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        Non-invasive quantum spin sensor can detect digital pill signals without skin contact
        A research group from the Graduate School of Engineering at Tohoku University has developed a noninvasive means of detecting the signals from "digital pills," a type of medication often used by doctors to monitor a patient's adherence to a medication regime. When swallowed, the circuit sends out a small signal that can be detected from outside the body.
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Non-invasive quantum spin sensor can detect digital pill signals without skin contact
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                A schematic of the proposed digital pill. Credit: Tohoku University
            
        

    


A research group from the Graduate School of Engineering at Tohoku University has developed a noninvasive means of detecting the signals from "digital pills," a type of medication often used by doctors to monitor a patient's adherence to a medication regime. When swallowed, the circuit sends out a small signal that can be detected from outside the body.



										  

										
																					The findings will be presented at the 70th Annual Conference on Magnetism and Magnetic Materials.

"Until now, digital pills required a skin patch to pick up signals from inside the body," points out Takahide Kubota, a specially appointed associate professor at Tohoku University's Graduate School of Engineering and co-leader of the study. "However, this patch often causes skin irritation."

To overcome these problems, the team created a noncontact detection system. They used a quantum spin sensor, called a TMR sensor, to detect the tiny magnetic fields from the pill. The experiment showed that the sensor could accurately detect these signals through saline water, even without using a magnetic shield.

The detected magnetic signals perfectly matched the voltage signals measured by electrodes, confirming that both carried the same digital information. This means that the new system can track medication intake without touching the skin.

"Our method is completely noninvasive and skin-friendly," Yasuo Ando, also a professor at the Graduate School of Engineering who co-led the paper with Kubota, said. "We hope it will make medication monitoring more comfortable and help people follow their prescriptions safely."

The team believes that this technology could be used not only in health care but also in energy-efficient electronics. Detecting very small magnetic fields could improve how we measure and manage electric currents in smartphones and batteries, helping to design longer-lasting devices.
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Synthesis method enables small-diameter, high-density carbon nanowires
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                Single-walled carbon nanowires (SWCNWs) are synthesized by inserting polyynes (C2nH2) as a carbon source into SWCNTs, followed by annealing under high vacuum. This proposed approach successfully yields small diameter single-walled carbon nanowires, with a high density of LLCCs. This will allow researchers to probe the properties of LLCCs experimentally, paving the way for new advancements. Credit: Takahiro Maruyama.
            
        

    


Carbynes, or long linear carbon chains (LLCCs), have received significant attention in recent years due to their predicted exceptional properties. However, experimentally, their properties have been hard to probe due to their low stability. To improve stability, it is necessary to encapsulate LLCCs in small diameter carbon nanotubes (CNTs).



										  

										
																																	Now, researchers have developed a new method to synthesize small diameter single-walled carbon nanowires (SWCNWs), featuring high-density LLCCs encapsulated in single-walled CNTs. Their research is published in Chemical Physics Letters.

Carbon is famous for existing in many different physical forms, or allotropes. It appears in three-dimensional (3D) forms, like graphite and diamond, in two-dimensional (2D) structures, like graphene, or even in linear carbon chains (LCCs).

Among them, carbynes, extremely long chains of single carbon atoms, also known as long LCCs (LLCCs), have attracted significant attention among researchers. They are predicted to have outstanding theoretical mechanical strength and thermal conductivity, making them promising for a variety of applications in fields such as nanotechnology and energy storage.

Experimentally, however, researchers have struggled to study the properties of LLCCs in detail. This is because they are unstable under ambient conditions, owing to the high reactivity of exposed carbon atoms.

One proven way to address this issue is to insert LLCCs into carbon nanotubes (CNTs), creating so-called carbon nanowires (CNWs).

Over the last decade, a promising method has been developed for synthesizing CNWs, where small carbon-based molecules confined inside CNTs are heated at high temperatures. LLCCs are most stable inside single-walled carbon nanotubes (SWCNTs) with diameters of 0.7-0.8 nanometers (nm). But most previous attempts have produced single-walled CNWs (SWCNWs) with diameters larger than 0.9 nm.


																																						
    
     




																																			Addressing this challenge, a research team led by Professor Takahiro Maruyama from the Department of Applied Chemistry at Meijo University, Japan, has developed a highly efficient method for synthesizing small-diameter SWCNWs with a high density of LLCCs.

"Recently, it has been shown that by encapsulating polyyne in SWCNTs, it is possible to achieve small-diameter carbon nanowires," explains Prof. Maruyama.

"Building on this, we have synthesized single-walled carbon nanowires with even smaller diameters, while also achieving significantly higher LLCC concentrations."

