for optimizing aircraft designs for a wider range of operating conditions, and for improving other kinds of machines like fans or automobiles whose efficiency relies on managing effects in turbulent boundary layers.


																																	
																														
																				
																						More information:
												Jason Appelbaum et al, The onset of outer-layer self-similarity in turbulent boundary layers, Journal of Fluid Mechanics (2025). DOI: 10.1017/jfm.2025.10363
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New microscopy method reveals detailed images of complex biological tissues

										

    
        
            [image: A new microscopy technique to capture the complexity of biological tissues]
             
                Researchers at IIT identified a new optical microscopy method capable of addressing a very specific issue in the field: obtaining extremely sharp and detailed images of thick and complex biological samples, such as HeLa cancer cells (in the picture). Credit: IIT-Istituto Italiano di Tecnologia
            
        

    


Until today, skin, brain, and all tissues of the human body were difficult to observe in detail with an optical microscope, since the contrast in the image was hindered by the high density of their structures. The research group of the Molecular Microscopy and Spectroscopy Lab at the Istituto Italiano di Tecnologia (IIT-Italian Institute of Technology) in Genoa has devised a new method that allows scientists to see and photograph biological samples in all their complexity, obtaining clear and detailed images. The new technique has been made available to the scientific community in "open science" mode, representing an advantage in the biomedical field, since it allows us to observe active cells, even in the presence of diseases, as well as to understand how drugs interact with living tissues.



										      
																																	The work was published recently in the journal Nature Photonics and is part of the research conducted by the group of Giuseppe Vicidomini, Principal Investigator of the Molecular Microscopy and Spectroscopy Lab, within the Brighteyes project.

The objective of the project was the use of new single-photon sensors to develop new optical microscopy techniques capable of observing biomolecular processes inside a living cellular system, such as organoids, in order to study their behavior and understand the causes of certain pathologies and the process of human aging. The project also led to several innovations that have already reached the market, thanks to international industrial collaborations and the creation of the start-up Genoa Instruments.

This latest study introduced a new optical microscopy method capable of addressing a very specific issue in the field: obtaining extremely sharp and detailed images of thick and complex biological samples.

"What we did was rethink the way microscopes measure the light that hits the samples under observation, improving both the spatial resolution and the contrast when studying thick tissues, where background light would normally overpower their structure, creating noise in the images," explains Vicidomini, coordinator of the study.



    
    
    
        
        
    
            
            Time lapse of live mitochondria in a HeLa cell. Comparison of confocal and s2ISM imaging. Credit: Nature Photonics (2025). DOI: 10.1038/s41566-025-01695-0
  

The research group created an instrument that acts like a light scalpel, penetrating deeply and observing the sample without damaging it. A small array of sensors captures both the light at the point where it hits and the variations with which the light spreads in the sample. Once this information is recorded, a reconstruction algorithm processes it, identifying the path of the light through the sample and producing sharper and better-sectioned images, without losing signal quality.


																																						
    
     




																																			"The optical microscope used is equipped with an array of SPAD detectors (single-photon avalanche diode), capable of detecting the arrival of individual photons with very high spatial and temporal precision," explains Alessandro Zunino, first author of the study and post-doc researcher at the Molecular Microscopy and Spectroscopy Lab at IIT in Genoa.

"This characteristic not only improves the resolution and optical sectioning, but also enables advanced techniques such as fluorescence lifetime, which are fundamental to explore molecular dynamics in living tissues and to provide functional as well as structural information."
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                Researchers at IIT identified a new optical microscopy method capable of addressing a very specific issue in the field: obtaining extremely sharp and detailed images of thick and complex biological samples, such as Rhizome of Convallaria Majalis (in the picture). Credit: IIT-Istituto Italiano di Tecnologia
            
        

    



Given its relevance in the field of optical microscopy and in life sciences, the obtained result has been made accessible to the entire international community following the principles of open science. The new method is open-source and open-access.

Any laboratory can adopt, modify, and apply it to their work at no cost and without the need for complex equipment. The authors have freely released the software and data, paving the way for rapid dissemination and further innovation within the scientific community.

Potential applications are numerous: from studying brain tissue, tumors, organoids, and other complex biological systems, to direct observation of cellular life to understand disease progression. In the pharmaceutical field, the technique could be used to visualize in real time how drugs interact with living biological tissues, speeding up and enhancing the accuracy of the discovery of new treatments and therapies.


