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Nanoribbons reveal potential source of light for quantum technologies
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                SL MoS2 NRs grown on F-mica substrate. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-54413-9
            
        

    


Experiments conducted at Montana State University in collaboration with Columbia University and the Honda Research Institute have resulted in the emission of single photons of light in a new type of quantum material--a feat that could lead to the development of controllable light sources for use in quantum technologies.



										      
																																	A comprehensive article about the breakthrough was published in the journal Nature Communications. It describes ultra small, two-dimensional, ribbon-shaped materials measuring one atom thick and tens of atoms wide--about a thousand times narrower than the width of a human hair.

The nanoribbons were grown by the Honda Research Institute, stretched over specialized surfaces developed by Columbia to stimulate photon emission, then manipulated and tested by the MSU team, which analyzed and described the nanoribbons' characteristics, including their ability to emit single photons.

"When the Columbia and HRI teams approached us, we were very enthusiastic to investigate the new system," said Nicholas Borys, associate professor in MSU's Department of Physics in the College of Letters and Science and associate director of the MonArk NSF Quantum Foundry at MSU. "These first experiments revealed that microscopic areas of the material engineered by the Columbia team were capable of emitting single photons of light, launching a much bigger effort to develop the system further."

The MonArk NSF Quantum Foundry is a partnership between MSU and the University of Arkansas. It provides scientists with access to advanced manufacturing and measurement tools for the study of 2D materials for quantum technologies. These tools enable researchers to quickly process new materials, measure their properties and behavior, and test their performance in model quantum devices.


																																						
    
     




																																			Three-dimensional materials, made up of stacked layers of atoms, exhibit various properties, such as thermal and electrical conductivity or--in this case--the ability to emit single photons at a time. Two-dimensional materials are single layers of atoms that retain the behaviors they exhibit in their 3D forms, but with enhanced properties that emerge because they are atomically thin.

Though the ability to emit single photons at a time was known to occur in large sheets of 2D materials, Borys said the observation made by the project team was the first demonstration that it also occurs in these much smaller ribbon structures.

Avetik Harutyunyan, HRI senior chief scientist, said, "Our technology provides a new pathway for the synthesis of quantum nanoribbons with precise width control, leveraging their unique mechanical and electronic properties as a single photon light source to realize secure communication known as quantum communication."

The collaborators on this project were able to encode information on a stream of individual photons emitted by the new nanoribbon material. They say that such streams could be used to create and distribute encrypted information between selected transmitters and receivers. Those communications would be secure, they added, because any attempt to eavesdrop on the communications would interfere with the quantum states being regulated by the receiver, introducing errors that could be detected immediately.


																									
    
        Discover the latest in science, tech, and space with over 100,000 subscribers who rely on Phys.org for daily insights.
        Sign up for our free newsletter and get updates on breakthroughs,
        innovations, and research that matter--daily or weekly.
    


    


																																			Samuel Wyss, a co-author of the recently published paper and one of two MSU doctoral students who worked on the nanoscale manipulation of the 2D materials, said these nanoribbons are unlike any other materials that have been studied to date.

"Studying the fundamental physics and these interactions in 2D semiconductors will allow us to engineer these materials for new electronic devices and unseen and unthought of applications," Wyss said.

Borys said the collaboration began about 2 1/2 years ago, when Columbia and HRI asked MonArk to run optical tests on new ribbon structures of 2D materials that Honda had grown from molybdenum and tungsten. After stretching the materials over structures provided by the Columbia team, the MSU scientists studied how wrinkles in the ribbons interacted with light at ultracold temperatures near absolute zero.

Borys said the study of HRI's nanoribbons has yielded valuable information about 2D materials in general, and he described them as "potentially the highest quality of 2D materials we've studied." He said the team will continue to test their fundamental quantum limits.

"There's a possibility of shrinking the ribbons further," he said. "We're going to gain a lot of insight into generating a single photon of light with 2D materials by studying these nanoribbon structures."

The MonArk team will also explore how to overcome challenges related to using the materials in industry. Because the single photons are emitted rapidly and unpredictably, Borys said the team will investigate whether it's possible to use an electrical source like a battery to act as a photon-activation switch. MonArk is also testing how the nanoribbons perform in an actual quantum technology platform.

Borys credited the leadership of Xufan Li of the Honda Research Institute and James Schuck of Columbia University for the success of the collaboration.

"It's been very enriching and exciting working with the team at the Honda Research Institute," he said. "They are very motivated to see scientific discoveries rapidly translated into usable technologies. It has been a great experience for the students working on the project, with first results that are exciting for quantum technologies."


