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


      
        Silver-nanoring coating points to 'self-regulating' smart windows--without power or tinting
        A new Danish research breakthrough could make buildings far more energy-efficient in the future. Researchers from Aarhus University's Interdisciplinary Nanoscience Center (iNANO) have developed a light-responsive hybrid material based on so-called silver nanorings that automatically responds to solar intensity and regulates how much heat penetrates through windows.

      

      
        'Nanoreactor' cage uses visible light for catalytic and ultra-selective cross-cycloadditions
        Researchers have engineered a novel M6L4 octahedral molecular cage by integrating photoactive cyclometalated platinum(II) units, creating a visible-light-responsive "nanoreactor" that drives highly efficient photochemical reactions through precise molecular confinement. This innovative design overcomes the limitations of previous hosts, achieving perfect stereo- and site-selective cross-[2 + 2] cycloaddition reactions, and most notably, enabling catalytic cross-[2 + 2] cycloaddition of chemically...

      

      
        AI-generated nanomaterial images fool even experts, study shows
        Black-and-white images of pom-pom-like clusters, semi-translucent fields of tiny dark gray stars on a pale background, and countless other abstract patterns are a familiar sight in scientific papers describing the shapes and properties of newly engineered materials.

      

      
        Floquet Chern insulators based on nonlinear photonic crystals achieved
        Over the past few years, engineers and material scientists have been trying to devise new optical systems in which light particles (i.e., photons) can move freely and in useful ways, irrespective of defects and imperfections. Topological phases, unique states of matter that are not defined by local properties, but by non-local and global features, can enable the robust movement of photons despite material defects.

      

      
        Heat-rechargeable design powers nanoscale molecular machines
        Though it might seem like science fiction, scientists are working to build nanoscale molecular machines that can be designed for myriad applications, such as "smart" medicines and materials. But like all machines, these tiny devices need a source of power, the way electronic appliances use electricity or living cells use ATP (adenosine triphosphate, the universal biological energy source).
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Silver-nanoring coating points to 'self-regulating' smart windows-without power or tinting

										

    
        
            [image: Passive silver-nanoring coating points to "self-regulating" smart windows -- without power or tinting]
             
                Passive smart window: A thin layer of silver nanorings lets visible light pass while reducing near-infrared heat at high solar intensity--cutting cooling needs without power. Credit: Lise Refstrup Linnebjerg Pedersen, iNANO, Aarhus University
            
        

    


A new Danish research breakthrough could make buildings far more energy-efficient in the future. Researchers from Aarhus University's Interdisciplinary Nanoscience Center (iNANO) have developed a light-responsive hybrid material based on so-called silver nanorings that automatically responds to solar intensity and regulates how much heat penetrates through windows.



										    
																					The microscopic silver rings increasingly block near-infrared light as sunlight becomes stronger--without making the glass less transparent.

The technology functions without the use of power, sensors, or electronics--and could potentially be applied as a window coating in, for example, office buildings and modern residential buildings where large glass areas are common and heat radiation from the sun can be a challenge. This makes the solution particularly relevant at a time when energy consumption for cooling exceeds the need for heating in large parts of the world.

The technology is still in the research stage, but Aarhus University has already filed a patent application, which testifies to its commercial potential.

"We have developed a combination of materials whose optical properties change in response to sunlight. It allows heat to enter when the sun is low, but reduces heat radiation at midday--exactly when the need for cooling otherwise increases. And it all happens without any electricity," says Ph.D. student Xavier Baami Gonzalez.

The results have just been published in the journal Advanced Functional Materials.



    
    
    
        
        
    
            
            Animated explainer from iNANO, Aarhus University: an active layer of silver nanorings lets visible light pass while modulating near-infrared heat. At low sun, most NIR passes; at high sun, the rings heat and dissipate/scatter NIR, cutting heat gain without power--lower cooling and CO2, better indoor comfort. Credit: Lise Refstrup Linnebjerg Pedersen, iNANO, Aarhus Unviersity
  

"These types of solutions are crucial if we want to build in a more climate-friendly way without compromising on comfort and daylight. Our hope is that the hybrid material can eventually be integrated into smart window solutions and find its way into commercial use," says Duncan Sutherland, who leads the research project.


										
																														
																				
																						More information:
												Xavier Baami Gonzalez et al, Thermoplasmonic Nanorings for Passive Solar-Responsive Smart Windows in Energy-Efficient Building Applications, Advanced Functional Materials (2025). DOI: 10.1002/adfm.202518295
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'Nanoreactor' cage uses visible light for catalytic and ultra-selective cross-cycloadditions

										

    
        
            [image: 'Nanoreactor' cage uses visible light for catalytic and ultra-selective cross-cycloadditions]
             
                Credit: Journal of the American Chemical Society (2025). DOI: 10.1021/jacs.5c07355
            
        

    


Researchers have engineered a novel M6L4 octahedral molecular cage by integrating photoactive cyclometalated platinum(II) units, creating a visible-light-responsive "nanoreactor" that drives highly efficient photochemical reactions through precise molecular confinement. This innovative design overcomes the limitations of previous hosts, achieving perfect stereo- and site-selective cross-[2 + 2] cycloaddition reactions, and most notably, enabling catalytic cross-[2 + 2] cycloaddition of chemically inert substrates using this supramolecular confinement approach.