To make the nanowires, the team first mixed open-ended SWCNTs with a solution of n-hexane, containing purified polyyne molecules at different concentrations. The mixture was then heated to a temperature of 80degC for 24 hours in a high-pressure reactor, allowing the polyyne molecules to enter the SWCNTs.

The resulting polyyne-filled SWCNTs (polyyne@SWCNTs) were then heated to 700degC under a high vacuum for four hours, transforming them into LLCCs@SWCNTs, or in other words, the SWCNWs.

The team confirmed the efficient encapsulation of polyyne molecules into SWCNTs in the first step and the subsequent formation of SWCNWs using Raman spectroscopy.

Experiments also revealed that the concentration of LLCCs in the SWCNWs increased with the concentration of polyyne molecules in the initial n-hexane solution. By optimizing this concentration, the researchers were able to synthesize SWCNWs with record-high LLCC density.


																									
    
        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.
    


    
    


																																			Notably, the resulting SWCNW samples had diameters of just 0.73-0.77 nm, much smaller than those reported in previous studies. Such a small diameter could be achieved because of the small size of polyyne molecules.

As Prof. Maruyama explains, "In our experiments, polyyne molecules with a slender linear shape were used as the carbon source, exhibiting a diameter nearly the same as the van der Waals diameter of carbon atoms. In contrast, previous studies used relatively larger precursor molecules, resulting in SWCNWs with diameters larger than 0.9 nm."

Additionally, the L-band to G-band ratio in the Raman spectrum, a measurement that reflects the amount and density of LLCCs, reached 3.6 for the optimized samples, the highest value reported to date for such small-diameter SWCNWs.

"Our method for synthesizing high-density small-diameter SWCNWs will help researchers probe the exact properties of LLCCs," adds Prof. Maruyama. "This can lead to breakthroughs in many fields ranging from nanotechnology to sensors and energy storage."

Overall, this work presents a major step forward for LLCC research, bringing researchers closer to unlocking the full potential of long linear carbon chains.


																																	
																														
																				
																						More information:
												Takahiro Maruyama et al, Highly efficient synthesis of small-diameter single-walled carbon nanowires through transformation of polyyne molecules into long linear carbon chains inside single-walled carbon nanotubes, Chemical Physics Letters (2025). DOI: 10.1016/j.cplett.2025.142308
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Lignin increases the stability and effectiveness of herbicide nanoparticles, study shows
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A recent study has shown that a fraction obtained from lignin, an organic polymer responsible for the rigidity of plant cell walls, was able to improve the performance of nanoparticles with herbicide.



										  

										
																																	The work is published in the journal ACS Sustainable Chemistry & Engineering and was recently featured on its cover.

The study was conducted by researchers from three research institutions in the state of Sao Paulo, Brazil: Sao Paulo State University (UNESP), the State University of Campinas (UNICAMP), and the Federal University of Sao Carlos (UFSCar).

"Lignin has antioxidant properties and is one of the main components of plant biomass, but it's still underutilized and often treated as waste from the pulp and paper industry. That's why our group sought more sustainable ways to add value to this abundant and renewable material," says Leonardo Fraceto, a professor at the Institute of Science and Technology at UNESP, Sorocaba campus.

The substance was obtained from Eucalyptus urograndis, a hardwood tree, and was then subjected to a green process. This process used acetic acid as a solvent to obtain different fractions with distinct structural and chemical properties. Next, nanoparticles were produced using atrazine, an herbicide that combats weeds.

These nanoparticles underwent a series of physical, chemical, and thermal analyses to examine their structure and behavior.

"We found that the different lignin fractions have very distinct properties. Some are richer in phenolic groups. Others have a higher molar mass or promote greater thermal stability. These differences directly impact the formation and performance of the nanoparticles," Fraceto explains.


																																						
    
     




																																			Some fractions are more effective at protecting polymeric materials (composed of macromolecules, proteins, and cellulose, for example) from ultraviolet ray-induced degradation, while others act as stabilizers in substance release systems. These results demonstrate that lignin is not a single, uniform waste product, but rather a material that can be customized for different applications.

According to Fraceto, this finding is significant, because although using lignin as a surfactant is promising for the efficient distribution of active ingredients in agrochemical formulations, several challenges must be overcome. One major problem is the variability in its structure, which can affect its consistency and performance as a stabilizing agent.

In the case of atrazine nanoparticles, using the lignin fraction increased the stability and efficiency of herbicide release. Using specific lignin fractions was crucial to optimizing nanoparticle performance. The developed formulations effectively controlled black jack (Bidens pilosa L.) and green pigweed (Amaranthus viridis L.), demonstrating their potential for sustainable agricultural pest management.

