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Nano-switch achieves first directed, gated flow of excitons

										

    
        
            [image: Nano-switch achieves first directed, gated flow of chargeless quantum information carriers]
             
                From left, Zhaohan Jiang, a Ph.D. student in electrical and computer engineering, and Matthias Florian, a research investigator in the same division, prepare for a laser experiment in the Excitonics and Photonics Lab. Their team has demonstrated the first directed, gated flow of chargeless quantum information carriers called excitons at room temperature. Credit: Brenda Ahearn/Michigan Engineering
            
        

    


A new nanostructure acts like a wire and switch that can, for the first time, control and direct the flow of quantum quasiparticles called excitons at room temperature.



										      
																																	The transistor-like switch developed by University of Michigan engineers could speed up information transfer or even enable circuits that run on excitons instead of electricity--paving the way for a new class of devices.

Because they have no electrical charge, excitons have the potential to move quantum information without the losses that come with moving electrically charged particles like electrons. These losses drive cell phones and computers to generate heat during use.

"You can see the limits of electronics being reached now with AI and other demanding computations consuming energy and generating heat like crazy. If large processing centers were instead powered by excitonics, you wouldn't have this huge energy consumption anymore," said Mack Kira, co-corresponding author of the study in ACS Nano, supervisor of the theory and a professor of electrical and computer engineering.

Though less well-known than electrons, excitons are already commonly used for energy conversion--at work in lights, solar cells and more.

"Our cell phone displays work using organic LEDs, which are all excitonic-based," said Parag Deotare, co-corresponding author, supervisor of the experimental work and an associate professor of electrical and computer engineering. "Plants even convert light into excitons for photosynthesis, then transport that quantum energy packet to where it is needed before converting it into chemical energy."


																																						
    
     




																																			Excitons form in semiconductors when an energy source excites an electron, causing it to jump from the ground state to an excited state--like jumping up a rung of a ladder. When the electron jumps, it leaves behind a positively charged vacancy, or "hole." The negatively charged electron and positively charged hole attract one another and move as a pair, together forming a net neutrally charged exciton.



            	
            
                [image: Nano-switch achieves first directed, gated flow of chargeless quantum information carriers]
                 
                    The main players of the theory team, Florian and Kira (from the left), discuss results with the lead experimenters, Jiang and Deotare (continuing from the left). Their team has demonstrated the first directed, gated flow of chargeless quantum information carriers called excitons at room temperature. Credit: Brenda Ahearn/Michigan Engineering
                
            

        

            	
            
                [image: Nano-switch achieves first directed, gated flow of chargeless quantum information carriers]
                 
                    Parag Deotare, an associate professor of electrical and computer engineering, prepares to work with materials inside a glove box in the Excitonics and Photonics (ExP) Lab. The team he led with Mack Kira, a professor of electrical and computer engineering, has demonstrated the first room temperature, directed, gated flow of chargeless quantum information carriers called excitons. Credit: Brenda Ahearn/Michigan Engineering
                
            

        

            	
            
                [image: Nano-switch achieves first directed, gated flow of chargeless quantum information carriers]
                 
                    Jiang looks through the microscope while Florian looks on. Their team has demonstrated the first directed, gated flow of chargeless quantum information carriers called excitons at room temperature. Credit: Brenda Ahearn/Michigan Engineering
                
            

        

    

While an exciton's neutral charge enables it to move without losses, it comes with a drawback: it's hard to move excitons deliberately. Negatively charged electrons are easy to direct in a current because a positively charged electrode attracts them, but that does not work for neutral particles.

To create a device that could manipulate excitons, the team leaned on an approach they had developed earlier, creating an energy landscape in space that pulls excitons along a physical ridge--the exciton equivalent of a wire. Part of the new development is controlling the flow of excitons with electrodes positioned on either side of the ridge that act like a gate.

"When the electrodes are switched on, the voltage creates an energy barrier that prevents the excitons from moving. When the voltage is switched off, the excitons flow again. A switch like this has not been done up to this point," said Zhaohan Jiang, U-M doctoral student of electrical and computer engineering and lead author of the study.
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																																			During testing, the device demonstrated an on-off switching ratio exceeding 19 decibels which is a big enough difference to support advanced optoelectronic applications such as high speed on-chip data transfer links, used in advanced supercomputers, data centers, AI-enabled smartphones and wearables, autonomous vehicles, digital twins and more.