																																																					
																				
																						More information:
												Xufan Li et al, Width-dependent continuous growth of atomically thin quantum nanoribbons from nanoalloy seeds in chalcogen vapor, Nature Communications (2024). DOI: 10.1038/s41467-024-54413-9
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                A new experimental vaccine known as mosaic-8 could offer protection not only against many variants of SARS-CoV-2, but also other sarbecoviruses. Credit: Jose-Luis Olivares, MIT
            
        

    


A new experimental vaccine developed by researchers at MIT and Caltech could offer protection against emerging variants of SARS-CoV-2, as well as related coronaviruses, known as sarbecoviruses, that could spill over from animals to humans.



										      
																																	In addition to SARS-CoV-2, the virus that causes COVID-19, sarbecoviruses--a subgenus of coronaviruses--include the virus that led to the outbreak of the original SARS in the early 2000s. Sarbecoviruses that currently circulate in bats and other mammals may also hold the potential to spread to humans in the future.

By attaching up to eight different versions of sarbecovirus receptor-binding proteins (RBDs) to nanoparticles, the researchers created a vaccine that generates antibodies that recognize regions of RBDs that tend to remain unchanged across all strains of the viruses. That makes it much more difficult for viruses to evolve to escape vaccine-induced antibodies.

"This work is an example of how bringing together computation and immunological experiments can be fruitful," says Arup K. Chakraborty, the John M. Deutch Institute Professor at MIT and a member of MIT's Institute for Medical Engineering and Science and the Ragon Institute of MIT, MGH and Harvard University.

Chakraborty and Pamela Bjorkman, a professor of biology and biological engineering at Caltech, are the senior authors of the study, which appears in Cell. The paper's lead authors are Eric Wang Ph.D. '24, Caltech postdoc Alexander Cohen, and Caltech graduate student Luis Caldera.


																																						
    
     




																																			Mosaic nanoparticles

The new study builds on a project begun in Bjorkman's lab, in which she and Cohen created a "mosaic" 60-mer nanoparticle that presents eight different sarbecovirus RBD proteins. The RBD is the part of the viral spike protein that helps the virus get into host cells. It is also the region of the coronavirus spike protein that is usually targeted by antibodies against sarbecoviruses.

RBDs contain some regions that are variable and can easily mutate to escape antibodies. Most of the antibodies generated by mRNA COVID-19 vaccines target those variable regions because they are more easily accessible. That is one reason why mRNA vaccines need to be updated to keep up with the emergence of new strains.

If researchers could create a vaccine that stimulates production of antibodies that target RBD regions that can't easily change and are shared across viral strains, it could offer broader protection against a variety of sarbecoviruses.

Such a vaccine would have to stimulate B cells that have receptors (which then become antibodies) that target those shared, or "conserved," regions. When B cells circulating in the body encounter a vaccine or other antigen, their B cell receptors, each of which have two "arms," are more effectively activated if two copies of the antigen are available for binding to each arm. The conserved regions tend to be less accessible to B cell receptors, so if a nanoparticle vaccine presents just one type of RBD, B cells with receptors that bind to the more accessible variable regions, are most likely to be activated.

To overcome this, the Caltech researchers designed a nanoparticle vaccine that includes 60 copies of RBDs from eight different related sarbecoviruses, which have different variable regions but similar conserved regions. Because eight different RBDs are displayed on each nanoparticle, it's unlikely that two identical RBDs will end up next to each other. Therefore, when a B cell receptor encounters the nanoparticle immunogen, the B cell is more likely to become activated if its receptor can recognize the conserved regions of the RBD.

"The concept behind the vaccine is that by co-displaying all these different RBDs on the nanoparticle, you are selecting for B cells that recognize the conserved regions that are shared between them," Cohen says. "As a result, you're selecting for B cells that are more cross-reactive. Therefore, the antibody response would be more cross-reactive and you could potentially get broader protection."

In studies conducted in animals, the researchers showed that this vaccine, known as mosaic-8, produced strong antibody responses against diverse strains of SARS-CoV-2 and other sarbecoviruses and protected from challenges by both SARS-CoV-2 and SARS-CoV (original SARS).
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																																			Broadly neutralizing antibodies

After these studies were published in 2021 and 2022, the Caltech researchers teamed up with Chakraborty's lab at MIT to pursue computational strategies that could allow them to identify RBD combinations that would generate even better antibody responses against a wider variety of sarbecoviruses.

Led by Wang, the MIT researchers pursued two different strategies--first, a large-scale computational screen of many possible mutations to the RBD of SARS-CoV-2, and second, an analysis of naturally occurring RBD proteins from zoonotic sarbecoviruses.