"Not only were we able to use a simple, environmentally friendly process, but we also took advantage of an abundant byproduct in Brazil, opening up possibilities for the bioeconomy," Fraceto explains. "This type of study connects materials science, sustainability, and technological innovation, bringing academia closer to solutions for current challenges, such as developing greener agricultural inputs."
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												Jessica de Souza Rodrigues et al, Lignin as a Dual-Function Stabilizer for Protecting PCL Nanoparticles from Photodegradation and Enhancing Atrazine Delivery, ACS Sustainable Chemistry & Engineering (2025). DOI: 10.1021/acssuschemeng.5c04472
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        Mathematical proof debunks the idea that the universe is a computer simulation
        It's a plot device beloved by science fiction: our entire universe might be a simulation running on some advanced civilization's supercomputer. But new research from UBC Okanagan has mathematically proven this isn't just unlikely--it's impossible.

      

      
        'Singing' electrons synchronize in Kagome crystals, revealing geometry-driven quantum coherence
        Physicists at the Max Planck Institute for the Structure and Dynamics of Matter (MPSD) in Hamburg have discovered a striking new form of quantum behavior. In star-shaped Kagome crystals--named after a traditional Japanese bamboo-basket woven pattern--electrons that usually act like a noisy crowd suddenly synchronize, forming a collective "song" that evolves with the crystal's shape. The study, published in Nature, reveals that geometry itself can tune quantum coherence, opening new possibilities to...

      

      
        A new dimension for spin qubits in diamond
        The path toward realizing practical quantum technologies begins with understanding the fundamental physics that govern quantum behavior--and how those phenomena can be harnessed in real materials.

      

      
        Spectral shaper sculpts 10,000 laser comb lines for exoplanet detection and beyond
        Researchers have developed a new technology that can shape the spectrum of light emitted from a laser frequency comb across the visible and near-infrared wavelengths with more precision than previously possible. This advance could provide an important new tool in the hunt for Earth-like planets outside our solar system.

      

      
        Research confirms Meissner effect in high-pressure nickelate superconductor
        A research team led by Prof. Liu Xiaodi from the Hefei Institute of Physical Science of the Chinese Academy of Sciences, together with researchers from Jilin University and Sun Yat-sen University, has achieved simultaneous detection of zero electrical resistance and the Meissner effect in lanthanum nickelate (La3Ni2O7[?]d) single crystals under high pressure.

      

      
        Scientists create new type of semiconductor that holds superconducting promise
        Scientists have long sought to make semiconductors--vital components in computer chips and solar cells--that are also superconducting, thereby enhancing their speed and energy efficiency and enabling new quantum technologies. However, achieving superconductivity in semiconductor materials such as silicon and germanium has proved challenging due to difficulty in maintaining an optimal atomic structure with the desired conduction behavior.
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Mathematical proof debunks the idea that the universe is a computer simulation
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It's a plot device beloved by science fiction: our entire universe might be a simulation running on some advanced civilization's supercomputer. But new research from UBC Okanagan has mathematically proven this isn't just unlikely--it's impossible.



										  

										
																																	Dr. Mir Faizal, Adjunct Professor with UBC Okanagan's Irving K. Barber Faculty of Science, and his international colleagues, Drs. Lawrence M. Krauss, Arshid Shabir and Francesco Marino have shown that the fundamental nature of reality operates in a way that no computer could ever simulate.

Their findings, published in the Journal of Holography Applications in Physics, go beyond simply suggesting that we're not living in a simulated world like The Matrix. They prove something far more profound: the universe is built on a type of understanding that exists beyond the reach of any algorithm.

"It has been suggested that the universe could be simulated. If such a simulation were possible, the simulated universe could itself give rise to life, which in turn might create its own simulation. This recursive possibility makes it seem highly unlikely that our universe is the original one, rather than a simulation nested within another simulation," says Dr. Faizal. "This idea was once thought to lie beyond the reach of scientific inquiry. However, our recent research has demonstrated that it can, in fact, be scientifically addressed."

The research hinges on a fascinating property of reality itself. Modern physics has moved far beyond Newton's tangible "stuff" bouncing around in space. Einstein's theory of relativity replaced Newtonian mechanics. Quantum mechanics transformed our understanding again. Today's cutting-edge theory--quantum gravity--suggests that even space and time aren't fundamental. They emerge from something deeper: pure information.


																																						
    
     




																																			This information exists in what physicists call a Platonic realm--a mathematical foundation more real than the physical universe we experience. It's from this realm that space and time themselves emerge.

Here's where it gets interesting. The team demonstrated that even this information-based foundation cannot fully describe reality using computation alone. They used powerful mathematical theorems--including Godel's incompleteness theorem--to prove that a complete and consistent description of everything requires what they call "non-algorithmic understanding."

Think of it this way. A computer follows recipes, step by step, no matter how complex. But some truths can only be grasped through non-algorithmic understanding--understanding that doesn't follow from any sequence of logical steps. These "Godelian truths" are real, yet impossible to prove through computation.