The other part of the new approach is the way it uses light to give the excitons a push in the right direction, making the device an "optoexcitonic" switch. In addition to creating the excitons by causing the electrons to jump energy levels, the light couples with the excitons and helps to drive them along the ridge.

Together, the ridge structure and light interaction successfully transported excitons in a single direction up to 4 micrometers in less than half a nanosecond at room temperature. As a next step, the team aims to connect hundreds of excitonic switches.

"While this technology could become an optoexcitonic circuit as it matures, I see it first improving the interface between photonics and electronics which will speed up processing and communication," Deotare said.

Such an advancement could be key to meeting the rapidly increasing demand for high-speed data transmission in data centers and possibly AI and machine learning applications.

The team has applied for patent protection with the assistance of U-M Innovation Partnerships.


																																	
																														
																				
																						More information:
												Zhaohan Jiang et al, Nanoengineered Optoexcitonic Switch, ACS Nano (2025). DOI: 10.1021/acsnano.5c05057
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Circuits invisible to the naked eye: New technique shrinks microchips beyond current size limits

										

    
        
            [image: Johns Hopkins researchers discover new methods for making smaller microchips]
             
                A silicon wafer with large visible patterns created using B-EUV lithography. Credit: Xinpei Zhou, Johns Hopkins University
            
        

    


Johns Hopkins researchers have discovered new materials and a new process that could advance the ever-escalating quest to make smaller, faster and affordable microchips used across modern electronics--in everything from cellphones to cars, appliances to airplanes.



										      
																																	Using a process that is both precise and economical for manufacturing, the team of scientists has discovered how to create circuits that are so small they're invisible to the naked eye.

The findings are published in the journal Nature Chemical Engineering.

"Companies have their roadmaps of where they want to be in 10 to 20 years and beyond," said Michael Tsapatsis, a Bloomberg Distinguished Professor of chemical and biomolecular engineering at Johns Hopkins University. "One hurdle has been finding a process for making smaller features in a production line where you irradiate materials quickly and with absolute precision to make the process economical."

The advanced lasers required for imprinting on the minuscule formats already exist, Tsapatsis added, but researchers needed new materials and new processes to accommodate ever smaller microchips.

Microchips are flat pieces of silicon with imprinted circuitries that execute basic functions. During production, manufacturers coat silicon wafers with a radiation-sensitive material to create a very fine coating called a "resist." When a beam of radiation is pointed at the resist, it sparks a chemical reaction that burns details into the wafer, drawing patterns and circuitry.


																																						
    
     




																																			However, the higher-powered radiation beams that are needed to carve out ever-smaller details on chips do not interact strongly enough with traditional resists.

Previously, researchers from Tsapatsis's lab and the Fairbrother Research Group at Johns Hopkins found that resists made of a new class of metal-organics can accommodate that higher-powered radiation process, called "beyond extreme ultraviolet radiation" (B-EUV), which has the potential to make details smaller than the current standard size of 10 nanometers. Metals like zinc absorb the B-EUV light and generate electrons that cause chemical transformations needed to imprint circuit patterns on an organic material called imidazole.

This research marks one of the first times scientists have been able to deposit these imidazole-based metal-organic resists from solution at a silicon-wafer scale, controlling their thickness with nanometer precision.

To develop the chemistry needed to coat the silicon wafer with the metal-organic materials, the team combined experiments and models from Johns Hopkins University, East China University of Science and Technology, Ecole Polytechnique Federale de Lausanne, Soochow University, Brookhaven National Laboratory and Lawrence Berkeley National Laboratory. The new methodology, which they call chemical liquid deposition (CLD), can be precisely engineered and lets researchers quickly explore various combinations of metals and imidazoles.
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																																			"By playing with the two components (metal and imidazole), you can change the efficiency of absorbing the light and the chemistry of the following reactions. And that opens us up to creating new metal-organic pairings," Tsapatsis said. "The exciting thing is there are at least 10 different metals that can be used for this chemistry, and hundreds of organics."

The researchers have started experimenting with different combinations to create pairings specifically for B-EUV radiation, which they say will likely be used in manufacturing in the next 10 years.

"Because different wavelengths have different interactions with different elements, a metal that is a loser at one wavelength can be a winner at the other," Tsapatsis said. "Zinc is not very good for extreme ultraviolet radiation, but it's one of the best for the B-EUV."


