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        Ultra-sensitive light-based sensor developed for handheld Alzheimer's blood test
        Researchers have made a significant advance in the development of a blood test for Alzheimer's, creating a new sensor design that is ultra-sensitive, outperforms competing technologies and can be built into a handheld device.
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                Amorphous silicon dimer nanopillar photonic crystal structure. Credit: Optica (2025). DOI: 10.1364/optica.566672
            
        

    


Researchers have made a significant advance in the development of a blood test for Alzheimer's, creating a new sensor design that is ultra-sensitive, outperforms competing technologies and can be built into a handheld device.



										      
																																	The results, detailed in the leading journal Optica, demonstrate that the team's light-based technology can successfully detect levels of the specific proteins that serve as indicators of Alzheimer's in the bloodstream.

Crucially, the new device can measure multiple "amyloid biomarkers" simultaneously, allowing for analysis of their ratios--a metric emerging as a highly accurate indicator of the disease.

The advance moves the project, which is being developed by University of York scientists, a crucial step closer to clinical trials.

Vastly amplified

The research team, an international collaboration between York, the University of Strathclyde and researchers in Sao Paulo, Brazil, has enhanced the device's performance by redesigning the sensor at the nanoscopic level. Instead of a previous design involving parallel grooves, the new sensor uses a grid of "nanopillars," which combined with gold nanoparticles, vastly amplifies the light-based signal used to detect the proteins.

Dr. Steven Quinn from the University's School of Physics, Engineering and Technology, who is leading the project with Professor Thomas Krauss and Dr. Christina Wang, explained, "When you compare different technologies in photonics, you use a 'figure of merit,' which is like a scorecard that takes into account key parameters like sensitivity and signal-to-noise ratio. Our new sensor's scorecard outperforms competing technologies.

"We have pushed the boundaries of what is possible. This new design has allowed us to detect the amyloid biomarkers at the ultra-low, clinically relevant concentrations we need, which our previous sensor couldn't quite reach. The added bonus is that the technology remains scalable, mass-producible and we aim for it to be as simple to use as a COVID test."


																																						
    
     




																																			Game-changing potential

Current methods for diagnosing Alzheimer's, such as brain scans (PET/MRI) or invasive lumbar punctures, are costly, time-consuming and not widely available. While new, highly accurate lab-based blood tests are emerging, they rely on large, expensive machinery, with a single test potentially costing thousands of pounds.

The York team's technology is being incorporated into a handheld device that could provide an indication of disease within seconds from a simple finger-prick of blood, at a projected cost of less than PS100 per test. This could make early diagnosis far more accessible, enabling patients to access new treatments that are most effective in the early stages of the disease.

Dr. Quinn added, "New Alzheimer's treatments work by specifically targeting the sticky amyloid proteins that build up in the brain. For these drugs to be effective, doctors first need to confirm that a patient has this protein build-up--a condition known as 'amyloid positivity." A simple, scalable blood test could be the way to facilitate widespread access to these emerging treatments. Our vision is a device that is user-friendly for clinicians and can be deployed in health care settings around the world."
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																																			Next steps

The next major milestone for the project will be to validate the device using blood samples from patients with Alzheimer's and a healthy control group. This crucial phase will determine how effectively the test can differentiate between the two groups.

"The technology is not just limited to Alzheimer's," said Dr. Quinn. "The same principles and protocols can be used to detect a protein called phosphorylated tau, another key Alzheimer's biomarker, as well as alpha-synuclein in Parkinson's disease. We believe this could become a platform technology to help differentiate between various forms of dementia, which is a major challenge for clinicians.

"While we still need to prove its effectiveness in patient samples, this technological advance is a vital piece of the puzzle and holds enormous promise as a cost-effective tool to open the door to widely available testing"


																																	
																														
																				
																						More information:
												Guilherme S. Arruda et al, Ultrasensitive Alzheimer's disease biomarker detection with nanopillar photonic crystal biosensors, Optica (2025). DOI: 10.1364/optica.566672
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        Individual electrons trapped and controlled above 1 K, easing cooling limits for quantum computing
        Researchers from EeroQ, the quantum computing company pioneering electron-on-helium technology, have published a paper, titled "Sensing and Control of Single Trapped Electrons Above 1 Kelvin,"  in Physical Review X that details a significant milestone: the first demonstration of controlling and detecting individual electrons trapped on superfluid helium at temperatures above 1 Kelvin. This work was achieved using on-chip superconducting microwave circuits, a method compatible with existing quantu...