For the first approach, the researchers began with the original strain of SARS-CoV-2 and generated sequences of about 800,000 RBD candidates by making substitutions in locations that are known to affect antibody binding to variable portions of the RBD. Then, they screened those candidates for their stability and solubility, to make sure they could withstand attachment to the nanoparticle and injection as a vaccine.

From the remaining candidates, the researchers chose 10 based on how different their variable regions were. They then used these to create mosaic nanoparticles coated with either two or five different RBD proteins (mosaic-2COM and mosaic-5COM).

In their second approach, instead of mutating the RBD sequences, the researchers chose seven naturally occurring RBD proteins, using computational techniques to select RBDs that were different from each other in regions that are variable, but retained their conserved regions. They used these to create another vaccine, mosaic-7COM.


																																						
    
     




																																			Once the researchers produced the RBD-nanoparticles, they evaluated each one in mice. After each mouse received three doses of one of the vaccines, the researchers analyzed how well the resulting antibodies bound to and neutralized seven variants of SARS-CoV-2 and four other sarbecoviruses.

They also compared the mosaic nanoparticle vaccines to a nanoparticle with only one type of RBD displayed, and to the original mosaic-8 particle from their 2021, 2022, and 2024 studies. They found that mosaic-2COM and mosaic-5COM outperformed both of those vaccines, and mosaic-7COM showed the best responses of all. Mosaic-7COM elicited antibodies with binding to most of the viruses tested, and these antibodies were also able to prevent the viruses from entering cells.

The researchers saw similar results when they tested the new vaccines in mice that were previously vaccinated with a bivalent mRNA COVID-19 vaccine.

"We wanted to simulate the fact that people have already been infected and/or vaccinated against SARS-CoV-2," Wang says. "In pre-vaccinated mice, mosaic-7COM is consistently giving the highest binding titers for both SARS-CoV-2 variants and other sarbecoviruses."

Bjorkman's lab hopes to move mosaic-7COM, which performed better in the current study, into clinical trials. The researchers plan to work on redesigning the vaccines so that they could be delivered as mRNA, which would make them easier to manufacture.


																																																					
																				
																						More information:
												Eric Wang et al, Designed mosaic nanoparticles enhance cross-reactive immune responses in mice, Cell (2025). DOI: 10.1016/j.cell.2024.12.015
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Smart fabric can heat up by 30degC after 10 minutes of sun exposure
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                A demonstration of how stretchy the smart fabric is. The fabric can stretch out by as much as five times its original shape. Credit: University of Waterloo
            
        

    


A new type of cloth developed by researchers at the University of Waterloo can heat up when exposed to the sun thanks to innovative nanoparticles embedded in the fabric's fibers. This advance represents an innovative and environmentally friendly option for staying warm in the winter.



										      
																																	Wearable heated clothing typically relies on metals or ceramic heating elements to heat up and an external power source, which could pose safety risks for users.

This new cloth incorporates conductive polymer nanoparticles that can heat up to 30degC when exposed to sunlight. The design requires no external power and can also change color to visually monitor temperature fluctuations. The study was recently published in Advanced Composites and Hybrid Materials.

"The magic behind the temperature-sensitive color change lies in the combination of nanoparticles embedded in the polymer fibers," said Yuning Li, a professor in Waterloo's Department of Chemical Engineering, and part of the research team that includes Chaoxia Wang and Fangqing Ge from the College of Textile Science and Engineering at Jiangnan University in China.

"The nanoparticles are activated by sunlight, enabling the fabric to absorb heat and convert it into warmth."

The fiber is created using a scalable wet-spinning process, combining polyaniline and polydopamine nanoparticles to enhance light absorption and improve photothermal conversion. Thermoplastic polyurethane serves as the spinning matrix, while thermochromic dyes enable the reversible color-changing feature. The resultant fiber can be woven into fabric for wearable applications.



    
    
    
        
        
    
            
            The smart fabric changes its color when nanoparticles embedded in the fibers are activated by sunlight. Credit: University of Waterloo
  

In addition to its temperature-changing capability, the Waterloo researchers' new fabric can stretch out by as much as five times its original shape and withstand as much as two-dozen washings while still maintaining its function and appearance. Its reversible color-changing ability provides a built-in temperature monitoring feature to ensure the wearer's safety and convenience.

"We prioritized durability, ensuring the fabric could withstand repeated use and environmental exposure while maintaining its innovative properties," said Li.

The Waterloo team is exploring more cost-effective alternatives to polydopamine to make the smart fabric technology more accessible. Future developments will focus on scaling the production process and reducing costs without compromising on the fabric's innovative properties.