										      
																																	The research is published in the Journal of the American Chemical Society.

Supramolecular coordination cages function as versatile nanoreactors, leveraging confined space to preorganize reactants and significantly enhance the selectivity of chemical transformations, known as host-guest complexation. Photochemical reactions are highly valued in synthetic chemistry for enabling difficult chemical transformations under mild, energy-efficient conditions.

However, previous highly effective M6L4 molecular cages typically lacked visible-light absorption, restricting their utility to substrates requiring UV light or external energy transfer, which limited the range of possible reactions. This new study aimed to overcome this fundamental limitation by constructing a cage that combines robust molecular recognition capabilities with intrinsic visible-light sensitivity to unlock its full potential for photosensitized transformations.

The team synthesized a new M6L4 octahedral cage (Cage 2) by systematically replacing the photoinert metal units at every vertex with visible-light-active cyclometalated platinum(II) complexes. This modification allowed the cage itself to absorb visible light (up to 430 nm) via a Metal-to-Ligand Charge Transfer (MLCT) transition while retaining the excellent guest-binding ability of standard cages. They tested the cage's capacity to facilitate cross-[2 + 2] cycloaddition reactions using visible light (465 nm LED) between maleimides and various photoinactive unsaturated compounds, including pyrenes and electron-deficient olefins like cinnamic acid.


																																						
    
     




																																			The engineered Cage 2 successfully promoted highly efficient cross-[2 + 2] cycloadditions for numerous inert substrates, consistently demonstrating perfect stereo- and site-selectivity--a direct consequence of the precise preorganization achieved through molecular confinement. The reaction mechanism relies on photoinduced Energy Transfer (EnT) from the excited cage to the confined substrate, supported by the finding that the cage's triplet excited state (SOMO) is delocalized onto the triazine panel ligand, accelerating energy transfer through orbital overlap with the guest.

Most significantly, the system achieved the first catalytic cross-[2 + 2] cycloaddition between N-ethylmaleimide and cinnamic acid, resulting in the trans-syn stereoisomer with a high yield (78%) and a Turnover Number (TON) of 5.2, achieved because the non-bulky product does not bind tightly, allowing efficient guest exchange and sustained catalysis.

This research introduces a powerful, mechanism-based strategy for integrating visible-light-responsive functionality into supramolecular coordination cages through targeted capping ligand design, offering a major advantage over conventional photocatalysts lacking effective molecular recognition sites. The success in catalyzing the cross-[2 + 2] cycloaddition between two electron-deficient substrates (maleimide and cinnamic acid) is particularly rare and highlights the utility of this cage system for complex and challenging transformations.

By achieving high efficiency and perfect stereocontrol using visible light, this study significantly expands the potential scope of photo-organic chemistry, paving the way for the development of new self-sensitizing nanoreactors for green and selective synthesis.


																																	
																														
																				
																						More information:
												Rikuya Tanaka et al, A Visible-Light-Responsive Octahedral Cage for Efficient and Selective Cross-[2 + 2] Cycloadditions, Journal of the American Chemical Society (2025). DOI: 10.1021/jacs.5c07355
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AI-generated nanomaterial images fool even experts, study shows

										

    
        
            [image: AI fakes are so good even nanomaterial experts can't spot them, finds new study]
             
                Purely AI-generated images from text prompts through use of ChatGPT. Credit: Nat. Nanotechnol. (2025). DOI: 10.1038/s41565-025-02009-9
            
        

    


Black-and-white images of pom-pom-like clusters, semi-translucent fields of tiny dark gray stars on a pale background, and countless other abstract patterns are a familiar sight in scientific papers describing the shapes and properties of newly engineered materials.



										      
																																	So, when research images show particles that resemble puffed popcorn or perfectly smooth "Tic Tacs," it might not trigger our AI suspicion radar, but researchers in a recent study caution otherwise.

Microscopy images are indispensable in nanomaterials science, as they reveal the hidden intricacies and fascinating shapes that tiny particles assume, which appear to be a pile of dust to the naked eye.

Scientists fear that generative AI is diluting the significance of these images by polluting the pool with fake, AI-generated photos that are indistinguishable from the real ones. Even seasoned researchers are finding it increasingly difficult to distinguish between real microscopy images of nanomaterials and those created by AI.

In the study, published in Nature Nanotechnology, experts were able to correctly identify real versus fake images only 40-51% of the time across four of six image pairs, showing no significant difference in their ability to detect them.

Researchers from five different nations joined forces to design a study that examined the threat of AI-generated fake microscopy images in nanomaterials science, demonstrating how the blurring of what's real and what's manufactured threatens the foundation of scientific integrity.

Using authentic microscopy data, they trained the image generation platform getimg.ai for less than an hour and produced fake images that closely resembled experimental results. These included six different microscopy techniques, such as transmission electron microscopy (TEM), atomic force microscopy (AFM), and scanning transmission electron microscopy (STEM), among others.



