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                Credit: ACS Nano (2024). DOI: 10.1021/acsnano.4c08189
            
        

    


Materials that conduct electricity well, like metals, also tend to conduct heat. For instance, a metal spoon left in a hot cup of tea will get hot, while the ceramic mug remains cool. This is because good electrical conductors are usually good heat conductors too.



										      
																																	However, researchers at Drexel University and Universite catholique de Louvain (UCLouvain) in Belgium have discovered that MXenes, a type of material known for its excellent electrical conductivity, actually have very low thermal conductivity.

This finding challenges the usual link between electrical and heat conduction. And the discovery could lead to new developments in building materials, performance apparel and energy storage solutions.

An article recently published in the journal ACS Nano, reports that MXenes, a class of two-dimensional materials, originally discovered at Drexel in 2011, demonstrate the rare combination of high electrical conductivity and low thermal conductivity.

While MXene materials have proven exceptional among two-dimensional materials in a number of ways--including their strength, ability to selectively block and trap radiation and filter chemicals--their performance as an ultrathin thermal insulator could be their most promising trait for future applications, according to the research team.

"Thermal insulation of this magnitude, that is also 100 to 1,000 times thinner than a human hair, would simply have been unimaginable until now," said Yury Gogotsi, Ph.D., distinguished university and Bach professor at Drexel's College of Engineering, who was a leader of the thermally-insulating MXene development. "This could change the way we insulate buildings and industrial equipment, and make thermal clothing, just to name a few exciting possibilities."


																																						
    
     




																																			Gogotsi originally published research and patented MXene films capable of very low heat (infrared) emission as early as 2020. But the mechanisms behind its outstanding thermal insulation were not fully understood until his collaborators from Belgium used a scanning thermal microscopy technique to measure heat transfer--or local thermal transport--on the surface of single flakes of titanium carbide MXene.

A resistor probe, functioning both as a heat source and temperature sensor, scanned the surface of MXene flakes, taking temperature measurements as it made contact with the surface. This produced a map of the heat flow into the MXene sample and the thermal resistance of its surface.

What the map revealed was quite striking: Rather than quickly heating up when touched by the probe, the material held its surface temperature nearly constant for the entirety of the test.

"Surprisingly, the thermal conductivity of the sample was almost one order of magnitude smaller than the value predicted by the laws that govern solid-state physics," said Pascal Gehring, Ph.D., the lead author of the research from UCLouvian.

"At the same time, the heat loss of the titanium carbide MXene sample is a full two orders of magnitude smaller than common metals, like low-emission gold, aluminum and steel. Which means that it could be an excellent material for thermal isolation and shielding."

While additional investigation is needed to verify the exact mechanisms involved, the team suggests that the material's low thermal activity is likely due to its structure. Typically, heat is transported through two primary mechanisms: the movement of electrons and vibrations of the material's lattice structure, called phonons.
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																																			In the MXene material, a strong coupling between these two pathways significantly reduces overall heat transport. A similar mechanism is likely at play in the titanium carbide MXene's low emission and efficient reflection of infrared radiation, which was reported in previous research by the Drexel team.

Gogotsi notes that because of its ability to shield infrared radiation without transferring heat, the material can produce a temperature drop of more than 100degF. This means that with just a spray coating of the material--a possibility suggested by related research recently published in Nature Communications--buildings could be insulated in the winter and would need much less air conditioning in the summer.

"This could be a very exciting development for worldwide energy conservation efforts," Gogotsi said. "Better insulation for buildings and transportation could result in enormous energy savings and minimize unintended heating of the environment.

"Our preliminary findings already indicate that a thin coating of MXene insulation could perform as well as an inch-thick mineral felt with aluminum insulation currently used in construction. But we are confident that with further development MXene-based thermal insulation can exceed all known materials."

Other applications for the material could include coating furnaces and other thermal equipment--possibly replacing ceramic insulation and polished stainless-steel casings--insulating ovens, and even forming new protective shielding for aerospace vehicles, the researchers suggest.

The next step for this research will entail testing other varietals of MXenes and examining the insulating ability of MXene coatings on various substrates.