      

      
        Quantum fluctuations found hidden beneath classical optical signals in polaritons
        When optical materials (molecules or solid-state semiconductors) are embedded in tiny photonic boxes, known as optical microcavities, they form hybrid light-matter states known as polaritons. Most of the optical properties of polaritons under weak illumination can be understood using textbook classical optics. Now researchers from UC San Diego show that this is not the entire story: there are quantum fluctuations lurking underneath the classical signal and they reveal a great deal about the molec...

      

      
        Ultrafast laser pulses reveal solid-state bandgaps in motion
        The bandgap, i.e. the energy gap between the highest lying valence and the lowest lying conduction band, is a defining property of insulating solids, governing how they absorb light and conduct electricity. Tracking how a bandgap changes under strong laser excitation has been a long-standing challenge, since the underlying processes unfold on femtosecond timescales and are difficult to track directly, especially for wide-bandgap dielectrics.

      

      
        Superconductivity distorts crystal lattice of topological quantum materials
        Superconductors (materials that conduct electricity without resistance) have fascinated physicists for more than a century. While conventional superconductors are well understood, a new class of materials known as topological superconductors has attracted intense interest in recent years.

      

      
        World's most sensitive table-top experiment sets new limits on very high-frequency gravitational waves
        The world's most sensitive table-top interferometric system--a miniature version of miles-long gravitational-wave detectors like LIGO--has completed its first science run.

      

      
        Nobel Prize in physics awarded for ultracold electronics research that launched a quantum technology
        Quantum mechanics describes the weird behavior of microscopic particles. Using quantum systems to perform computation promises to allow researchers to solve problems in areas from chemistry to cryptography that have so many possible solutions that they are beyond the capabilities of even the most powerful nonquantum computers possible.

      

      
        Tiny engine runs hotter than the sun to probe the frontiers of thermodynamics
        Scientists have created the world's hottest engine running at temperatures hotter than those reached in the sun's core. The team from King's College London and collaborators believe their platform could provide an unparalleled understanding of the laws of thermodynamics on a small scale, and provide the foundation for a new, efficient way to compute how proteins fold--the subject of last year's Nobel Prize in Chemistry.

      

      
        Nanoscale X-ray imaging reveals bulk altermagnetism in MnTe
        Magnetic materials have been known since ancient times and play an important role in modern society, where the net magnetic order offers routes to energy harvesting and data processing. It is the net magnetic moment of ferromagnets that has so far been key to their applications, with an alternative type of magnetic material, the antiferromagnet, deemed "useless" by their discoverer Louis Neel in his Nobel Prize lecture.
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Individual electrons trapped and controlled above 1 K, easing cooling limits for quantum computing

										

    
        
            [image: Sensing and control of single trapped electrons above 1 K]
             
                (a) Schematic cross section of a microchannel filled with superfluid helium. (b) Schematic circuit diagram and false-color SEM image of the electron trap. (c) Results of FEM calculation of the electrostatic potential ph(x,y) in the plane of the helium surface. Credit: Physical Review X (2025). DOI: 10.1103/vcl7-73ms
            
        

    


Researchers from EeroQ, the quantum computing company pioneering electron-on-helium technology, have published a paper, titled "Sensing and Control of Single Trapped Electrons Above 1 Kelvin," in Physical Review X that details a significant milestone: the first demonstration of controlling and detecting individual electrons trapped on superfluid helium at temperatures above 1 Kelvin. This work was achieved using on-chip superconducting microwave circuits, a method compatible with existing quantum hardware.



										    
																					Quantum computers today typically require operation at ultra-low temperatures near 10 millikelvin, creating severe challenges in scaling due to heat dissipation. By showing that individual electrons can be trapped and controlled at temperatures more than 100 times higher (above 1 Kelvin), EeroQ's results open a new pathway toward larger and more practical quantum processors.

The findings also validate long-standing theoretical predictions that electrons on helium can provide exceptionally pure and long-lived qubits, while reducing the extreme cooling demands that limit other approaches.