Here's a basic example using the statement, "This true statement is not provable." If it were provable, it would be false, making logic inconsistent. If it's not provable, then it's true, but that makes any system trying to prove it incomplete. Either way, pure computation fails.
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"We have demonstrated that it is impossible to describe all aspects of physical reality using a computational theory of quantum gravity," says Dr. Faizal. "Therefore, no physically complete and consistent theory of everything can be derived from computation alone. Rather, it requires a non-algorithmic understanding, which is more fundamental than the computational laws of quantum gravity and therefore more fundamental than spacetime itself."
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																																			Since the computational rules in the Platonic realm could, in principle, resemble those of a computer simulation, couldn't that realm itself be simulated?

No, say the researchers. Their work reveals something deeper.

"Drawing on mathematical theorems related to incompleteness and indefinability, we demonstrate that a fully consistent and complete description of reality cannot be achieved through computation alone," Dr. Faizal explains. "It requires non-algorithmic understanding, which by definition is beyond algorithmic computation and therefore cannot be simulated. Hence, this universe cannot be a simulation."

Co-author Dr. Lawrence M. Krauss says this research has profound implications. "The fundamental laws of physics cannot be contained within space and time, because they generate them. It has long been hoped, however, that a truly fundamental theory of everything could eventually describe all physical phenomena through computations grounded in these laws. Yet we have demonstrated that this is not possible. A complete and consistent description of reality requires something deeper--a form of understanding known as non-algorithmic understanding."

The team's conclusion is clear and marks an important scientific achievement, says Dr. Faizal.

"Any simulation is inherently algorithmic--it must follow programmed rules," he says. "But since the fundamental level of reality is based on non-algorithmic understanding, the universe cannot be, and could never be, a simulation."

The simulation hypothesis was long considered untestable, relegated to philosophy and even science fiction, rather than science. This research brings it firmly into the domain of mathematics and physics, and provides a definitive answer.
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Physicists at the Max Planck Institute for the Structure and Dynamics of Matter (MPSD) in Hamburg have discovered a striking new form of quantum behavior. In star-shaped Kagome crystals--named after a traditional Japanese bamboo-basket woven pattern--electrons that usually act like a noisy crowd suddenly synchronize, forming a collective "song" that evolves with the crystal's shape. The study, published in Nature, reveals that geometry itself can tune quantum coherence, opening new possibilities to develop materials where form defines function.



										  

										
																																	Coherence without superconductivity

Quantum coherence--the ability of particles to move in synchrony like overlapping waves--is usually limited to exotic states such as superconductivity, where electrons pair up and flow coherently. In ordinary metals, collisions quickly destroy such coherence.

But in the Kagome metal CsV3Sb5, after sculpting tiny crystalline pillars just a few micrometers across and applying magnetic fields, the MPSD team observed Aharonov-Bohm-like oscillations in electrical resistance. Thus showing that electrons were interfering collectively, remaining coherent far beyond what single-particle physics would allow.

"This is not what non-interacting electrons should be able to do," says Chunyu Guo, the study's lead author. "It points to a coherent many-body state."

A shape-sensitive quantum state

Even more surprisingly, the oscillations depended on the crystal's geometry. Rectangular samples switched patterns at right angles, while parallelograms did so at 60deg and 120deg--exactly matching their geometry. "It's as if the electrons know whether they're in a rectangle or a parallelogram," explains Philip Moll, the responsible MPSD Director. "They're singing in harmony--and the song changes with the room they're in."

The discovery suggests a new way to control quantum states: by sculpting the geometry of a material. If coherence can be shaped rather than merely observed, researchers could design materials that behave like tuned instruments--where structure, not just chemistry, defines their resonance. "Kagome metals are giving us a glimpse of coherence that is both robust and shape-sensitive," says Moll. "It's a new design principle we didn't expect."
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                h/e oscillations in CsV3Sb5. Credit: Nature (2025). DOI: 10.1038/s41586-025-09659-8
            
        

    





																																						
    
     




																																			A broader resonance

The Kagome lattice has long intrigued scientists due to its intricate design of interwoven triangles and hexagons, which often geometrically frustrate electrons and give rise to exotic phases of matter.

The recent findings by the Hamburg team extends this effects from the atomic level to the scale of devices, demonstrating that geometry influences the collective quantum behavior of electrons. Much like a choir resonates differently in a cathedral than in a concert hall, electrons in these star-shaped crystals seem to produce a new sound--one influenced not just by the arrangement of atoms but also by their shape.

Currently, this phenomenon is limited to laboratory settings, where focused ion beams shape crystals into micrometer-sized pillars. However, the implications of this research are far-reaching. "Once coherence can be shaped rather than merely discovered, the frontier of quantum materials could shift from chemistry to architecture," says Guo.