The fabric's potential applications include aiding in cold rescue situations and solar-powered pet clothing to help keep them comfortable when outside during the winter.


																																																					
																				
																						More information:
												Fangqing Ge et al, Color tunable photo-thermochromic elastic fiber for flexible wearable heater, Advanced Composites and Hybrid Materials (2024). DOI: 10.1007/s42114-024-00994-4
																						
																					


                               											
																					
                              										                                        
										
										
											 
												Citation:
												Smart fabric can heat up by 30degC after 10 minutes of sun exposure (2025, January 23)
												retrieved 23 January 2025
												from https://phys.org/news/2025-01-smart-fabric-30c-minutes-sun.html
											 

											 
											 This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
											 part may be reproduced without the written permission. The content is provided for information purposes only.
											 

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2025-01-smart-fabric-30c-minutes-sun.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New research uncovers exotic electron crystal in graphene

										

    
        
            [image: New research uncovers exotic electron crystal in graphene]
             
                TEC at n = 1/4 in twisted bilayer-trilayer graphene. Credit: Nature (2025). DOI: 10.1038/s41586-024-08239-6
            
        

    


Researchers from the University of British Columbia, the University of Washington, and Johns Hopkins University have identified a new class of quantum states in a custom-engineered graphene structure.



										      
																																	Published in Nature, the study reports the discovery of topological electronic crystals in twisted bilayer-trilayer graphene, a system created by introducing a precise rotational twist between stacked two-dimensional materials.

"The starting point for this work is two flakes of graphene, which are made up of carbon atoms arranged in a honeycomb structure. The way electrons hop between the carbon atoms determines the electrical properties of the graphene, which ends up being superficially similar to more common conductors like copper," said Prof. Joshua Folk, a member of UBC's Physics and Astronomy Department and the Blusson Quantum Matter Institute (UBC Blusson QMI).

"The next step is to stack the two flakes together with a tiny twist between them. This generates a geometric interference effect known as a moire pattern: Some regions of the stack have carbon atoms from the two flakes directly on top of each other, while other regions have the atoms offset," Folk said.

"When electrons hop through this moire pattern in the twisted stack, the electronic properties are totally changed. For example, the electrons slow way down, and sometimes they develop a twist in their motion, like the vortex in the water at the drain of a bathtub as it is draining out."


																																						
    
     




																																			The breakthrough discovery reported in this study was observed by an undergraduate student, Ruiheng Su, from UBC, studying a twisted graphene sample prepared by Dr. Dacen Waters, a postdoctoral researcher in the lab of Prof. Matthew Yankowitz at the University of Washington.

While working on the experiment in Folk's lab, Ruiheng discovered a unique configuration for the device where the electrons in the graphene froze into a perfectly ordered array, locked in place yet twirling in unison like ballet dancers gracefully performing stationary pirouettes. This synchronized rotation gives rise to a remarkable phenomenon where electric current flows effortlessly along the edges of the sample while the interior remains insulating because the electrons are immobilized.

Remarkably, the amount of current that flows along the edge is precisely determined by the ratio of two fundamental constants of nature--Planck's constant and the charge of the electron. The precision of this value is guaranteed by a property of electron crystal known as topology, which describes the properties of objects that remain unchanged by modest deformations.

"Just as a donut cannot be smoothly deformed into a pretzel without first cutting it open, the circulating channel of electrons around the boundary 2D electron crystal remains undisturbed by disorder in its surrounding environment," said Yankowitz.

"This leads to a paradoxical behavior of the topological electronic crystal not seen in conventional Wigner crystals of the past--despite the crystal forming upon freezing electrons into an ordered array, it can nevertheless conduct electricity along its boundaries."


																									
    
        Discover the latest in science, tech, and space with over 100,000 subscribers who rely on Phys.org for daily insights.
        Sign up for our free newsletter and get updates on breakthroughs,
        innovations, and research that matter--daily or weekly.
    


    


																																			An everyday example of topology is the Mobius strip--a simple yet mind-bending object. Imagine taking a strip of paper, forming it into a loop, and taping the ends together. Now, take another strip, but before joining the ends, give it a single twist. The result is a Mobius strip, a surface with just one side and one edge. Amazingly, no matter how you try to manipulate the strip, you cannot untwist it back into a normal loop without tearing it apart.

The rotation of the electrons in the crystal is analogous to the twist in the Mobius strip, and leads to a remarkable characteristic of a topological electronic crystal never before seen in the rare cases where electron crystals have been observed in the past: edges where electrons flow without resistance, described as being locked in place within the crystal itself.

