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        Nanomedicine advances deliver precise antibiotic doses to fight infections and drug resistance
        Researchers from the University of Waterloo have developed a new technology that can hold an entire course of antibiotics in one tiny dose and deliver on demand just the right amount of medication that a particular patient needs to fight an infection.

      

      
        AI-enhanced technique illuminates materials reactions at nanoscale
        Kory Burns, a professor at the University of Virginia School (UVA) of Engineering and Applied Science, is a materials science researcher who is using artificial intelligence to improve materials characterization. He and his collaborators, representing multiple universities and national labs, detailed their innovative new technique studying how to better determine the nanoscale effects of radiation on materials in a paper in APL Machine Learning.

      

      
        Graphene-based memristors move a step closer to benefiting next-generation computing
        Researchers from Queen Mary University of London and Paragraf Limited have demonstrated a significant step forward in the development of graphene-based memristors and unlocking their potential for use in future computing systems and artificial intelligence (AI).

      

      
        Drug delivery system overcomes circulatory roadblock that prevents gene therapies from reaching their targets
        Exploiting the remarkable capability of viruses to transport gene therapies past what until now has been a circulatory roadblock is at the heart of a University of Alberta-led discovery that promises to re-energize the field of genetic medicine.
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Nanomedicine advances deliver precise antibiotic doses to fight infections and drug resistance
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                Credit: Drug Delivery and Translational Research (2024). DOI: 10.1007/s13346-024-01708-5
            
        

    


Researchers from the University of Waterloo have developed a new technology that can hold an entire course of antibiotics in one tiny dose and deliver on demand just the right amount of medication that a particular patient needs to fight an infection.



										      
																																	This breakthrough in targeted medicine is the result of two new studies that tested this drug-delivery system on two bacterial strains that negatively affect millions of people worldwide. Streptococcus pneumoniae causes meningitis, sepsis and bacterial pneumonia, potentially fatal conditions. Gardnerella vaginalis is mainly associated with bacterial vaginosis, causing discomfort and pain.

The two studies, "Bacteria-responsive drug release platform for the local treatment of bacterial vaginosis" and "Pneumolysin-responsive liposomal platform for selective treatment of Streptococcus pneumoniae," were published in Nanotechnology and Drug Delivery and Translational Research, respectively.

The team from the School of Pharmacy at Waterloo found that this personalized nanomedicine, which attacks bacteria at the molecular level, results in patients taking the exact amount required to fight the infection while reducing the risk of antibiotic resistance. With the misuse and overuse of antibiotics, bacteria strains develop a tolerance, resulting in antimicrobial resistance (AMR), a global threat.


																																						
    
     




																																			"Ideally, the patient takes the full course of antibiotics at once, and so patients don't need to worry about forgetting to take a pill or only taking it with food," said Dr. Emmanuel Ho, lead researcher and a professor at Waterloo's School of Pharmacy. "You know the nanomedicine is working is working when disease symptoms improve."

This new technology consists of fatty compounds invisible to the eye that are tailored to only release a drug in the presence of toxins produced by specific types of bacteria.

"Compared to traditional therapies that release drugs continuously, even when not needed, our nanomedicine is designed to release drugs only when required, which will potentially reduce severe side effects associated with excess dosing," Ho said.

"In addition to combating AMR by ensuring patients take all of their medicine, there would be fewer side effects because they also don't take too much of the drug. Our technology is far-reaching, and this is just the beginning."

The nanomedicine that the body does not release will break apart organically in the body without side effects. This feature ensures the patient doesn't take too much medication and the body is not constantly exposed to the drug.

There is a high rate of reinfection when treating Gardnerella vaginalis and Streptococcus pneumoniae with antibiotics. The aim was to develop a drug where a patient doesn't have to keep taking multiple doses to prevent reinfection. Ho's goal is to use this technology in the prevention and treatment of many diseases.

The team plans to commercialize this nanomedicine. In addition to medical applications, this technology is currently being tested for use in packaging to increase the shelf life of food. Applying this technology to the packaging of processed meat, where the container touches the food directly, would keep food fresher longer. According to the United Nations, a billion tons of food was wasted globally in 2022.