																																	
																														
																				
																						More information:
												Alessandro Zunino et al, Structured detection for simultaneous super-resolution and optical sectioning in laser scanning microscopy, Nature Photonics (2025). DOI: 10.1038/s41566-025-01695-0
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            [image: Terahertz light controls atomically thin semiconductors]
             
                The new method makes it possible to directly control ultrathin semiconductors using pulses of terahertz light. Credit: Bielefeld University
            
        

    


Physicists at Bielefeld University and the Leibniz Institute for Solid State and Materials Research Dresden (IFW Dresden) have developed a method to control atomically thin semiconductors using ultrashort light pulses. The study, published in Nature Communications, could pave the way for components that are controlled at unprecedented speeds directly by light--ushering in a new generation of optoelectronic devices.



										      
																																	The researchers employ specially designed nanoscale antennas to convert terahertz light into vertical electric fields in atomically-thin semiconductors, such as molybdenum disulfide (MoS2). Terahertz radiation lies in the electromagnetic spectrum between infrared and microwaves. Due to the newly designed antennas, these electric fields reach several megavolts per centimeter strength.

"Traditionally, such vertical electric fields, used, for example, to switch transistors and other electronic devices, are applied using electronic gating, but this method is fundamentally limited to relatively slow response times," explains the project leader, physics professor Dr. Dmitry Turchinovich from Bielefeld University. "Our approach uses the terahertz light itself to generate the control signal within the semiconductor material--allowing an industry-compatible, light-driven, ultrafast optoelectronic technology that was not possible until now."

Ultrafast material control

The technique allows real-time control of the electronic structure on timescales of less than a picosecond--that is, one trillionth of a second. The scientists were able to experimentally demonstrate that the optical and electronic properties of the material could be selectively altered using light pulses.

The fundamental concept, along with the experimental implementation and theoretical modeling, was developed at Bielefeld University. Dr. Tomoki Hiraoka, lead author of the study and a Marie Sklodowska Curie Fellow in Professor Turchinovich's group at the time, played a key role in the project. "Seeing such a strong and coherent effect induced purely by terahertz light pulses was very rewarding," says Hiraoka.

The complex 3D-2D nanoantennas necessary to produce this effect were fabricated at IFW Dresden by a team led by Dr. Andy Thomas. "It took us a lot of work to develop the optimal devices--we had to fabricate and test many different structures before achieving the desired performance," says Thomas.

Applications in future technologies

This development could lead to ultrafast signal control devices, electronic switches, and sensors. Such components are used in data transmission, cameras, and laser systems. Potential application areas include communication systems, computing, imaging, and quantum technologies.


																																	
																														
																				
																						More information:
												Tomoki Hiraoka et al, Terahertz field effect in a two-dimensional semiconductor, Nature Communications (2025). DOI: 10.1038/s41467-025-60588-6
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Spin waves observed directly at nanoscale for first time

										

    
        
            [image: Seeing spins dance at the nanoscale]
             
                Artistic depiction of a spin wave. Credit: Demie Kepaptsoglou.
            
        

    


For the first time, spin waves, also known as magnons, have been directly observed at the nanoscale. This breakthrough was made possible by combining a high-energy-resolution electron microscope with a theoretical method developed at Uppsala University. The results open exciting new opportunities for studying and controlling magnetism at the nanoscale.



										      
																																	"We could suddenly see all the magnons and every step of their dance at the nanoscale. Until now, only surface magnons had been glimpsed at this resolution. It was like getting front-row seats to a performance no one had ever seen in full," says Jose Angel Castellanos-Reyes, co-first author of the study and researcher at Uppsala University.

The magnetism of materials such as iron and nickel is a consequence of "tiny magnets" attached to their atoms, so-called atomic spins. In these magnetic materials, the spins in different atoms dance together in a synchronized motion called spin waves or magnons.

Magnons play a key role in the rapidly growing research field of magnonics, where the spin waves are used to carry information instead of electric charges. Magnonics has the potential to drive the next generation of electronics, offering faster, smaller, and more energy-efficient technology compared to today's charge-based systems.

Despite their importance, magnons have been nearly impossible to observe at the nanoscale with existing technologies. A big challenge in magnonics is understanding how magnons behave and how their properties may be modified at the nanoscale. For example, until now it has not been possible to assess the effect of impurities, such as a vacancy where an atom is missing in a material, on the performance of magnonic devices.