																																	
																														
																				
																						More information:
												Spin-on deposition of amorphous zeolitic imidazolate framework films for lithography applications, Nature Chemical Engineering (2025). DOI: 10.1038/s44286-025-00273-z. www.nature.com/articles/s44286-025-00273-z
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                This image taken with a scanning electron microscope shows rhodium-coated platinum nanoparticles on a conductive substrate. The crystalline facets are clearly visible in the polyhedral shape of the nanoparticles. Credit: Arno Jeromin, DESY NanoLab
            
        

    


Using a combination of spectromicroscopy at BESSY II and microscopic analyses at DESY's NanoLab, a team has gained new insights into the chemical behavior of nanocatalysts during catalysis.



										      
																																	The research is published in the journal ACS Nano.

The nanoparticles consisted of a platinum core with a rhodium shell. This configuration allows a better understanding of structural changes in, for example, rhodium-platinum catalysts for emission control. The results show that under typical catalytic conditions, some of the rhodium in the shell can diffuse into the interior of the nanoparticles. However, most of it remains on the surface and oxidizes. This process is strongly dependent on the surface orientation of the nanoparticle facets.

Nanoparticles measure less than one ten-thousandth of a millimeter in diameter and have enormous surface areas in relation to their mass. This makes them attractive as catalysts: metallic nanoparticles can facilitate chemical conversions, whether for environmental protection, industrial synthesis or the production of (sustainable) fuels from CO2 and hydrogen.

Platinum core with rhodium shell

Platinum (Pt) is one of the best-known metal catalysts and is used in heterogeneous gas phase catalysis for emission control, for example to convert toxic carbon monoxide in car exhaust gases from combustion engines into non-toxic CO2.

"Mixing platinum particles with the element rhodium (Rh) can further increase efficiency," says Jagrati Dwivedi, first author of the publication. The location of the two elements plays an important role in this process. So-called core-shell nanoparticles with a platinum core and an extremely thin rhodium shell can help in the search for the optimal element distribution that can extend the lifetime of the nanoparticles.


																																						
    
     




																																			Experiments at BESSY II and DESY NanoLab

Until now, however, little was known about how the chemical composition of a catalyst's surface changes during operation. A team led by Dr. Thomas F. Keller, head of the microscopy group at DESY NanoLab, has now investigated such crystalline Pt-Rh nanoparticles at BESSY II and gained new insights into the changes at the facets of the polyhedral nanoparticles.

The nanoparticles were first characterized and marked in their vicinity using scanning electron microscopy and atomic force microscopy at DESY NanoLab. These markers were then used to analyze the same nanoparticles spectroscopically and image them microscopically simultaneously using X-ray light on a special instrument at BESSY II.

The SMART instrument at the Fritz Haber Institute of the Max Planck Society enables X-ray photoemission electron microscopy (XPEEM) in a microscope mode. This makes it possible to distinguish individual elements with high spatial resolution, enabling the observation of chemical processes at near-surface atomic layers.

"The instrument allows the chemical analysis of individual elements with a resolution of 5-10 nanometers, which is unique," says Keller.

The investigation has shown that rhodium can partially diffuse into the platinum cores during catalysis: both elements are miscible at the typical operating temperatures of the catalyst. The mixing is enhanced in a reducing environment (H2) and slowed down in an oxidizing environment (O2) without reversing the net flow of rhodium into platinum.

"At higher temperatures, this process even increases significantly," explains Keller.

Different reaction rates

The reaction rates also depend on the orientation of the nanoparticles' facets.

"They are particularly high on certain facets," emphasizes Jagrati Dwivedi. "Our facet-resolved study shows that rhodium oxidation is highest on facets with many atomic steps, where the atoms are most easily bound."

This detailed analysis of the oxidation behavior will contribute to the further optimization of such nanocatalysts, which can undergo irreversible changes during use.


																																	
																														
																				
																						More information:
												Jagrati Dwivedi et al, Spectro-Microscopy of Individual Pt-Rh Core-Shell Nanoparticles during Competing Oxidation and Alloying, ACS Nano (2025). DOI: 10.1021/acsnano.5c07668
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        Measuring the Unruh effect: Proposed approach could bridge gap between general relativity and quantum mechanics
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Mathematical 'sum of zeros' trick exposes topological magnetization in quantum materials

										

    
        
            [image: When nothing adds up--until it does]
             
                Energy-resolved Floquet-Streda response of the Kitagawa model given by Eq. (82) as a function of the dimensionless parameter F. Credit: Physical Review X (2025). DOI: 10.1103/b3pw-my97
            
        

    


A new study addresses a foundational problem in the theory of driven quantum matter by extending the Streda formula to non-equilibrium regimes. It demonstrates that a superficially trivial "sum of zeros" encodes a universal, quantized magnetic response--one that is intrinsically topological and uniquely emergent under non-equilibrium driving conditions.



