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      Nanotechnology. The latest news on  nanoscience, nanoelectronics, science and technology. Updated Daily.


      
        Scientists develop method to optimize delivery of mRNA to cells
        Researchers have developed a simple yet highly effective method for delivering mRNA to target cells, opening up new possibilities for future non-vaccine mRNA medicines for a broad range of diseases.

      

      
        Scientists capture real-time melting of 2D skyrmion lattices using magnetic fields
        What occurs during the melting process in two-dimensional systems at the microscopic level? Researchers at Johannes Gutenberg University Mainz (JGU) have explored this phenomenon in thin magnetic layers.

      

      
        Platinum-calcium alloy nanoparticles replace platinum, achieving both efficiency and durability in fuel cells
        A research team led by Professor Jong-sung Yu of the Department of Energy Science and Engineering at DGIST (President Kunwoo Kim) has successfully synthesized platinum-calcium alloy nanoparticles using a liquid-phase method. These nanoparticles serve as a catalyst that simultaneously enhances both the efficiency and durability of hydrogen fuel cells, an emerging next-generation eco-friendly energy technology.

      

      
        Ultrathin metallic films show tunable, directional charge flow using light at room temperature
        In a major step toward next-generation electronics, researchers at the University of Minnesota Twin Cities have discovered a way to manipulate the direction of charge flow in ultrathin metallic films at room temperature using light. This discovery opens the door to more energy-efficient optical sensors, detectors, and quantum information devices.

      

      
        Programmable 2D nanochannels achieve brain-like memory
        Researchers at The University of Manchester's National Graphene Institute have developed a new class of programmable nanofluidic memristors that mimic the memory functions of the human brain, paving the way for next-generation neuromorphic computing.
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                The TP1107 capture system attaches antibodies to LNPs in their optimal orientation. Credit: Nature Nanotechnology (2025). DOI: 10.1038/s41565-025-01954-9
            
        

    


Researchers have developed a simple yet highly effective method for delivering mRNA to target cells, opening up new possibilities for future non-vaccine mRNA medicines for a broad range of diseases.



										      
																																	The Monash University study, published in Nature Nanotechnology, is a significant development in how mRNA is precisely delivered to cells to maximize efficacy and minimize off-target effects--vital components for future mRNA medicines as they continue to evolve.

Led by the Monash Institute of Pharmaceutical Scientists (MIPS), the interdisciplinary team of researchers used advanced technologies coupled with preclinical studies to produce a highly versatile method that captures and attaches antibodies to the surface of mRNA-loaded lipid nanoparticles while the antibodies are in their optimal orientation, thus enhancing the mRNA's effectiveness and reducing side effects by making sure it only reaches its target destination.

Lipid nanoparticles are tiny, spherical particles made of lipids (fatty compounds) used to deliver drugs. They're an emerging technology for gene delivery and a key component of mRNA medicines as they help protect the mRNA cargo from being broken down or cleared by the body before it can reach the target cell.

As a result, the MIPS method has increased the binding of mRNA to target cells 8-fold compared to conventional antibody capture methods.


																																						
    
     




																																			Co-lead author and MIPS Ph.D. candidate Moore Zhe Chen said that with mRNA medicines, the delivery method is critical.

"In mRNA medicine, it's not just about what we deliver, it's about where and how we deliver it. Our findings show the precise orientation of targeting ligands on lipid nanoparticles plays a vital role in ensuring that mRNA reaches the right cells with maximum efficiency. This level of control opens up new possibilities for developing mRNA medicines with far greater specificity," Chen said.

Drug delivery expert and co-lead author Associate Professor Angus Johnston, also from MIPS, said efficient and precise delivery of mRNA is critical to advancing mRNA medicines beyond their current use as vaccines.

"There is growing interest and an urgent need to develop precise, controlled, and cost-effective systems to deliver therapeutic mRNA," Associate Professor Johnston said.

"In 2021 the world was introduced to the first mRNA-lipid nanoparticle vaccines to combat the COVID-19 pandemic, demonstrating the exciting potential of lipid nanoparticles to effectively deliver mRNA to cells. However, current delivery techniques require modification of antibodies, which can dilute their efficacy and doesn't translate well to non-vaccine mRNA medicines.

"In this study we used powerful imaging techniques to develop a simple antibody capture system that requires no modification of the antibody, and ensures the antibodies are attached to lipid nanoparticles in an orientation that increases binding to target cells. This is vital for developing new mRNA medicines beyond vaccines."
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																																			Additionally, the team confirmed the efficacy of the method in preclinical studies, which demonstrated the efficient delivery of mRNA to T cells (white blood cells that play a vital role in the immune system) in mice, resulting in limited off-target delivery to other immune cells.

mRNA-based therapies are emerging as a powerful new class of medicines for diseases that are difficult to treat with conventional drugs. Beyond vaccines, current research is focused on using mRNA to target cancer and genetic disorders by enabling cells to produce therapeutic proteins exactly where they are needed.