																																																					
																				
																						More information:
												Yubin Huang et al, Violation of the Wiedemann-Franz Law and Ultralow Thermal Conductivity of Ti3C2Tx MXene, ACS Nano (2024). DOI: 10.1021/acsnano.4c08189

Liang Zhao et al, Universal salt-assisted assembly of MXene from suspension on polymer substrates, Nature Communications (2024). DOI: 10.1038/s41467-024-53840-y
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        Particle research gets closer to answering why we're here: Physicists outline next 10 years of neutrino research
        Physicists soon will be closer than ever to answering fundamental questions about the origins of the universe by learning more about its tiniest particles.
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        Researchers reveal the mechanism of runaway electron generation in tokamak fusion reactors
        A research team has clarified the mechanism behind the generation of runaway electrons during the startup phase of a tokamak fusion reactor. The paper, "Binary Nature of Collisions Facilitates Runaway Electron Generation in Weakly Ionized Plasmas," was published in the journal Physical Review Letters.
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        Researchers from Singapore and China have used a superconducting quantum processor to study the phenomenon of quantum transport in unprecedented detail.
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        Researchers from Aston University and Abertay University have found that World War One dazzle ships--vessels painted in a type of camouflage pattern to make it difficult for enemies to identify and destroy--weren't as effective as originally thought.

      

      
        Scientists exploit photo-induced chirality in thin films to improve authentication tech
        In today's world, the fight against counterfeiting is more critical than ever. Counterfeiting affects about 3% of global trade, posing significant risks to the economy and public safety. From fake pharmaceuticals to counterfeit currency, the need for secure and reliable authentication methods is paramount. Authentication labels are commonly used--such as holograms on bank notes and passports--but there is always a need for new unfalsifiable technologies.
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        The quarks that make up the nuclei of all atoms around us are known to "mix": the different types of quark occasionally change into one another. The amounts in which these processes happen are not very well known, though--and the theoretical values don't even add up to 100%. UvA-IoP physicist Jordy de Vries and colleagues from Los Alamos, Seattle, and Bern have now published work that takes a step towards solving these mysteries.
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                Workers excavate a cavern for the Deep Underground Neutrino Experiment in South Dakota. Credit: Lynn Johnson/Fermilab
            
        

    


Physicists soon will be closer than ever to answering fundamental questions about the origins of the universe by learning more about its tiniest particles.



										      
																																	University of Cincinnati Professor Alexandre Sousa in a new paper outlined the next 10 years of global research into the behavior of neutrinos, particles so tiny that they pass through virtually everything by the trillions every second at nearly the speed of light.

Neutrinos are the most abundant particles with mass in the universe, so scientists want to know more about them.

They are created by nuclear fusion reactions in the sun, radioactive decay in nuclear reactors or the Earth's crust or in particle accelerator labs. As they travel, they can transition between one of three types or "flavors" of neutrinos and back.

But unexpected experimental results made physicists suspect there might be another neutrino flavor, called a sterile neutrino because it appears immune to three of the four known "forces."

"Theoretically, it interacts with gravity, but it has no interaction with the others, weak nuclear force, strong nuclear force or electromagnetic force," Sousa said.

In a new white paper published in the Journal of Physics G: Nuclear and Particle Physics, Sousa and his co-authors discuss experimental anomalies in neutrino exploration that have baffled researchers. The paper was a product of the Particle Physics Community Planning Exercise, referred to as "Snowmass 2021/2022."


																																						
    
     




																																			Representatives in high energy physics gather every 10 years to collaborate on the future of particle physics in the United States and its international partners.

Sousa was a corresponding author of the paper that discusses some of the most promising projects coming in the next decade.

UC Professor Jure Zupan, UC Associate Professor Adam Aurisano, UC visiting scholar Tarak Thakore, UC postdoctoral fellow Michael Wallbank and UC physics students Herilala Razafinime and Miriama Rajaoalisoa also contributed to the paper.

"Progress in neutrino physics is expected on several fronts," Zupan said.

Besides the search for sterile neutrinos, Zupan said physicists are looking at several experimental anomalies--disagreements between data and theory--that they will be able to test in the near future with the upcoming experiments.

Learning more about neutrinos could upend centuries of our understanding about physics. Several neutrino projects have been recognized with the world's top scientific award, the Nobel Prize, most recently with the discovery of neutrino oscillations receiving the 2015 Nobel Prize in Physics. Countries such as the United States are investing billions of dollars into these projects because of the immense scientific interest in pursuing these questions.

One question is why the universe has more matter than antimatter if the Big Bang created both in equal measure. Neutrino research could provide the answer, Sousa said.
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																																			"It might not make a difference in your daily life, but we're trying to understand why we're here," Sousa said. "Neutrinos seem to hold the key to answering these very deep questions."

