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      Nanotechnology

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


      
        Ultrafast spin-exchange in quantum dots enhances solar energy and photochemical efficiency
        Quantum dots are microscopic semiconductor crystals developed in the lab that share many properties with atoms, including the ability to absorb or emit light, a technology that Los Alamos researchers have spent nearly three decades evolving. Through carrier multiplication, in which a single absorbed photon generates two electron-hole pairs, called excitons, quantum dots have the unique ability to convert photons more efficiently to energy.

      

      
        Shape-shifting hybrid materials offer bright future for solar and LED innovation
        In today's energy-intensive environment, designing new devices for more efficient and renewable energy sources is at the forefront of scientific research. A particularly interesting approach utilizes Ruddlesden-Popper perovskites--a type of layered material made from alternating sheets of inorganic and organic components. These materials are potentially ideal for several applications, including light-emitting diodes (LEDs), thermal energy storage and solar-panel technology.

      

      
        Novel nanotechnology turns water waste into fertilizer
        Excessive nutrients in wastewater can lead to detrimental discharges into natural water bodies, prompting harmful algal blooms with severe environmental and economic repercussions. To address this pressing issue, a team of engineers in the McKelvey School of Engineering at Washington University in St. Louis has developed an innovative solution. Their novel composite nanotechnology removes and recovers nutrients from wastewater, subsequently upcycling them as agricultural fertilizers or as biorefi...
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            [image: New quantum dot advancements hold promise for solar energy and photochemistry]
             
                Light excites the quantum dot core, transferring energy to a magnetic manganese ion through ultrafast sub-picosecond spin exchange. The manganese ion then undergoes spin-flip relaxation, resulting in the highly efficient generation of two excitons in the quantum dot shell. Credit: Los Alamos National Laboratory
            
        

    


Quantum dots are microscopic semiconductor crystals developed in the lab that share many properties with atoms, including the ability to absorb or emit light, a technology that Los Alamos researchers have spent nearly three decades evolving. Through carrier multiplication, in which a single absorbed photon generates two electron-hole pairs, called excitons, quantum dots have the unique ability to convert photons more efficiently to energy.



										      
																																	"Our work demonstrates how purely quantum mechanical spin-exchange interactions can be harnessed to enhance the efficiency of photoconversion devices or photochemical reactions," says Victor Klimov, the team's principal investigator at the Lab. "This not only deepens our fundamental understanding of quantum mechanical phenomena but also introduces a new paradigm for designing advanced materials for energy applications."

In this latest research, published in the journal Nature Communications, Los Alamos researchers improved this ability by introducing magnetic manganese impurities into quantum dots. This novel approach to highly efficient carrier multiplication leverages ultrafast spin-exchange interactions mediated by manganese ions to capture the energy of energetic (hot) carriers generated by incident photons and convert it into additional excitons.

Jungchul Noh, a postdoc on Klimov's team and lead chemist on this project, is excited about the potential impact of this discovery. "The ability to enhance charge carrier yield through spin-exchange carrier multiplication has far-reaching implications for a wide range of photoconversion technologies, from solar electricity and high-speed photodetectors to light-driven chemical synthesis," Noh says.


																																						
    
     




																																			A new mechanism for efficient charge generation

Unlike conventional carrier multiplication, which relies on impact ionization, spin exchange carrier multiplication exploits ultrafast bidirectional energy transfer between the manganese dopants and the intrinsic states of quantum dots. This process significantly increases the likelihood of generating multiple electron-hole pairs from a single photon absorption, resulting in enhanced photoconversion efficiency.

Los Alamos researchers verified the effectiveness of this process through optical spectroscopy and, notably, photocurrent measurements in a real-world photoconductive device, demonstrating its potential for practical applications.

Through years of research, Los Alamos scientists found that traditional carrier multiplication is constrained by the rapid cooling of hot carriers via phonon emission, which competes with impact ionization, the primary mechanism driving conventional carrier multiplication.

The research team circumvented this limitation by incorporating manganese dopants into core-shell quantum dots, which feature an inverted band structure, where the shell material has a lower bandgap than the core. This unique design facilitates efficient localization of electrons and holes in the shell, optimizing carrier extraction for energy applications.