																																						
    
     




																																			But now, in a study published in Nature, researchers from Uppsala University and international collaborators have taken a big step forward by introducing a new method to visualize and analyze magnons at the nanoscale. This was possible thanks to the combination of experiments performed at SuperSTEM laboratory in the UK and two theoretical and computational methods developed at Uppsala University, TACAW and UppASD.
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                Experimental geometry of momentum-resolved EELS. Credit: Nature (2025). DOI: 10.1038/s41586-025-09318-y
            
        

    



In the experiments, the researchers used a scanning transmission electron microscope (STEM) with extremely high energy resolution, around 7 meV, available in only a few instruments worldwide. They measured energy losses in the electron beam as it passed through the sample, revealing subtle traces of magnons.

One of the methods used in the study is the Time Autocorrelation of Auxiliary Wavefunctions (TACAW), a theory for high-energy-resolution electron microscopy. TACAW was created and developed at Uppsala University by Castellanos-Reyes together with Paul Zeiger and Jan Rusz, and allowed the researchers to simulate how magnons interact with fast-moving electrons. Their calculations helped to identify the faint magnon signals in the experiment.
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																																			"We predicted to find a magnon signal at an energy of around 100 meV in the nickel oxide nanocrystal, and the experiment confirmed it," says Rusz, professor at the Department of Physics and Astronomy, Uppsala University.

The other crucial method is UppASD, an open-source software for atomistic spin dynamics, developed and maintained at Uppsala University. It was decisive to simulate the magnons of nickel oxide, the model system used in the experiments.

"UppASD is an established method for simulating magnons that can be detected with other experimental techniques. Thus, we are very pleased to see that it also played a key role in this new type of experiment," says Associate Professor Anders Bergman and developer of UppASD.

The study shows that it is now possible to see how magnons behave at the nanoscale and could change how we understand magnetic materials.

"This is a milestone in magnonics and microscopy. It opens exciting opportunities for the development of spin-based electronic devices," says Castellanos-Reyes.


																																	
																														
																				
																						More information:
												Demie Kepaptsoglou et al, Magnon spectroscopy in the electron microscope, Nature (2025). DOI: 10.1038/s41586-025-09318-y
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New method simplifies analysis of complex quantum systems with strong interactions
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                Energy of the effective fermion-dimer system on a ring. Credit: Physical Review Letters (2025). DOI: 10.1103/8mnc-x42q
            
        

    


A research team led by TU Darmstadt has transformed a difficult problem in quantum physics into a much simpler version through innovative reformulation--without losing any important information. The scientists have thus developed a new method for better understanding and predicting difficult quantum mechanical systems. The study is published in Physical Review Letters.



										      
																																	This problem has long preoccupied quantum physics: How can systems consisting of many atoms, between which strong attractive forces act, be described mathematically? Already for about 10 particles, such systems are at the limits of current numerical methods.

It becomes particularly complicated when the atoms are exposed to an external force. However, this is the case in many experiments with cold atoms due to the way in which motion is restricted to one dimension, for example. Such systems of strongly interacting particles in one dimension were proposed in the 1960s and have since served as a reference problem in theoretical physics. So far, they have only been solved in a few special cases.

Here, the researchers attempted to simplify a system using a so-called effective theory--that is, by considering only the "important" physical aspects. Since atoms form pairs (diatoms) due to their strong attraction, the scientists attempted to find an "effective" description based on atoms and diatoms instead of the many atoms. This reduces the number of particles to be described and thus simplifies the description.
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                Energy of the effective fermion-dimer system in a harmonic trap. Credit: Physical Review Letters (2025). DOI: 10.1103/8mnc-x42q
            
        

    



The approach is now additionally based on the fact that atoms and diatoms belong to two classes of particles, known as fermions and bosons. In a so-called duality transformation, the roles of fermions and bosons were swapped: here, the forces between atoms and diatoms are now weak, which means that the problem can now be solved more easily using special solution methods for weak interactions.
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                Energy of the dimer confined within a harmonic trap. Credit: Physical Review Letters (2025). DOI: 10.1103/8mnc-x42q
            
        

    



With their approach, the research team combined both methods: effective theories to isolate the physically relevant aspects and duality transformations to convert the complex problem into a simpler form that is easier to solve.