Sousa is part of one of the most ambitious neutrino projects called DUNE or the Deep Underground Neutrino Experiment conducted by the Fermi National Accelerator Laboratory. Crews have excavated the former Homestake gold mine 5,000 feet underground to install neutrino detectors. It takes about 10 minutes just for the elevator to reach the detector caverns, Sousa said.

Researchers put detectors deep underground to shield them from cosmic rays and background radiation. This makes it easier to isolate the particles generated in experiments.

The experiment is set to begin in 2029 with two of its detector modules measuring neutrinos from the atmosphere. But starting in 2031, researchers at Fermilab will shoot a high-energy beam of neutrinos 800 miles through the Earth to the waiting detector in South Dakota and a much closer one in Illinois. The project is a collaboration of more than 1,400 international engineers, physicists and other scientists.

"With these two detector modules and the most powerful neutrino beam ever we can do a lot of science," Sousa said. "DUNE coming online will be extremely exciting. It will be the best neutrino experiment ever."

The paper was an ambitious undertaking, featuring more than 170 contributors from 118 universities or institutes and 14 editors, including Sousa.


																																						
    
     




																																			"It was a very good example of collaboration with a diverse group of scientists. It's not always easy, but it's a pleasure when it comes together," he said.

Meanwhile, Sousa and UC's Aurisano are also involved in another Fermilab neutrino experiment called NOvA that examines how and why neutrinos change flavor and back. In June, his research group reported on their latest findings, providing the most precise measurements of neutrino mass to date.

Another major project called Hyper-Kamiokande, or Hyper-K, is a neutrino observatory and experiment under construction in Japan. Operations there could begin as early as 2027 as it, too, looks for evidence of sterile neutrinos, among other research questions.

"That should hold very interesting results, especially when you put them together with DUNE. So the two experiments combined will advance our knowledge immensely," Sousa said. "We should have some answers during the 2030s."

UC's Zupan said these multibillion-dollar projects hold promise for answering core questions about matter and antimatter and the origins of the universe.

"So far we know of only one such parameter in particle physics that has a nonzero value, and has to do with the properties of quarks," Zupan said. Whether or not something similar also is present for the neutrinos is an interesting open question."

Sousa said scientists around the world are working on many other neutrino experiments that could provide answers or generate new questions.


																																																					
																				
																						More information:
												M A Acero et al, White paper on light sterile neutrino searches and related phenomenology, Journal of Physics G: Nuclear and Particle Physics (2024). DOI: 10.1088/1361-6471/ad307f
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                Desert ant eyes inspired single-shot on-chip pol-PD for polarization imaging. Credit: Li Mingzhu's group
            
        

    


Polarization photodetectors (pol-PDs) have widespread applications in geological remote sensing, machine vision, and biological medicine. However, commercial pol-PDs usually require bulky and complicated optical components and are difficult to miniaturize and integrate.



										      
																					Chinese researchers have made important progress in this area by developing an on-chip integrated polarization photodetector.

This study, published in Science Advances on Dec. 4, was conducted by Prof. Li Mingzhu's group from the Technical Institute of Physics and Chemistry of the Chinese Academy of Sciences.

The research team was inspired by the unique capacity of desert ants for polarization vision. With this capability, desert ants can travel back to their nests across barren landscapes without any landmarks since their compound eyes are able to perceive polarized sunlight. The researchers aimed to mimic this capacity with their polarization photodetector.

First, Li and her group proposed a one-step nanoimprinting crystallization method. They then used this method to fabricate a high-crystalline perovskite, single-crystal-thin film with high-throughput, quadridirectional grating arrays. Based on this film, the researchers constructed a single-shot, on-chip pol-PD without any additional polarization optics.

In addition, the nanoimprinting crystallization method provides a novel and universal solution for preparing patterned perovskite, single-crystal-thin films with high optoelectronic performance and superior light regulation capability.

This method makes it possible to use bio-inspired single-shot polarization photodetectors to build a simple, cost-effective, highly sensitive polarization imaging system. It also offers a pathway for the development of highly sensitive, miniaturized, on-chip integrated polarization imaging systems.

Polarization imaging offers multiple advantages such as multi-dimensional detection, high precision, high contrast, and dehazing.

The polarization photodetector has now been applied in many fields, including visual dehazing, polymer stress visualization, and detection of cancerous areas in tissues.