    
        
            [image: AI fakes are so good even nanomaterial experts can't spot them, finds new study]
             
                In a survey of 250 scientists, most could not reliably distinguish real from AI-generated nanomaterial images. Credit: Nat. Nanotechnol. (2025). DOI: 10.1038/s41565-025-02009-9
            
        

    



To test how convincing these images were, the team conducted an anonymous survey of more than 250 scientists. Each participant was presented with either the authentic or the AI-generated version of the images and asked to decide whether it was real, fake, or if they were unsure. When it came to telling real from fake, their expertise was accurate only half the time.


																																						
    
     




																																			The researchers note that this pattern adds another layer of complication to an already tangled publishing ecosystem, undermining the reliability of peer review and public confidence in nanoscience.

To overcome this issue, they encouraged the use of a simplified data storage structure called the Minimal Arrangement of Instrument Files (MAIF) approach, where each manuscript would have one main folder with subfolders for each figure, and each subfolder would contain the original instrument files for that figure.
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                The MAIF storage principle. Credit: Nat. Nanotechnol. (2025). DOI: 10.1038/s41565-025-02009-9
            
        

    



The team acknowledges that AI's capabilities are sobering, as traditional methods of detecting fakes are failing while AI continues to improve. However, framing it solely as a threat to scientific integrity shouldn't be the end of the road.

Instead of viewing AI solely as a danger, the authors call for transparent and forward-thinking dialogue throughout the nanomaterials community.

Recognizing both the risks and the potentials can empower the scientific community to set clear standards and safeguards.
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Floquet Chern insulators based on nonlinear photonic crystals achieved

										

    
        
            [image: The realization of Floquet Chern insulators based on nonlinear photonic crystals]
             
                Linear characterization of AlGaAs PhCs. a, Scanning electron microscope images of the fabricated AlGaAs PhC. b, Angle-resolved linear reflection measurements along the kx and ky axes under vertically and horizontally polarized excitations, showing the three bands of interest. c, Resonance frequencies and loss rates of the three photonic bands extracted from the linear reflection measurements. Credit: Jin et al. (Nature Nanotechnology, 2025).
            
        

    


Over the past few years, engineers and material scientists have been trying to devise new optical systems in which light particles (i.e., photons) can move freely and in useful ways, irrespective of defects and imperfections. Topological phases, unique states of matter that are not defined by local properties, but by non-local and global features, can enable the robust movement of photons despite material defects.



										      
																																	Researchers at the University of Pennsylvania and University of California-Santa Barbara recently demonstrated the realization of Floquet Chern insulators, materials in which the periodic application of an oscillating light field or other external fields give rise to a unique topological phase, in a nonlinear photonic system. The insulators presented in their paper, which was published in Nature Nanotechnology, are based on nonlinear photonic crystals, materials with repeating patterns that can control the propagation of light and respond differently to light of different intensities.

"Topological photonics explores photonic systems that exhibit robustness against defects and disorder, enabled by protection from underlying topological phases," wrote Jicheng Jin, Li He and their colleagues in their paper. "These phases are typically realized in linear optical systems and characterized by their intrinsic photonic band structures. We experimentally study Floquet Chern insulators in periodically driven nonlinear photonic crystals, where the topological phase is controlled by the polarization and the frequency of the driving field."

As part of their study, Jin, He and their colleagues first realized nonlinear photonic crystals that strongly interact with light fields. Subsequently, they periodically applied light with different polarizations and frequencies to these crystals.


																																						
    
     




																																			To directly probe different light modes in the crystals, the researchers leveraged a nonlinear optical process known as "sum-frequency generation." This process entails the collection of measurements via the combination of two light beams into a new beam at the sum of their frequencies.

"Our transient sum-frequency generation measurements reveal strong hybridization of the Floquet photonic bands," wrote the authors. "The measured spectrum remains gapless under a linearly polarized drive but becomes gapped under a circularly polarized drive. Theoretical analysis confirms that the Floquet gap is topological, characterized by a non-zero Chern number--a consequence of time-reversal symmetry breaking induced by the circularly polarized driving field."

Ultimately, Jin, He and their colleagues were able to successfully engineer a topological phase of light in nonlinear photonic crystals via their periodic driving. The experimental methods they used could soon pave the way for further studies aimed at better understanding fundamental physics processes.

In the future, the Floquet Chern insulators they realized could also be leveraged for the development of various technologies, including optical communication systems, systems in which the processing of signals is protected and innovative nonlinear optoelectronics devices.

"This work offers opportunities to explore the role of classical optical nonlinearity in topological phases and their applications in nonlinear optoelectronics," wrote Jin, He and their colleagues.


																																	
																					
												    
    Written for you by our author Ingrid Fadelli, edited by Gaby Clark, 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.
    


											

																														
																				
																						More information:
												Jicheng Jin et al, Towards Floquet Chern insulators of light, Nature Nanotechnology (2025). DOI: 10.1038/s41565-025-02003-1.
																						
																						

																					

                               														
																															 
												  (c) 2025 Science X Network
											 

										                                        
										
										
											 
												Citation:
												Floquet Chern insulators based on nonlinear photonic crystals achieved (2025, October 2)
												retrieved 2 October 2025
												from https://phys.org/news/2025-09-floquet-chern-insulators-based-nonlinear.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/2025-09-floquet-chern-insulators-based-nonlinear.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Heat-rechargeable design powers nanoscale molecular machines

										

    
        
            [image: Heat-rechargeable design powers nanoscale molecular machines]
             
                Artistic illustration of how heat recharges a DNA circuit. Credit: Olivier Wyart & Ailadi Cortelletti
            
        

    


Though it might seem like science fiction, scientists are working to build nanoscale molecular machines that can be designed for myriad applications, such as "smart" medicines and materials. But like all machines, these tiny devices need a source of power, the way electronic appliances use electricity or living cells use ATP (adenosine triphosphate, the universal biological energy source).