"This breakthrough confirms that electron-on-helium qubits can potentially be manipulated and read out at higher temperatures than previously thought possible, reducing a key barrier to scalable quantum computing," said Johannes Pollanen, cofounder and chief science officer at EeroQ. "Publishing in PRX underscores both the scientific rigor and the industry importance of this advance."

EeroQ's approach--floating single electrons on superfluid helium--leverages one of the purest environments in physics to enable stable, long-coherence qubits. Founded in 2017 and headquartered in Chicago, the company brings together expertise in physics, engineering, and nanofabrication to translate this research into scalable processors. By integrating the electron-on-helium platform with standard superconducting circuits, EeroQ aims to build quantum computers that are both powerful and practical to operate.


										
																														
																				
																						More information:
												K. E. Castoria et al, Sensing and Control of Single Trapped Electrons above 1 K, Physical Review X (2025). DOI: 10.1103/vcl7-73ms
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Quantum fluctuations found hidden beneath classical optical signals in polaritons

										

    
        
            [image: Quantum fluctuations found hidden beneath classical optical signals in polaritons]
             
                Schematic experimental setup (not to scale) illustrating the linear spectroscopic observables--transmission, absorption, and reflection. Credit: Optica (2025). DOI: 10.1364/optica.568221
            
        

    


When optical materials (molecules or solid-state semiconductors) are embedded in tiny photonic boxes, known as optical microcavities, they form hybrid light-matter states known as polaritons. Most of the optical properties of polaritons under weak illumination can be understood using textbook classical optics. Now researchers from UC San Diego show that this is not the entire story: there are quantum fluctuations lurking underneath the classical signal and they reveal a great deal about the molecules in question.



										    
																					Their work redefines the foundations of polaritonics by demonstrating that the optical spectra of these light-matter hybrids, long described by classical optics, in fact bear subtle quantum fingerprints.

Exploiting these signatures allows polaritons to act as sensitive probes of their host materials, opening new directions for polaritonic control, precision sensing, and quantum photonic technologies. Beyond optics, these hidden quantum effects further suggest novel avenues for steering chemical reactivity and advancing polaritonic chemistry.

"Our work uncovers hidden quantum fingerprints in polaritonic spectra and unlocks a new paradigm for probing and controlling matter by harnessing the quantum vacuum of the cavity," says Professor of Chemistry Joel Yuen-Zhou.

The paper is published in the journal Optica.


										
																														
																				
																						More information:
												Arghadip Koner et al, Hidden nonlinear optical susceptibilities in linear polaritonic spectra, Optica (2025). DOI: 10.1364/optica.568221
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Ultrafast laser pulses reveal solid-state bandgaps in motion

										

    
        
            [image: Watching bandgaps in motion - attosecond interferometry of solids]
             
                Schematic of extreme-ultraviolet high-harmonic interferometry of solids.Two phase-locked near-infrared pulses generate high-order harmonics in a solid sample. Interference of the emitted XUV fields encodes transient changes in the electronic bandgap, revealing how strong-field excitation modifies the material's electronic structure on femtosecond timescales. Credit: MBI / Dr. Peter Jurgens-Goltermann
            
        

    


The bandgap, i.e. the energy gap between the highest lying valence and the lowest lying conduction band, is a defining property of insulating solids, governing how they absorb light and conduct electricity. Tracking how a bandgap changes under strong laser excitation has been a long-standing challenge, since the underlying processes unfold on femtosecond timescales and are difficult to track directly, especially for wide-bandgap dielectrics.



										    
																					In a collaboration between the Max-Born-Institute, ARCNL Amsterdam, and Aarhus University, researchers have now shown that extreme ultraviolet (XUV) high-harmonic interferometry can provide direct access to such dynamics.

Using pairs of phase-locked near-infrared laser pulses, the team measured interference fringes and their intensity-dependent shift in the generated high-order harmonics from silica glass (SiO2) and magnesium oxide (MgO).

These fringe shifts encode transient changes of the electronic bandgap, with silica showing signatures of a shrinking bandgap, while MgO exhibits a widening.