																														
																				
																						More information:
												Wenzhong Fang et al, Bioinspired single-shot polarization photodetector based on four-directional grating arrays capped perovskite single-crystal thin film, Science Advances (2024). DOI: 10.1126/sciadv.adr5375
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Researchers reveal the mechanism of runaway electron generation in tokamak fusion reactors
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                Limitations of classical theory and improvements in revised theory In classical descriptions, the energy loss of high-energy electrons interacting with neutral hydrogen was approximated as an average, with the electron always ending up with an intermediate energy after the interaction. The modified description proposed in this study addresses this issue by more accurately reflecting real-world conditions: it refines the model so that electrons lose little energy during elastic interactions and only lose significant energy (becoming low-energy) during inelastic interactions. Credit: Seoul National University College of Engineering
            
        

    


A research team has clarified the mechanism behind the generation of runaway electrons during the startup phase of a tokamak fusion reactor. The paper, "Binary Nature of Collisions Facilitates Runaway Electron Generation in Weakly Ionized Plasmas," was published in the journal Physical Review Letters.



										      
																																	Nuclear fusion energy refers to a power generation method that harnesses the energy of an artificial sun created on Earth, using resources extracted from seawater. To achieve this, technology capable of confining high-temperature plasma exceeding 100 million degrees for extended periods in a fusion reactor is essential.

A tokamak is an artificial sun system in the shape of a torus, with no beginning or end, where magnetic fields are applied to confine particles.

To initiate nuclear fusion reactions within a tokamak, high-temperature plasma must first be generated, a process known as "startup." The startup process requires a strong electric field, similar to the principle of lightning, but this electric field also leads to the generation of "runaway electrons."

Runaway electrons are high-energy electrons that receive continuous acceleration from the electric field, becoming so fast that their acceleration is unstoppable. These electrons hinder plasma formation by taking it off externally applied energy and can damage the device, making them one of the critical challenges that must be resolved for successful nuclear fusion.

Therefore, accurately predicting the formation of runaway electrons is essential for the commercialization of tokamak reactors.



    
        
            [image: SNU researchers reveal the mechanism of runaway electron generation in tokamak fusion reactors]
             
                Runaway electron generation rate as a function of ionization degree. Credit: Seoul National University College of Engineering
            
        

    



Through collaborative research with the Max-Planck Institute for Plasmaphysik and ITER (International Thermonuclear Experimental Reactor) International Organization, Seoul National University's Professor Yong-su Na (corresponding author) and Ph. D. student Lee (first author) discovered that existing theories fail to adequately explain this phenomenon.


																																						
    
     




																																			They generalized a kinetic theory to identify a novel mechanism for the generation of runaway electrons, addressing a theoretical bottleneck in the design of start-up processes for ITER and commercial fusion reactors.

The research team found that the formation of runaway electrons during startup has a binary nature, determined by whether inelastic interactions with individual neutral particles occur. Electrons that avoid inelastic interactions with neutral particles significantly contribute to the formation of runaway electrons.

To elucidate this, they generalized the theory of electron kinetics and demonstrated the mechanism that classical theory failed to capture.

The results of this study are expected to be applied not only to the startup design of Korea's demonstration and commercial reactors but also to ITER, a collaborative project involving South Korea, the European Union, the United States, Japan, Russia, China, and India.


																																																					
																				
																						More information:
												Y. Lee et al, Binary Nature of Collisions Facilitates Runaway Electron Generation in Weakly Ionized Plasmas, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.175102
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Slow atomic movements shed new light on unconventional superconductivity
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                An SLAC research team discovered how an exceedingly slow process known as atomic relaxation changes in the presence of two of the quantum states that intertwine in cuprate superconductors. The results suggest that the relaxation process is a promising tool for exploring and understanding those two states--charge density waves (depicted above), which are stripes of higher and lower electron density in the material, and the superconducting state itself, which switches on when the material chills below its transition temperature. Credit: Greg Stewart/SLAC National Accelerator Laboratory
            
        

    


While atoms are known to wiggle very fast, dopants added to a cuprate superconductor can also cause atoms to meander very slowly. An SLAC study shows this process, called atomic relaxation, offers a new way to explore quantum states in these puzzling materials.



										      
																																	Materials known as unconventional superconductors can conduct electricity with no loss at higher temperatures than regular superconductors. But after 40 years of research, those temperatures are still quite cold--about 140degC below the freezing point of water. Engineering them to operate in much warmer conditions--a development that could spur revolutions in energy, microelectronics and other fields--requires a much better understanding of how these complex materials work.

Almost all the research so far has focused on very fast processes that may contribute to superconductivity--for instance, natural, high-frequency vibrations known as phonons that rattle a material's atomic latticework trillions of times per second.