										      
																																	Imagine a strange material being rhythmically pushed--tapped again and again by invisible hands. These are periodically driven quantum systems, or Floquet systems, where energy is no longer conserved in the usual sense. Instead, physicists speak of quasienergy--a looping spectrum with no clear start or end.

When scientists measure how such a system responds to a magnetic field, every single contribution seems to vanish--like adding an infinite list of zeros. And yet, the total stubbornly comes out finite, quantized, and very real.

The resolution is a mathematical sleight of hand called Cesaro summation--a way to assign meaning to infinite series that refuse to converge. Think of standing in a hall of mirrors: each reflection is static, but the infinite chain of images encodes a hidden, coherent structure. In the same way, the "sum of zeros" hides a deeper pattern that Cesaro summation can reveal.

That hidden pattern is topology at work. In quantum materials, topology governs the bulk-boundary correspondence: the rule that properties deep in the bulk dictate the behavior of robust edge channels. In static systems, this is elegantly captured by the celebrated Streda formula, which links magnetic responses to protected edge modes.

In their work, published in Physical Review X, Lucila Peralta Gavensky and Nathan Goldman (Faculty of Science at ULB and College de France), in collaboration with Gonzalo Usaj (Balseiro Institute, Argentina) extend the Streda framework into the driven world of Floquet matter.


																																						
    
     




																																			They show that the Cesaro-summed response corresponds to a quantized bulk magnetization, a signature of quasienergy flowing along the edge. They also find that applying a magnetic field induces a steady energy exchange between the system and its surroundings--a kind of "energy pump" unique to driven systems.

This reframing not only resolves a conceptual paradox but also offers a roadmap for experiments. The authors propose detecting Floquet-Streda responses via particle-density measurements, even in disordered systems. The energy pump effect hints at links to cavity quantum materials, where the driving field itself is a quantum object and could experience a Streda-type back-action.

In short, what looks like nothing--a sum of zeros--becomes a profound something. A mathematical trick exposes a topological truth, opening new paths to classify exotic nonequilibrium phases and explore the frontiers of driven quantum matter.


																																	
																														
																				
																						More information:
												Lucila Peralta Gavensky et al, Streda Formula for Floquet Systems: Topological Invariants and Quantized Anomalies from Cesaro Summation, Physical Review X (2025). DOI: 10.1103/b3pw-my97
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Turbulence with a twist: New work shows fluid in a curved pipe can undergo discontinuous transition
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                Credit: Unsplash/CC0 Public Domain
            
        

    


Turbulence is everywhere, yet much about the nature of turbulence remains unknown. During the last decade, physicists have discovered how fluids in a pipe or similar geometry transition from a smooth, laminar state to a turbulent state as their speed increases.



										    
																					Surprisingly, in the newly emerging consensus, the process could be understood using statistical mechanics, not fluid mechanics, and was mathematically equivalent to the way in which water percolates down through a coffee filter.

In a new twist, UC San Diego researchers Guru K. Jayasingh and Nigel Goldenfeld have now predicted that if the pipe is sufficiently curved, the transition can become discontinuous, with the turbulent fraction undergoing a jump beyond a critical flow velocity. This jump is mathematically similar to the way in which water can suddenly and discontinuously turn into ice if cooled below the freezing temperature.

The new framework--so-called tricritical directed percolation--encompasses both the emerging consensus and very recent experiments, as well as making new predictions.

The study is published in Physical Review Letters.

Their work shows that the whole apparatus of phase transitions, originally developed for thermodynamics, and now foundational in materials science, chemistry and physics, can be applied to certain transitional phenomena in fluid mechanics.

"Our work is, once again, a striking example of the way in which multidisciplinary approaches can yield unexpected solutions to hard scientific problems--in this case one going back over a century," says Goldenfeld, Chancellor's Distinguished Professor of Physics.