																																																					
																				
																						More information:
												Chuying Feng et al, Bacteria-responsive drug release platform for the local treatment of bacterial vaginosis, Nanotechnology (2024). DOI: 10.1088/1361-6528/ad7143

Ethan Watt et al, Pneumolysin-responsive liposomal platform for selective treatment of Streptococcus pneumoniae, Drug Delivery and Translational Research (2024). DOI: 10.1007/s13346-024-01708-5
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                Diagram of the workflow dedicated to the detection and segmentation of defects in Cu metal during in situ ion irradiation of TEM images. Credit: APL Machine Learning (2024). DOI: 10.1063/5.0186046
            
        

    


Kory Burns, a professor at the University of Virginia School (UVA) of Engineering and Applied Science, is a materials science researcher who is using artificial intelligence to improve materials characterization. He and his collaborators, representing multiple universities and national labs, detailed their innovative new technique studying how to better determine the nanoscale effects of radiation on materials in a paper in APL Machine Learning.



										      
																																	UVA collaborates with Oak Ridge National Laboratory, which co-hosts Burns' research. The research features one of the largest labeled datasets of its kind and promises to advance the understanding of how materials behave not only under irradiated conditions, but potentially under other types of extremes as well.

Industries such as renewable energy, space exploration and advanced electronics stand to benefit from improved materials that can better withstand harsh environments.

For everyday consumers, the breakthrough could mean longer-lasting batteries, more reliable electronics and safer medical devices.

"Defects caused by radiation at the nanoscale can significantly affect performance and structural longevity," said Burns, who became an assistant professor in August after joining the Department of Materials Science Engineering in 2022 as a Rising Scholar Research Scientist. "By examining the fundamental interactions within materials, we can devise better strategies to extend their lifetime."

Tiny and fast changes

Transmission electron microscopy, or TEM, is an imaging technique that uses a beam of electrons to pass through very thin samples, often referred to as thin films because they're so flat.

TEM can reveal atomic-level, nanoscale details about a specimen that are impossible to view with a light microscope. That might include crystal structures or small changes that occur due to surface interactions, making TEM an essential tool in materials science.

Scientists can also employ convolutional neural networks, or CNNs, to study changes over time. Unlike traditional models, CNNs learn from large groups of data all at once.

Burns' team combined the two approaches, comparing its CNN results with traditional TEM images to assess the model's effectiveness at capturing nanoscale interactions.

"Our model reduces human error, accelerates analysis and quantifies rapid reactions," Burns said. "However, accurate results depend on proper data preparation and fine-tuning model settings."


																																						
    
     




																																			Metals differ in their defects

Using advanced time-series imaging techniques with the transmission electron microscope, the team compiled over 1,000 images capturing more than 250,000 defects formed during ion irradiation. These defects included helium bubbles and planar defects known as "dislocation loops."

Key findings from the research highlight the complexities of defect classification. The study revealed that defects in materials such as copper and gold exhibit different behaviors compared to those in palladium. This distinction underscores the need for specialized analytical models to accurately study these materials under radiation.

One major challenge the researchers encountered was "drift," where images can shift due to changes in the experimental environment, leading to potential inaccuracies. To address this, the team proposed the use of advanced techniques like denoising autoencoders, which help clean up images and improve data reliability.

Burns collaborated on the research with engineers and other experts from the University of California-Berkeley, Sandia National Laboratories, Massachusetts Institute of Technology, Los Alamos National Laboratory, University of Florida, University of Michigan, Lawrence Berkeley National Laboratory and the University of Tennessee-Knoxville.


																																																					
																				
																						More information:
												Kory Burns et al, Deep learning-enabled probing of irradiation-induced defects in time-series micrographs, APL Machine Learning (2024). DOI: 10.1063/5.0186046
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Graphene-based memristors move a step closer to benefiting next-generation computing
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Researchers from Queen Mary University of London and Paragraf Limited have demonstrated a significant step forward in the development of graphene-based memristors and unlocking their potential for use in future computing systems and artificial intelligence (AI).



										      
																																	This innovation, published in ACS Advanced Electronic Materials and featured on the cover of this month's issue, has been achieved at wafer scale. It begins to pave the way toward scalable production of graphene-based memristors, which are devices crucial for non-volatile memory and artificial neural networks (ANNs).

Memristors are recognized as potential game-changers in computing, offering the ability to perform analog computations, store data without power, and mimic the synaptic functions of the human brain.

The integration of graphene, a material just one atom thick with the highest electron mobility of any known substance, can enhance these devices dramatically, but has been notoriously difficult to incorporate into electronics in a scalable way until recently.