The MIPS team is now working to harness this powerful platform to tackle a range of challenging diseases. By enabling precise delivery of mRNA to specific cell types, the technology holds promise for advancing treatments in cancer, genetic disorders, and autoimmune disease, where targeted therapies could dramatically improve outcomes.


																																	
																														
																				
																						More information:
												Moore Z. Chen et al, A versatile antibody capture system drives specific in vivo delivery of mRNA-loaded lipid nanoparticles, Nature Nanotechnology (2025). DOI: 10.1038/s41565-025-01954-9
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                Snapshots of the skyrmion lattice during the melting: an ordered skyrmion lattice on the left while the lattice structure has vanished on the right. Credit: Raphael Gruber
            
        

    


What occurs during the melting process in two-dimensional systems at the microscopic level? Researchers at Johannes Gutenberg University Mainz (JGU) have explored this phenomenon in thin magnetic layers.



										      
																																	"By utilizing skyrmions, i.e., miniature magnetic vortices, we were able to directly observe, for the first time, the transition of a two-dimensional ordered lattice structure into a disordered state at the microscopic level in real time," explained Raphael Gruber, who conducted the research within the working group of Professor Mathias Klaui at the JGU Institute of Physics.

The findings, published in Nature Nanotechnology, are fundamental to a deeper understanding of melting processes in two dimensions and the behavior of skyrmions, which may revolutionize future data storage technologies.

Two-step melting of skyrmion lattices

While the concept of ice melting into water is familiar to most from a macroscopic perspective, the microscopic aspects of melting processes remain surprisingly poorly understood.

"This phase transition is particularly intriguing in two-dimensional systems, where distinct phenomena emerge, differing from those observed in three-dimensional counterparts," elaborated Gruber.

Initially, the researchers generated skyrmions, which are magnetic vortex structures analogous to microscopic hurricanes, by precisely calibrating temperature and magnetic fields. Owing to their remarkable stability, skyrmions can be regarded as individual entities. When densely packed, these magnetic vortices self-organize into a regular lattice structure.

"Our primary question was: What happens when we revert this ordered state to a disordered one--in effect, when we melt the system?" said Gruber.

Employing a magneto-optical Kerr microscope, the researchers observed this process in real time for the first time. In contrast to three-dimensional lattice structures, such as ice, the two-dimensional skyrmion lattice melts in a distinctive two-step process. During the initial step, translational order is lost, with individual skyrmions remaining within a lattice, yet exhibiting irregular distances to their nearest neighbors. Only in the subsequent step is the orientation also compromised, culminating in the complete dissolution of the lattice--a melting process.

"The elucidation of this melting transition was greatly facilitated by our collaboration with colleagues from the Center for Quantum Spintronics at the Norwegian University of Science and Technology," noted Professor Mathias Klaui.
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																																			Magnetic-field-induced melting: A novel approach

A distinctive aspect of this experimental design lies in the method used to induce melting. Typically, one would increase temperature. However, this approach is suboptimal in this context, as it would alter the conditions giving rise to the magnetic vortices.

"Instead, we reduced the size of the skyrmions by modulating the magnetic field. This approach afforded the skyrmions greater mobility within the lattice, enabling movement," explained Gruber. "This strategy, akin to increasing temperature, leads to the lattice structure becoming progressively disordered, ultimately resulting in its complete dissolution."

These findings pave the way for the potential application of skyrmions in future data storage technologies, offering significantly enhanced data density, rapid read/write access, and exceptional energy efficiency.


																																	
																														
																				
																						More information:
												Raphael Gruber et al, Real-time observation of topological defect dynamics mediating two-dimensional skyrmion lattice melting, Nature Nanotechnology (2025). DOI: 10.1038/s41565-025-01977-2
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Platinum-calcium alloy nanoparticles replace platinum, achieving both efficiency and durability in fuel cells
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                Structural characterization a) Schematic diagram showing the synthesis of PtCa NPs. TEM images of b) PtCa/C NPs, c) HR-TEM image and d) HAADF-STEM image showing the orderly arrangement of the Pt (bright spots) and Ca (dark spots) atoms. Credit: Small (2025). DOI: 10.1002/smll.202503692
            
        

    


A research team led by Professor Jong-sung Yu of the Department of Energy Science and Engineering at DGIST (President Kunwoo Kim) has successfully synthesized platinum-calcium alloy nanoparticles using a liquid-phase method. These nanoparticles serve as a catalyst that simultaneously enhances both the efficiency and durability of hydrogen fuel cells, an emerging next-generation eco-friendly energy technology.