										      
																																	Researchers in the laboratory of Lulu Qian, Caltech professor of bioengineering, are developing nanoscale machines made out of synthetic DNA, taking advantage of DNA's unique chemical bonding properties to build circuits that can process signals much like miniature computers. Operating at billionth-of-a-meter scales, these molecular machines can be designed to form DNA robots that sort cargos or to function like a neural network that can learn to recognize handwritten numerical digits.

One major challenge, however, has remained: how to design and power them for multiple uses.

Now, Qian and former postdoctoral scholar Tianqi Song (now an assistant professor at the University of North Carolina Greensboro) have developed a method to power DNA circuits using heat. Their system resets itself when heated up, creating a reusable, rechargeable system that can be designed for diverse computations. A paper describing the research appears in the journal Nature.

"Unlike specialized fuels, heat is everywhere and easy to access," Qian says. "With the right design, it can recharge molecular machines again and again, letting them sustain activity and keep interacting with their environment. And unlike chemical batteries, this recharge leaves behind virtually no waste--only the remnants of the input signals themselves, which, in a natural environment, would simply be recycled over time."


																																						
    
     




																																			The heat-recharging method builds on a phenomenon called a kinetic trap. Springs are a classic example of a kinetic trap--compressing a spring stores energy, and that energy is released when the spring pops open. In a similar way, the DNA molecules that make up the team's system are designed to bond together in such a way that heating them up stores energy within the molecular bonds themselves.

"Imagine two DNA strands that are meant to snap together, like puzzle pieces, but one of them is being held back by a third strand that slows the reaction down," Song says. "It's like a spring pressed down and held in place--the energy is there, waiting. The addition of a catalyst strand releases the block, causing the spring to suddenly let go and the DNA strands to quickly pair up, unleashing the stored energy to drive the system forward.

"When you heat up a test tube of DNA and then cool it down, the molecules don't always settle into their most stable arrangement. Instead--and especially when they have strong folded structures--the heating and cooling can reset them back into spring-loaded states, ready to release energy again."

Building on the two ideas--kinetic traps as energy stores and heat as a reset button--the team investigated whether heat could be used as a universal power source for complex molecular circuits. In their design, the circuits carry out their tasks at room temperature, spending the energy stored in kinetic traps, like molecular "springs." When their tasks are completed, the system can be recharged with a pulse of heat, resetting it so the system is ready for the next input.
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																																			The duo showed that this rechargeable method can be applied to power very different system behaviors; in this case, as a neural network and as a logic circuit. These two systems are archetypes of classical computing.

Importantly, the idea of reusability through kinetic traps isn't limited to heat.

"In principle, any energy source--light, salt, or acid gradients like those across cell membranes--could serve the same role as long as it can break weak bonds between molecules, letting them naturally fall back into their traps," Qian says. "With this kind of sustainable computation, we can begin to design molecular systems that don't just perform a task once but can show long-term behaviors more like those of living systems--such as learning and evolution."

"In the long run, such continuously running molecular machines--especially those with self-guided learning and evolving abilities--could 'live' inside everyday materials," she adds.

"Imagine a coating applied once to an airplane, constantly sensing stress and repairing cracks to keep passengers safe year after year. Or a pair of contact lenses you buy once, that rehydrate themselves and adjust to correct your vision no matter how it changes over time. Or even a smart drug you take once, that keeps learning to fight off new diseases for a lifetime. What now feels like mere imagination could become reality if others build on our proof-of-concept and carry the work forward in the coming decades."
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												Tianqi Song et al, Heat-rechargeable computation in DNA logic circuits and neural networks, Nature (2025). DOI: 10.1038/s41586-025-09570-2
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        Quantum key distribution method tested in urban infrastructure offers secure communications
        In the era of instant data exchange and growing risks of cyberattacks, scientists are seeking secure methods of transmitting information. One promising solution is quantum cryptography--a quantum technology that uses single photons to establish encryption keys.

      

      
        AI techniques excel at solving complex equations in physics, especially inverse problems
        Differential equations are fundamental tools in physics: they are used to describe phenomena ranging from fluid dynamics to general relativity. But when these equations become stiff (i.e. they involve very different scales or highly sensitive parameters), they become extremely difficult to solve. This is especially relevant in inverse problems, where scientists try to deduce unknown physical laws from observed data.

      

      
        Meet Irene Curie, the Nobel-winning atomic physicist who changed the course of modern cancer treatment
        The adage goes "like mother like daughter," and in the case of Irene Joliot-Curie, truer words were never spoken. She was the daughter of two Nobel Prize laureates, Marie Curie and Pierre Curie, and was herself awarded the Nobel Prize in chemistry in 1935 together with her husband, Frederic Joliot.