"Graphene electrodes bring clear benefits to memristor technology," says Dr. Zhichao Weng, Research Scientist at School of Physical and Chemical Sciences at Queen Mary. "They offer not only improved endurance but also exciting new applications, such as light-sensitive synapses and optically tunable memories."

One of the key challenges in memristor development is device degradation, which graphene can help prevent. By blocking chemical pathways that degrade traditional electrodes, graphene could significantly extend the lifetime and reliability of these devices. Its remarkable transparency, transmitting 98% of light, also opens doors to advanced computing applications, particularly in AI and optoelectronics.


																																						
    
     




																																			This research is a key step on the way to graphene electronics scalability. Historically, producing high-quality graphene compatible with semiconductor processes has been a significant hurdle. Paragraf's proprietary Metal-Organic Chemical Vapor Deposition (MOCVD) process, however, has now made it possible to grow monolayer graphene directly on target substrates.

This scalable approach is already being used in commercial devices like graphene-based Hall effect sensors and field-effect transistors (GFETs).

"The opportunity for graphene to help in creating next generation computing devices that can combine logic and storage in new ways gives opportunities in solving the energy costs of training large language models in AI," says John Tingay, CTO at Paragraf.

"This latest development with Queen Mary University of London to deliver a memristor proof of concept is an important step in extending graphene's use in electronics from magnetic and molecular sensors to proving how it could be used in future logic and memory devices."

The team used a multi-step photolithography process to pattern and integrate the graphene electrodes into memristors, producing reproducible results that point the way to large-scale production.

"Our research not only establishes proof of concept but also confirms graphene's suitability for enhancing memristor performance over other materials," adds Professor Oliver Fenwick, Professor of Electronic Materials at Queen Mary's School of Engineering and Materials Science.


																																																					
																				
																						More information:
												Zhichao Weng et al, Memristors with Monolayer Graphene Electrodes Grown Directly on Sapphire Wafers, ACS Applied Electronic Materials (2024). DOI: 10.1021/acsaelm.4c01208
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Drug delivery system overcomes circulatory roadblock that prevents gene therapies from reaching their targets
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Exploiting the remarkable capability of viruses to transport gene therapies past what until now has been a circulatory roadblock is at the heart of a University of Alberta-led discovery that promises to re-energize the field of genetic medicine.



										      
																																	John Lewis, an oncologist in the Faculty of Medicine & Dentistry and the lead author of the study describing the advance, explains that the primary obstacle to safely and effectively distributing therapeutic agents throughout the body is the liver.

"Current delivery systems are great in theory, but they have a significant flaw--they home in on the liver," says Lewis, who is also a member of the Cancer Research Institute of Northern Alberta. "You can get them to work in a dish, but as soon as you inject a drug into a person, these technologies often fail."

"If you're treating a brain disease or a lung disease, you don't want your drug to go to the liver. We need solutions that can target the right tissues and cells."

Lewis explains that current lipid nanoparticle (LNP) drug delivery technologies are formulated with ingredients like cholesterol, which are destined to accumulate in the liver and are the reason why many proven genetic medicines--such as gene therapies, mRNA vaccines and gene-editing technologies--are eliminated from the body before reaching their targets.

In search of a delivery mechanism that bypasses the liver, Lewis has collaborated for decades with Dalhousie University virologist Roy Duncan, known for his discovery of a protein made by the unique fusogenic orthoreovirus, which has the ability to fuse cells together. The findings are published in the journal Cell.


																																						
    
     




																																			By combining this fusion protein with a modified lipid nanoparticle designed to transport therapeutic substances, the team successfully engineered a proteolipid vehicle platform, known as FAST-PLV. This platform avoids the liver, allowing therapies to more effectively target areas such as the brain and lungs. It is less toxic than current delivery platforms, while also avoiding stimulating the immune system. This means it allows for repeat dosing, which is crucial in addressing diseases requiring ongoing or multiple interventions.

To demonstrate that the new platform could deliver the genetic payload without being intercepted by the liver, Lewis' team created a gene therapy using a protein that aids in muscle development, often associated with a particularly muscular breed of cattle known as Belgian Blues. When introduced into mice, the platform not only evaded the liver but resulted in genetically modified mice with twice as much muscle mass as their untreated counterparts. This approach could be useful for debilitating conditions such as frailty and sarcopenia.

"This platform is a plug-and-play solution, so everyone developing novel gene editing techniques and therapies for diseases outside the liver can use this platform to create their drugs," says Lewis.