Now researchers at the Department of Energy's SLAC National Accelerator Laboratory have taken a new look from the opposite direction: They observed how an exceedingly slow process known as atomic relaxation changes in the presence of two of the quantum states that intertwine in cuprate superconductors.

The results suggest that the relaxation process is a promising tool for exploring and understanding those two states--charge density waves (CDWs), which are stripes of higher and lower electron density in the material, and the superconducting state itself, which switches on when the material chills below its transition temperature.

The research team described the results in the Proceedings of the National Academy of Sciences.


																																						
    
     




																																			Atomic relaxation can be triggered by many things, including doping--the introduction of a new element into a material's atomic lattice to change its electronic properties. Doping makes the semiconductors in modern electronics possible, and it's commonly used in research on high-performance materials such as superconductors. In cuprates, it's used to generate superconductivity.

Atoms of the dopant replace some of the atoms in the material. But since they're a different size than the atoms all around them, the dopant atom can't find a comfortable spot to settle. So it slowly meanders between its neighbors, nudging the neighboring atoms to do the same, and keeps on doing that until interrupted.

"This observation of slow atomic motion is a new way to look at things," said SLAC lead scientist Joshua Turner, a principal investigator with the Stanford Institute for Materials Science and Engineering (SIMES) at SLAC. "It can tell us all sorts of interesting things about what the electrons are doing in systems and materials that many people have been studying for a long time."

Using the Coherent Hard X-ray Scattering beamline (CHX) at the National Synchrotron Light Source II at DOE's Brookhaven National Laboratory, the SLAC team found that atomic relaxation took about 1,000 seconds in the cuprate they studied.

But to their surprise, atoms meandered farther away from their average positions and relaxation slowed down in the presence of CDWs. Even more surprising, this remarkable effect reversed, and relaxation accelerated, as the cuprate approached its superconducting state.

"This insight gives scientists a whole new way to explore how these quantum states intertwine on slow time scales and to understand the fundamental forces that drive unconventional superconductivity," said Lingjia Shen, an associate staff scientist with the Linac Coherent Light Source (LCLS) X-ray laser at SLAC who played a leading role in the research.


																																																					
																				
																						More information:
												Zach Porter et al, Understanding the superconductivity and charge density wave interaction through quasi-static lattice fluctuations, Proceedings of the National Academy of Sciences (2024). DOI: 10.1073/pnas.2412182121
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                Fabricated at the Micro-Nano Fabrication Center of Zhejiang University, the 31-qubit superconducting quantum processor used in the experiment allows the researchers to engineer different types of transport and control the individual qubits. Credit: Nature Communications 15, 10115 (2024)
            
        

    


Researchers from Singapore and China have used a superconducting quantum processor to study the phenomenon of quantum transport in unprecedented detail.



										      
																																	A better understanding of quantum transport, which can refer to the flow of particles, magnetization, energy or information through a quantum channel, could propel advances in technologies such as nanoelectronics and thermal management.

"We're quite excited because this is, practically, a new paradigm of doing quantum transport experiments," says Center for Quantum Technologies (CQT) Fellow Dario Poletti, whose co-corresponding authors for the work published in Nature Communications on 22 November 2024 are Professor Haohua Wang from Zhejiang University (ZJU) and Professor Jie Hao from the Institute of Automation at the Chinese Academy of Sciences (CAS).

He added, "We can now access information that we could not before with other previous implementations of quantum transport."

Dario, who is also an Associate Professor and Head of Cluster at Singapore University of Technology and Design (SUTD), and a researcher under the MajuLab International Research Laboratory, derived theoretical models of quantum transport with Dr. Xiansong Xu and Dr. Chu Guo, back when they were both Ph.D. students at SUTD.

Xiansong is now an Assistant Professor at Sichuan Normal University while Chu Guo is an Assistant Professor at Henan Key Laboratory of Quantum Information and Cryptography. They tested these models with experimentalists from ZJU and CAS.

Experiments performed on the ZJU team's 31-qubit quantum processor explored how a spin/particle current flows between two groups of qubits.

"The work also shows the usefulness of quantum simulation in the NISQ era," says Pengfei Zhang, a Postdoctoral Fellow at ZJU. Pengfei is the co-first author of the publication together with Yu Gao, a Ph.D. student at ZJU, and Xiansong. NISQ refers to noisy intermediate-scale quantum devices.