The key breakthrough lies in the spin-exchange interaction of these manganese-doped quantum dots, which enables:


	Ultrafast excitation transfer from hot carriers to manganese ions

	Spin-flip relaxation of manganese ions, releasing energy to generate additional excitons

	Significantly higher carrier multiplication efficiency compared with traditional quantum dots, with a carrier multiplication yield over four times greater than for undoped quantum dots




    
        
            [image: New quantum dot advancements hold promise for solar energy and photochemistry]
             
                Conventional carrier multiplication (CM) and spin-exchange carrier multiplication (SE-CM). Credit: Nature Communications (2025). DOI: 10.1038/s41467-025-58066-0
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																																			Potential impact

With its potential to significantly impact solar energy conversion, photodetectors, and photocatalysis, this research marks a major step toward the development of next-generation quantum-based energy technologies.

To assess the practical applicability of this technology, researchers tested the quantum dots in photoconductive devices. These devices demonstrated a sharp enhancement in photocurrent generation immediately above the spin-exchange carrier multiplication threshold, defined by the energy of the manganese ion's spin-flip transition. This confirms that the increased carrier yield directly translates to improved device performance.

Power conversion efficiency simulations from the study predict that this method could achieve an efficiency increase of up to 41%, which is approaching the theoretical limit for fully optimized devices utilizing conventional carrier multiplication.

Additionally, this technology could play a crucial role in photochemical transformations, particularly those requiring multiple reduction and oxidation steps--for example, energy-intensive processes like ammonia production via nitrogen fixation, which currently consumes more than 2% of global energy.


																																																					
																				
																						More information:
												Jungchul Noh et al, Highly efficient carrier multiplication in inverted CdSe/HgSe quantum dots mediated by magnetic impurities, Nature Communications (2025). DOI: 10.1038/s41467-025-58066-0
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Shape-shifting hybrid materials offer bright future for solar and LED innovation

										

    
        
            [image: Shape-shifting hybrid materials offer bright future for solar and LED innovation]
             
                A diagram from the research study indicated the impact of phase transitions in perovskites. The organic component goes from a crystalline state (left)  to a more disordered state (right) upon changes in temperature. A blueshift indicates a shortening of the light emission wavelength, whereas a redshift indicates a lengthening. Credit: Matter (2025). DOI: 10.1016/j.matt.2025.102146
            
        

    


In today's energy-intensive environment, designing new devices for more efficient and renewable energy sources is at the forefront of scientific research. A particularly interesting approach utilizes Ruddlesden-Popper perovskites--a type of layered material made from alternating sheets of inorganic and organic components. These materials are potentially ideal for several applications, including light-emitting diodes (LEDs), thermal energy storage and solar-panel technology.



										      
																																	Recent research led by University of Utah graduate student Perry Martin in the Bischak Lab, housed in the Department of Chemistry, utilized temperature-dependent absorption and emission spectroscopy, as well as X-ray diffraction, to study the phase transition behaviors of perovskites.

The research paper, titled "Coupled optical and structural properties of two-dimensional metal-halide perovskites across phase transitions," is published in Matter.

A phase transition is a discrete change from one state of matter to another (such as ice to liquid water). Some substances, including water and perovskites, have multiple solid states with different properties.

The Bischak Lab demonstrated a connection between phase transitions and the material's emissive properties. This introduces a form of dynamic control, or tunability, that offers multiple benefits for technological applications. Specifically, because perovskites contain both organic and inorganic components, the organic layers undergo phase transitions that influence the structure of the inorganic layers.

The interplay of the organic and inorganic layers drastically alters the material's properties.


																																						
    
     




																																			"There are these almost greasy chains that kind of crystallize together. When you hit a certain temperature, those will essentially melt and become more disordered," said Assistant Professor Connor Bischak, senior author on the new study.

"The melting process influences the structure of the inorganic component, which controls how much light is emitted from the material and its wavelength."

Through this study, the Bischak Lab observed differences in distortion within the inorganic component. These distortions result in controllable changes to the light's wavelength, which is a crucial part of designing tunable LEDs and other electronic devices.

"Perovskites can be manipulated easily at the molecular level," Bischak added. "The emission wavelength can be tuned from ultraviolet up to near-infrared."

This tunability is a major strength for applications in energy storage technology. Thermal energy storage, in particular, is an exciting area for perovskite applications since they can be tuned to have specific properties by adjusting their temperature. Additionally, perovskites can undergo repeated thermal cycling with minimal degradation, ensuring greater efficiency and longevity compared to current industry-standard materials.

Moreover, perovskites offer powerful advantages for next-generation solar cell technology. While silicon has long been the standard material for solar cells, it faces limitations due to its energy-intensive manufacturing process and ongoing supply chain issues. In contrast, perovskites are solution-processable materials.