										      
																																	The findings are published in the journal Small.

Previous studies had suggested that combining platinum with alkaline earth metals such as calcium could yield catalysts with excellent performance and durability. However, calcium is electrochemically challenging to handle, making its alloying with platinum extremely difficult. As a result, practical methods for synthesizing platinum-calcium alloy nanoparticles have remained underdeveloped worldwide.

The newly developed catalyst, synthesized via liquid-phase processing, features a core-shell structure with calcium and platinum atoms orderly arranged in the inner core and a platinum-rich shell on the outside. This structure is considered ideal for fuel cell catalysts, as it combines the high reactivity of platinum with the stabilizing effect of calcium in an innovative manner.

The research team applied the platinum-calcium nanoparticles as an anode catalyst in a practical hydrogen fuel cell environment and achieved performance and durability that exceeded the U.S. Department of Energy's 2025 targets. In other words, the catalyst demonstrated performance levels suitable for immediate application in hydrogen vehicles and power generation.

To uncover the origin of this achievement, the research team collaborated with Professor Kai S. Exner's team at the University of Duisburg-Essen in Germany to conduct theoretical studies. The results revealed that a strong interaction between platinum and calcium atoms is responsible for the catalyst's high durability and long-term performance.

Professor Jong-sung Yu of DGIST stated, "It is often difficult for fuel cell catalysts to simultaneously achieve both high performance and long-term durability. The platinum-calcium alloy nanoparticles developed in this study not only exhibit excellent performance and durability, but also offer low production cost, making them a highly promising technology that could significantly accelerate the commercialization of hydrogen fuel cells across various applications."

Gyan-Barimah Caleb, a student on Professor Jong-sung Yu's team at DGIST, participated as the first author, and the study was conducted in collaboration with the University of Duisburg-Essen in Germany.


																																	
																														
																				
																						More information:
												Caleb Gyan-Barimah et al, Intermetallic Platinum-Calcium Alloy Breaks the Activity-Stability Trade-Off in Fuel Cell for Enhanced Performance, Small (2025). DOI: 10.1002/smll.202503692
																						
																						

												
													Journal information:
																											Small
														
															
																
															
														 
																									

											

																					

                               														
																					
                              													                                        
										
										
											 
												Citation:
												Platinum-calcium alloy nanoparticles replace platinum, achieving both efficiency and durability in fuel cells (2025, August 4)
												retrieved 5 August 2025
												from https://phys.org/news/2025-08-platinum-calcium-alloy-nanoparticles-efficiency.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/2025-08-platinum-calcium-alloy-nanoparticles-efficiency.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Ultrathin metallic films show tunable, directional charge flow using light at room temperature
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                Epitaxial strain control of electronic anisotropy in the RuO2/TiO2 (110) heterostructure. Credit: Science Advances (2025). DOI: 10.1126/sciadv.adw7125
            
        

    


In a major step toward next-generation electronics, researchers at the University of Minnesota Twin Cities have discovered a way to manipulate the direction of charge flow in ultrathin metallic films at room temperature using light. This discovery opens the door to more energy-efficient optical sensors, detectors, and quantum information devices.



										      
																																	The research is published in Science Advances.

The team showed that ultra-thin layers of ruthenium dioxide (RuO2), grown on titanium dioxide (TiO2), can be made to behave differently depending on direction--both in how they respond to light and how electricity moves through them.

"We solved this problem by carefully designing ultra-thin metal layers that interact with light in new ways--something you don't see in the thicker version of this material," said Bharat Jalan, senior author of the study and the Shell Chair Professor in the Department of Chemical Engineering and Materials Science at the University of Minnesota Twin Cities.

"This work demonstrates that we can now tailor ultrafast conductivity in metals using the same kind of precise control of epitaxial strain, a method previously reserved for semiconductors or insulators."

The study shows that by altering how atoms are stretched in different directions, scientists can control the way the material responds to light. This is an effect that works at room temperature and can be used for real-world technology.

"This is the first time anyone has demonstrated tunable, directional ultrafast carrier relaxation in a metal at room temperature," said Seunggyo Jeong, postdoctoral researcher in the Department of Chemical Engineering and Materials Science at the University of Minnesota and lead author on the paper. "It challenges long-held assumptions in condensed matter physics and opens a fundamentally new pathway to manipulate charge and light in metallic systems."


																																						
    
     




																																			This discovery is especially significant for optoelectronic and memory devices that depend on controlling how quickly and efficiently carriers respond to light.