      

      
        White Rabbit optical timing technology meets quantum entanglement
        A small yet innovative experiment is taking place at CERN. Its goal is to test how the CERN-born optical timing signal--normally used in the Laboratory's accelerators to synchronize devices with ultra-high precision--can best be sent through an optical fiber alongside a single-photon signal from a source of quantum-entangled photons. The results could pave the way for using this technique in quantum networks and quantum cryptography.
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            [image: Next-generation quantum communication]
             
                Detection of time-bin superpositions with the temporal Talbot carpet. Credit: Maciej Ogrodnik, University of Warsaw
            
        

    


In the era of instant data exchange and growing risks of cyberattacks, scientists are seeking secure methods of transmitting information. One promising solution is quantum cryptography--a quantum technology that uses single photons to establish encryption keys.



										      
																																	A team from the Faculty of Physics at the University of Warsaw has developed and tested in urban infrastructure a novel system for quantum key distribution (QKD). The system employs so-called high-dimensional encoding. The proposed setup is simpler to build and scale than existing solutions, while being based on a phenomenon known to physicists for nearly two centuries--the Talbot effect. The research results have been published in the journals Optica Quantum, Optica, and Physical Review Applied.

"Our research focuses on quantum key distribution (QKD)--a technology that uses single photons to establish a secure cryptographic key between two parties," says Dr. Michal Karpinski, head of the Quantum Photonics Laboratory at the Faculty of Physics, University of Warsaw.

"Traditionally, QKD employs so-called qubits--the simplest units of quantum information. While this method is already well tested, it does not always meet the requirements of more demanding applications. That's why researchers are now working on multidimensional encoding. Instead of qubits, which yield one of two measurement outcomes, we use more complex quantum states that can take on multiple values."

At the Quantum Photonics Laboratory, researchers focus on time-bin superpositions of photons--situations where a photon is neither "earlier" nor "later" but exists in a combination of these states. The detection time of a single photon in such a superposition yields a random outcome. Such a state encodes information using the relation between earlier and later pulses, i.e., in the phase of the light wave.

"Until now, efficient detection of superpositions of two pulses--earlier and later--was possible. We went a step further: we are interested in cases with more time bins, ranging from two to four or even more," adds Dr. Karpinski.


																																						
    
     




																																			The temporal Talbot effect

The researchers drew inspiration from the Talbot effect--a classical optics phenomenon first described in 1836 by Henry Fox Talbot, a pioneer of photography.

"When light passes through a diffraction grating, its image repeats itself at regular intervals--as if it 'revives' at a certain distance. Interestingly, the same effect occurs not only in space but also in time, provided that a regular train of light pulses propagates in a dispersive medium such as an optical fiber," explains Maciej Ogrodnik, a Ph.D. student at the Faculty of Physics, UW.

"Thanks to the space-time analogy in optics, we can apply the Talbot effect to short light pulses, including single photons--thereby gaining new capabilities for analyzing and processing quantum states. In our case, a sequence of light pulses acts like a diffraction grating and can 'self-reconstruct' in time under dispersion after traveling some distance in an optical fiber. Moreover, the way pulses interfere depends on their phase, which allows us to detect different types of superpositions."

The UW research team developed an experimental four-dimensional QKD system.

"Importantly, the entire setup is built using commercially available components. The key trick is that the system requires only a single photon detector to register superpositions of many pulses--instead of a complex network of interferometers," says Adam Widomski, a Ph.D. student at the Faculty of Physics, UW.

"This significantly reduces the complexity and cost of the measurement system. Moreover, our method does not require separate, often time-consuming and challenging calibration of the receiver."

"Traditionally, to detect phase differences between pulses, we use a multi-interferometer setup--something like a tree, where pulses are split and delayed. Unfortunately, such systems are inefficient, since some measurement outcomes are useless. The efficiency drops with the number of pulses, and the receiver requires precise calibration and stabilization," explains Ogrodnik.

"The advantage of our method is its high efficiency, as all photon detection events are useful. The drawback is relatively high measurement error rates. However, these do not prevent QKD, as we showed in collaboration with researchers working on the theory of quantum cryptography. Furthermore, we do not need to rebuild the setup for different dimensions of superpositions--we can detect 2D and 4D superpositions without changing hardware or stabilizing the receiver. This is a huge advantage compared to earlier methods," adds Widomski.


																									
    
        Discover the latest in science, tech, and space with over 100,000 subscribers who rely on Phys.org for daily insights.
        Sign up for our free newsletter and get updates on breakthroughs,
        innovations, and research that matter--daily or weekly.
    


    
    


																																			Not only speed, but also security

The researchers tested their solution both in laboratory optical fibers and in the fiber infrastructure of the University of Warsaw over distances of several kilometers.

"Thanks to the new method using the temporal Talbot effect, we successfully demonstrated QKD with two- and four-dimensional encoding, using the same transmitter and receiver. Despite errors inherent to the simple experimental approach, our results confirm the higher information efficiency of the system resulting from high-dimensional encoding," says Widomski.

The main advantage of QKD is its theoretical security, which can be proven under basic assumptions. For this reason, from the start of the project, UW researchers collaborated with groups in Italy and Germany specializing in QKD security proofs.