"What that means is you basically dissolve all these precursor chemicals in a solvent, and then you can make your solar cell almost like printing with ink," Bischak said. "It produces an efficient solar cell material that's better than silicon."

An added benefit is that existing silicon solar cell technology can be retrofitted with perovskites to significantly increase their efficiency.

As the demand for cleaner and more adaptable energy solutions continues to rise, perovskite materials offer a promising path forward. Their unique tunability, ease of processing, and compatibility with current technologies make them a strong candidate for innovation in energy solutions.


																																																					
																				
																						More information:
												Perry W. Martin et al, Coupled optical and structural properties of two-dimensional metal-halide perovskites across phase transitions, Matter (2025). DOI: 10.1016/j.matt.2025.102146
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Novel nanotechnology turns water waste into fertilizer
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                Young-Shin Jun's lab developed a novel composite nanotechnology that removes and recovers nutrients from wastewater, subsequently upcycling them as agricultural fertilizers or as biorefinery feedstocks while simultaneously mitigating the occurrence of harmful algal blooms. Credit: Young-Shin Jun
            
        

    


Excessive nutrients in wastewater can lead to detrimental discharges into natural water bodies, prompting harmful algal blooms with severe environmental and economic repercussions. To address this pressing issue, a team of engineers in the McKelvey School of Engineering at Washington University in St. Louis has developed an innovative solution. Their novel composite nanotechnology removes and recovers nutrients from wastewater, subsequently upcycling them as agricultural fertilizers or as biorefinery feedstocks while simultaneously mitigating the occurrence of harmful algal blooms.



										      
																																	Young-Shin Jun, a professor of energy, environmental and chemical engineering, and Minkyoung Jung, a doctoral student in her lab, created novel mineral-hydrogel composites that can remove and recover ammonium and phosphate from wastewater. These composites are embedded with nanoscale struvite and calcium phosphate mineral seeds, which significantly reduce ammonia and phosphate concentrations in wastewater by up to 60% and 91%, respectively. This reduction curbs algal growth and the associated toxins.

A 2000 report from the U.S. National Oceanic and Atmospheric Administration estimated annual economic losses from harmful algal blooms in U.S. coastal waters of between $33.9 million and $81.6 million, underscoring the technology's potential impact.

Results of the research were published in a special issue of Environmental Science & Technology.

Like the moisture-absorbing gel in the core of disposable diapers, this hydrogel can soak up and repurpose excess nutrients. For their sustainable solution, Jun's team used nature both as a model and a beneficiary of its method.

"We designed these hydrogel composites to recover ammonia and phosphate, essential nutrients whose overabundance causes algal bloom," Jun said. "Ammonia synthesis is energy-intensive, and phosphorus resources are dwindling. Our mineral-hydrogel composites allow us to harvest these nutrients from wastewater and repurpose them as fertilizers and feedstock for biorefineries."


																																						
    
     




																																			The process uses nanoparticle nucleation--the initial step in forming a solid phase in an aqueous system, similar to sugar crystals forming on a string to make rock candy. To facilitate that process, Jun's team planted ultra-small mineral seeds in the hydrogel that were created from calcium phosphate and struvite, a mineral composed of magnesium, ammonium and phosphate that binds with calcium and other cations and ions. The ammonia and phosphate bind to the seeds and bulk up the hydrogel. During the process, the average particle sizes of the hydrogel increased from 6.12 nanometers to 14.8 nanometers.

Their approach addresses three significant challenges of conventional nutrient removal: inefficient collection in traditional methods; balancing the removal of both ammonia and phosphate; and maintaining consistent removal efficiency in complex water conditions. This method achieves exceptionally low nutrient levels, effectively preventing harmful algal blooms.

Jun highlighted the scalability of the process, with successful trials conducted on up to 20 liters of fluid. The lab is now scaling up to 200 liters.

"This demonstrates the practical application potential of our fundamental scientific research, showing a viable path from the laboratory to everyday technology," Jun said. "This pioneering work represents a significant advancement in environmental engineering, turning a waste problem into a valuable resource and exemplifying sustainability in action."