"The findings provide deep insight into how subtle structural distortions--like strain relaxation--can reshape the electronic landscape of metals," added Tony Low, a Paul Palmberg Professor in the Department of Electrical and Computer Engineering at the University of Minnesota and co-author on the paper. "This could be critical for future ultrafast and polarization-sensitive optoelectronic technologies."

Traditional metals were thought to lack the directional control needed for such precision because of their complex, multiband nature. But the research team found that by exploiting band nesting--a feature of the electronic structure--the ultrafast response can be made to have a physical property that has a different value when measured in different directions. These advances could contribute to the development of high-performance, low-power devices for computing, data storage, sensing, and secure communications.

Next, the researchers plan to integrate these engineered RuO2 films into actual devices and explore similar phenomena in other oxide systems.

In addition to Jalan, Jeong, and Low, the University of Minnesota team included Sreejith Nair a graduate student from the Department of Chemical Engineering and Materials Science, and Seunjun Lee a post-doctoral associate from the Department of Electrical and Computer Engineering. This work was done in collaboration with Gwangju Institute of Science and Technology, Sungkyunkwan University, and the University of Kentucky.


																																	
																														
																				
																						More information:
												Seung Gyo Jeong et al, Anisotropic strain relaxation-induced directional ultrafast carrier dynamics in RuO2 films, Science Advances (2025). DOI: 10.1126/sciadv.adw7125
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                Nanochannels mimic biological ion channels and synapses. Credit: Nature Communications (2025). DOI: 10.1038/s41467-025-61649-6
            
        

    


Researchers at The University of Manchester's National Graphene Institute have developed a new class of programmable nanofluidic memristors that mimic the memory functions of the human brain, paving the way for next-generation neuromorphic computing.



										      
																																	In a study published in Nature Communications, scientists from the National Graphene Institute, Photon Science Institute and the Department of Physics and Astronomy have demonstrated how two-dimensional (2D) nanochannels can be tuned to exhibit all four theoretically predicted types of memristive behavior, something never before achieved in a single device.

This study not only reveals new insights into ionic memory mechanisms but also has the potential to enable emerging applications in low-power ionic logic, neuromorphic components, and adaptive chemical sensing.

Memristors, or memory resistors, are components that adjust their resistance based on past electrical activity, effectively storing a memory of it. While most existing memristors are solid-state devices that rely on electron movement, the team, led by Prof Radha Boya, used confined liquid electrolytes within thin nanochannels made from 2D materials such as MoS2 and hBN. This nanofluidic approach allows for ultra-low energy operation and the ability to emulate biological learning processes.

Four memory modes, one device

The study reveals that by tuning experimental parameters such as electrolyte composition, pH, voltage frequency, and channel geometry, the same nanofluidic device can switch between four distinct memory loop styles, two "crossing" and two "non-crossing" types. These loop styles correspond to different memory mechanisms, including ion-ion interaction, ion-surface charge adsorption/desorption, surface charge inversion, and ion concentration polarization.

"This is the first time all four memristor types have been observed in a single device," said Professor Radha Boya, senior author of the study. "It shows the remarkable tunability of nanofluidic systems and their potential to replicate complex brain-like behavior."


																																						
    
     




																																			Mimicking the brain's synapses

Beyond demonstrating multiple memory modes, the devices also exhibit both short-term and long-term memory, akin to biological synapses. This dynamic control over memory duration is crucial for developing neuromorphic systems that can adapt and learn from their environment.

For instance, the devices could "forget" information over time or retain it for days, depending on the applied voltage and electrolyte conditions, e.g., like how one might quickly forget where they left their keys, yet remember their home address for life.

Imagine you're working in a cafe. At first, the clatter of cups and chatter is noticeable, but soon your brain filters it out so you can focus. This everyday phenomenon is called sensory adaptation, and short-term synaptic depression is one of the cellular mechanisms contributing to them.

The team mimicked short-term synaptic depression, a process where consecutive neural signals reduce the strength of a response unless sufficient time is allowed for recovery. In neurons, this is caused by temporary depletion of neurotransmitter vesicles. In the nanochannels, a similar effect emerges due to the ionic interactions, which requires time to relax back to its initial state.

A minimal model and a major leap

To explain the observed behaviors, the team developed a minimal theoretical model that incorporates ion-ion interactions, surface adsorption, and channel entrance effects. The model successfully reproduces all four memristive loop types, offering a unified framework for understanding and designing future nanofluidic memory systems.

"This work represents a major leap in our understanding of ionic memory," said Dr. Abdulghani Ismail, lead author of the study. "It opens up exciting possibilities for low-power, adaptive computing systems that operate more like the human brain."