"A closer analysis shows that the standard description of many QKD protocols is incomplete, which attackers could exploit. Unfortunately, our method shares this vulnerability. We took part in efforts to solve this issue. Our collaborators found that a certain modification of the receiver allows for collecting more data, thus eliminating the vulnerability. The security proof of the new protocol was published in Physical Review Applied, and in our latest paper we discuss its application to our experiment," says Ogrodnik.


																																	
																														
																				
																						More information:
												Maciej Ogrodnik et al, High-dimensional quantum key distribution with resource-efficient detection, Optica Quantum (2025). DOI: 10.1364/opticaq.560373

Adam Widomski et al, Efficient detection of multidimensional single-photon time-bin superpositions, Optica (2024). DOI: 10.1364/optica.503095

Federico Grasselli et al, Quantum key distribution with basis-dependent detection probability, Physical Review Applied (2025). DOI: 10.1103/physrevapplied.23.044011
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AI techniques excel at solving complex equations in physics, especially inverse problems

										

    
        
            [image: Researchers develop new AI techniques to solve complex equations in physics]
             
                Scheme of the transfer learning procedure from a pre-trained body through the Multi-Head approach. Credit: Communications Physics (2025). DOI: 10.1038/s42005-025-02248-1
            
        

    


Differential equations are fundamental tools in physics: they are used to describe phenomena ranging from fluid dynamics to general relativity. But when these equations become stiff (i.e. they involve very different scales or highly sensitive parameters), they become extremely difficult to solve. This is especially relevant in inverse problems, where scientists try to deduce unknown physical laws from observed data.



										      
																					To tackle this challenge, the researchers have enhanced the capabilities of Physics-Informed Neural Networks (PINNs), a type of artificial intelligence that incorporates physical laws into its learning process.

Their approach, reported in Communications Physics, combines two innovative techniques: Multi-Head (MH) training, which allows the neural network to learn a general space of solutions for a family of equations--rather than just one specific case--and Unimodular Regularization (UR), inspired by concepts from differential geometry and general relativity, which stabilizes the learning process and improves the network's ability to generalize to new, more difficult problems.

These methods were successfully applied to three increasingly complex systems: the flame equation, the Van der Pol oscillator, and the Einstein Field Equations in a holographic context. In the latter case, the researchers were able to recover unknown physical functions from synthetic data, a task previously considered nearly impossible.

"Recent advances in machine learning training efficiency have made PINNs increasingly popular in the past few years," says Pedro Tarancon-Alvarez, doctoral student at ICCUB. "This framework offers several novel features compared to traditional numerical methods, most notably the ability to solve inverse problems."

"Solving these inverse problems is like trying to find the solution to a problem that is missing a piece; the correct piece will have a unique solution, incorrect ones may not have a solution, or multiple ones," adds Pablo Tejerina-Perez, doctoral student at ICCUB.

"One could try to invent the missing piece of the problem and then see if it can be solved properly--our PINNs do the same, but in a much smarter and efficient way than we could."


										
																														
																				
																						More information:
												Pedro Tarancon-Alvarez et al, Efficient PINNs via multi-head unimodular regularization of the solutions space, Communications Physics (2025). DOI: 10.1038/s42005-025-02248-1
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            [image: Meet Irene Curie, the Nobel-winning atomic physicist who changed the course of modern cancer treatment]
             
                Marie Curie and her daughter Irene were both scientists studying radioactivity. Credit: Wellcome Collection, CC BY
            
        

    


The adage goes "like mother like daughter," and in the case of Irene Joliot-Curie, truer words were never spoken. She was the daughter of two Nobel Prize laureates, Marie Curie and Pierre Curie, and was herself awarded the Nobel Prize in chemistry in 1935 together with her husband, Frederic Joliot.



										      
																																	While her parents received the prize for the discovery of natural radioactivity, Irene's prize was for the synthesis of artificial radioactivity. This discovery changed many fields of science and many aspects of our everyday lives. Artificial radioactivity is used today in medicine, agriculture, energy production, food sterilization, industrial quality control and more.

We are two nuclear physicists who perform experiments at different accelerator facilities around the world. Irene's discovery laid the foundation for our experimental studies, which use artificial radioactivity to understand questions related to astrophysics, energy, medicine and more.

Early years and battlefield training

Irene Curie was born in Paris, France, in 1897. In an unusual schooling setup, Irene was one of a group of children taught by their academic parents, including her own by then famous mother, Marie Curie.

World War I started in 1914, when Irene was only 17, and she interrupted her studies to help her mother find fragments of bombs in wounded soldiers using portable X-ray machines. She soon became an expert in these wartime radiology techniques, and on top of performing the measurements herself, she also spent time training nurses to use the X-ray machines.

After the war, Irene went back to her studies in her mother's lab at the Radium Institute. This is where she met fellow researcher Frederic Joliot, whom she later married. The two worked together on many projects, which led them to their major breakthrough in 1934.


																																						
    
     




																																			A radioactive discovery

Isotopes are variations of a particular element that have the same number of protons--positively charged particles--and different numbers of neutrons, which are particles with no charge. While some isotopes are stable, the majority are radioactive and called radioisotopes. These radioisotopes spontaneously transform into different elements and release radiation--energetic particles or light--in a process called radioactive decay.

At the time of Irene and Frederic's discovery, the only known radioactive isotopes came from natural ores, through a costly and extremely time-consuming process. Marie and Pierre Curie had spent years studying the natural radioactivity in tons of uranium ores.