																																																					
																				
																						More information:
												Minkyoung Jung et al, Molecular Insights into Novel Struvite-Hydrogel Composites for Simultaneous Ammonia and Phosphate Removal, Environmental Science & Technology (2025). DOI: 10.1021/acs.est.4c11700
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Novel nanotechnology turns water waste into fertilizer (2025, June 11)
												retrieved 12 June 2025
												from https://phys.org/news/2025-06-nanotechnology-fertilizer.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/2025-06-nanotechnology-fertilizer.html



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Nanotechnology
          
          	
            Sections
          
          	
            Space and Earth
          
        

      

      Physics

      The latest news in physics, materials science, quantum physics, optics and photonics, superconductivity science and technology.  Updated Daily.


      
        Cellular coordinate system reveals secrets of active matter
        All humans who have ever lived were once each an individual cell, which then divided countless times to produce a body made up of about 10 trillion cells. These cells have busy lives, executing all kinds of dynamic movement: contracting every time we flex a muscle, migrating toward the site of an injury, and rhythmically beating for decades on end.

      

      
        Strontium optical lattice clock in China surpasses key benchmarks for precision timekeeping
        A research team led by Prof. Chang Hong from the National Time Service Center (NTSC) of the Chinese Academy of Sciences (CAS) has developed a strontium optical lattice clock with both frequency stability and systematic uncertainty surpassing 2x10-18. This achievement places China among the global leaders in the field of optical lattice clock development.

      

      
        A new problem that only quantum computing can solve
        As quantum computing develops, scientists are working to identify tasks for which quantum computers have a clear advantage over classical computers. So far, researchers have only pinpointed a handful of these problems, but in a new paper published in Physical Review Letters, scientists at Los Alamos National Laboratory have added one more problem to this very short list.

      

      
        Understanding quantum computing's most troubling problem--the barren plateau
        For the past six years, Los Alamos National Laboratory has led the world in trying to understand one of the most frustrating barriers that faces variational quantum computing: the barren plateau.

      

      
        A quantum random access memory based on transmon-controlled phonon routers
        Recent technological advances have opened new exciting possibilities for the development of cutting-edge quantum devices, including quantum random access memory (QRAM) systems. These are memory architectures specifically meant to be integrated inside quantum computers, which can simultaneously retrieve data from multiple 'locations' leveraging a quantum effect known as coherent superposition.

      

      
        New class of 'X-type' antiferromagnets enables sublattice-selective spin transport
        A research team led by Prof. Shao Dingfu from the Hefei Institutes of Physical Science of the Chinese Academy of Sciences has predicted a new class of antiferromagnetic materials with unique cross-chain structures, termed "X-type antiferromagnets." These materials exhibit sublattice-selective spin transport and unconventional magnetic dynamics, offering new possibilities for next-generation spintronic devices.
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Cellular coordinate system reveals secrets of active matter

										

    
        
            [image: Cellular coordinate system reveals secrets of active matter]
             
                Left: Active matter composed of filaments and motors. Center: Active matter overlaid with a fluorescence-cancelling grid, creating a coordinate system to measure deformation. Right: As the system contracts, the coordinate system deforms as well. Credit: S. Hirokawa
            
        

    


All humans who have ever lived were once each an individual cell, which then divided countless times to produce a body made up of about 10 trillion cells. These cells have busy lives, executing all kinds of dynamic movement: contracting every time we flex a muscle, migrating toward the site of an injury, and rhythmically beating for decades on end.



										      
																																	Cells are an example of active matter. As inanimate matter must burn fuel to move, like airplanes and cars, active matter is similarly animated by its consumption of energy. The basic molecule of cellular energy is adenosine triphosphate (ATP), which catalyzes chemical reactions that enable cellular machinery to work.

Caltech researchers have now developed a bioengineered coordinate system to observe the movement of cellular machinery. The research enables a better understanding of how cells create order out of chaos, such as during embryonic development or in the organized movements of chromosomes that are a prerequisite to faithful cell division.

The work was conducted in the laboratories of Rob Phillips, the Fred and Nancy Morris Professor of Biophysics, Biology, and Physics, and Matt Thomson, Professor of Computational Biology and Heritage Medical Research Institute Investigator. A paper describing the study is published in the Proceedings of the National Academy of Sciences.

The basic units of cellular machinery are motors and filaments made of proteins, which act like the muscles and skeleton of the cell. These structures self-assemble, like little protein robots, to enable cells to move. In 2018, former graduate student Tyler Ross (Ph.D. '21) engineered a system of these components that can be controlled by light in a lab setting, enabling researchers to observe and experiment upon their movements. Each experimental system is only the width of a human hair, containing thousands of individual motors and filaments.