With this fundamental research, the scientists solved a notoriously difficult problem in theoretical physics. The results allow predictions to be made for experiments with cold atoms and strong attractive forces in one dimension. Potentially, more complicated, higher-dimensional systems could also be treated in a similar way.
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A new theory-guided framework could help scientists probe the properties of new semiconductors for next-generation microelectronic devices, or discover materials that boost the performance of quantum computers.



										      
																																	Research to develop new or better materials typically involves investigating properties that can be reliably measured with existing lab equipment, but this represents just a fraction of the properties that scientists could potentially probe in principle. Some properties remain effectively "invisible" because they are too difficult to capture directly with existing methods.

Take electron-phonon interaction--this property plays a critical role in a material's electrical, thermal, optical, and superconducting properties, but directly capturing it using existing techniques is notoriously challenging.

Now, MIT researchers have proposed a theoretically justified approach that could turn this challenge into an opportunity. Their method reinterprets neutron scattering, an often-overlooked interference effect as a potential direct probe of electron-phonon coupling strength.

The procedure creates two interaction effects in the material. The researchers show that, by deliberately designing their experiment to leverage the interference between the two interactions, they can capture the strength of a material's electron-phonon interaction.

The researchers' theory-informed methodology could be used to shape the design of future experiments, opening the door to measuring new quantities that were previously out of reach.

"Rather than discovering new spectroscopy techniques by pure accident, we can use theory to justify and inform the design of our experiments and our physical equipment," says Mingda Li, the Class of 1947 Career Development Professor and an associate professor of nuclear science and engineering, and senior author of a paper on this experimental method.

Li is joined on the paper by co-lead authors Chuliang Fu, an MIT postdoc; Phum Siriviboon and Artittaya Boonkird, both MIT graduate students; as well as others at MIT, the National Institute of Standards and Technology, the University of California at Riverside, Michigan State University, and Oak Ridge National Laboratory. The research was published this week in Materials Today Physics.


																																						
    
     




																																			Investigating interference

Neutron scattering is a powerful measurement technique that involves aiming a beam of neutrons at a material and studying how the neutrons are scattered after they strike it. The method is ideal for measuring a material's atomic structure and magnetic properties.

When neutrons collide with the material sample, they interact with it through two different mechanisms, creating a nuclear interaction and a magnetic interaction. These interactions can interfere with each other.

"The scientific community has known about this interference effect for a long time, but researchers tend to view it as a complication that can obscure measurement signals. So it hasn't received much focused attention," Fu says.

The team and their collaborators took a conceptual "leap of faith" and decided to explore this oft-overlooked interference effect more deeply.

They flipped the traditional materials research approach on its head by starting with a multifaceted theoretical analysis. They explored what happens inside a material when the nuclear interaction and magnetic interaction interfere with each other.

Their analysis revealed that this interference pattern is directly proportional to the strength of the material's electron-phonon interaction.

"This makes the interference effect a probe we can use to detect this interaction," explains Siriviboon.

Electron-phonon interactions play a role in a wide range of material properties. They affect how heat flows through a material, impact a material's ability to absorb and emit light, and can even lead to superconductivity.

But the complexity of these interactions makes them hard to directly measure using existing experimental techniques. Instead, researchers often rely on less precise, indirect methods to capture electron-phonon interactions.

However, leveraging this interference effect enables direct measurement of the electron-phonon interaction, a major advantage over other approaches.

"Being able to directly measure the electron-phonon interaction opens the door to many new possibilities," says Boonkird.
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																																			Rethinking materials research

Based on their theoretical insights, the researchers designed an experimental setup to demonstrate their approach.

Since the available equipment wasn't powerful enough for this type of neutron scattering experiment, they were only able to capture a weak electron-phonon interaction signal--but the results were clear enough to support their theory.

"These results justify the need for a new facility where the equipment might be 100 to 1,000 times more powerful, enabling scientists to clearly resolve the signal and measure the interaction," adds Landry.

With improved neutron scattering facilities, like those proposed for the upcoming Second Target Station at Oak Ridge National Laboratory, this experimental method could be an effective technique for measuring many crucial material properties.

For instance, by helping scientists identify and harness better semiconductors, this approach could enable more energy-efficient appliances, faster wireless communication devices, and more reliable medical equipment like pacemakers and MRI scanners.

Ultimately, the team sees this work as a broader message about the need to rethink the materials research process.