The topological electron crystal is not only fascinating from a conceptual point of view but also opens up new opportunities for advancements in quantum information. These include future attempts to couple the topological electron crystal with superconductivity, forming the foundation of qubits for topological quantum computers.


																																																					
																				
																						More information:
												Ruiheng Su et al, Moire-driven topological electronic crystals in twisted graphene, Nature (2025). DOI: 10.1038/s41586-024-08239-6
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Silver nanoparticles in packaging can contaminate dry foods, testing shows

										

    
        
            [image: Testing shows antimicrobial silver nanoparticles in packaging absorbed by some dry foods]
             
                (A) Photographs of finely ground (top) and coarsely ground (bottom) white rice stored within AgNP/LDPE film. Representative brightfield micrographs of the samples are also shown. (B) Size distributions (circle-equivalent radii) of the ground rice determined by analysis of brightfield microscope images. The boxes depict the 25-75% ranges, and the whiskers represent 1.5x the interquartile ranges (n > 100). Open squares designate the mean values, and black diamonds are outliers. (C) Ag migration, in ng Ag per cm2 packaging contact area, for the rice samples shown in (A) after storage at 40 degC for 10 days. Letter designations above bars indicate statistically different groups. ACS Food Science & Technology (2025). DOI: 10.1021/acsfoodscitech.4c00813
            
        

    


A team of research scientists led by US Food and Drug Administration chemist Timothy Duncan has found evidence of silver nanoparticles embedded in packaging used as an antimicrobial agent seeping into the dry food it is meant to protect. In their paper published in the journal ACS Food Science & Technology, the group describes how they created their own packaging with embedded silver nanoparticles and tested it with various foods, and what they learned by doing so.



										    
																					Silver has been a known antimicrobial agent for centuries, but it has only recently been made into nanoparticle-sized grains for use in food packaging. Prior research has shown that when such packaging is used for liquid or gelatinous foods or beverages, the nanoparticles can easily seep into and permeate the food. It is still not known if such particles can cause harm to people who consume them--testing is still ongoing, which is why they are banned in many countries, including the U.S. In this new effort, the research team wanted to know if such particles also find their way into dry foods.

To find out, the team created samples of silver nanoparticles and embedded them in polyethylene film wraps, which could hold various types of food items. They tested wheat flour, slices of cheese, ground rice and spinach leaves. They then stored the packages in ways normal to consumers' homes.

The team then brought the packages into their lab for testing with mass spectrometry. In so doing, they found that the nanoparticles had made their way to all the foods, though to varying degrees. They found, for example, that there was far more contamination of the cheese than there was with the spinach leaves. They noted that the more surface contact between the food and the packaging, the more contamination. They also noted that most of the contamination was confined to the surface of the food, which meant that most of it could be easily rinsed away.


																														
																				
																						More information:
												Laxmi Adhikari et al, Silver Migrates to Solid Foods and Abiotic Surfaces from Model Plastic Packaging Containing Silver Nanoparticles, ACS Food Science & Technology (2025). DOI: 10.1021/acsfoodscitech.4c00813
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        Quantum thermometer uses giant Rydberg atoms to measure temperature more accurately
        Scientists at the National Institute of Standards and Technology (NIST) have created a new thermometer using atoms boosted to such high energy levels that they are a thousand times larger than normal. By monitoring how these giant "Rydberg" atoms interact with heat in their environment, researchers can measure temperature with remarkable accuracy. The thermometer's sensitivity could improve temperature measurements in fields ranging from quantum research to industrial manufacturing.

      

      
        Boosted tin-based qubit signals enhance quantum communication prospects
        The future of tin-based qubits is brighter thanks to breakthrough work by Stanford University researchers. Qubits are the fundamental carriers of quantum information, and scientists worldwide are engineering atoms to create reliable, long-lived qubits for processing quantum data. Quantum engineering is expected to accelerate advances in areas as diverse as medicine and finance.

      

      
        Scientists develop novel device to modulate polarization of THz waves
        Terahertz (THz) waves, situated between the microwave and infrared regions of the electromagnetic spectrum, have drawn considerable attention over the past two decades.

      

      
        Imagining the physics of George R.R. Martin's fictional universe
        Many science fiction authors try to incorporate scientific principles into their work, but Ian Tregillis, who is a contributing author of the Wild Cards book series when he's not working as a physicist at Los Alamos National Laboratory, took it one step further: He derived a formula to describe the dynamics of the fictional universe's viral system.
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            [image: New atom-based thermometer measures temperature more accurately]
             
                Laboratory setup for using giant "Rydberg" atoms to measure temperature. The glowing red orb shows the cloud of approximately one million rubidium atoms used in the setup. Credit: N. Schlossberger/NIST
            
        

    


Scientists at the National Institute of Standards and Technology (NIST) have created a new thermometer using atoms boosted to such high energy levels that they are a thousand times larger than normal. By monitoring how these giant "Rydberg" atoms interact with heat in their environment, researchers can measure temperature with remarkable accuracy. The thermometer's sensitivity could improve temperature measurements in fields ranging from quantum research to industrial manufacturing.