    
    
    
        
        
    
            
            An example of bioengineered microtubules being directed by light. Credit: Caltech
  

In the new work, led by former graduate student Soichi Hirokawa (Ph.D. '23), the team developed additional light patterns that create a grid, or coordinate system, upon the mixture of motors and filaments. To understand this, imagine a sheet of rubber with a grid patterned on it--as the rubber stretches and deforms, the grid does as well.


																																						
    
     




																																			Once a set of regularly spaced squares, the grid's deformation gives a measure of which regions are being stretched or squeezed and by how much. In this way, the team can track the movements of a collection of filaments and motors--they are too small to be seen themselves, but the light-patterned grid, each square about 12-by-12 micrometers, is visible with a microscope.

"The system allows us to observe how these biomolecules reorganize as they collectively form a structure," says Hirokawa. "With it, we can distinguish the processes that contribute to the deformations that we observe on these squares."

This new system enabled the team to measure the competing dynamics of active shrinking and a process that influences cellular self-assembly, called diffusion. Taking a mixture of motors and filaments, the researchers triggered the components to contract inward, like a shrinking circle. But each component naturally still experiences some random movement, or diffusion, jiggling every which way as the whole contracts.

The deforming coordinate system enabled the team to watch this competition between active contraction and random diffusion, and characterize it. Interestingly, they found that the more ATP is in the system, the more the molecules randomly diffuse.



    
    
    
        
        
    
         
             
         

        In 2019, Caltech researchers demonstrated how to control cellular active matter with light. Credit: California Institute of Technology
  

"The formation of patterns and structure in biology has to fight against this randomness," says Phillips. "The system is able to organize despite the forces of chaos."

The dynamic coordinate system introduced here could be used in other contexts as well.

"Order is particularly important in processes like embryonic development," says staff scientist and co-author Heun Jin Lee. "An early embryo gastrulates, folding into a tube that ultimately becomes the digestive tract. You could imagine decorating the surface of an embryo with a coordinate system that stretches as the embryo folds."


																																																					
																				
																						More information:
												Soichi Hirokawa et al, Motor-driven microtubule diffusion in a photobleached dynamical coordinate system, Proceedings of the National Academy of Sciences (2025). DOI: 10.1073/pnas.2417020122
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Strontium optical lattice clock in China surpasses key benchmarks for precision timekeeping

										

    
        
            [image: China achieves world-leading precision in optical lattice clocks]
             
                The setup of the NTSC SrII optical lattice clock. Credit: NTSC
            
        

    


A research team led by Prof. Chang Hong from the National Time Service Center (NTSC) of the Chinese Academy of Sciences (CAS) has developed a strontium optical lattice clock with both frequency stability and systematic uncertainty surpassing 2x10-18. This achievement places China among the global leaders in the field of optical lattice clock development.



										      
																																	The breakthrough aligns with the roadmap set by the 27th General Conference on Weights and Measures (CGPM) in 2022, which proposed redefining the SI unit of time--the second--by 2030. The resolution outlined rigorous performance benchmarks for next-generation optical clocks.

Strontium optical lattice clocks, known for their exceptional precision, have emerged as the most promising candidates for the redefinition, offering systematic uncertainties two orders of magnitude lower than those of the current cesium fountain clocks.

The results were published in Metrologia.

The reviewers note, "The newly developed strontium optical clock at the National Time Service Center (NTSC) has achieved the world's second-smallest uncertainty among optical clocks."

"The strontium optical lattice clock we developed fully meets the performance requirements for the redefinition of the second. China is now the second country after the United States to achieve both frequency stability and uncertainty below the 2x10-18 threshold," said Prof. Chang Hong, leader of the research team.

To achieve this ultra-high precision and stability, the researchers integrated several cutting-edge technologies: moving optical lattice technology, Faraday cage technology, active temperature-controlled thermal shield technology, and shallow optical lattice technology based on the inclined lattice.


																																						
    
     




																																			These advancements tackled persistent measurement challenges for critical frequency shifts--including blackbody radiation and density shifts--in conventional strontium optical lattice clocks, suppressing them to the 10-19 level while consistently maintaining DC Stark shifts at 10-20.

"The system also benefits from a highly efficient cold-atom quantum reference preparation process and ultra-narrow linewidth laser technology," said Associate Prof. Lu Xiaotong, first author of the paper.

Together, the system achieved a frequency stability of 3.6x10-16 (t/s)-0.5 and 1.2x10-18 over 57,000 seconds, with a total systematic uncertainty of 1.96x10-18.