The experiments were supported by analytical modeling and semiconductor Bloch-equation simulations, confirming that the observed phase variations are consistent with excitation-induced modifications of the electronic structure.

The work establishes interferometric HHG as a broadly applicable, all-optical probe of band-structure dynamics in solids. Beyond fundamental insight, this approach opens pathways toward ultrafast semiconductor metrology and future petahertz electro-optic technologies.



            	
            
                [image: Watching bandgaps in motion - attosecond interferometry of solids]
                 
                    Experimental setup for generating phase-locked NIR and XUV pulse pairs using a common-path interferometer. Credit: MBI / Dr. Peter Jurgens-Goltermann
                
            

        

            	
            
                [image: Watching bandgaps in motion - attosecond interferometry of solids]
                 
                    (a) and (b) Intensity-dependent high-harmonic phase shifts in SiO2(a) and MgO (b). (c) Extracted bandgap variation in SiO2. (d) Same as (c) but for MgO. Credit: MBI / Dr. Peter Jurgens-Goltermann
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												Lisa-Marie Koll et al, Extreme ultraviolet high-harmonic interferometry of excitation-induced bandgap dynamics in solids, Optica (2025). DOI: 10.1364/optica.559022
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Superconductivity distorts crystal lattice of topological quantum materials

										

    
        
            [image: Superconductivity distorts the crystal lattice of topological quantum materials]
             
                Researchers at Okayama University used high-resolution synchrotron X-ray diffraction to detect tiny lattice distortions (about 100 parts per million) emerging as the topological superconductor CuxBi2Se3 enters its superconducting state. The distortions only appear when the superconducting order parameter tilts away from high-symmetry crystal axes, providing direct evidence for a two-component nematic superconducting state. Credit: Professor Guo-qing Zheng from Okayama University, Japan
            
        

    


Superconductors (materials that conduct electricity without resistance) have fascinated physicists for more than a century. While conventional superconductors are well understood, a new class of materials known as topological superconductors has attracted intense interest in recent years.



										      
																																	These superconductors have been reported to be capable of hosting Majorana quasiparticles, exotic states that could change the field of fault-tolerant quantum computing. Yet many of the fundamental properties of these novel bulk topological superconductors remain relatively unknown, leaving open questions about how their unusual electronic states interact with the underlying crystal lattice.

In a new study conducted by Professor Guo-qing Zheng, along with Kazuaki Matano, S. Takayanagi, K. Ito of Okayama University and Professor H. Nakao of High Energy Accelerator Research Organization (KEK), published in Physical Review Letters on August 22, 2025, the researchers report that the doped topological insulator CuxBi2Se3 undergoes tiny but spontaneous distortions in its crystal lattice as it enters the superconducting state.

This marks the first clear evidence of a topological superconductor that is capable of coupling to the crystal lattice and distorting it during the superconducting transition, a phenomenon unknown to physicists until now.

Superconductivity is typically associated with electron pairing that leaves the host lattice untouched. But in CuxBi2Se3, a rare spin-triplet topological superconductor, Prof. Zheng and colleagues observed distortions of approximately 100 parts per million when the superconducting order parameter, known as the d vector, tilted away from the crystal's high-symmetry axes. No such distortion was found in more symmetric states or in highly doped crystals where a chiral superconducting state dominates.


																																						
    
     




																																			"Our work demonstrates that lattice distortion is not just a byproduct but a key diagnostic for identifying unconventional superconducting phases," added Prof. Zheng. The study builds on earlier nuclear magnetic resonance experiments that showed broken spin-rotation symmetry in CuxBi2Se3, a signature of spin-triplet pairing. The researchers established a direct link between the superconducting symmetry and the material's structural response by combining synchrotron X-ray diffraction with angle-resolved susceptibility measurements.

Beyond its fundamental significance, the discovery has practical implications. "A topological superconductor can be applied to fault-tolerant quantum computing. It is important to know the basic properties of the material when fabricating quantum bits from such superconductors," Prof. Zheng said.

Bulk topological superconductors remain scarce, and their properties are poorly understood. This has limited their use outside the laboratory. The researchers believe the new results could help change that: "Bulk topological superconductors have not been used in industry simply because the materials are rare and their properties are poorly known. Our work will advance industrial applications in making next-generation quantum computers."