										
																														
																				
																						More information:
												Guru K. Jayasingh et al, Tricritical Directed Percolation Controls the Laminar-Turbulent Transition in Pipes with Body Forces, Physical Review Letters (2025). DOI: 10.1103/46g3-n7cx
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            [image: A new view of the proton and its excited states]
             
                Model of the CLAS12 detector highlighting the forward detector used for detection of the scattered electron and the central detector about the target. The beam is incident from the left. The CLAS12 detector extends for 13 m along the beamline. Credit: Physical Review C (2025). DOI: 10.1103/qy4p-dyjt
            
        

    


The small but ubiquitous proton serves as a foundation for the bulk of the visible matter in the universe. It abides at the very heart of matter, giving rise to everything we see around us as it anchors the nuclei of atoms. Yet, its structure is amazingly complex, and the quest to understand these details has occupied theorists and experimenters alike since its discovery over a century ago.



										      
																																	"A large part of the visible matter in the universe is made of protons," said Kyungseon Joo, a physics professor at the University of Connecticut. "And so, if you want to understand the universe, it is important to understand the proton."

Currently, proton structure is only well understood in processes where they are probed at high energy and where a lot of momentum is transferred to the proton. In such cases, the probes interact with the quarks and gluons (together called "partons") that form the proton so quickly that they react like a tightly set rack of billiard balls hit by a well-struck cue ball.

However, where protons are probed with lower energies or a lower momentum transfer occurs, our knowledge is much more limited. In this regime, the interaction can transform the proton into one of its excited states--known as a resonance. These excited states possess higher energy, or equivalently, greater mass than the ground-state proton.

Nuclear physicists are interested in studying excited-state protons in this resonance region to learn more about their detailed makeup. Furthermore, to learn about the structure of the ground state proton within the resonance region, the contributions from its resonance states must be disentangled.

Now, results from an experiment conducted at the U.S. Department of Energy's Thomas Jefferson National Accelerator Facility with an apparatus called CLAS12 are offering new pathways for gaining insight into the structure of the proton from measurements within this resonance region.

These measurements allow nuclear physicists, for the first time, to search for the manifestation of signals from excited proton states at still unexplored distance scales and address the long-term open question of whether excited proton states remain relevant as momentum transfer increases. The results were recently published in Physical Review C.


																																						
    
     




																																			Looking into the proton within the resonance region

The proton underlies all the matter we can see, existing in every nucleus of every atom of the universe. As already mentioned, it's made of quarks and gluons, and these partons are bound together by the strong interaction--one of the four forces in nature.

Daniel Carman, a Jefferson Lab staff scientist, explained that while complicating our understanding of the internal structure of the ground-state proton, the proton's excited states offer unique information on many facets of the strong interaction seen in their generation.

According to Carman, recent measurements with the CLAS12 detector of electron scattering off protons when only the scattered electron is detected, known as inclusive electron scattering, open a new avenue for exploring the structure of the ground-state proton in the resonance region.

For the first time, these measurements provide information on the evolution of the structure of the ground-state proton within the resonance region over a broad range of distance scales, spanning the transition from the regime of strongly coupled quarks and gluons to the domain where their interactions become weaker, known as the perturbative regime.

"New experimental results will not only shed more light on the proton but also on the strong interaction that underlies the generation of protons from quarks and gluons--this is a fundamental goal of nuclear physics," he said.

In this experiment, nuclear physicists compared results they get from experiments at higher energy and momentum transfer--called deep inelastic scattering--with those at lower energy transfer in the resonance region.

Before measurements with CLAS12, it was expected that the resonance contributions would disappear as the momentum transfer to the proton increases. However, the new CLAS12 data conclusively demonstrate for the first time that this is not the case. The resonance signatures are clearly seen in the data over the full range of energies studied, from low to very high momentum transfer.
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																																			First observation of proton excited states at high momentum transfer

CLAS12 is the CEBAF Large Acceptance Spectrometer at 12 GeV. It was designed, built, and installed as part of the 12 GeV Upgrade of the Continuous Electron Beam Accelerator Facility (CEBAF). This apparatus is being used by a collaboration of nuclear physicists to study the structure of the subatomic particles and forces that build the visible universe. As a DOE Office of Science user facility, CEBAF supports the research of more than 1,650 nuclear physicists worldwide.
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                CLAS12. Credit: Jefferson Lab
            
        

    



In experiments, CEBAF fires a beam of electrons at hydrogen atoms inside a target. The target is nestled deep within the CLAS12 apparatus.

"When we use an electron beam," Carman explained, "it's actually a virtual photon that's radiated by the incoming electron that interacts with our proton target."