In Irene and Frederic's experiments, they bombarded aluminum samples with alpha particles, which consist of two protons and two neutrons bound together--they are atomic nuclei of the isotope helium-4.

In previous studies, they had observed the different types of radiation their samples emitted while being bombarded. The radiation would cease when they took away the source of alpha particles. In the aluminum experiment, however, they noticed that even after they removed the alpha source, they could still detect radiation.
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																																			The amount of radiation decreased by half every three minutes, and they concluded that the radiation came from the decay of a radioisotope of the element phosphorus. Phosphorus has two additional protons compared to aluminum and was formed when the alpha particles fused with the aluminum nuclei. This was the first identification of an artificially made radioisotope, phosphorus-30. Because phosphorus-30 was created after bombarding aluminum with alpha particles--rather than occurring in its natural state--Irene and Frederic induced the radioactivity. So, it is called artificial radioactivity.

After her major discovery, Irene stayed active not only in research but in activism and politics as well. In 1936, almost a decade before women gained the right to vote in France, she was appointed under secretary of state for scientific research. In this position, she laid the foundations for what would become the National Centre for Scientific Research, which is the French equivalent of the U.S. National Science Foundation or National Institutes of Health.

She co-created the French Atomic Energy Commission in 1945 and held a six-year term, promoting nuclear research and development of the first French nuclear reactor. She later became director of the Curie Laboratory at the Radium Institute and a professor at the Faculty of Science in Paris.


																																						
    
     




																																			Medical uses of artificial radioactivity

The Joliot-Curie discovery opened the road to the extensive use of radioisotopes in medical applications. Today, radioactive iodine is used regularly to treat thyroid diseases. Radioisotopes that emit positrons--the positive equivalent of the electron--are used in medical PET scans to image and diagnose cancer, and others are used for cancer therapy.

To diagnose cancer, practitioners can inject a small amount of the radioisotope into the body, where it accumulates at specific organs. Specialized devices such as a PET scanner can then detect the radioactivity from the outside. This way, doctors can visualize how these organs are working without the need for surgery.

To then treat cancer, practitioners use large amounts of radiation to kill the cancer cells. They try to localize the application of the radioisotope to just where the cancer is so that it's only minimally affecting healthy tissue.


																																			An enduring legacy

In the 90 years since the Joliot-Curie discovery of the first artificial radioisotope, the field of nuclear science has expanded its reach to roughly 3,000 artificial radioisotopes, from hydrogen to the heaviest known element, oganesson. However, nuclear theories predict that up to 7,000 artificial radioisotopes are possible.

As physicists, we work with data from a new facility at Michigan State University, the Facility for Rare Isotope Beams, which is expected to discover up to 1,000 new radioisotopes.

While the Joliot-Curies were bombarding their samples with alpha particles at relatively low speeds, the Michigan State facility can accelerate stable isotopes up to half the speed of light and smash them on a target to produce new radioisotopes. Scientists using the facility have already discovered five new radioisotopes since it began operating in 2022, and the search continues.

Each of the thousands of available radioisotopes has a different set of properties. They live for different amounts of time and emit different types of radiation and amounts of energy. This variability allows scientists to choose the right isotope for the right application.


																																						
    
     




																																			Iodine, for example, has more than 40 known radioisotopes. A main characteristic of radioisotopes is their half-life, meaning the amount of time it takes for half of the isotopes in the sample to transform into a new element. Iodine radioisotopes have half-lives that span from a tenth of a second to 16 million years. But not all of them are useful, practical or safe for thyroid treatment.

Radioisotopes that live for a few seconds don't exist long enough to perform medical procedures, and radioisotopes that live for years would harm the patient and their family. Because it lives for a few days, iodine-131 is the preferred medical radioisotope.

Artificial radioactivity can also help scientists study the universe's mysteries. For example, stars are fueled by nuclear reactions and radioactive decay in their cores. In violent stellar events, such as when a star explodes at the end of its life, they produce thousands of different radioisotopes that can drive the explosion. For this reason, scientists, including the two of us, produce and study in the lab the radioisotopes found in stars.

With the advent of the Facility for Rare Isotope Beams and other accelerator facilities, the search for new radioisotopes will continue opening doors to a world of possibilities.
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White Rabbit optical timing technology meets quantum entanglement

										

    
        
            [image: White rabbit meets quantum entanglement]
             
                The White Rabbit switch, a key component of the CERN-born open-source timing technology. Credit: CERN
            
        

    


A small yet innovative experiment is taking place at CERN. Its goal is to test how the CERN-born optical timing signal--normally used in the Laboratory's accelerators to synchronize devices with ultra-high precision--can best be sent through an optical fiber alongside a single-photon signal from a source of quantum-entangled photons. The results could pave the way for using this technique in quantum networks and quantum cryptography.



										      
																																	Research in quantum networks is growing rapidly worldwide. Future quantum networks could connect quantum computers and sensors, without losing any quantum information. They could also enable the secure exchange of information, opening up applications across many fields.

Unlike classical networks, where information is encoded in binary bits (0s and 1s), quantum networks rely on the unique properties of quantum bits, or "qubits," such as superposition (where a qubit can exist in multiple states simultaneously) and entanglement (where the state of one qubit influences the state of another no matter how far apart they are).