First on the agenda for Lewis and his team is a new COVID-19 vaccine set to enter Phase 2 clinical trials.

The development timeline for these further therapies is also ambitious. Lewis says trials for Stargardt's disease could begin within the next two years, while ongoing research into cancer treatments is already underway.


																																			"We originally focused on cancer therapies, aiming to utilize genetics as an alternative to traditional chemotherapy," he says.

Beyond that, Lewis envisions cures for diseases like muscular dystrophy, cystic fibrosis, Alzheimer's disease and Parkinson's disease on the immediate horizon.

"Conceivably, this technology could allow us to cure all these horrible, debilitating, rare diseases affecting children born with these mutations," he says.

Lewis adds that the implications of this platform extend far beyond mere advancements in delivery technology; they represent a paradigm shift in the potential for curing genetic diseases, potentially transforming the lives of millions affected by previously untreatable conditions.

"We're just at the beginning of what this technology can achieve. With the right focus and collaboration, the sky's the limit."


																																																					
																				
																						More information:
												Douglas W. Brown et al, Safe and effective in vivo delivery of DNA and RNA using proteolipid vehicles, Cell (2024). DOI: 10.1016/j.cell.2024.07.023
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        Fringe photometric stereo method improves speed and accuracy of 3D surface measurements
        Researchers have developed a faster and more accurate method for acquiring and reconstructing high-quality 3D surface measurements. The approach could greatly improve the speed and accuracy of surface measurements used for industrial inspection, medical applications, robotic vision and more.

      

      
        Successful experiment paves the way for discovery of a new element
        The search for new elements comes from the dream of finding a variant that is sufficiently stable to be long-lived and not prone to immediate decay. There is a theory in nuclear physics about an island of stability of superheavy elements. This is a potential zone in the upper part of the periodic table of as-yet-undiscovered elements that could remain stable for longer than just a few seconds. The aim is to explore the limits of stability of atomic nuclei.

      

      
        Superconductivity researchers solve the mystery of Fermi arcs
        High-temperature superconductivity is one of the great mysteries of modern physics: Some materials conduct electrical current without any resistance--but only at very low temperatures. Finding a material that remains superconducting even at room temperature would spark a technological revolution. People all over the world are therefore working on a better, more comprehensive understanding of such materials.

      

      
        Tracking down nuclear fission's elusive scission neutron with a supercomputer
        Nuclear fission--when the nucleus of an atom splits in two, releasing energy--may seem like a process that is fully understood. First discovered in 1939 and thoroughly studied ever since, fission is a constant factor in modern life, used in everything from nuclear medicine to power-generating nuclear reactors. However, it is a force of nature that still contains mysteries yet to be solved.

      

      
        Scientists successfully increase measurement rate of Raman spectroscopy by 100-fold
        Researchers Takuma Nakamura, Kazuki Hashimoto, and Takuro Ideguchi of the Institute for Photon Science and Technology at the University of Tokyo have increased by 100-fold the measurement rate of Raman spectroscopy, a common technique for measuring the "vibrational fingerprint" of molecules in order to identify them.
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                Researchers developed a faster and more accurate method for acquiring and reconstructing high-quality 3D surface measurements. The new fringe photometric stereo method requires fewer protected fringe patterns, which speeds up the scanning process. Credit: Ce Zhu, University of Electronic Science and Technology of China
            
        

    


Researchers have developed a faster and more accurate method for acquiring and reconstructing high-quality 3D surface measurements. The approach could greatly improve the speed and accuracy of surface measurements used for industrial inspection, medical applications, robotic vision and more.



										      
																																	"Traditional 3D imaging works by comparing two viewpoints, similar to how our eyes work together to judge depth," said research team leader Ce Zhu from the University of Electronic Science and Technology of China.

"In contrast, our new approach 'feels' the surface by projecting light patterns, almost like running a hand over it to detect changes. This can reduce the number of patterns used by more than two-thirds, which greatly speeds up the scanning process, and surprisingly, is even more accurate than the old technique."

In Optica the researchers describe their new fringe photometric stereo method and show that it can achieve high frame rates and micrometer-level accuracy while halving the noise variance.

"Our approach is ideal for applications demanding real-time scanning, including industrial applications like detecting defects in printed circuit boards, batteries or oil pipelines, as well as medical procedures such as diagnostics and implant customization," said Zhu. "It could also help advance robotics by improving human-robot interaction or offering vision guidance for tasks like folding clothes."