By harnessing the unique properties of 2D materials and fluidic ion transport, the researchers envision a new class of reconfigurable, energy-efficient computing devices capable of real-time learning and decision-making, with broad implications for artificial intelligence, robotics, and bioelectronics.


																																	
																														
																				
																						More information:
												Abdulghani Ismail et al, Programmable memristors with two-dimensional nanofluidic channels, Nature Communications (2025). DOI: 10.1038/s41467-025-61649-6
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        Discarded particles dubbed 'neglectons' may unlock universal quantum computing
        Quantum computers have the potential to solve problems far beyond the reach of today's fastest supercomputers. But today's machines are notoriously fragile. The quantum bits, or "qubits," that store and process information are easily disrupted by their environment, leading to errors that quickly accumulate.

      

      
        Quantum framework offers new approach to analyzing complex network data
        Whenever we mull over what film to watch on Netflix, or deliberate between different products on an e-commerce platform, the gears of recommendation algorithms spin under the hood. These systems sort through sprawling datasets to deliver personalized suggestions. However, as data becomes richer and more interconnected, today's algorithms struggle to keep pace with capturing relationships that span more than just pairs, such as group ratings, cross-category tags, or interactions shaped by time and...

      

      
        Packed particles power up: Physicists discover particles that accelerate when crowded
        What if particles don't slow down in a crowd, but move faster? Physicists from Leiden worked together and discovered a new state of matter, where particles pass on energy through collisions and create more movement when packed closely together.

      

      
        Gaussian processes provide a new path toward quantum machine learning
        Neural networks revolutionized machine learning for classical computers: self-driving cars, language translation and even artificial intelligence software were all made possible. It is no wonder, then, that researchers wanted to transfer this same power to quantum computers--but all attempts to do so brought unforeseen problems.
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Quantum computers have the potential to solve problems far beyond the reach of today's fastest supercomputers. But today's machines are notoriously fragile. The quantum bits, or "qubits," that store and process information are easily disrupted by their environment, leading to errors that quickly accumulate.



										      
																																	One of the most promising approaches to overcoming this challenge is topological quantum computing, which aims to protect quantum information by encoding it in the geometric properties of exotic particles called anyons. These particles, predicted to exist in certain two-dimensional materials, are expected to be far more resistant to noise and interference than conventional qubits.

"Among the leading candidates for building such a computer are Ising anyons, which are already being intensely investigated in condensed matter labs due to their potential realization in exotic systems like the fractional quantum Hall state and topological superconductors," said Aaron Lauda, professor of mathematics, physics and astronomy at the USC Dornsife College of Letters, Arts and Sciences and the study's senior author.

"On their own, Ising anyons can't perform all the operations needed for a general-purpose quantum computer. The computations they support rely on 'braiding,' physically moving anyons around one another to carry out quantum logic. For Ising anyons, this braiding only enables a limited set of operations known as Clifford gates, which fall short of the full power required for universal quantum computing."

But in a study published in Nature Communications, a team of mathematicians and physicists led by USC researchers has demonstrated a surprising workaround.

By adding a single new type of anyon, which was previously discarded in traditional approaches to topological quantum computation, the team shows that Ising anyons can be made universal, capable of performing any quantum computation through braiding alone.

The team dubbed these rescued particles "neglectons," a name that reflects both their overlooked status and their newfound importance. This new anyon emerges naturally from a broader mathematical framework and provides exactly the missing ingredient needed to complete the computational toolkit.


																																						
    
     




																																			From mathematical trash to quantum treasure

The key lies in a new class of mathematical theories called non-semisimple topological quantum field theories (TQFTs). These extend the standard "semisimple" frameworks that physicists typically use to describe anyons. Traditional models simplify the underlying math by discarding objects with so-called "quantum trace zero," effectively declaring them useless.

"But those discarded objects turn out to be the missing piece," Lauda explained. "It's like finding treasure in what everyone else thought was mathematical garbage."

The new framework retains these neglected components and reveals a new type of anyon--the neglecton--which, when combined with Ising anyons, allows for universal computation using braiding alone. Crucially, only one neglecton is needed, and it remains stationary while the computation is performed by braiding Ising anyons around it.

A house with unstable rooms

The discovery wasn't without its mathematical challenges. The non-semisimple framework introduces irregularities that violate unitarity, a fundamental principle ensuring that quantum mechanics preserve probability. Most physicists would have seen this as a fatal flaw.

But Lauda's team found an elegant workaround. They designed their quantum encoding to isolate these mathematical irregularities away from the actual computation. "Think of it like designing a quantum computer in a house with some unstable rooms," Lauda explained. "Instead of fixing every room, you ensure all of your computing happens in the structurally sound areas while keeping the problematic spaces off-limits."