The findings also resonate with broader studies of multicomponent superconductors, including iron-based materials, Kagome lattices, and twisted bilayer graphene. All of these systems may host exotic states where the superconducting order parameter couples to lattice degrees of freedom.

Still, the researchers caution that open questions remain. The strength of the coupling appears sensitive to defects introduced during crystal growth, suggesting that sample preparation and purity will play a central role in future experiments and potential applications.

This research provides condensed matter physicists with a new lens to probe topological quantum states by uncovering how superconductivity can distort a lattice, bringing the field one step closer to harnessing these exotic properties for quantum technologies.


																																	
																														
																				
																						More information:
												K. Matano et al, Spontaneous Lattice Distortion in the Spin-Triplet Superconductor CuxBi2Se3 Physical Review Letters (2025). DOI: 10.1103/ddvn-8c9n
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World's most sensitive table-top experiment sets new limits on very high-frequency gravitational waves

										

    
        
            [image: World's most sensitive table-top experiment sets new limits on very high-frequency gravitational waves]
             
                The Gravity Exploration Team was able to achieve record-breaking levels of sensitivity with the Quantum Enhanced Space-Time measurement (QUEST) in just a three-hour experiment. Credit: Cardiff University
            
        

    


The world's most sensitive table-top interferometric system--a miniature version of miles-long gravitational-wave detectors like LIGO--has completed its first science run.



										      
																																	The Quantum Enhanced Space-Time measurement (QUEST) experiment, based in Cardiff University's School of Physics and Astronomy, aims to uncover the fundamental nature of space-time.

QUEST can measure changes in length 100 trillion times smaller than the width of a human hair and has set a new record for sensitivity in just a three-hour experiment.

This record-breaking level of sensitivity will help researchers study new physics about space-time, gravity, and the existence of dark matter.

Their experimental results, presented in Physical Review Letters, set new limits on the existence of very-high-frequency gravitational waves, which researchers believe could be emitted from sources from the early universe or miniature black holes.

Knowledge from developing and commissioning the experiment, will also contribute toward the next generation of gravitational wave detectors, according to the team.

"Our experiment is trying to answer the question of whether space-time is 'quantized,'" explains lead author Abhinav Patra, an Enrico-Fermi Fellow carrying out doctoral research in the Gravity Exploration Institute at Cardiff University.

"Modern physics treats space and time not as two separate things, but as a single physical entity. The problem we are working on seeks to establish the smallest possible unit of space-time. In that way, it follows outcomes from experiments throughout the 20th century that proved other similar entities like electric-fields and magnetic-fields are quantized.


																																						
    
     




																																			"This is the long-term goal of QUEST. In this study, we make the first steps towards this goal and, in doing so, achieve a record-breaking level of sensitivity with instruments small enough to fit on a single table in a laboratory."
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                A schematic of the interferometers in the QUEST experiment. Credit: Physical Review Letters (2025). DOI: 10.1103/61j9-cjkk
            
        

    



A table-top experiment like QUEST offers researchers flexibility to optimize searches for fundamental science signals from dark matter or quantum gravity, a theory which describes how space-time would behave if it were quantum in nature.

Quantum space-time has been an active pursuit in the field of physics for the last five decades.

Both theoretical and experimental studies ranging from cosmological surveys to levitated diamonds have been made, with many currently in development.

The Cardiff team has instead deployed its expertise of more than 50 years in gravitational wave research to the problem and are the first to use table-top interferometers in this pursuit.

Co-author Professor Hartmut Grote, also of the Gravity Exploration Institute, said, "Quantum theories of gravity can manifest themselves as fluctuations in space-time, which interferometers excel at measuring.

"QUEST is an interferometric approach to the problem of quantum gravity. So it employs all the lessons learned from the technological developments made for the interferometric detection of gravitational waves to study quantum gravity.

"In this study, we demonstrate how exquisitely sensitive table-top interferometers can be. We developed a correlation technique that searches for common signals in two independent instruments. This allowed us to search for very high frequency gravitational waves with record-breaking sensitivity."

The QUEST experiment took the team four years to design, install and commission.