																																						
    
     




																																			Faster acquisition time

Precise 3D surface measurements and reconstructions are typically acquired using a fringe projection profilometry method known as phase-shifting profilometry. Using this approach, a series of phase-shifted light patterns are projected onto an object's surface. The reflected images are then captured and the phase differences are analyzed to create a highly accurate 3D map of the surface.



    
        
            [image: Researchers improve speed and accuracy of 3D surface measurements]
             
                The traditional phase-shifting profilometry method requires projecting multiple fringe patterns and analyzing numerous images, resulting in long scanning times. In contrast, the new method (bottom) significantly reduces the number of frames needed, making the process faster and more accurate. Credit: Ce Zhu, University of Electronic Science and Technology of China
            
        

    



However, this method isn't useful for many applications because of its long scanning time, which primarily comes from the high number of multiple-frequency fringe images required to analyze phase differences. This step uses triangulation to take the phase data, which is limited to a specific range, and convert it into continuous values, allowing an accurate representation of the shape or surface.

In the new work, the researchers developed a way to bypass this process and significantly reduce the number of fringe images required by using one frequency only.

To test their new fringe photometric stereo technique, the researchers set up an experimental system consisting of a 1280 x 960 camera with an 8-mm lens and a projector with a resolution of 912 x 1140. They used this setup to take measurements of single objects and groups of objects with continuous surfaces, including a human hand, a paper mask, a cloth toy, gypsum geometries and clay handicrafts.

They also validated the approach using standard plane and sphere models, demonstrating that it effectively suppresses noise compared to traditional fringe projection profilometry.


																																			Creating better prosthetics

"One application that this new method could be particularly useful for is customizing prosthetics," says Zhu. "It can quickly acquire high-precision surface information from the residual limb, reducing errors associated with manual measurements and improving the fit of the prosthesis. This would also eliminate the need to apply plaster or other materials to the skin, making the experience much more comfortable for the patient."

Although the method currently offers improved scanning speed and accuracy for scenes with continuous surfaces, reconstructing the depth of objects with sudden depth changes remains challenging.

The researchers are working to address this limitation by incorporating established surface reconstruction techniques from photometric stereo into their method. This should enable a wide range of promising applications and analysis of more complex scenes.


																																																					
																				
																						More information:
												Geyou Zhang et al, Fringe Photometric Stereo, Optica (2024). DOI: 10.1364/OPTICA.531601
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Successful experiment paves the way for discovery of a new element
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                Theoretical predictions of cross sections for the production of element Z=120. Credit: Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.172502
            
        

    


The search for new elements comes from the dream of finding a variant that is sufficiently stable to be long-lived and not prone to immediate decay. There is a theory in nuclear physics about an island of stability of superheavy elements. This is a potential zone in the upper part of the periodic table of as-yet-undiscovered elements that could remain stable for longer than just a few seconds. The aim is to explore the limits of stability of atomic nuclei.



										      
																					In a study involving Lund University, Sweden, researchers have tested a new method for observing the element livermorium, which has 116 protons in its atomic nucleus. The research shows that the new method is a promising step forward for embarking on the mission to produce element 120, which would be the heaviest element to date. The work is published in the journal Physical Review Letters.

"We were able to register a livermorium nucleus in our detector just eight days into the experiment, which shows that we had chosen pretty good settings from the start," says Dirk Rudolph, one of the researchers from Lund University engaged in the new study.

The experiment campaign was conducted at the Berkeley Lab in the United States. For Dirk Rudolph and his Lund colleagues, it is a feather in their cap to have been entrusted with supplying the new detector system for the extensive experiments at Berkeley. The detector from Lund, called SHREC, was flown to the United States in the researchers' hand luggage. The heart of the detector is a small box containing 14 customized silicon wafers.

Research on superheavy elements first requires an accelerator to deliver an intense ion beam, which is then focused onto a target. The target consists of a thin layer of an element heavier than uranium. The product formed during the fusion reaction can be registered in a detector system after an efficient separation.

"I'm very proud that SHREC performed like clockwork in the experimental setup right after we brought it with us from Lund," says Pavel Golubev, the detector expert in the Lund team.

The livermorium experiment will continue for the rest of the year, after which the researchers plan to start work on trying to produce element number 120, which could take several years.