"We've effectively quarantined the strange parts of the theory," Lauda said. "By carefully designing where the quantum information lives, we make sure it stays in the parts of the theory that behave properly, so the computation works even if the global structure is mathematically unusual."
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																																			From pure math to quantum reality

The breakthrough illustrates how abstract mathematics can solve concrete engineering problems in unexpected ways.

"By embracing mathematical structures that were previously considered useless, we unlocked a whole new chapter for quantum information science," Lauda said.

The research opens new directions both in theory and in practice. Mathematically, the team is working to extend their framework to other parameter values and to clarify the role of unitarity in non-semisimple TQFTs.

On the experimental side, they aim to identify specific material platforms where the stationary neglecton could arise and to develop protocols that translate their braiding-based approach into realizable quantum operations.

"What's particularly exciting is that this work moves us closer to universal quantum computing with particles we already know how to create," Lauda said.

"The math gives a clear target: If experimentalists can find a way to realize this extra stationary anyon, it could unlock the full power of Ising-based systems."


																																	
																														
																				
																						More information:
												Universal quantum computation using Ising anyons from a non-semisimple topological quantum field theory, Nature Communications (2025). DOI: 10.1038/s41467-025-61342-8
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Quantum framework offers new approach to analyzing complex network data

										

    
        
            [image: Promising signals in quantum computing]
             
                QTSP, which is at the core of ranking algorithms, processes higher-order data. This data is represented as graphs and transformed into other graphs. This is usually taxing for classical computers, but significantly simpler for a quantum computer as shown by the research team. Credit: SUTD
            
        

    


Whenever we mull over what film to watch on Netflix, or deliberate between different products on an e-commerce platform, the gears of recommendation algorithms spin under the hood. These systems sort through sprawling datasets to deliver personalized suggestions. However, as data becomes richer and more interconnected, today's algorithms struggle to keep pace with capturing relationships that span more than just pairs, such as group ratings, cross-category tags, or interactions shaped by time and context.



										      
																																	A team of researchers led by Professor Kavan Modi from the Singapore University of Technology and Design (SUTD) has taken a conceptual leap into this complexity by developing a new quantum framework for analyzing higher-order network data.

Their work centers on a mathematical field called topological signal processing (TSP), which encodes more than connections between pairs of points but also among triplets, quadruplets, and beyond. Here, "signals" are information that lives on higher-dimensional shapes (triangles or tetrahedra) embedded in a network.

In their recent paper titled "Topological signal processing on quantum computers for higher-order network analysis," the team introduced a quantum version of this framework, called Quantum Topological Signal Processing (QTSP). It is a mathematically rigorous method for manipulating multi-way signals using quantum linear systems algorithms. The research is published in the journal Physical Review Applied.

Unlike prior quantum approaches to topological data analysis, which often suffer from impractical scaling, the QTSP framework achieves linear scaling in signal dimension. It is an improvement that opens the door to efficient quantum algorithms for problems previously considered out of reach.

"Much of the excitement around quantum computing lies in its potential to outperform classical computers in certain tasks," said Prof Modi. "With QTSP, we've identified a class of problems--those with an inherently higher-order structure--where this advantage could be more than just speculative."


																																						
    
     




																																			The technical insight behind QTSP is in the structure of the data itself. Classical approaches typically require costly transformations to fit topological data into a form usable by quantum devices.

However, in QTSP, the data's native format is already compatible with quantum linear systems solvers, due to recent developments in quantum topological data analysis. This compatibility allows the team to circumvent a major bottleneck, efficient data encoding, while ensuring the algorithm remains mathematically grounded and modular.

Still, loading data into quantum hardware and retrieving it without overwhelming the quantum advantage remains an unsolved challenge. Even with linear scaling, quantum speedups can be nullified by overheads in pre- and post-processing.

"Quantum computing as a field is grappling with these issues," explained Prof Modi. "But theoretical progress matters as it tells us where to look and what to build towards."

To show how QTSP might be used in practice, the team applied it to a well-known classical algorithm called HodgeRank, commonly used in ranking problems like recommendation systems. This extension, detailed in a companion paper titled "Quantum HodgeRank: Topology-based rank aggregation on quantum computers," demonstrates how QTSP can be plugged into existing frameworks to tackle real-world problems.

While classical HodgeRank handles pairwise comparisons, quantum HodgeRank allows for higher-order interactions. This enables systems to incorporate nuances like overlapping preferences among groups of users or cross-modal influences.
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																																			"When we look at recommendation systems through the lens of QTSP, we're not just ranking things. We're analyzing how complex signals propagate across a network," added Prof Modi.