They are now working towards conducting a months-long science run, which they say will further improve the sensitivity with which space-time fluctuation and gravitational waves can be probed.
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												Abhinav Patra et al, Broadband Limits on Stochastic Length Fluctuations from a Pair of Table-Top Interferometers, Physical Review Letters (2025). DOI: 10.1103/61j9-cjkk
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Quantum mechanics describes the weird behavior of microscopic particles. Using quantum systems to perform computation promises to allow researchers to solve problems in areas from chemistry to cryptography that have so many possible solutions that they are beyond the capabilities of even the most powerful nonquantum computers possible.



										      
																																	Quantum computing depends on researchers developing practical quantum technologies. Superconducting electrical circuits are a promising technology, but not so long ago it was unclear whether they even showed quantum behavior. The 2025 Nobel Prize in physics was awarded to three scientists for their work demonstrating that quantum effects persist even in large electrical circuits, which has enabled the development of practical quantum technologies.

I'm a physicist who studies superconducting circuits for quantum computing and other uses. The work in my field stems from the groundbreaking research the Nobel laureates conducted.

Big, cold, quantum

In their 1984 and 1985 work, then-Ph.D. student John Martinis, then-postdoctoral researcher Michel Devoret and UC Berkeley professor John Clarke showed that even large electrical circuits could exhibit quantum behavior. They used a circuit made from niobium and lead. When cooled to a few degrees above absolute zero, these metals become superconductors. A superconductor is a material that carries a current without generating any heat.


																																						
    
     




																																			Martinis, Devoret and Clarke showed that in a superconductor, the voltages and currents are governed by quantum mechanics. The circuit has quantized--meaning discrete and indivisible--levels of energy, and it can be in superpositions of multiple states.

Any physical system can be described by a state, which tells you everything there is to know about that system. Quantum mechanics shows that a state can have certain quantized values of things that can be measured. An example is energy: A particular system could have energy 1 or energy 2, but nothing in between. At the same time, a quantum system can be in a superposition of more than one state, much like you can add different amounts of red/green/blue to get any color in a pixel of an image.

Importantly, the laureates showed that researchers can describe one of these superconducting circuits as if it's a single quantum particle. This simple behavior is what makes superconducting circuits so useful as a technology.

Today, superconducting circuits are used to study fundamental quantum physics, to simulate other physical systems and to test protocols for ultraprecise sensing. For instance, the Devoret group recently demonstrated a near-ideal microwave amplifier based on a superconducting circuit. Microwave amplifiers are widely used in communications, radar and scientific instruments.

The Martinis group has used superconducting circuits to emulate a group of electron-like particles. This type of simulation is a key technique in studying fundamental physics.

In my own group, we recently used a superconducting circuit to demonstrate a protocol for measuring a magnetic field more sensitively than standard techniques. Quantum sensors measure physical quantities with extreme precision, from biological activity to gravity anomalies.

But by far the biggest application of superconducting circuits is as a platform for quantum computing.
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																																			Superconducting quantum computers

Multiple quantum systems can interact with each other and become entangled, so that they act like a single system. This combination of quantization, superposition and entanglement is what gives quantum computers their power.

In quantum computing technology, researchers use a quantum system--a quantum bit or qubit--that can be in only two states. Qubits need to be coherent. This means that if we put it in a particular state, we want it to stay there and not get randomly scrambled to another state. Qubits need to be controllable. This means that researchers should be able to get a qubit to change state as needed and get it to interact with other qubits. And qubits need to be scalable, meaning that we need to make a lot of them.

Many technologies show promise, such as arrays of atoms in a vacuum, trapped ions, trapped electrons in semiconductors, and photons controlled by optical circuits. But all technologies make trade-offs, sacrificing coherence, controllability or scalability to improve something else.

The simplicity and flexibility of superconducting circuits mean that by changing the design of the circuit, researchers can get almost any qubit behavior we want, and that behavior is easy to predict. This hits the technological sweet spot for quantum computing. More obviously, quantum technologies, such as trapped atoms, are so small that they can be hard to control and interact with. Superconducting qubits are big enough to be easy to control, simple enough to be reliable and quantum enough to make the whole thing work.

Today, academic research groups like mine develop new types of superconducting qubits, look for ways to make them more coherent, try to improve our control of them, and develop techniques to make them easier to scale up. Companies and government labs take these academic results along with their own basic research and apply them, doing the difficult engineering to create large-scale quantum processors for practical use.