These properties allow quantum networks to perform tasks that are impossible or inefficient for classical networks. Quantum networks can even be used to test fundamental physics concepts such as Bell inequalities and the structure of spacetime.

At the CERN Quantum Technology Initiative (QTI), scientists have recently set up a specialized laboratory to test how the CERN-born White Rabbit optical timing signal can best be transmitted together with entangled photons through an optical fiber. While similar experiments have been done previously by other research teams worldwide, this is the first time this technology, originally developed to synchronize accelerator devices, is being tested locally at CERN for this purpose.


																																						
    
     




																																			

"The White Rabbit timing technology is the natural candidate for application in quantum communication as it provides sub-nanosecond accuracy and picoseconds precision in synchronization, making it suitable for large distributed systems and quantum networks," says Annick Teepe, the scientist in charge of the CERN quantum network lab.

The same timing precision is required in quantum key distribution, a protocol that generates secure encryption keys for quantum cryptography. "High timing precision is critical for demonstrating the distribution of entangled photon pairs, which forms the basis of entanglement-based quantum key distribution," explains Annick. "Unlike other existing time synchronization technologies, White Rabbit is open source and based on standards."

In the current experiment, the White Rabbit classical timing signal is combined with a quantum signal from a source of entangled photon pairs that was supplied in-kind to CERN by Qunnect. The set-up also uses a superconducting nanowire single-photon detector that was provided in-kind by Single Quantum.

"With our tests, we aim to contribute to the global effort around the synchronization of quantum networks and to help establish White Rabbit as a standard technology for quantum communication, even in distributed and complex settings," says Amanda Diez Fernandez, coordinator of partnerships for QTI.


																																	
																														
																					
																					
                              													                                        
										
										
											 
												Citation:
												White Rabbit optical timing technology meets quantum entanglement (2025, October 2)
												retrieved 2 October 2025
												from https://phys.org/news/2025-10-white-rabbit-optical-technology-quantum.html
											 

											 
											 This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
											 part may be reproduced without the written permission. The content is provided for information purposes only.
											 

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2025-10-white-rabbit-optical-technology-quantum.html



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Physics
          
          	
            Sections
          
          	
            Chemistry
          
        

      

      Space and Earth

      The latest science news on astronomy, astrobiology,  and space exploration from Phys.org.


      
        
          	
            Physics
          
          	
            Sections
          
          	
            Chemistry
          
        

      

    

  
    
      
        
          	
            Space and Earth
          
          	
            Sections
          
          	
            Biology
          
        

      

      Chemistry

      The latest news stories on chemistry, biochemistry, polymers, materials science from Phys.org


      
        
          	
            Space and Earth
          
          	
            Sections
          
          	
            Biology
          
        

      

    

  
    
      
        
          	
            Chemistry
          
          	
            Sections
          
          	
            Technology
          
        

      

      Biology

      Read the latest science news from Phys.org on biology, evolution, microbiology, biotechnology


      
        
          	
            Chemistry
          
          	
            Sections
          
          	
            Technology
          
        

      

    

  
    
      
        
          	
            Biology
          
          	
            Sections
          
          	
            Other Sciences
          
        

      

      Technology

      Tech Xplore internet news portal provides the latest news on electronics, technology, and engineering.


      
        
          	
            Biology
          
          	
            Sections
          
          	
            Other Sciences
          
        

      

    

  
    
      
        
          	
            Technology
          
          	
            Sections
          
          	
        

      

      Other Sciences

      The latest science news on archaeology, fossils, mathematics, and science technology from Phys.org


      
        
          	
            Technology
          
          	
            Sections
          
          	
        

      

    

  feed_0/article_1/images/img1_u7.jpg
mm light

_\

-5 m{f \3 —
yoTHS

é’

cross-[2+2]
HO





feed_0/article_0/images/img1_u3.jpg
At high'Solarintensity, silver nanorings ow so y

inthe glass heat up and automatically technology allows both light
reduce heat penetration - without and heat to pass through
reducing light transmission. the glass.

Cross-section
of window glass






cover.jpg
Thu, 02 Oct 2025





feed_1/article_1/images/img1_u8.jpg
Vig;UDE

Pretrained
Latent

Space en(z) ER™XL_ T

Hf = lexrll

DE

New head
W e rldx1)

Frozen body





feed_1/article_0/images/img1_u5.jpg





feed_1/article_2/images/img2.png





feed_1/article_2/images/img1_u1.jpg





feed_1/article_3/images/img1_u4.jpg





feed_0/article_2/images/img3.jpg
Minimal arrangement of instrument files (MAIF)

Instrument file
s

Instrument file

nn

J. Doe 2025 Research data

Instrument file
—
A Journal B

Suppl. figures

Instrument file
=

Additional data





feed_0/article_2/images/img1_u6.jpg
b Al-genetgtedjmage,






feed_0/article_2/images/img2.jpg





feed_0/article_4/images/img1.jpg





mastheadImage.jpg
PhysOrg





feed_0/article_3/images/img1_u2.jpg
B Fabicated AGaAssample b Polarization- and angle-resolved linear reflection c Reconstructed linear bands
[ b b -