										      
																																	Unlike traditional thermometers, a Rydberg thermometer doesn't need to be first adjusted or calibrated at the factory because it relies inherently on the basic principles of quantum physics. These fundamental quantum principles yield precise measurements that are also directly traceable to international standards.

"We're essentially creating a thermometer that can provide accurate temperature readings without the usual calibrations that current thermometers require," said NIST postdoctoral researcher Noah Schlossberger.

Revolutionizing temperature measurement

The research, published in Physical Review Research, is the first successful temperature measurement using Rydberg atoms. To create this thermometer, researchers filled a vacuum chamber with a gas of rubidium atoms and used lasers and magnetic fields to trap and cool them to nearly absolute zero, around 0.5 millikelvin (thousandths of a degree). This means the atoms were essentially not moving. Using lasers, they then boosted the atoms' outermost electrons to very high orbits, making the atoms approximately 1,000 times larger than ordinary rubidium atoms.

In Rydberg atoms, the outermost electron is far away from the core of the atom, making it more responsive to electric fields and other influences. This includes blackbody radiation, the heat emitted by surrounding objects. Blackbody radiation can cause electrons in Rydberg atoms to jump to even higher orbits. Rising temperatures increase the amount of ambient blackbody radiation and the rate of this process. Thus, researchers can measure temperature by tracking these energy jumps over time.



    
        
            [image: New atom-based thermometer measures temperature more accurately]
             
                By monitoring how giant Rydberg atoms interact with heat in their environment, Noah Schlossberger and colleagues can measure temperature with remarkable accuracy. Credit: R. Jacobson/NIST
            
        

    



This approach enabled the detection of even the most minor temperature changes. While there are other types of quantum thermometers, Rydberg thermometers can measure the temperature of their environment from about 0 to 100 degrees Celsius without needing to touch the object being measured.


																																						
    
     




																																			This breakthrough not only paves the way for a new class of thermometers but is particularly significant for atomic clocks, because blackbody radiation can reduce their accuracy.

"Atomic clocks are exceptionally sensitive to temperature changes, which can cause small errors in their measurements," said NIST research scientist Chris Holloway. "We're hopeful this new technology could help make our atomic clocks even more accurate."

Beyond precision science, the new thermometer could have wide-ranging applications in challenging environments from spacecraft to advanced manufacturing plants, where sensitive temperature readings are essential.

With this development, NIST continues to push the boundaries of science and technology.

"This method opens a door to a world where temperature measurements are as reliable as the fundamental constants of nature," Holloway added. "It's an exciting step forward for quantum sensing technology."


																																																					
																				
																						More information:
												Noah Schlossberger et al, Primary quantum thermometry of mm-wave blackbody radiation via induced state transfer in Rydberg states of cold atoms, Physical Review Research (2025). DOI: 10.1103/PhysRevResearch.7.L012020
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Boosted tin-based qubit signals enhance quantum communication prospects

										

    
        
            [image: Scientists amp up the signal from tin atoms embedded in diamond, opening possibilities for quantum networking]
             
                (a) Photograph of the sample space. Microwaves are routed through cables (thin black lines) that connect to additional microwave cables higher up in the cryostat. (b) Printed circuit board. Coplanar waveguides on the circuit board connect to surface mount soldered connectors on the left and right of the board, and to bonding pads closer to the center. The diamond chip is placed at the center of the circuit board, in a groove milled to be of similar depth as the chip height. (c) Optical image of an array of nanopillars. An example nanopillar is circled in red. (d) Scanning electron microscope image of a single nanopillar. Credit: Physical Review X (2023). DOI: 10.1103/PhysRevX.13.031022
            
        

    


The future of tin-based qubits is brighter thanks to breakthrough work by Stanford University researchers. Qubits are the fundamental carriers of quantum information, and scientists worldwide are engineering atoms to create reliable, long-lived qubits for processing quantum data. Quantum engineering is expected to accelerate advances in areas as diverse as medicine and finance.



										      
																																	The Stanford team achieved their milestone on a type of qubit known as a tin vacancy center in diamond: replace two of diamond's carbon atoms with one atom of tin and voila! A tin vacancy qubit is born.