"It opens a new avenue of designing quantum functionality for future electronics by reshaping material geometry."


																																	
																														
																				
																						More information:
												Chunyu Guo et al, Many-body interference in kagome crystals, Nature (2025). DOI: 10.1038/s41586-025-09659-8
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The path toward realizing practical quantum technologies begins with understanding the fundamental physics that govern quantum behavior--and how those phenomena can be harnessed in real materials.



										  

										
																																	In the lab of Ania Jayich, Bruker Endowed Chair in Science and Engineering, Elings Chair in Quantum Science, and co-director of UC Santa Barbara's National Science Foundation Quantum Foundry, that material of choice is laboratory-grown diamond.

Working at the intersection of materials science and quantum physics, Jayich and her team explore how engineered defects in diamond--known as spin qubits--can be used for quantum sensing. Among the lab's standout researchers, Lillian Hughes, who recently earned her Ph.D. and will soon begin postdoctoral work at the California Institute of Technology, has achieved a major advance in this effort.

In a series of three papers co-authored with Jayich--one published in Physical Review X (PRX) in April and the second and third in Nature in October--Hughes demonstrates, for the first time, how not just individual qubits but two-dimensional ensembles of many defects can be arranged and entangled within diamond.

This breakthrough enables the realization of a metrological quantum advantage in the solid state, marking an important step toward the next generation of quantum technologies.


																																						
    
     




																																			Well-designed defects

"We can create a configuration of nitrogen-vacancy (NV) center spins in the diamonds with control over their density and dimensionality, such that they are densely packed and depth-confined into a 2D layer," Hughes said. "And because we can design how the defects are oriented, we can engineer them to exhibit non-zero dipolar interactions."

This accomplishment was the subject of the PRX paper, titled "A strongly interacting, two-dimensional, dipolar spin ensemble in (111)-oriented diamond."

The NV center in diamond consists of a nitrogen atom, which substitutes for a carbon atom, and an adjacent, missing carbon atom (the vacancy).

"The NV center defect has a few properties, one of which is a degree of freedom called a spin--a fundamentally quantum mechanical concept. In the case of the NV center, the spin is very long lived," Jayich said.

"These long-lived spin states make NV centers useful for quantum sensing. The spin couples to the magnetic field that we're trying to sense."

The ability to use the spin degree of freedom as a sensor has been around since the 1970s' invention of magnetic resonance imaging (MRI), explained Jayich, noting that the MRI works by manipulating the alignment and energy states of protons and then detecting the signals they emit as they return to equilibrium, creating an image of some part of the internal body.
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																																			"Previous quantum-sensing experiments conducted in a solid-state system have all made use of single spins or non-interacting spin ensembles," Jayich said.

"What's new here is that, because Lillian was able to grow and engineer these very strongly interacting dense spin ensembles, we can actually leverage the collective behavior, which provides an extra quantum advantage, allowing us to use the phenomena of quantum entanglement to get improved signal-to-noise ratios, providing greater sensitivity and making a better measurement possible."
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                Lillian Hughes, left, and Ania Jayich, right, at the laser confocal microscope which is used interrogate the NV centers after they are formed. Credit: Lilli Walker
            
        

    



The type of entanglement-assisted sensing that Hughes's work enables has been demonstrated previously in gas-phase atomic systems.

"Ideally, for many target applications, your sensor should be easy to integrate and to bring close to the system under study," Jayich said.

"It is much easier to do that with a solid-state material, like diamond, than gas-phase atomic sensors on which, for instance, GPS is based. Furthermore, atomic sensors require significant auxiliary hardware to confine and control, such as vacuum chambers and numerous lasers, making it hard to bring an atomic sensor within nanometer-scale proximity to a protein, for instance, prohibiting high-spatial-resolution imaging."

In the Jayich lab, the focus is on using diamond sensors to look at material-based electronic effects and phenomena. But, analogous to placing a solid-state sensor into a cell, Jayich said, "You can place material targets into nanometer-scale proximity of a diamond surface, thus bringing them really close to sub-surface NV centers. So it's very easy to integrate this type of diamond quantum sensor with a variety of interesting target systems. That's a big reason why this platform is so exciting."

"A solid-state magnetic sensor of this kind could be very useful for probing, for instance, biological systems," Jayich said.

"Nuclear magnetic resonance [NMR] is based on detecting very small magnetic fields coming from the constituent atoms in, for example, biological systems. Such an approach is also useful if you want to understand new materials, whether electronic materials, superconducting materials, or magnetic materials that could be useful for a variety of applications."


																																						
    
     




																																			Squeezing to silence the noise

Any measurement contains associated noise that limits the measurement to some degree of precision. One fundamental source of noise, called quantum projection noise, limits measurement precision to a value called the standard quantum limit, a value that is classically reduced by the square root of N, the number of quantum sensors used in the measurement.