																														
																				
																						More information:
												J. M. Gates et al, Toward the Discovery of New Elements: Production of Livermorium ( Z=116 ) with Ti50, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.172502. On arXiv: DOI: 10.48550/arxiv.2407.16079
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                Structure of the spectral function along the Fermi-Luttinger surface. Credit: Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.166501
            
        

    


High-temperature superconductivity is one of the great mysteries of modern physics: Some materials conduct electrical current without any resistance--but only at very low temperatures. Finding a material that remains superconducting even at room temperature would spark a technological revolution. People all over the world are therefore working on a better, more comprehensive understanding of such materials.



										      
																																	An important step has now been taken at TU Wien (Vienna). A particularly interesting class of high-temperature superconductors, known as cuprates, exhibit a very surprising effect. Under certain conditions, the electrons in these materials can only move in certain directions. The permitted directions can be visualized as curves, known as Fermi arcs.

These arcs can be visualized with the help of laser light, which specifically knocks electrons out of the material. A team at the Institute of Solid State Physics at TU Wien has now succeeded in developing theoretical and numerical models that explain this effect. It is caused by the magnetic interactions between the electrons of different atoms.

Many unanswered questions about high-temperature superconductivity

Explanations for superconductivity have been around for a long time--the Nobel Prize was awarded back in 1972 for the so-called "BCS theory," which can be used to mathematically describe superconductivity in metals.

However, this theory fails when it comes to particularly interesting materials that allow superconductivity even at comparatively high temperatures (albeit still quite low by human standards). These materials include cuprates--copper-containing compounds that are among the most researched superconducting materials today.

"Looking at these materials, we come across a whole series of unexplained phenomena that are often closely related," said Alessandro Toschi, who coordinated the research project together with Karsten Held. One of these phenomena are the "Fermi arcs."

It is possible to add additional electrons to the high-temperature superconductors and then measure how these electrons move in the material--or to put it from the perspective of quantum physics--which quantum states these electrons can assume.

During such measurements, researchers came across a surprise. "The material only allows certain directions of momentum," says Matthias Reitner (TU Wien). "This means that the electrons can only move in certain directions."

The quantum-physically permitted states lie on a curve (a Fermi arc) that ends abruptly at certain points--an extremely atypical behavior that cannot be explained using conventional theoretical models.


																																						
    
     




																																			Antiferromagnetic chessboard pattern

However, the team at TU Wien--Paul Worm, Matthias Reitner, Karsten Held and Alessandro Toschi--have now succeeded in explaining this surprising behavior theoretically. They developed complex computer simulations as well as an analytical model that describes the phenomenon using a simple formula. The research is published in the journal Physical Review Letters.

"The key to the effect is an antiferromagnetic interaction," says Reitner. Antiferromagnetism means that the magnetic direction of an atom is preferably aligned in the opposite direction to the neighboring atom.

"In the cuprates that we have modeled, this is an antiferromagnetic interaction with a long range," says Reitner. "The magnetic moments of the electrons on different atoms therefore align themselves over long distances in such a way that the magnetic orientation of the electrons always alternates between one direction and the other--similar to a chessboard, where each field is colored differently to its direct neighbors."

The research team was able to show that this magnetic pattern subsequently leads to the strange direction-dependent behavior of the electrons.

"For the first time, we were able to present a theoretical model for the abrupt end of Fermi arcs and explain why the movement of electrons in such materials is only possible in certain directions," says Worm.

"This advance not only helps us to better understand some of the unsolved mysteries of high-temperature superconductors, but it could also advance future research into materials with similar unconventional properties."
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												Paul Worm et al, Fermi and Luttinger Arcs: Two Concepts, Realized on One Surface, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.166501. On arXiv: DOI: 10.48550/arxiv.2312.17700
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Tracking down nuclear fission's elusive scission neutron with a supercomputer

										

    
        
            [image: Researchers use supercomputer to track down nuclear fission's elusive scission neutron]
             
                Time series of the neutron number density in fm[?]3 for a typical fission trajectory. Credit: Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.132.242501
            
        

    


Nuclear fission--when the nucleus of an atom splits in two, releasing energy--may seem like a process that is fully understood. First discovered in 1939 and thoroughly studied ever since, fission is a constant factor in modern life, used in everything from nuclear medicine to power-generating nuclear reactors. However, it is a force of nature that still contains mysteries yet to be solved.