This development not only brings China a major step closer to contributing to the future redefinition of the second but also enhances the country's capabilities in precision metrology and fundamental physics research.


																																																					
																				
																						More information:
												Xiao-Tong Lu et al, NTSC SrII optical lattice clock with uncertainty of 2x10-18, Metrologia (2025). DOI: 10.1088/1681-7575/addc77
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                A team at Los Alamos National Laboratory proved that quantum computing can simulate highly complex optical circuits, demonstrating a clear quantum advantage for this group of problems. Credit: ChatGPT 4o
            
        

    


As quantum computing develops, scientists are working to identify tasks for which quantum computers have a clear advantage over classical computers. So far, researchers have only pinpointed a handful of these problems, but in a new paper published in Physical Review Letters, scientists at Los Alamos National Laboratory have added one more problem to this very short list.



										      
																																	"One of the central questions that faces quantum computing is what classes of problems they can most efficiently solve but classical computers cannot," says Marco Cerezo, the Los Alamos team's lead scientist. "At the moment, this is the Holy Grail of quantum computing, because you can count on two hands such problems. In this paper, we've just added another."

Quantum computing harnesses the unique laws of quantum physics, such as superposition, entanglement and interference, which allow for information processing capabilities beyond those of classical devices. When fully realized, quantum computing promises to make advancements in cryptography, simulations of quantum systems and data analysis, among many other fields. But before this can happen, researchers still need to develop the foundational science of quantum computing.

The particular problem considered by the Los Alamos team involved simulating an extremely complex optical circuit with semi-transparent mirrors (or beam splitters) and phase shifters, acting on an exponentially large number of light sources. The Los Alamos team chose this problem because these Gaussian bosonic circuits constitute a physically motivated system that emulates experimental laboratory setups.

"Just writing down a complete description of this system on a classical computer would require an enormous amount of memory and processing capability," says Diego Garcia-Martin, a co-author with the Lab's Information Sciences group who originally proposed the project idea.

"Our work also rigorously shows that this simulation problem is not expected to be solvable by a classical computer without running for an intractable amount of time. But with a quantum computer, we were able to simulate this problem efficiently."


																																						
    
     




																																			A host of solutions

More than just simulating a complex arrangement of light sources and optical components, Los Alamos scientists wanted to prove that quantum computers have a provable advantage for this class of problems.

"In keeping with computational complexity theory, our goal is to show that the task of simulating large Gaussian bosonic circuits can be mapped to other problems that are known to be hard for classical computers, but easy for quantum ones," Garcia-Martin says.

As such, the team's paper shows that the considered simulations belong to a class of classically hard--but quantumly easy--problems known as bounded-error quantum polynomial time complete, or BQP-complete. This means that any other BQP-complete problem can be mapped to a large Gaussian bosonic circuit and vice versa. This result shows that quantum computers can hold a computational advantage for these Gaussian bosonic circuit problems.

A team effort

The work evolved quite naturally for such a meaningful discovery. The idea came about after a previous paper theorized that quantum computers could efficiently simulate an exponentially large network of masses coupled with springs. The Los Alamos team wondered if something similar could be done for a quantum rather than a classical system.

The team was interested in such a project, but they needed someone who specialized in optical circuits. The key to solving this complex problem, it turned out, came with the help of the Quantum Computing Summer School student Alice Barthe, who is working with the European Organization for Nuclear Research (CERN) in Geneva, Switzerland.

The Lab's school is a highly competitive program that pairs graduate and undergraduate students with Los Alamos mentors to work for 10 weeks on a research project. Along with Barthe's specialization in quantum algorithms and complexity theory, she also brought invaluable knowledge of optical circuits.

"The skills Alice brought to our team were fundamental to this paper's success," Cerezo says, "and it really goes to show the quality of the students that are accepted into our internship program."


																																																					
																				
																						More information:
												Alice Barthe et al, Gate-Based Quantum Simulation of Gaussian Bosonic Circuits on Exponentially Many Modes, Physical Review Letters (2025). DOI: 10.1103/PhysRevLett.134.070604
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                In variational quantum computing, a barren plateau represents a mathematical point from which quantum algorithms reach a dead end, stalling progress and wasting time and resources. Credit: Los Alamos National Laboratory
            
        

    


For the past six years, Los Alamos National Laboratory has led the world in trying to understand one of the most frustrating barriers that faces variational quantum computing: the barren plateau.