"Using theoretical insights to design experimental setups in advance can help us redefine the properties we can measure," Fu says.

To that end, the team and their collaborators are currently exploring other types of interactions they could leverage to investigate additional material properties.

"This is a very interesting paper," says Jon Taylor, director of the neutron scattering division at Oak Ridge National Laboratory, who was not involved with this research. "It would be interesting to have a neutron scattering method that is directly sensitive to charge lattice interactions or, more generally, electronic effects that were not just magnetic moments.

"It seems that such an effect is expectedly rather small, so facilities like STS could really help develop that fundamental understanding of the interaction and also leverage such effects routinely for research."
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New scheme mitigates self-discharging in quantum batteries
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                Schematic illustration of the QB scheme. The electronic spin of the nitrogen-vacancy center of diamond acts as the QB. Its interactions with the surrounding spin bath of 13C nuclei result in its self-discharging. The hyperfine interactions between the electrons and the 14N can mitigate the self-discharging on one hand and maximize the coherent extractable work of the QB on the other. Credit: Jun-Hong An.
            
        

    


Quantum batteries (QBs) are energy storage devices that could serve as an alternative to classical batteries, potentially charging faster and enabling the extraction of more energy. In contrast with existing batteries, these batteries leverage effects rooted in quantum mechanics, such as entanglement and superposition.



										      
																																	Despite their promise, QBs have not yet reached optimal performances, partly because they are prone to decoherence simultaneously. This is a loss of coherence (i.e., the ability of quantum systems to exist in a superposition of multiple states), prompted by interactions between a system and its surrounding environment.

Decoherence causes QBs to self-discharge, or in other words, to spontaneously start releasing the energy they are storing. This self-discharging process has so far prevented the batteries' practical application.

Researchers at Hubei University, Innovation Academy for Precision Measurement Science and Technology, Chinese Academy of Sciences, and Lanzhou University have recently introduced a new scheme that could mitigate self-discharging in quantum batteries. Their paper, published in Physical Review Letters, introduces a new QB design in which a defect in diamond, specifically the nitrogen-vacancy center, serves as the medium to store energy.

"A quantum-technology revolution is underway, which uses quantum resources to overcome various performance limitations of devices set by classical physics," Jun-Hong An, co-senior author of the paper, told Phys.org.

"As quantum technologies develop and become more widely used, people are getting better at detecting, processing, and securing information. In addition to 'information,' quantum technologies are increasingly focusing on the topic of 'energy.' This has led to the emergence of the field of quantum thermodynamics."


																																						
    
     




																																			Past theoretical studies suggest that QBs could have notable advantages over their classical counterparts. Most notably, they could exhibit stronger charging power, a higher charging capacity and larger extractable work, enabled by quantum effects and specific atomic-scale bottom-up fabrication techniques.

"The practical realization and application of QBs face two major challenges," said An. "One is the degraded charging efficiency due to decoherence during the charging process. The other is the spontaneous energy loss, called self-discharging, caused by decoherence during the storage process. Therefore, how to overcome these challenges is a key issue in the field of QBs."
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                Schematic illustration of the QB scheme. The electronic spin of the nitrogen-vacancy center of diamond acts as the QB. Its interactions with the surrounding spin bath of 13C nuclei result in its self-discharging. The hyperfine interactions between the electrons and the 14N can mitigate the self-discharging on one hand and maximize the coherent extractable work of the QB on the other. Credit: Wan-Lu Song.
            
        

    



In an earlier paper published in 2024, the researchers tried to overcome the first common shortcoming of QBs, namely the decline in their charging efficiency, using a newly developed anti-aging and wireless-charging protocol. Building on this earlier paper, they now set out to also mitigate the self-discharging processes observed in many previously developed QBs.

"Several schemes have been proposed to suppress the self-discharging of QBs, but they require a quantum charger," explained An. "However, the charger-battery entanglement would decrease the ergotropy of QBs. In contrast to those schemes, we propose a paradigm-shifting solution: a QB based on nitrogen-vacancy (NV) center of diamond that intrinsically suppresses self-discharging without charger intervention. The electronic spin of the NV center is taken as the QB."
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																																			Interestingly, the researchers observed that the coherent energy stored by their QB (i.e., coherent ergotropy) decayed more slowly than the incoherent energy during the storage process. Inspired by this observation, they identified a mechanism that could enhance the robustness of their battery against self-discharging by increasing the ratio of coherent ergotropy to the total ergotropy stored by the battery.