										      
																																	Researchers from the University of Washington, Seattle, or UW, and Los Alamos National Laboratory have used the Summit supercomputer at the Department of Energy's Oak Ridge National Laboratory to answer one of fission's biggest questions: What exactly happens during the nucleus's "neck rupture" as it splits in two?

The resulting paper is published in the journal Physical Review Letters.

For the last 85 years, physicists have proposed a variety of theoretical models of the fission dynamics behind that neck rupture. The earliest analogy for fission is the "liquid drop" theory first posited by Lise Meitner and Otto Frisch, and then formulated by Niels Bohr and John Wheeler in 1939. It describes nuclei as behaving like spheres of charged fluid--when hit by a particle such as a neutron or proton, the nucleus splits into two fragments with a neck clinging between them. Once the neck stretches to its scission point and ruptures, it sends out "splatters" of particles, thereby releasing energy.

Scission neutrons--neutrons emitted during the final stages of nuclear fission, specifically at the moment when the nucleus undergoes scission and splits into two or more smaller nuclei--have been theorized to be among those particles emitted during neck rupture. However, their exact characteristics have been debated due to a lack of conclusive experimental evidence of scission neutrons' existence.


																																						
    
     




																																			But a team led by Aurel Bulgac, a physics professor at UW, has conducted the first fully microscopic, quantum many-body simulation of a nucleus's neck rupture to produce the most accurate description yet of its fission dynamics. The team's surprising results reveal a scission mechanism that is at odds with some previous assumptions.

"This is probably the most precise and most carefully obtained theoretical description of neck rupture, without any assumptions and simplification," Bulgac said. "We have a very specific prediction, which until now didn't exist. Previous theories were always based on, 'Let's assume that this is happening, and if it's happening, then this probably is going to be seen.' We didn't do that. We simply put in the equations of motions known for many decades in nuclear physics with high precision, plus quantum mechanics, nothing else."

The team--including LANL's Ibrahim Abdurrahman and Ionel Stetcu and UW's Matthew Kafker--produced several significant findings.

First, neck rupture is not a random process, as was previously argued in phenomenological models. Instead, a wrinkle in the nuclear density, where the neck is eventually formed and where the nucleus scissions, is determined a long time before the nucleus reaches scission.

Second, the proton neck completes its rupture earlier than the neutron neck does, resulting in the neck being mostly sustained by its neutrons just before the full rupture.

Third, the rupture is the fastest stage of fission dynamics, starting from the capture of the incident neutron and formation of the compound nucleus, until all fission fragments have been emitted.


																																			Fourth, the neck-decay dynamics display a universality for asymmetric fission no matter the initial conditions. The proton and neutron neck ruptures are the same for all trajectories, unlike any other outcomes of the fission process.

Finally, the team's results say that scission neutrons do indeed exist, and they carry a noticeable amount of the energy released in fission. Furthermore, the team's simulation describes their angular distribution, or in which direction they're emitted and with what energies. Previously, physicists were unsure of where to look for scission neutrons being emitted or how many to expect due to the presence of other neutrons.

"There were people saying they exist, and others saying they don't exist. We see them, we don't see them, and so on. Most experiments look for them in the direction of the motion of the fission fragments, and they couldn't distinguish the scission neutrons there because most of them were thermal neutrons emitted by the hot fragments," Bulgac said.

The team's simulation found that the scission neutrons are emitted in two different, distinct modes. At the moment of scission, neutrons are emitted sideways. As the nucleus's two fragments move horizontally, neutrons are emitted in the plane perpendicular to the horizontal axis. At the same time, when the neck snaps, it sends a wave of matter to the nucleus that emerges on the other side. This forms two more clouds coming from the "noses" of the fission fragments.


																																						
    
     




																																			"After we put everything together and ran the simulation, we found out certain things that were totally unexpected: neutrons coming out sideways and then in the direction of the moving fragments. These types of distinct spectra are something that none of the earlier models predicted. Moreover, they are very high energy, so they should have properties very distinct from thermal neutrons," Bulgac said.

The team's numerical simulation required the entirety of Summit for almost 1 million node-hours. Each run required about 15 hours of elapsed time for three different nuclei--uranium-238, plutonium-240 and californium-252--with various initial conditions. Summit, which is managed by the Oak Ridge Leadership Computing Facility, a DOE Office of Science user facility at ORNL, is scheduled for decommissioning in November and has been superseded by the OLCF's exascale-class supercomputer, Frontier.