										      
																																	"Imagine a landscape of peaks and valleys," said Marco Cerezo, the Los Alamos team's lead scientist. "When optimizing a variational, or parameterized, quantum algorithm, one needs to tune a series of knobs that control the solution quality and move you in the landscape. Here, a peak represents a bad solution and a valley represents a good solution. But when researchers develop algorithms, they sometimes find their model has stalled and can neither climb nor descend. It's stuck in this space we call a barren plateau."

For these quantum computing methods, barren plateaus can be mathematical dead ends, preventing their implementation in large-scale realistic problems. Scientists have spent a lot of time and resources developing quantum algorithms only to find that they sometimes inexplicably stall. Understanding when and why barren plateaus arise has been a problem that has taken the community years to solve.

A new review article, published in Nature Reviews Physics and led by a team of Los Alamos scientists, lays out the most comprehensive overview to date of why barren plateaus exist, how to predict them, and potential ways forward.

"Barren plateaus are not the only issue facing variational quantum computing, but it is the main issue at the moment," said Martin Larocca, an author of the study with the Lab's Physics of Condensed Matter and Complex Systems group. "With this paper, we want to relay what we've learned about barren plateaus to the community and to show that we understand this phenomenon."


																																						
    
     




																																			Deciphering the landscape

In the new review article, the Los Alamos team and a community of scientists from across the world, in both private and public institutions, provide an overview of the ins and outs of barren plateaus after six years of intense research.

For the first time, this paper collects different notions for barren plateaus and defines the origins that cause each, such as the curse of dimensionality (a problem that occurs when scientists analyze data in high-dimensional spaces) or the presence of noise, among others.

The team then discusses various quantum algorithmic architectures that are prone to barren plateaus and those that can avoid them. This was possible, in part, because this same team of Laboratory scientists developed the first equation to infer if a quantum algorithm will encounter a barren plateau. This in turn has allowed Lab scientists to connect the absence of barren plateaus to the dequantization of the algorithms, i.e., to the fact that it might not perform better than its classical counterparts.

"Our research has created a lot of inertia in this field," Larocca said. "This is why we feel it's important to condense six years of work into a paper. We want people, especially young scientists, to learn from the mistakes we've identified so they can help us find solutions to barren plateaus, but more generally to local minima and dequantization issues."
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																																			A path forward

Beyond identifying problems, the team also lays out potential paths forward. One lesson researchers highlighted is that borrowing algorithmic methods from classical computing is a process that seems to have run its course.

"The story of barren plateaus reflects how we are thinking about optimization in quantum systems," Cerezo said. "We can't continue to copy and paste methods from classical computing into the quantum world."

Instead, the team suggests scientists in the field move toward new variational methods of developing quantum algorithms. This will likely need to come along with advancements to quantum computing, namely new ways to coherently process information in quantum computers. Together, hopefully, this path will more quickly carry the field from theoretical to practical testing.


																																																					
																				
																						More information:
												Martin Larocca et al, Barren plateaus in variational quantum computing, Nature Reviews Physics (2025). DOI: 10.1038/s42254-025-00813-9
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Understanding quantum computing's most troubling problem--the barren plateau (2025, June 12)
												retrieved 12 June 2025
												from https://phys.org/news/2025-06-quantum-problem-barren-plateau.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/2025-06-quantum-problem-barren-plateau.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A quantum random access memory based on transmon-controlled phonon routers
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                Top: Schematic of the bucket-brigade QRAM architecture and phonon routing operation at a single node, controlled by a transmon qubit. Bottom: Schematic design of the phonon router device. Credit: Physical Review Letters (2025). DOI: 10.1103/PhysRevLett.134.210601
            
        

    


Recent technological advances have opened new exciting possibilities for the development of cutting-edge quantum devices, including quantum random access memory (QRAM) systems. These are memory architectures specifically meant to be integrated inside quantum computers, which can simultaneously retrieve data from multiple 'locations' leveraging a quantum effect known as coherent superposition.



										      
																																	Superposition essentially enables different memory states to exist at the same time, interfering with each other in predictable ways. QRAM devices could help to store large amounts and different types of data more effectively, boosting the speed and effectiveness with which quantum computers can tackle some complex problems.

In a paper published in Physical Review Letters, researchers at the University of Chicago introduced a new QRAM architecture that relies on a transmon-controlled phonon router.

Transmons are types of superconducting quantum bits (i.e., qubits) known to be robust against some types of noise. These bits were used to control surface acoustic wave phonons, vibrations or sound particles that travel along the surface of materials, directing them in desired locations.