If, however, one can engineer a particular form of interaction between the sensors, it becomes possible to break the standard quantum limit for N unentangled sensors. One clever way to do that is to "squeeze" the amplitude of the noise by inducing correlations among the particles and producing a spin-squeezed state.

"It's as if you were trying to measure something with a meter stick having gradations a centimeter apart; those centimeter-spaced gradations are effectively the amplitude of the noise in your measurement. You would not use such a meter stick to measure the size of an amoeba, which is much smaller than a centimeter," Jayich said.

"By squeezing--silencing the noise--you effectively use quantum mechanical interactions to 'squish' that meter stick, effectively creating finer gradations and allowing you to measure smaller things more precisely."

The second paper describes another type of metrological gain that can be achieved by using the same system, in this case, amplifying the signal strength without increasing the noise level to make a better measurement. In terms of the amoeba example given above, amplifying the signal has the effect of making the amoeba bigger so that the measuring stick with its one-centimeter gradation can now be used to measure it.


																																			In terms of eventual real-world applications, Jayich said, "I don't think the foreseen technical challenges will prevent demonstrating a quantum advantage in a useful sensing experiment in the near future. It's mostly about making the signal amplification stronger or increasing the amount of squeezing. One way to do that is to control the position of the spins in the 2Dxy plane, forming a regular array.

"There's a materials challenge here, in that, because we can't dictate exactly where the spins will incorporate, they incorporate in somewhat random fashion within a plane," Jayich added.

"That's something we're working on now, so that eventually we can have a grid of these spins, each placed a specific distance from each other. That would address an outstanding challenge to realizing practical quantum advantage in sensing."


																																	
																														
																				
																						More information:
												Haoyang Gao et al, Signal amplification in a solid-state sensor through asymmetric many-body echo, Nature (2025). DOI: 10.1038/s41586-025-09452-7

Weijie Wu et al, Spin squeezing in an ensemble of nitrogen-vacancy centres in diamond, Nature (2025). DOI: 10.1038/s41586-025-09524-8

Lillian B. Hughes et al, Strongly Interacting, Two-Dimensional, Dipolar Spin Ensembles in (111)-Oriented Diamond, Physical Review X (2025). DOI: 10.1103/physrevx.15.021035


																						
																						
																					

                               														
																					
                              													                                        
										
										
											 
												Citation:
												A new dimension for spin qubits in diamond (2025, October 30)
												retrieved 30 October 2025
												from https://phys.org/news/2025-10-dimension-qubits-diamond.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/2025-10-dimension-qubits-diamond.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: Spectral shaper provides unprecedented control over 10,000 laser frequency comb lines]
             
                Researchers developed a new type of spectral shaper that can shape the spectrum of 10,000 lines of light from a laser frequency comb. The image shows the spatial light modulator they used with a 2D spectrum on the surface. Credit: William Newman, Heriot-Watt University
            
        

    


Researchers have developed a new technology that can shape the spectrum of light emitted from a laser frequency comb across the visible and near-infrared wavelengths with more precision than previously possible. This advance could provide an important new tool in the hunt for Earth-like planets outside our solar system.



										  

										
																																	When searching for exoplanets, astronomers use high-precision spectroscopy to detect tiny shifts in starlight that reveal a star's subtle "wobble" due to an orbiting planet. But for Earth-sized planets, these wavelength changes are smaller than the spectrograph's natural instabilities, so laser frequency combs--lasers that emit thousands of evenly spaced spectral lines--are needed to provide a reference, acting like precise wavelength rulers.

"For astronomers, the big prize would be to find a planet with a mass similar to Earth and orbiting a star similar to our sun," said research team leader Derryck T. Reid, from Heriot-Watt University in the U.K. "Our spectral shaper can make the lines on a laser frequency comb more uniform, which allows the spectrograph to detect smaller stellar motions, such as those from Earth-like planets, that would otherwise be hidden in the noise."



    
    
    
        
        
    
         
             
         

        The video shows the new spectral shaper being used for spectral flattening across approximately 10,000 comb lines. Credit: William Newman and Jake Charsley, Heriot-Watt University
  

In their paper published in Optica, the researchers show that using their new spectral shaping method with a lab-based astronomical spectrograph, they can precisely control 10,000 individual lines of light, a roughly 10-fold improvement in performance over previous approaches.