He noted that the virtual photon is not like a real photon, but rather it serves as a probe that allows researchers to tune its wavelength independently of its energy.

"By decreasing the wavelength of the virtual photon, we can see deeper and deeper into the proton to probe its structure from the deep inelastic region of high energy transfers into the resonance region of smaller energy transfers," he said.

Because CLAS12 has a large acceptance, it allows coverage over a broad range of energies over the entire resonance region at any given momentum transfer to the proton--and this can all be done in a single experiment for the first time. This offers a unique opportunity to unravel the proton structure and account for the resonant contributions.


																																						
    
     




																																			The data analysis was led by Valerii Klimenko as part of his Ph.D. thesis project at the University of Connecticut under the direction of Kyungseon Joo. Klimenko is now a postdoctoral researcher at DOE's Argonne National Lab.

The first cross section data from CLAS12 have become available from Klimenko's analysis. These data revealed that the contributions from proton excited states to inclusive electron scattering remain relevant to very high momentum transfer to the proton.

These new data also provide a means for further applications in "stress testing" nuclear physicists' understanding of the evolution of the strong interaction with distance scale that emerges from the theory of the strong interaction known as Quantum Chromodynamics. QCD encompasses nuclear physicists' theoretical understanding of how the strong force influences quarks and gluons in building matter.

Thus, stress testing QCD opens the door to further discoveries about how matter in the universe is created from the most elementary objects known so far, quarks and gluons.


																																	
																														
																				
																						More information:
												V. Klimenko et al, Inclusive electron scattering in the resonance region off a hydrogen target with CLAS12, Physical Review C (2025). DOI: 10.1103/qy4p-dyjt
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Measuring the Unruh effect: Proposed approach could bridge gap between general relativity and quantum mechanics

										

    
        
            [image: Researchers develop novel approach for experimentally measuring the Unruh effect with high accuracy]
             
                A circulating fluxon-antifluxon pair in coupled annular Josephson junctions behaves as a detector. The pair decays due to Unruh-induced fluctuations, and the resulting event is observed as a voltage jump. By measuring the distribution of the corresponding switching currents, the Unruh effect can be detected. Credit: Haruna Katayama and Noriyuki Hatakenaka, Hiroshima University
            
        

    


Researchers at Hiroshima University have developed a realistic, highly sensitive method to detect the Unruh effect--a long-predicted phenomenon at the crossroads of relativity and quantum theory. Their novel approach opens new possibilities for exploring fundamental physics and for developing advanced technologies.



										      
																																	The work is published in Physical Review Letters on July 23, 2025.

The Fulling-Davies-Unruh effect, or simply the Unruh effect, is a striking theoretical prediction at the profound intersection of Albert Einstein's Theory of Relativity and Quantum Theory.

"In quantum theory, even the vacuum seethes with tiny energy fluctuations, where particles and antiparticles briefly appear and vanish. Remarkably, the Unruh effect shows how these 'vacuum ripples' are perceived depends on the observer's motion. A stationary observer sees nothing, but an observer undergoing acceleration perceives them as real particles with a thermal energy distribution--a 'quantum warmth,'" said Noriyuki Hatakenaka, professor emeritus at Hiroshima University.

The counterintuitive result emphasizes the important connection between these two pillars of modern physics. If scientists could experimentally verify the Unruh effect, it would not only bridge the gap between general relativity and quantum mechanics but also provide profound insights into the nature of spacetime itself. Yet the experimental verification of the Unruh effect has been a long-standing and significant challenge in fundamental physics.

"The core problem has been the extraordinarily large accelerations--on the order of 1020 m/s2--required to make this effect detectable, rendering its observation practically impossible with current technology at least in linear acceleration systems," said Haruna Katayama, assistant professor at Hiroshima University.


																																						
    
     




																																			The researchers at Hiroshima University have proposed a promising approach to observe the Unruh effect. "Our work aims to overcome this fundamental hurdle by proposing a novel and feasible experimental method. We utilize the circular motion of metastable fluxon-antifluxon pairs within coupled annular Josephson junctions," said Hatakenaka.

Advances in superconducting microfabrication allow the creation of circuits with extremely small radii, enabling immensely high effective accelerations and producing an Unruh temperature of a few kelvin--high enough to be experimentally detectable with current technology.

"We have proposed a realistic, highly sensitive, and unambiguous method to detect the elusive Unruh effect. Our proposed system offers a clear pathway to experimentally observe this 'phantom heat' of acceleration for the first time," said Katayama. In their innovative setup, the "quantum warmth" induced by the circular acceleration causes fluctuations that trigger the splitting of the metastable fluxon-antifluxon pairs.