"The concept of 'transmon-controlled phonon router' is inspired by the recent experimental progress on a phonon Mach-Zehnder interferometer," Zhaoyou Wang and Hong Qiao, first authors of the paper, told Phys.org.

"We find that integrating a transmon-controlled phonon phase gate into the interferometer enables routing of a single phonon based on the transmon's quantum state. A natural application of such a router is quantum random access memory (QRAM), realized by connecting many routers in a tree-like architecture."


																																						
    
     




																																			The QRAM architecture introduced by Wang, Qiao, and their colleagues is among the first to collectively leverage the modes of traveling phonons and transmon qubits. The researchers found that their unique design led to more compact memories, while also supporting fast routing operations and preventing frequency crowding (i.e., the interference between signals at similar frequencies).

A further advantage of the team's architecture is that it follows a tree-like organization, which reduces the complexity of the hardware required to realize it. To further detect dominant loss errors that can adversely impact the device's performance, the researchers also used a technique known as hybrid dual-rail encoding.

"We show that the phonon routers offer unique advantages--such as compactness and fast routing--that make them well-suited for QRAM, and the hybrid dual-rail encoding enables efficient error detection without additional hardware," explained Wang and Qiao.

"Our work paves the way for near-term experimental realizations of QRAM and demonstrates the potential of phonon-based QRAM architectures."

This recent study by Wang, Qiao, and their colleagues introduces a new promising and scalable approach for realizing quantum memory systems, which could inform the development of more compact and yet highly performing QRAM devices.

In the future, these devices could be integrated into quantum computers, potentially boosting their performance on specific optimization and computational tasks that require the analysis of large amounts of data.

"As part of our next studies, we plan to experimentally demonstrate the transmon-controlled phonon router and address practical challenges like dephasing noise," added Wang and Qiao.

"We also plan to explore hardware-efficient quantum error correction schemes beyond simple error detection in our QRAM architecture."

Written for you by our author Ingrid Fadelli, edited by Sadie Harley, and fact-checked and reviewed by Robert Egan--this article is the result of careful human work. We rely on readers like you to keep independent science journalism alive. If this reporting matters to you, please consider a donation (especially monthly). You'll get an ad-free account as a thank-you.
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New class of 'X-type' antiferromagnets enables sublattice-selective spin transport
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                Building blocks for antiferromagnets. Credit: Newton (2025). DOI: 10.1016/j.newton.2025.100068
            
        

    


A research team led by Prof. Shao Dingfu from the Hefei Institutes of Physical Science of the Chinese Academy of Sciences has predicted a new class of antiferromagnetic materials with unique cross-chain structures, termed "X-type antiferromagnets." These materials exhibit sublattice-selective spin transport and unconventional magnetic dynamics, offering new possibilities for next-generation spintronic devices.



										      
																					Published in Newton, this work challenges conventional views of collective atomic behavior in solids and promises transformative applications in next-generation electronics.

Antiferromagnets (AFMs) are valued for their zero net magnetization and ultrafast dynamics, making them attractive for spintronics. However, their practical application has been hindered by mutual spin cancellation between magnetic sublattices, which limits spin current control. The newly proposed X-type AFMs, with their distinctive "X"-shaped intersecting chain geometry, overcome this limitation.

In these materials, spin transport can be directed selectively through one magnetic sublattice by tuning the direction of an applied electric field--a feat previously considered unattainable. This breakthrough was achieved through high-throughput computational screening, which identified 15 candidate X-type AFMs, categorized into three fundamental cross-chain lattice subtypes.

Among these, b-Fe2PO5 emerged as a top candidate, featuring a Neel temperature exceeding 300 K, making it suitable for room-temperature applications.

Simulations revealed that when an electric current is applied along one ferromagnetic sublattice chain, the material shows near-complete spin polarization along that axis, while perpendicular chains remain inactive. This enables precise control of the Neel vector, a crucial operation for antiferromagnetic spintronic data writing.

"This work expands the 70-year taxonomy of AFM structures (G/A/C-type) and reveals hidden material properties through real-space magnetic analysis," said Prof. Shao Dingfu.

The discovery not only offers a new platform for exploring fundamental spin phenomena but also opens the door to low-power, high-density spintronic devices that harness antiferromagnetic order in ways previously thought impossible.


																														
																				
																						More information:
												Shui-Sen Zhang et al, X-type stacking in cross-chain antiferromagnets, Newton (2025). DOI: 10.1016/j.newton.2025.100068
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