"The main advantage of our QB scheme in the NV center is that the unique hyperfine interaction between the electron and the 14N nucleus, which is absent in other platforms, permits us to coherently optimize this ratio," said An. "This is the irreplaceable feature of our QB scheme in the NV center. This irreplaceability endows us with the ability to mitigate the self-discharging on one hand, and to maximize the extractable work on the other."

In initial tests, the QB introduced by An and his colleagues was found to be less prone to self-discharging prompted by decoherence than QBs they created in the past. Notably, their paper also introduces a promising experimental platform for extracting work in open quantum systems, which could be used by other teams in future studies.

"As part of our study, we integrated a solid-state platform with the rapidly developing field of quantum thermodynamics," said An. "Therefore, by unifying theoretical insight with an experimentally feasible NV-center system, we provide a definitive step toward realizing quantum-enhanced energy devices. It is expected that, in close alignment with the recent experimental breakthrough in observing ergotropy in a NV center system, our work would hopefully prompt the development of NV-center quantum thermodynamics."

The recent work by this team of researchers opens new possibilities for the development of more resilient QBs that could be reliably deployed in real-world settings. As part of their next studies, An and his colleagues plan to improve their battery's scalability and test its performance in further experiments.

"More specifically, we plan to develop a many-body QB model that works in a self-discharging-immune way," added An. "This could enable us to efficiently harness the advantages of quantum entanglement to enhance the charging power, charging capacity, and extractable work in our self-discharging mitigated QB."
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Good news for astronauts: Arteries remain normal years after long-duration spaceflight

										

    
        
            [image: Good news for astronauts: Arteries remain normal years after long-duration spaceflight]
             
                APS member Jessica Meir, PhD (not involved in the study), works on the International Space Station. Credit: NASA
            
        

    


The structure and function of astronauts' arteries appear to remain stable and free of disease for as long as five years after they've returned from the International Space Station (ISS), according to a new study published in the Journal of Applied Physiology.



										      
																																	Studies have shown changes in astronauts' bodies after spaceflight, including in the eyes, muscles and bones. In the short-term, adaptations in the human cardiovascular system in microgravity include less blood circulating throughout the body, a decreased ability to physically exert themselves, and dizziness or lightheadedness when standing after returning to Earth. But the evidence is less clear about the long-term effects of long-duration spaceflight on a person's body.

The new study, which involved 13 NASA astronaut volunteers, aimed to shed more light on these long-term effects. In their late 30s to late 50s when they began their ISS missions, the astronauts spent between four months to nearly a year in space.

Researchers studied ultrasound images of the volunteers' carotid and brachial arteries (located in the neck and arm, respectively) before launch, during spaceflight, one week after return to Earth and up to three times in the five years after landing. In addition, the research team also reviewed the astronauts' medical data in those five years after landing and compared them to data collected before flight.

Key findings of this study included:


	Higher levels of most markers of inflammation and oxidative stress observed in blood and urine samples during spaceflight resolved within one week after landing.

	No observed increased carotid artery thickening or stiffness. These increases are hallmarks of future cardiovascular disease.

	Brachial artery vasodilation, a subclinical marker of cardiovascular disease that measures the health of blood vessels, remained stable over time.

	Total cholesterol and glucose levels rose moderately over seven years of observation but hemoglobin A1C did not, suggesting that heart disease and diabetes risks did not rise as a result of spaceflight.




																																						
    
     




																																			Using the medical data in a risk estimation tool developed for the general population that predicts developing heart disease within the next 10 years, the researchers found that risk increased from 2.6% to 4.6% from before spaceflight to five years after landing. However, calculated risk increased only by an additional 0.5% when using an estimation tool developed from a population with similar health characteristics to astronauts.

The astronauts self-reported that they maintained an active lifestyle after their mission, including those who retired from the astronaut corps. Notably, the researchers explained that natural aging of the astronauts accounted for most of the increase in predicted risk.

"[W]e report that most indices of arterial structure and function in ISS astronauts were not different than preflight and that there were no signs, symptoms, or diagnoses of cardiovascular disease during the first [five years] after returning to Earth from long-duration spaceflight," the researchers wrote. "Thus, [the cardiovascular system of] astronauts appear resilient to the stressors of spaceflight."
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