																																						
    
     




																																			A unified picture

Quantum transport happens when there is some imbalance or nonequilibrium between systems in contact. For example, a temperature difference results in heat flow until systems are thermalized, while voltage differences result in a current.

The researchers studied transport between two groups of qubits with different magnetization. In one group, or bath, all the qubits were initialized to be spin-down, while in the other bath, half the qubits were spin-down and the other half spin-up, averaging zero magnetization. The two baths were connected by a point contact: a weak link between two qubits, one from each bath.

The theorists' idea was to use concepts from quantum thermalization to explain this quantum transport. They considered the two baths as a composite system that over time would thermalize. During this long process, they predicted, steady transport would occur.

Xiansong says, "I believe there should exist a unified picture of thermalization dynamics and nonequilibrium steady dynamics. But both the theoretical derivation and numerical verification are not straightforward."

Observing transport

For the experimental group, the theoretical proposal seemed straightforward to implement. Because they have good individual control over every qubit in their quantum processors, they could set up different baths and so engineer different types of transport. Previous experiments on quantum transport did not have as much versatility or tunability.
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																																			The researchers studied how differences in the initial bath states and the number of qubits affected the scale and steadiness of the current.

The initial bath states could differ in exactly which qubits in the half-half configuration were spin-up and which spin-down. The researchers prepared 60 randomly chosen distinct initial states for systems of 14, 17 and 31 qubits, then measured the current after 200 nanoseconds. The distribution showed that the current converges towards the same value as the system size grows.

"This is sometimes called 'typicality,'" says Dario. "All that matters is the average spin polarization, a macroscopic quantity, not the details of the individual qubits or how they are prepared."

The researchers also evaluated the steadiness of the current by measuring temporal fluctuations, appearing as spin flow to and fro between the baths. This involved 60,000 measurements at five-nanosecond intervals from 100 to 1,000 nanoseconds. They observed that the fluctuations became significantly smaller compared to the main signal as the system size grew, manifesting the emergence of the expected macroscopic physics.

Pengfei says, "It became challenging to fine-tune the control parameters and precisely measure the tiny temporal fluctuation of particle current for a large system, but we overcame it by developing a calibration protocol and an error mitigation method."

The researchers hope to build on these results, and continue their collaboration to explore richer transport scenarios.


																																																					
																				
																						More information:
												Pengfei Zhang et al, Emergence of steady quantum transport in a superconducting processor, Nature Communications (2024). DOI: 10.1038/s41467-024-54332-9
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World War One dazzle camouflage was not as well understood as it might have been, researchers suggest

										

    
        
            [image: A dazzling misdirection? Researchers suggest that WWI dazzle camouflage was not as well understood as it might have been]
             
                RMS Mauretania with dazzle camouflage. Credit: Wikimedia Commons/public domain
            
        

    


Researchers from Aston University and Abertay University have found that World War One dazzle ships--vessels painted in a type of camouflage pattern to make it difficult for enemies to identify and destroy--weren't as effective as originally thought.



										      
																																	The ships were named after the distinctive paint style of contrasting patterns and colors at striking angles. The various geometric shapes, angles--and in some cases, colors--were intended to confuse enemy submariners peering through periscopes, making it hard for them to identify ships and confuse their calculations about the target's speed and direction.

The concept, which has been credited by some to the biologist Graham Kerr and by others to the artist Norman Wilkinson, was developed during the First World War when the British fleet was facing the threat of German U-boats. However, although test facilities for model ships were used on both sides of the Atlantic during World War One, no quantitative data were recorded at that time.

A paper on this topic, titled "Dazzle camouflage: Benefits and problems revealed," appears in Royal Society Open Science.

The authors created a computer model of the ship RMS Mauretania, which was put into service as a troop ship by the British government during the First World War. The team "painted" it in various achromatic dazzle camouflage designs and then presented these on computer displays at directions around the clock and asked 16 participants to indicate the direction in which they thought the ship was traveling.

When they reviewed the participants' feedback, they found that the displays including a texture gradient in the camouflage pattern were seen to twist away from their true direction, exactly as intended. However, they found that the benefit of this was largely masked by another effect that they called the horizon effect or hysteresis effect. This is the tendency for perceived direction to be drawn parallel to the horizon regardless of camouflage.


																																						
    
     




																																			Their analysis showed that these two effects were perfectly added or subtracted, depending on the true direction of the ship. This means the twisting dazzle camouflage would sometimes help the ship (by adding to perceptual horizon bias), but sometimes it could help an attacking submarine (by subtracting from perceptual horizon bias).