The team's calculations were made using a mathematical framework Bulgac began developing in the early 2000s based on Walter Kohn and Pierre Hohenberg's density functional theory, a quantum mechanical modeling method for investigating superfluid nuclei and quantized vortices in neutron star crust and cold atom systems.

Rather than having to calculate the precise position of every particle in a many-body system, density functional theory focuses on the distribution of particles in space, which only requires three coordinates. Using the Schrodinger equation, for example, would require around 30 parameters and many assumptions to calculate the particles' full wave function. Bulgac's nuclear energy density function uses eight parameters--and still required the full power of leadership computing.


																																			"An absolutely crucial tool was the use of supercomputers at Oak Ridge, starting with Jaguar and Titan, then Summit. Without them, all this would have been impossible. Absolutely impossible. Even now, we are moving some of the calculations to Frontier so we can look further. But even Frontier is not enough, and we will probably need bigger supercomputers at one point to investigate finer details," Bulgac said.

The team's next step is to see whether experiments will agree with their findings. Bulgac said he has already had discussions with experimentalists about their ideas to test the paper's predictions in the lab.

"We used precise values for the parameters that describe this phenomenon--and nothing else. And these are the results we got. Now, if they are not true, then there is a very big question: what's wrong with the theory?" Bulgac said.

"At the moment, it's very hard to see what would be wrong, but we have to wait and see. If you make a prediction, it is confirmed or not confirmed, and then you must look and see. This is how physics proceeds."
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Scientists successfully increase measurement rate of Raman spectroscopy by 100-fold

										

    
        
            [image: Taking the "vibrational fingerprints" of molecules got 100 times faster]
             
                An image of the specifically designed and constructed Raman spectrometer that outperforms any other system by a 100-fold. Credit: Nakamura et al 2024
            
        

    


Researchers Takuma Nakamura, Kazuki Hashimoto, and Takuro Ideguchi of the Institute for Photon Science and Technology at the University of Tokyo have increased by 100-fold the measurement rate of Raman spectroscopy, a common technique for measuring the "vibrational fingerprint" of molecules in order to identify them.



										      
																																	As the measurement rate has been a major limiting factor, this improvement contributes to advancements in many fields that rely on identifying molecules and cells, such as biomedical diagnostics and material analytics. The findings were published in the journal Ultrafast Science.

Identifying various types of molecules and cells is a crucial step in both basic and applied science. Raman spectroscopy is a widely used measurement technique for this purpose. When a laser beam is projected onto molecules, the light interacts with the vibrations and rotations of molecular bonds, shifting the frequency of the scattering light. The scattering spectra thus measured is a molecule's unique "vibrational fingerprint."

"Measurement is the foundation of science," says Ideguchi, the principal investigator of the study, "and as such, we strive to achieve the highest performance in our measurement systems. Particularly, we are dedicated to pushing the boundaries of optical measurements."

As Raman spectroscopy is a widely used measurement technique, there have been many attempts to improve it. One of its major limiting factors is its measurement rate, making it unable to "keep up" with the speed of changes in some chemical and physical reactions. The team set out to improve the measurement rate by building a system from scratch.


																																						
    
     




																																			"I had been contemplating this idea for over ten years without being able to start the project," says Ideguchi. "It was the new, optimal laser system we developed a few years ago that finally made progress possible."

Leveraging their expertise in optics and photonics, the researchers combined three ingredients: coherent Raman spectroscopy, a version of Raman spectroscopy that produces stronger signals than conventional, spontaneous Raman spectroscopy, a specifically designed ultrashort pulse laser, and time-stretch technology using optical fibers.

As a result, they achieved a 50 MSpectra/s (megaspectra per second) measurement rate, a 100-fold increase compared to the fastest measurement of 50 kSpectra/s (kilospectra per second) so far. Ideguchi describes the wide-ranging potential of this improvement.

"We aim to apply our spectrometer to microscopy, enabling the capture of 2D or 3D images with Raman scattering spectra. Additionally, we envision its use in flow cytometry by combining this technology with microfluidics. These systems will enable high-throughput, label-free chemical imaging and spectroscopy of biomolecules in cells or tissues."
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												Takuro Ideguchi et al, Broadband coherent Raman scattering spectroscopy at 50,000,000 spectra/s, Ultrafast Science (2024). DOI: 10.34133/ultrafastscience.0076
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