																																						
    
     




																																			Superconductor pioneers

Unsurprisingly, the Nobel laureates made and continue to make huge contributions beyond their work in the 1980s. In addition to their academic work, Martinis formerly headed the Google quantum processor effort and now has his own company, while Devoret now assists with the Google effort. Clarke, now retired, also did much of his late-career work on quantum circuits. And they have had major impacts on my career and on so many others.

I had the privilege to do a panel discussion with Devoret on May 22, 2025. He made a memorable claim: Picking an academic adviser can be even more of a big deal than picking a spouse, because "you can't divorce your adviser."

It's often joked that half the researchers in the field of quantum superconductors can trace an academic lineage to Clarke. I can do it twice: My Ph.D. adviser, Irfan Siddiqi, was advised by Devoret, and Clarke was my secondary adviser. And one of my proudest accomplishments as a grad student was not panicking when Martinis snagged me after I gave a talk to grill me on the details.

Today they are honored for their work, and tomorrow I and the other researchers they trained will do our best to continue it.
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Tiny engine runs hotter than the sun to probe the frontiers of thermodynamics

										

    
        
            [image: Scientists create world's hottest engine]
             
                The silica particle interacts with the electric field and the few air particles in the vacuum. Credit: Millen Lab/King's College London
            
        

    


Scientists have created the world's hottest engine running at temperatures hotter than those reached in the sun's core. The team from King's College London and collaborators believe their platform could provide an unparalleled understanding of the laws of thermodynamics on a small scale, and provide the foundation for a new, efficient way to compute how proteins fold--the subject of last year's Nobel Prize in Chemistry.



										      
																																	Outlined in Physical Review Letters, the engine is a very small, microscopic particle suspended at a low pressure using electrical fields. This electric trap is called a Paul Trap. The researchers can exponentially increase the heat of the trapped particle by applying a noisy voltage to one of the electrodes levitating it.

While traditionally engines have been associated with motors, in science their definition is much simpler--engines convert one form of energy to mechanical energy. Here, that is heat to movement.

The experiment is the first ever to push temperatures that high on such a small scale, and the team found that their results often contradicted the basic laws of thermodynamics. They found that for a given engine run, when exposed to warmer temperatures, the system would sometimes cool down as opposed to heat up, as expected. This is due to the normally undetectable random influence of thermal fluctuations in the surrounding environment affecting dynamics in a way that is unique to the microscale and below.

Molly Message, a Ph.D. student at the Department of Physics at King's College London and first author of the paper, said, "Engines and the types of energy transfer that occur within them are a microcosm of the wider universe. Studying the steam engine brought about the field thermodynamics, which in turn revealed some of the fundamental laws of physics. The continued study of engines into new regimes offers the potential to expand our understanding of the universe and the processes that drive its development."


																																						
    
     




																																			"By getting to grips with thermodynamics at this unintuitive level, we can design better engines in the future and experiments which challenge our understanding of nature."

The team also hope that the platform can be used as an analog computer to predict how proteins fold and assemble themselves.

Analog computers are direct, physical simulations of the system you are trying to model and can be found as far back as the Ancient Greeks.

"Proteins are the engines that power most of the important processes in our body, so understanding their mechanics and how that can go wrong is a vital step in understanding disease and how it can be treated," notes Dr. Jonathan Pritchett, Postdoctoral Research Associate at King's.

"The advantage of our method over conventional digital models like AlphaFold is ease. Proteins fold over milliseconds, but the atoms which make them, move over nanoseconds. These divergent timescales make it very difficult for a computer to model them. By just observing how the microparticle moves and working out a series of equations based on that, we avoid this problem entirely."