Professor Tim Meese from Aston University's School of Optometry said, "If you ask me 'Did dazzle camo work?' my answer is yes--but the benefits from perceptual bias would not have been as valuable as the allied WWI navies would have liked."

Dr. George Lovell, senior lecturer in Abertay University's Department of Sociological and Psychological Sciences, added, "Overall, we found that the perceptual draw to the horizon was less for our participants with greater maritime experience. Assuming this would apply to enemy sub captains, then this suggests that the dazzle camo would have been of value, though our computer simulations of torpedo strikes showed that this would be so only for fast and distant ships."

The research paper was released just after it was reported that Ukraine's navy has revealed a fresh paint job on some of its vessels, which appear to have adopted dazzle camouflage. In November 2024, the Ukrainian forces shared images on social media showing versions of the paintwork.

Professor Meese commented, "Although dazzle camouflage fell out of favor between the wars, it is remarkable that the Ukrainian navy have recently shared images on social media where vessels are dressed in a form of dazzle. The precise purpose of this is not clear, but one expert supposed it might offer some protection against drones."
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																																			Dr. Lovell added, "Human vision won't have significantly changed since 1918, so if it was fooled by dazzle then, it will be fooled now. The key question is whether targeting involves human perception and a prediction of future location. If a weapon (torpedo, missile or drone) is visually aimed by a human, then a misperception of direction could still be key. If the drone uses AI trained on natural scenes, then it could still be fooled by forced-perspective cues."

The team's study only looked at the impact of the camouflage on the perceptual bias of direction. Dazzle was also thought to have other benefits, including introducing uncertainty about direction and uncertainty and biases about the distance and class of ship, which are both important for estimating speed. Good estimates of both speed and direction are needed for successful torpedo strikes, and these and other factors await scientific investigation.


																																																					
																				
																						More information:
												P. George Lovell et al, Dazzle camouflage: benefits and problems revealed, Royal Society Open Science (2024). DOI: 10.1098/rsos.240624
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Scientists exploit photo-induced chirality in thin films to improve authentication tech
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                The hidden code revealed by measuring the circular dichroism response of the barcode expressed as ellipticity in mdeg. (a) Measured by SRCD imaging. (b) Recorded by a standalone reader. Blue--the circular dichroism (CD) response induced by right-circularly polarized light; red--the CD response induced by left-circularly polarized light; green--the CD response induced by linearly polarized light or that of the as-deposited amorphous film. Credit: Diamond Light Source/Applied Sciences
            
        

    


In today's world, the fight against counterfeiting is more critical than ever. Counterfeiting affects about 3% of global trade, posing significant risks to the economy and public safety. From fake pharmaceuticals to counterfeit currency, the need for secure and reliable authentication methods is paramount. Authentication labels are commonly used--such as holograms on bank notes and passports--but there is always a need for new unfalsifiable technologies.



										      
																																	This is where research recently published in Applied Sciences comes into play. Led by a team of scientists from Oxford University, the University of Southampton, and Diamond Light Source, the UK's national synchrotron, the work focuses on developing a new technology for writing and reading covert information on authentication labels.

This technology leverages the unique properties of Ge2Sb2Te5 thin films, which can change their structure when exposed to specific types of laser light. By using circularly or linearly polarized laser light, the researchers can encode hidden information in these thin films. This information can then be revealed using a simple reading device, making the technology both advanced and accessible.

The paper is called "Application of Photo-Induced Chirality in Covert Authentication" and explains how photo-induced chirality in Ge2Sb2Te5 thin films can be exploited to improve authentication.

The significance of this research lies in its potential applications. Authentication labels are essential in various industries, including pharmaceuticals, electronics, and currency. The ability to encode and read covert information securely can help prevent counterfeiting and ensure the authenticity of products. Moreover, the technology's reliance on existing manufacturing methods makes it a practical solution for widespread use.


																																						
    
     




																																			To create these new authentication labels, the authors deposited 55 nm thick film on a disk substrate. After that, author Dr. Konstantin Borisenko, Research Computing Administrator at University of Oxford explained, "We 'wrote' a predesigned pattern of spots using a laser and a polarizer. Then we used the B23 beamline at Diamond Light Source to 'read' the film using circular dichroism (CD), a type of spectroscopy, and recorded the CD spectra in transmission mode."
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                Circular dichroism spectra of spots from a sample label prepared using left- (L-CPL) and right (R-CPL)-circularly polarized light and an as-deposited film. Credit: Diamond Light Source/Applied Sciences
            
        

    



The spectra were acquired using a highly collimated and focused synchrotron beam of about 100 mm in diameter in a 200 nm to 600 nm wavelength range with 5 nm intervals.