But of course, it isn't so simple.

A tin vacancy qubit can be in one of two states, called spin-up and spin-down. That spin signal tends to be fuzzy and hard to read, making tin vacancies less useful than other qubit types for transmitting information.

"Before working on this project, measuring this qubit's spin was like trying to pick up a very, very weak light signal, like trying to squint at some dim light to determine whether the qubit was spin-up or spin-down," said Eric Rosenthal, a Stanford University postdoctoral appointee.

But the Stanford team has now turned things around.

As detailed in Physical Review X, the group successfully boosted the tin vacancy qubit's signal, reading its spin state with an impressive 87% accuracy.

Typical tin vacancy measurements require averaging hundreds of readings. But the Stanford group was able to read the qubit's spin state in a single shot. The high-accuracy, single-shot readout of the signal with reliable spin control is a first for tin-vacancy qubits.

The research was led by Jelena Vuckovic, the Jensen Huang professor of global leadership, professor of electrical engineering and by courtesy of applied physics at Stanford. Q-NEXT, a DOE National Quantum Information Science Research Center led by Argonne, collaborated on the effort.


																																						
    
     




																																			The group's advances will enable scientists to take full advantage of the tin vacancy qubit, which boasts long lifetimes and can operate at higher temperatures, helping cut down on cooling costs.

It's also a promising qubit for a future quantum internet--a potential communication network, similar to the internet we're familiar with, that transmits information through quantum principles. A quantum internet will require tight control of a qubit's spin, high confidence in the spin state and compatibility with current communication infrastructure.

"In all of these aspects, the tin vacancy looks very promising as an emerging system for the quantum internet," said Stanford postdoctoral scholar Souvik Biswas. "It checks most of the boxes."

The team's success followed in-depth studies of the way tin vacancies play with their electromagnetic surroundings. By tuning the relevant physics knobs, they solved tin vacancy's metaphorical dim-light problem, cranking up the brightness of the qubit signal.

The most important knob was the tuner for the magnetic field around the qubit. The Vuckovic group showed that, by orienting the field in the right way, one can amp the tin-vacancy center's quantum signal, like tilting a mirror at just the right angle to maximally reflect the light from a nearby bulb.

"You can have a magnetic field that is not oriented the right way, and then the qubit will not appear bright," Biswas said. "We modified the physical environment using some knobs that people didn't appreciate too much before this."
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																																			The group also made major improvements to their experimental setup, especially to the arrangement of the optical instruments that help excite and read out the qubit's spin states.

"It was like making a camera that can see really, really faint images," Biswas said.

In making their measurements, the researchers overcame several engineering hurdles, including the difficulty of flipping a tin vacancy's spin and the trickiness of working with diamond.

"This is generally a bit harder to do because you're limited by the natural qubit itself," Biswas said.

The Stanford researchers note that, by optimizing the diamond device further for light collection, the scientific community could improve on their qubit's already impressive performance.

"The fact that it works that well with this unoptimized structure really speaks well of tin as a qubit," Rosenthal said. "It means it's an easy qubit to work with."

In the same streamlined setup, researchers also carried out so-called weak measurements of the tin vacancy's quantum states, laying out the ways that the very act of measuring spin can affect the system's behavior.

Unlike a strong spin measurement, which forces the spin to fully "collapse" into an up or down state, a weak measurement doesn't always collapse the spin. The extent to which this collapse happens--or doesn't happen--ends up being a precise method to study how strongly the qubit interacts with light.

The technique is an example of how quantum mechanics can be useful for sensing. And the method can be applied to other types of qubits.

The Stanford team worked with scientists at DOE's Sandia National Laboratories to implant the tin atoms in diamond. The multiorganizational effort speaks to the goals of the broader quantum information science community to collaborate across institutions to create new materials for quantum devices.

"Not only can we measure if the tin vacancy qubit is up or down, but we can also control whether it's up or down or somewhere in between very well," Rosenthal said. "I hope our techniques will be helpful for the community at large."

Biswas added, "With the technical advancements made towards tin vacancy centers, the future for diamond-based quantum technology is exciting."


																																																					
																				
																						More information:
												Eric I. Rosenthal et al, Microwave Spin Control of a Tin-Vacancy Qubit in Diamond, Physical Review X (2023). DOI: 10.1103/PhysRevX.13.031022
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Scientists develop novel device to modulate polarization of THz waves

										

    
        
            [image: Scientists develop novel device to modulate polarization of THz waves]
             
                The proposed THz polarization controlling device. (a) schematic of the device and (b) measured polarization outputs. Credit: AIR
            
        

    


Terahertz (THz) waves, situated between the microwave and infrared regions of the electromagnetic spectrum, have drawn considerable attention over the past two decades.