While many of the immediate applications may remain classical, laying the theoretical foundation now helps prepare for a future where quantum hardware is robust enough to handle such tasks. The team's framework could potentially influence fields where the shape of data matters: biology, chemistry, neuroscience, and finance among them.

One potential frontier is neuroscience, where some theorists have speculated that cognitive processes may be underpinned by topological structures.

"If information in the brain is processed via topological embeddings, our algorithm could, one day, support experimental neuroscience by pairing with quantum sensors and processors," shared Prof Modi.

The team is currently focusing on refining the theory, finding stronger use cases and exploring new domains where topological and quantum tools might converge.

"We're especially excited about applying these ideas to physics. There's potential to study phases of matter in ways that classical tools don't easily allow," Prof Modi said.

He added, "Our research is in line with SUTD's ethos of combining technology with thoughtful design--the QTSP framework was built to be modular and adaptable, ensuring that its mathematical components can be repurposed for diverse applications."


																																	
																														
																				
																						More information:
												Caesnan M.G. Leditto et al, Topological signal processing on quantum computers for higher-order network analysis, Physical Review Applied (2025). DOI: 10.1103/PhysRevApplied.23.054054

Caesnan M. G. Leditto et al, Quantum HodgeRank: Topology-based rank aggregation on quantum computers, Physical Review Applied (2025). DOI: 10.1103/m6nc-ypl7
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                Hundreds of 1mm metal beads are placed between two glass plates of 15 x 15 cm. Credit: Leiden University
            
        

    


What if particles don't slow down in a crowd, but move faster? Physicists from Leiden worked together and discovered a new state of matter, where particles pass on energy through collisions and create more movement when packed closely together.



										      
																																	We all know crowds of people, or cars in a traffic jam--when it gets too crowded, all you can do is stand still. Until now, scientists have mainly studied cases of large groups just like this, which slow down when they get too close to each other.

But what if the opposite happens? What if particles could start moving more when packed together? That question hadn't been studied much--until now. Physicists Marine Le Blay, Joshua Saldi and Alexandre Morin from Leiden University do research in the field of active matter physics--they observe and analyze the collective behaviors that emerge when large groups of particles are packed together.

The work is published in the journal Nature Physics.

Metal beads and electrodes

In their experiments, Morin, Le Blay and Saldi worked with tiny, non-moving particles: one-millimeter metal beads, placed between two glass plates. "These two plates holding the beads are not just simple glass plates; they are also electrodes. Our beads can't move by themselves, but when we charge them with electricity, they start to jump up and down. They travel back and forth between the two glass plates extremely fast, around 100 times in 1 second. This way, we give energy to our system of beads," Saldi explains. The Fine Mechanical Department of the Science Faculty helped them create this creative lab setup.

Morin adds, "While the beads move around, we take 300 to 400 images per second with our high-speed camera. We then make slow-motion videos of these images to discover in detail what is happening. We link every particle from one image to the next and make precise statistics of the movements observed. One afternoon of experimenting can fill up an entire hard drive. We use a strong computer and an efficient analysis routine to do this work."


    
    
    
        
        
    
         
             
         

          



																																						
    
     




																																			Moving as a group

With only a few beads in the experiment, the beads stay in place--nothing surprising yet. When the researchers increased the number of beads to hundreds and thousands, something very surprising happened: the beads started moving around wildly. They formed a very dynamic and disordered system, which we call an 'active gas' state of matter.

How is this possible? The researchers watched and analyzed the movement patterns and discovered that the particles bump into each other in a very special way. Their collisions are super elastic. Instead of losing energy like a bouncing ball eventually coming to rest, they pass energy on to each other during these bumps, which triggers more movement. So, the more particles there are, the more collisions happen--and the more active the whole system becomes.


    
        
            [image: Packed particles power up]
             
                From a steady self-sustained oscillator to an active gas. Credit: Nature Physics (2025). DOI: 10.1038/s41567-025-02957-y
            
        

    




Controlling the movement patterns

"Once we understood how these packed particles power up, we realized that we could even control the collective behavior of the metal beads," Morin explains. "To do so, instead of powering the particles continuously, we powered them intermittently by switching the electric field on and off. We observed that the faster the switching, the slower the movements. But more importantly, the structure of the group also changed.

"Overall, we could obtain structures analogous to the three well-known states of matter: gas, liquid, and crystal--by simply turning a knob on our power generator."
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																																			Why this discovery matter

Morin says, "This is an important discovery, because it reveals that there are still many unknown ways in which particles can organize themselves." This opens the door to new types of behavior in particle systems, with possible applications in technology, biology, and materials science.