Crucially, this splitting event manifests as a clear, macroscopic voltage jump across the superconducting circuit. This voltage jump serves as an undeniable and easily measurable signal, providing a direct and robust signature of the Unruh effect's presence. By statistically analyzing the distribution of these voltage jumps, the researchers can precisely measure the Unruh temperature with high accuracy.

"One of the most surprising aspects is that microscopic quantum fluctuations can induce sudden, macroscopic voltage jumps, making the elusive Unruh effect directly observable. Even more striking, the switching distribution shifts solely with acceleration while all other parameters remain fixed--a clear statistical fingerprint of the Unruh effect itself," said Hatakenaka.
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																																			Looking ahead, Katayama said, "Our immediate next step is to conduct a detailed analysis of the decay processes of the fluxon-antifluxon pairs. This includes thoroughly investigating the role of macroscopic quantum tunneling, a quantum-mechanical phenomenon where particles can pass through potential barriers, which was not extensively explored in this initial work. Understanding these intricate decay mechanisms will be crucial for refining the experimental detection of the Unruh effect."

Their ultimate goal in this research is multifaceted. Beyond the immediate detection, they aim to investigate potential connections between this phenomenon and other quantum fields coupled to their detector. "By deepening our understanding of these novel quantum phenomena, we hope to contribute significantly to the search for a unified theory of all physical laws," said Hatakenaka.

The researchers note that the highly sensitive and broad-range detection capabilities developed in this research hold immense promise for paving the way for future applications, particularly in the field of advanced quantum sensing technologies.

"We aspire for this work to open new avenues in fundamental physics and to inspire further exploration into the true nature of spacetime and quantum reality," said Katayama.


																																	
																														
																				
																						More information:
												Haruna Katayama et al, Circular-Motion Fulling-Davies-Unruh Effect in Coupled Annular Josephson Junctions, Physical Review Letters (2025). DOI: 10.1103/mn34-7bj5
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Narrow-linewidth laser on a chip sets new standard for frequency purity

										

    
        
            [image: Laser breakthrough could find applications in cutting-edge tech]
             
                Credit: Science Advances (2025). DOI: 10.1126/sciadv.ady8963
            
        

    


A record-breaking development in laser technology could help support the development of smaller, cheaper, more easily-fabricated optical and quantum technologies, its inventors say.



										      
																																	Researchers from the University of Glasgow have designed and built a narrow-linewidth laser on a single, fully integrated microchip that achieves the best performance ever recorded in semiconductor lasers of its type.

It could help overcome many of the barriers which have prevented previous generations of this type of monolithic semiconductor laser technology from being more widely adopted.

In the future, the new laser system could find applications in cutting-edge technologies such as advanced communication systems and unbreakable quantum cryptography.

The team's new system, which they call a "topological interface state extended laser with optical injection locking," or MOIL-TISE, is capable of producing a narrower, purer laser light than any previous distributed feedback (DFB) laser system.

The linewidth of a laser is one measure of the purity of its light. Narrower lasers are produced with more stable beams, which fluctuate very little in their operating frequencies. The team's MOIL-TISE system is capable of producing a linewidth of just 983Hz, a significant advance on monolithic DFB lasers currently on the market, which operate at the MHz range.

The development of the MOIL-TISE system on a single integrated chip is discussed in a paper titled "Narrow-linewidth monolithic topological interface state extended laser with optical injection locking," published in Science Advances.


																																						
    
     




																																			Previous high spectral purity lasers faced a major challenge: balancing top-level performance with compact design. To achieve efficiency, designers often relied on hybrid integration and bulky external components, which limited their practicality and restricted their potential in on-chip integrated applications.
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The team describes how they utilized the facilities of the University of Glasgow's James Watt Nanofabrication Center to fabricate the MOIL-TISE device on a semiconductor substrate composed of indium phosphide.

The system's performance is enabled by its uniquely-shaped design, which breaks the chip into three regions, each with their own optical phase, specifically tuned to keep the light evenly distributed between them. Combined with a device called a micro-ring resonator integrated into the chip, the system can internally recycle light to stabilize its performance and enable the system's tightly-focused linewidth.

The University's Critical Technologies Accelerator (CTA)'s Dr. Xiao Sun is the paper's first and corresponding author. He said, "The University of Glasgow is unique in the UK in that it's possible to take a project like this from an initial idea to a fully-featured prototype without leaving our campus.