										      
																																	Researchers from the Aerospace Information Research Institute (AIR) of the Chinese Academy of Sciences, in collaboration with researchers from Nanjing University, have developed a novel method to modulate the polarization of THz waves, marking significant progress in optics and photonics. This study was published in Optica.

Polarization--the orientation of light waves--is a cornerstone of modern technology, critical in everything from next-generation wireless communications to biomedical imaging. However, manipulating the polarization of THz waves has long been a formidable challenge.

The difficulty with THz waves comes from two main features: their mesoscale wavelength, which is three orders of magnitude larger than visible light, leading to inefficient light-matter interactions, and their broad bandwidth of 0.1 to 10 THz, which requires highly achromatic responses that are challenging to achieve.

To address these challenges, researchers have developed an innovative device called the phase-compensated mirror-total internal reflection (PCMT) device. By adjusting two key parameters--mirror-prism distance and liquid crystal birefringence--the researchers achieved achromatic phase control, enabling precise manipulation of polarization states across a wide and tunable bandwidth with minimal intensity change.

This device has demonstrated the ability to generate and actively switch between orthogonal linear polarizations and left- or right-handed circular polarizations over a broad frequency range of 1.6 to 3.4 THz.


																																						
    
     




																																			It achieves exceptional degrees of polarization, with both degrees of linear/circular polarization (DoLP/DoCP) values exceeding 0.996. Furthermore, it enables the realization of arbitrary polarization states at any center frequency, with relative bandwidths surpassing 90%.

"Our work demonstrates that THz waves, often considered unruly, can now be tamed and orchestrated with precision," said Prof. Chen Xuequan from AIR. "This breakthrough opens the door to a multitude of applications, making THz technologies more accessible and versatile than ever before."

This innovation has the potential to transform industries reliant on polarization-sensitive technologies, offering a versatile and efficient solution for communication, sensing, material characterization, and more.


																																																					
																				
																						More information:
												Hao Chen et al, Achromatic arbitrary polarization control in the terahertz band by tunable phase compensation, Optica (2025). DOI: 10.1364/OPTICA.540172
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Imagining the physics of George R.R. Martin's fictional universe

										

    
        
            [image: Imagining the physics of George R.R. Martin's fictional universe]
             
                A coordinate system for the polar model of the Wild Cards system and an example of the viral vector trajectories. Credit: Ian Tregillis
            
        

    


Many science fiction authors try to incorporate scientific principles into their work, but Ian Tregillis, who is a contributing author of the Wild Cards book series when he's not working as a physicist at Los Alamos National Laboratory, took it one step further: He derived a formula to describe the dynamics of the fictional universe's viral system.



										      
																					In independent research published in the American Journal of Physics, Tregillis and George R.R. Martin derive a formula for viral behavior in the Wild Cards universe.

Wild Cards is a science fiction series written by a collection of authors and edited by Martin and Melinda M. Snodgrass. Sitting at over 30 volumes, the books are about an alien virus called the Wild Card that mutates human DNA. Martin is credited as a co-author of the paper, making it his first peer-reviewed physics publication.

The idea to explore the science behind the fictional virus came from a series of blog posts on the Wild Cards website.

"Like any physicist, I started with back-of-the-envelope estimates, but then I went off the deep end. Eventually I suggested, only half-jokingly, that it might be easier to write a genuine physics paper than another blog post," Tregillis said. "Being a theoretician, I couldn't help but wonder if a simple underlying model might tidy up the canon."

The formula he derived is a Lagrangian formulation, which considers the different ways a system can evolve. It's also a fundamental physics principle, which also makes the fictional example a powerful teaching tool.

Tregillis shared that deriving this physical model was a fun but open-ended puzzle. After some trial and error of models based on fractals or thermodynamic analogies, he and Martin settled on the Lagrangian approach.

"We translated the abstract problem of Wild Card viral outcomes into a simple, concrete dynamical system. The time-averaged behavior of this system generates the statistical distribution of outcomes," he said.

While the Wild Card virus can be modeled by physics, Tregillis emphasized that it isn't a hard-and-fast rule in the canon.

"Good storytelling is about characters: their wants, needs, obstacles, challenges, and how they interact with their world," Tregillis said. "The fictional virus is really just an excuse to justify the world of Wild Cards, the characters who inhabit it, and the plot lines that spin out from their actions."


																														
																				
																						More information:
												Ergodic Lagrangian dynamics in a superhero universe, American Journal of Physics (2025). DOI: 10.1119/5.0228859
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