    
        
            [image: Packed particles power up: Physicists discover particles that accelerate when crowded]
             
                Lab setup, a high-speed camera takes photos of the glass plates holding the metal beads. Credit: Leiden University
            
        

    



Even though the research is still in an early stage, Morin thinks this discovery could help create new smart materials in the future. Living things can do many things--like remembering, growing, healing, and processing information--that normal materials like fabric or steel cannot do. This research shows how simple active materials can change their shape and patterns on their own. A step towards better designed and more advanced man-made materials.


																																	
																														
																				
																						More information:
												Marine Le Blay et al, Control of collective activity to crystallize an oscillator gas, Nature Physics (2025). DOI: 10.1038/s41567-025-02957-y
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            [image: A new path toward quantum machine learning]
             
                Schematic of the main results. Credit: Nature Physics (2025). DOI: 10.1038/s41567-025-02883-z
            
        

    


Neural networks revolutionized machine learning for classical computers: self-driving cars, language translation and even artificial intelligence software were all made possible. It is no wonder, then, that researchers wanted to transfer this same power to quantum computers--but all attempts to do so brought unforeseen problems.



										      
																																	Recently, however, a team at Los Alamos National Laboratory developed a new way to bring these same mathematical concepts to quantum computers by leveraging something called the Gaussian process.

"Our goal for this project was to see if we could prove that genuine quantum Gaussian processes exist," said Marco Cerezo, the Los Alamos team's lead scientist. "Such a result would spur innovations and new forms of performing quantum machine learning."

One of the most fundamental breakthroughs in the field of machine learning came after the realization that large neural networks converged to Gaussian processes. A neural network can contain millions of "neurons," essentially mathematical nodes that make educated guesses on given information.

While individually random and unbiased, after millions of guesses, the information these neurons process conform to a Gaussian curve, also called a bell curve, which allows researchers to extrapolate an average.

Essentially, the team was able to prove that the same Gaussian curve applies to some quantum computing processes--a development that promises to significantly alter quantum computing capabilities.

The Los Alamos team outlines their findings in a new paper published in the journal Nature Physics.


																																						
    
     




																																			New way of learning avoids known issues

Neural networks are among a family called "parametric models," which work by leveraging variational parameters that can be tweaked in order to "learn" on their own. After its success in classical computing, scientists wanted to leverage neural networks for quantum computing, which promised to enhance the power of these machines as they performed tasks much too complicated for classical computers.

But after years of research, the Lab team found that parametric models in the quantum computing setting tend to create unforeseen problems, such as barren plateaus, which lead to mathematical deadends.

"The issue with quantum neural networks is that we were copying and pasting classical neural networks and putting them in a quantum computer," said Martin Larocca, a Lab scientist who specializes in quantum algorithms and quantum machine learning. "This appears not to work as easily as one could have hoped. Hence, we wanted to go back to basics, and find simpler, more restricted ways of learning, but which could actually work and also have certain guarantees."

Unlike neural networks, Gaussian processes are not parametric, and therefore sidestep many of the aforementioned issues. But Gaussian processes are not an all-purpose tool: if the distribution does not follow a bell curve, the resulting prediction can be inaccurate. So, the team used advanced mathematical tools that enabled them to check their math, confirming the new method was Gaussian and a suitable, accurate means to process quantum data sets on quantum computers.

"This is the Holy Grail of Bayesian learning," said Diego Garcia-Martin, the paper's first author. "More than a mathematical curiosity, our result has concrete practical implications. Say you need to predict housing prices. You start with an initial guess that prices follow a simple bell curve--a Gaussian. So, if you give me an observation, like a house and its price, we can use this Gaussian process to update the bell curve and find a new and better distribution of house prices.

"The more data we have, the more precise the prediction--a method known as Bayesian inference via Gaussian process regression. Our result implies that the same principle can now be applied in quantum computing."
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																																			A new quest

Replicating the power of neural networks on quantum computers has been a longtime goal in the field, and this paper marks years of work for the team and the first time this capability has been proven mathematically.

Because quantum computers are still a nascent technology, this work--and much of the research done in the field of quantum machine learning models--is still theoretical. This is necessary so that when powerful quantum computers are finally developed, researchers will have equally powerful machine learning models to solve some of the world's most complex, otherwise intractable problems.

As part of a larger body of work, this paper points to a new direction the team would like to see the quantum community pursue--that, essentially, researchers should stop trying to force models designed for classical computing to fit into the realm of quantum machine learning.

"This is the quest we've had," Cerezo said. "We need to find new ways of doing quantum machine learning, not continue to beat a dead horse, so to say, by recycling old methods."


																																	
																														
																				
																						More information:
												Diego Garcia-Martin et al, Quantum neural networks form Gaussian processes, Nature Physics (2025). DOI: 10.1038/s41567-025-02883-z
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