The spectra showed that the highest magnitude was observed at 520 nm. The authors then compared the signal obtained from reading the CD intensity at 520 nm on the B23 beamline, and on a standalone label reader, using a green LED as a light source.

The results showed that the polarization of a laser beam can be successfully recorded on an authentication label. Dr. Rohanah Hussain, Senior Beamline Scientist at Diamond explained, "This information was read using the synchrotron radiation circular dichroism (SRCD) imaging at Diamond B23 that validated a simple, standalone, in-house built instrument which gave very similar results and could be used as an affordable reading device."

The prepared label showed no deterioration in signal when retested after being stored under ambient conditions for at least six months. Preliminary experiments also indicated that the label and the polarization signal remained stable even after short heat treatment at 100degC, suggesting longer-term stability.

Dr. Borisenko concluded, "We have demonstrated a new technology for writing a covert code invisible to the naked eye. This code can only be revealed if the direction of rotation of the polarization of light encoded in the label during laser writing is measured by a suitable reading device.

"A prototype of the simple reading device is outlined, which qualitatively provides the same reading outcome as more sophisticated approaches using circular dichroism spectroscopy and imaging. The observed strong signal from the reading device supports further miniaturization of the labels. This feature may enable this approach to be integrated with the technology used in existing holographic security labels to increase the level of security."


																																																					
																				
																						More information:
												Konstantin B. Borisenko et al, Application of Photo-Induced Chirality in Covert Authentication, Applied Sciences (2024). DOI: 10.3390/app14219743
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The quarks that make up the nuclei of all atoms around us are known to "mix": the different types of quark occasionally change into one another. The amounts in which these processes happen are not very well known, though--and the theoretical values don't even add up to 100%. UvA-IoP physicist Jordy de Vries and colleagues from Los Alamos, Seattle, and Bern have now published work that takes a step towards solving these mysteries.



										      
																																	All good things come in threes. The Standard Model of particle physics takes this motto to heart: it contains three so-called generations of elementary particles. Take the quarks as an example. In addition to the pair of quark types known as "up" and "down," which make up the core of atomic nuclei, there exist two additional quark pairs: "charm" and "strange," as well as "top" and "bottom." Together, these six types of quarks are known as the six quark flavors.

The Standard Model predicts that one quark flavor can transmute into another, a phenomenon called quark mixing, but the model does not predict how often different transmutations happen. In fact, the current state-of-the-art analysis indicates that something is afoot: the probabilities of all mixings do not add up to 100%. What is going on? Could this be a signal of new physics outside of the Standard Model?

To answer this question, UvA-IoP physicist Jordy de Vries and colleagues from Los Alamos, Seattle, and Bern have developed a new framework and performed associated calculations to very precisely determine the amount of mixing between up and down quarks, for which the effect is strongest. The work was recently published jointly in Physical Review Letters and as an Editor's Suggestion in Physical Review C.


																																						
    
     




																																			Taming the uncertainty

As input for the calculations, the physicists use precise measurements of radioactive decay processes known as nuclear beta decays. The most accurate determination of the up-down quark mixing comes from so-called superallowed beta decays, occurring across the chart of nuclear isotopes. "Superallowed" means that the involved nuclei have no spin and are therefore easier to describe theoretically.

Nevertheless, the calculation of the amount of mixing from the extremely precise data suffers from a theoretical uncertainty due to the subtle dance between the three fundamental forces of nature that are involved in the process: the strong nuclear force, the electromagnetic interaction, and the weak process that causes the radioactive decay.

The new framework was designed to track this interplay and tame the theoretical uncertainty. It led the physicists to uncover effects involving the weak interactions between the constituents of the nuclei that had not been considered before.

These effects currently dominate the uncertainty in the computations. In the near future, building on this work and on advanced many-body nuclear calculations, the uncertainties will be brought under control, thus opening the way to uncover possible footprints of new physics in nuclear processes.


																																																					
																				
																						More information:
												Vincenzo Cirigliano et al, Radiative Corrections to Superallowed b Decays in Effective Field Theory, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.211801

Vincenzo Cirigliano et al, Ab initio electroweak corrections to superallowed b decays and their impact on Vud, Physical Review C (2024). DOI: 10.1103/PhysRevC.110.055502. On arXiv: DOI: 10.48550/arxiv.2405.18464
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