"Although there is an immediate application in astronomy instrumentation, spectral shapers are versatile tools," said Reid. "This technology could also benefit fields such as telecommunications, quantum optics and advanced radar, where precise control over the shape of light across broad bandwidths can improve signal fidelity, enable faster data transfer and enhance the manipulation of quantum states."
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                This false-color image shows an experimental result, where a laser frequency comb spectrum containing thousands of comb lines was flattened and amplitude-modulated to imprint a silhouette of the Optica "Opticat" when viewed on a high-resolution cross-dispersion spectrograph. Credit: William Newman and Jake Charsley, Heriot-Watt University
            
        

    





																																						
    
     




																																			Shaping the spectrum

Spectral shapers are used to fine-tune light to produce precisely defined spectral characteristics. For example, if a light source had more intensity in the longer-wavelength red part of the spectrum, a spectral shaper could be used to attenuate these wavelengths to produce a spectrum with a more balanced power distribution.

This type of spectral shaping might, for example, be accomplished using a prism, which splits white light into various wavelengths along a line, forming a single spectrum. However, this one-dimensional line spectrum is not well matched to the two-dimensional grid of pixels in a spatial light modulator. Spatial light modulators enable programmable, pixel-by-pixel control of the light's intensity and phase across the spectrum, enabling high-resolution shaping of complex sources such as laser frequency combs, where each mode can be adjusted independently.

"For our spectral shaper, we took inspiration from the astronomical spectrographs on large telescopes, which split up the spectrum of light into many rows, a format that makes more efficient use of high-resolution two-dimensional camera sensors," said Reid. "By substituting a spatial light modulator for the camera typically used in spectrographs, we could control the spectrum of light across a wide bandwidth much more precisely than ever before."

By mapping each frequency comb line to a unique group of pixels, the researchers were able to control each line independently, giving them the ability to sculpt the spectrum to any shape they wanted.


    
        
            [image: Spectral shaper provides unprecedented control over 10,000 laser frequency comb lines]
             
                The researchers programmed various photos as target shapes on the two-dimensional spectrograph. Shown here is a team member's dog (left) represented by thousands of laser frequency comb lines (right). Credit: William Newman, Jake Charsley and Yuk Shan Cheng, Heriot-Watt University
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																																			Next-level frequency control

Since it wasn't possible to develop the technology on a true telescope-based astronomical spectrograph, the researchers built a version of one in their lab. They wrote an algorithm that compared the measured spectrum to a chosen target shape and then adjusted the spatial light modulator until it matched.

They tested the spectral shaper's ability to shape the spectrum into different patterns, including flattening or isolating different comb lines. For demonstration purposes, they also programmed various photos as target shapes on the two-dimensional spectrograph, mapping the pixels of each photo to individual laser comb lines.

These experiments showed that they could accomplish precise amplitude control of 10,000 comb modes--the "teeth" of the frequency comb--spanning 580 to 950 nm, with a bandwidth:resolution ratio exceeding 20,000. For comparison, previous demonstrations of line-by-line modulation reported the control of hundreds of comb modes, with bandwidth:resolution ratios of a few thousand.

The team is now working to test the spectral shaper at the Southern African Large Telescope, where they will assess its performance during actual observations.


																																	
																														
																				
																						More information:
												W. Newman et al, Line-by-line control of 10,000 modes in a 20 GHz laser frequency comb, Optica (2025). DOI: 10.1364/OPTICA.571303
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Research confirms Meissner effect in high-pressure nickelate superconductor

										

    
        
            [image: Research confirms Meissner effect in high-pressure nickelate superconductor]
             
                Measurement of the Meissner effect in a La3Ni2O7[?]d single crystal sample. Credit: Liu Xiaodi
            
        

    


A research team led by Prof. Liu Xiaodi from the Hefei Institute of Physical Science of the Chinese Academy of Sciences, together with researchers from Jilin University and Sun Yat-sen University, has achieved simultaneous detection of zero electrical resistance and the Meissner effect in lanthanum nickelate (La3Ni2O7[?]d) single crystals under high pressure.



										  

										
																					The researchers combined diamond nitrogen-vacancy (NV) center quantum sensing with electronic transport measurements to provide unambiguous evidence of high-temperature superconductivity in this nickelate system. The results are published in Physical Review Letters.

Superconductivity in La3Ni2O7[?]d was first reported in 2023 through transport measurements, which revealed zero resistance around 80 K. However, confirming superconductivity requires detecting diamagnetism, or the expulsion of magnetic fields--the Meissner effect--which had remained elusive due to technical challenges associated with high-pressure environments and small superconducting volume fractions.

In this study, the researchers integrated NV center quantum magnetometry with a diamond anvil cell platform, enabling micron-scale, spatially resolved in situ magnetic mapping under high pressure and low temperature.

At the same time, four-probe resistance measurements were performed on the same crystal to ensure consistent experimental conditions. This dual approach allowed the team to directly correlate localized diamagnetic responses with zero-resistance regions, thereby offering compelling evidence for bulk superconductivity in the nickelate system.