The team hope this new method could also use less energy and be more sustainable than methods that rely on digital computers.
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												M. Message et al, Extreme-temperature single-particle heat engine, Physical Review Letters (2025). DOI: 10.1103/2g1j-6x95. On arXiv: DOI: 10.48550/arxiv.2501.03677
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Nanoscale X-ray imaging reveals bulk altermagnetism in MnTe

										

    
        
            [image: Nanoscale X-ray imaging unveils bulk altermagnetism in MnTe]
             
                Schematic of X-ray magnetic circular dichroic scanning transmission X-ray microscopy, with the experimental observation of altermagnetic domains and topological nanotextures in MnTe. Credit: CPfS MPG / C. Donnelly
            
        

    


Magnetic materials have been known since ancient times and play an important role in modern society, where the net magnetic order offers routes to energy harvesting and data processing. It is the net magnetic moment of ferromagnets that has so far been key to their applications, with an alternative type of magnetic material, the antiferromagnet, deemed "useless" by their discoverer Louis Neel in his Nobel Prize lecture.



										      
																																	In recent years, there has been increasing interest in antiferromagnets, which offer a number of exciting advantages for technologies including robust order and ultrafast dynamics--however with the challenge that they are hard to detect and manipulate electrically.

The recent discovery of a new type of magnetic order--the altermagnet--has overturned this view: by combining antiferromagnetic ordering with ferromagnet-like properties such as spintronic effects, they promise a multitude of advantages for future applications.

Since the first theoretical works predicting altermagnetism, the field has grown rapidly, with both theoretical and experimental works leading to advances in our understanding.

One of the questions that remained, however, was the bulk nature of the order, and whether this could be measured experimentally. With most previous experimental studies making use of thin films, or techniques that are intrinsically surface-sensitive, the question remained as to how the altermagnetic properties manifest through the bulk of a material.

To address this challenge, an international research team led by Claire Donnelly at the Max Planck Institute performed scanning transmission X-ray microscopy (STXM) measurements with nanoscale spatial resolution on lamellae extracted from a single crystal.

In this way, they were able to successfully observe altermagnetic domains in bulk samples of MnTe--a candidate altermagnet--that up until now had only been seen in thin film systems. The work is published in the journal Physical Review Applied.


																																						
    
     




																																			These X-ray measurements not only allowed the team to observe the magnetic configuration--but by performing them as a function of X-ray energy, they were able to address outstanding questions about the altermagnetic nature of the material.

"In previous measurements published by our colleagues, the measured X-ray dichroism was significantly weaker than had been predicted by theory," says Rikako Yamamoto, postdoctoral fellow at the Max Planck Institute for Chemical Physics of Solids, and first author of the study.

"But when we compared our results, we saw that the signal strengths matched the theory almost perfectly--allowing us to confirm that the bulk of our sample is altermagnetic."

The experiments were conducted at the MAXYMUS beamline of the BESSY-II synchrotron in Berlin.

In the experiment, circularly polarized X-rays were focused down to a nanoscale spot size, and scanned across the sample, with the transmitted signal measured for different polarizations. This so-called "X-ray magnetic circular dichroism" is most commonly associated with ferromagnets, where the signal corresponds to a net magnetic moment, but is typically zero in antiferromagnets, where the net magnetization vanishes.

Altermagnets, on the other hand, do exhibit this X-ray dichroism, despite their antiferromagnetic order, which offers a route to mapping their properties on the nanoscale.

"What was particularly interesting was the variety of features we observed in the X-ray dichroic images," says Donnelly. "As well as observing bright and dark regions which correspond to regions of different orientations of the altermagnetic order, we also saw a number of nanoscale features with more complex patterns."
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																																			Dichroic signals suggestive of topological structures were observed, including both domain walls and winding, vortex-like textures. "The fact that such structures could be seen in naturally grown single crystals was surprising," continued Yamamoto.

"This hopefully means that this approach can also offer a platform for exploring topological magnetic textures--and how they behave."

This study not only provides experimental evidence for the bulk nature of altermagnetism in MnTe, but also establishes transmission X-ray nanoimaging as a powerful method for identifying altermagnetic order.

Going forward, the approach can be readily applied to many other candidate altermagnets, which are being predicted by theorists. Marcus Schmidt, scientist at the Max Planck Institute for Chemical Physics of Solids, who grew the single crystal MnTe, explained, "The fact that we can now grow these materials, and directly probe their altermagnetic order on the nanoscale with X-rays is very exciting--who knows what we will find."
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												Rikako Yamamoto et al, Altermagnetic nanotextures revealed in bulk MnTe, Physical Review Applied (2025). DOI: 10.1103/dp7v-qszq
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