"The James Watt Nanofabrication Center enabled us to design, fabricate and test our MOIL-TISE system, dramatically accelerating the research process.
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																																			"This research represents a great example of the kind of breakthroughs that the Critical Technologies Accelerator is working to make. Being able to fabricate this at the JWNC using technology which is commercially available shows that industry could easily start to make their own MOIL-TISE-based devices easily and affordably in the years to come."

Professor Lianping Hou of the James Watt School of Engineering is the paper's co-corresponding author. He said, "Our MOIL-TISE laser makes three significant breakthroughs and improvements in this field. It's the first monolithic device of its kind, with every component integrated on a single chip.

"It can create a laser with remarkable frequency purity, the highest ever achieved in a monolithic distributed feedback laser of this kind. It is also capable of easily switching between optical phases, a property required in the quantum key distribution systems which will underpin the unbreakable encryption and communication devices of the future."


																																	
																														
																				
																						More information:
												Xiao Sun et al, Narrow-linewidth monolithic topological interface state extended laser with optical injection locking, Science Advances (2025). DOI: 10.1126/sciadv.ady8963
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Clocks created from random events can probe 'quantumness' of universe
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A newly discovered set of mathematical equations describes how to turn any sequence of random events into a clock, scientists at King's College London reveal. The paper is published in the journal Physical Review X.



										      
																																	The researchers suggest that these formulas could help to understand how cells in our bodies measure time and to detect the effects of quantum mechanics in the wider world.

Studying these timekeeping processes could have far-reaching implications, helping us to understand proteins with rhythmic movements which malfunction in motor neuron disease or chemical receptors that cells use to detect harmful toxins.

Einstein famously said that "Time is whatever a clock measures" and while a wristwatch keeps time because it ticks at regular intervals, events which don't follow a pre-determined pattern can also be used to measure time.

For example, some processes consist of inherently random "jumps" at irregular times. If each jump only depends on the previous jump, the process is called Markovian. Examples can be seen throughout nature, from fluctuating stock prices to the beating of a heart.

By analyzing these jumps, the scientists can estimate how much time has passed and place the strictest mathematical bound to date on how accurate that "clock" is.

If the clock behaves differently than the equations suggest, then it isn't a classical Markovian process and there might be underlying quantum effects in the system. By the same token, clocks that use quantum physics are not restricted by the bound, which explains why quantum technologies such as atomic clocks can do better than any classical clock like those commonly used by the public.


																																						
    
     




																																			Dr. Mark Mitchison, Proleptic Senior Lecturer in the Department of Physics at King's and lead author explains, "Our goal was to find out the minimum ingredients you need to build a clock. For example, could you still measure time precisely even when stranded on a desert island? We found equations that tell you how to create a 'clock' by counting random events around you, like waves lapping on the shore or your heartbeats.

"This turns out to be the best possible clock you can build by counting Markovian events in a system governed by classical physics. So, if you find a system that doesn't follow the expected pattern, you can be sure something else is going on, like underlying quantum behavior."

The team also hope that these mathematical procedures can be used to study how biological systems operate efficiently in the presence of random fluctuations. For example, the motor protein kinesin transports other proteins within the cell, walking across small 'microtubules' which cross-cross the cell using two 'feet' to take directed steps along the tube.

These 'molecular machines' convert random thermal energy into a repeated, regular motion, like the ticking of a clock. They are also crucial for biological function: malfunctioning kinesin has been implicated in motor neuron disease.
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																																			Dr. Mitchison said, "Thinking about molecular machines as 'clocks' gives us insight into how some natural processes spontaneously generate order from chaos. We see this occurring at many different scales in our universe, from biological organisms and ecosystems down to the microscopic world.

"By establishing a fundamental limit on how well clocks can operate in the realm of classical physics, we also gain a better understanding of what makes quantum clocks different.

"Time lies at the heart of many unsolved mysteries in quantum physics. Why does time seem to flow in only one direction? Why do we only remember the past and not the future? Is time quantized in discrete chunks, in the same way as energy? By thinking about what clocks can do, we ultimately hope to answer some of these questions about the nature of time itself."


																																	
																														
																				
																						More information:
												Anonymous, Optimal time estimation and the clock uncertainty relation for stochastic processes, Physical Review X (2025). DOI: 10.1103/rpls-mp8z
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