    
        
            [image: Research confirms Meissner effect in high-pressure nickelate superconductor]
             
                The resistance curve of a La3Ni2O7[?]d single crystal sample. Credit: Liu Xiaodi
            
        

    



The NV center sensor exhibited high sensitivity and spatial resolution, even under extreme conditions such as pressure gradients and sample inhomogeneity. With the support of a self-built, high-pressure, low-temperature magnetic detection platform based on solid-state spin defects, the team systematically revealed how superconductivity in La3Ni2O7-d evolves with pressure.

This work confirms the high-temperature superconductivity in lanthanum nickelate and highlights the unique advantages of NV center technology for magnetic sensing in extreme environments.


										
																														
																				
																						More information:
												Lin Liu et al, Evidence for the Meissner Effect in the Nickelate Superconductor La3Ni2O7-d Single Crystal Using Diamond Quantum Sensors, Physical Review Letters (2025). DOI: 10.1103/yvj7-htb4. On arXiv: arxiv.org/abs/2509.11557
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Scientists create new type of semiconductor that holds superconducting promise

										

    
        
            [image: Scientists create new type of semiconductor that holds superconducting promise]
             
                Josephson junction structures--quantum devices made of two superconductors and a thin non-superconducting barrier--using different forms of germanium (Ge): super-Ge (in gold), semiconducting Ge (in blue), and super-Ge on wafer-level scale. Millions of Josephson junction pixels (10 micrometer square) can be created with this new material stack on wafer scale. Inset shows crystalline form of Super-Ge on the same matrix of semiconductor Ge, a key for crystalline Josephson junction. Credit: Patrick Strohbeen / NYU
            
        

    


Scientists have long sought to make semiconductors--vital components in computer chips and solar cells--that are also superconducting, thereby enhancing their speed and energy efficiency and enabling new quantum technologies. However, achieving superconductivity in semiconductor materials such as silicon and germanium has proved challenging due to difficulty in maintaining an optimal atomic structure with the desired conduction behavior.



										  

										
																																	In a paper published in the journal Nature Nanotechnology, an international team of scientists reports producing a form of germanium that is superconducting--able to conduct electricity with zero resistance, which allows currents to flow indefinitely without energy loss, resulting in greater operational speed that requires less energy.

"Establishing superconductivity in germanium, which is already widely used in computer chips and fiber optics, can potentially revolutionize scores of consumer products and industrial technologies," says New York University physicist Javad Shabani, director of NYU's Center of Quantum Information Physics and the university's newly established Quantum Institute, one of the paper's authors.

"These materials could underpin future quantum circuits, sensors, and low-power cryogenic electronics, all of which need clean interfaces between superconducting and semiconducting regions," adds Peter Jacobson, a physicist at the University of Queensland and one of the paper's authors.

"Germanium is already a workhorse material for advanced semiconductor technologies, so by showing it can also become superconducting under controlled growth conditions there's now potential for scalable, foundry-ready quantum devices."


																																						
    
     




																																			Semiconductor materials such as germanium and silicon, both diamond-like crystals, are group IV elements, whose electronic behavior straddles that of metals and insulators. These materials are useful in manufacturing because of their flexibility and durability.

Achieving superconductivity in these elements is accomplished by manipulating their structure to introduce numerous conducting electrons. These electrons interact with the germanium crystal to pair with one another and move without resistance--a process that has historically been challenging to control at the atomic level.

In their new work, the scientists created germanium films that were heavily infused with a softer element, gallium, which is also commonly used in electronics. This long-established process, known generically as "doping," alters a semiconductor's electrical properties--but at high levels of gallium, typically the material becomes unstable, leading to a breakdown of the crystal and no superconductivity.

However, in the newly reported results, the scientists, using advanced X-ray techniques, demonstrate a new technique, which forces gallium atoms to replace germanium atoms within the crystal at higher-than-normal levels. This process slightly deforms the shape of the crystal, but nonetheless keeps a stable structure that can conduct electricity with zero resistance at 3.5 Kelvin--or approximately -453 degrees Fahrenheit--thereby becoming superconducting.

"Rather than ion implantation, molecular beam epitaxy was used to precisely incorporate gallium atoms into the germanium's crystal lattice," notes Julian Steele, a physicist at the University of Queensland and one of the paper's authors. "Using epitaxy--growing thin crystal layers--means we can finally achieve the structural precision needed to understand and control how superconductivity emerges in these materials."

"This works because group IV elements don't naturally superconduct under normal conditions, but modifying their crystal structure enables the formation of electron pairings that allow superconductivity," observes Shabani.


																																	
																														
																				
																						More information:
												Superconductivity in substitutional Ga-hyperdoped Ge epitaxial thin films, Nature Nanotechnology (2025). DOI: 10.1038/s41565-025-02042-8
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