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


      
        One glass, full color: Sub-millimeter waveguide shrinks augmented-reality glasses
        Augmented-reality (AR) technology is rapidly finding its way into everyday life, from education and health care to gaming and entertainment. However, the core AR device remains bulky and heavy, making prolonged wear uncomfortable. A breakthrough from POSTECH now promises to change that.

      

      
        Science meets romance: New tool unlocks the body's 'messages in a bottle' to detect and treat disease
        Have you ever dreamed of writing a heartfelt letter, sealing it in a bottle, and letting the ocean carry it to someone special? It's a romantic image we've seen in movies like "Message in a Bottle." But did you know this beautiful act of connection is happening inside your body every minute of every day?

      

      
        Revolution in friction: A way to make super-smooth materials
        Scientists from the Faculty of Physics and Applied Informatics at the University of Lodz have published an article on friction in the journal Small. Their research on "bismuth islands" moving on the surface of graphite confirmed the existence of a totally new form of so-called superlubricity--a friction-free contact between two solid bodies.

      

      
        Synthetic nanoparticle eyedrops help corneas heal after chemical or inflammatory damage
        Northwestern Medicine investigators have developed first-of-its-kind eyedrops that use synthetic nanoparticles to help the eye regenerate cells that have been damaged by mustard keratopathy, or exposure to mustard gas, and other inflammatory eye diseases, detailed in a recent study published in the journal npj Regenerative Medicine.
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One glass, full color: Sub-millimeter waveguide shrinks augmented-reality glasses

										

    
        
            [image: One glass, full color: sub-millimeter waveguide shrinks AR glasses]
             
                AR Glass Prototype and Experimental Results Based on Metagrating. Credit: POSTECH
            
        

    


Augmented-reality (AR) technology is rapidly finding its way into everyday life, from education and health care to gaming and entertainment. However, the core AR device remains bulky and heavy, making prolonged wear uncomfortable. A breakthrough from POSTECH now promises to change that.



										    
																					The study is published in the journal Nature Nanotechnology.

One of the main hurdles to the commercialization of AR glasses has been the waveguide. In AR optics, the lens itself also serves as a "highway of light," guiding virtual images directly to the user's eye. Due to chromatic dispersion, conventional designs have required separate waveguide layers for red, green, and blue light--three to six stacked glass sheets--inevitably increasing both weight and thickness.

Professor Junsuk Rho and colleagues at POSTECH have eliminated the need for multiple layers by developing an achromatic metagrating that handles all colors in a single glass layer. The key is an array of nanoscale silicon-nitride (Si3N4) pillars whose geometry was finely tuned by a stochastic topology-optimization algorithm to steer light with maximum efficiency.



    
        
            [image: One glass, full color: sub-millimeter waveguide shrinks AR glasses]
             
                Architecture of AR waveguide display. Credit: POSTECH
            
        

    



In experiments, the researchers produced vivid full-color images using a 500-mm-thick single-layer waveguide--about one-hundredth the diameter of a human hair. They also secured a comfortable 9-mm eyebox, ensuring images remain sharp even if the viewer's eye shifts slightly.

The new design erases color blur while outperforming multilayer optics in brightness and color uniformity. Once commercialized, this technology could make AR glasses as thin and light as ordinary eyewear, reducing wearer fatigue and trimming manufacturing costs thanks to a simpler process. The era of truly everyday AR is a step closer.

"This work marks a key milestone for next-generation AR displays," said Prof. Rho. "Coupled with scalable, large-area fabrication, it brings commercialization within reach."

The study, authored by Junsuk Rho (corresponding author, POSTECH), Seokwoo Kim, Joohoon Kim, and Seokil Moon, was carried out by POSTECH's Departments of Mechanical, Chemical and Electrical Engineering and the Graduate School of Interdisciplinary Bioscience & Bioengineering, in collaboration with the Visual Team at Samsung Research.


																														
																				
																						More information:
												Seokil Moon et al, Single-layer waveguide displays using achromatic metagratings for full-colour augmented reality, Nature Nanotechnology (2025). DOI: 10.1038/s41565-025-01887-3
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Science meets romance: New tool unlocks the body's 'messages in a bottle' to detect and treat disease
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                Credit: Unsplash/CC0 Public Domain
            
        

    


Have you ever dreamed of writing a heartfelt letter, sealing it in a bottle, and letting the ocean carry it to someone special? It's a romantic image we've seen in movies like "Message in a Bottle." But did you know this beautiful act of connection is happening inside your body every minute of every day?



										      
																																	Our cells, much like us, are constantly trying to communicate. But instead of ink and paper, they send out tiny biological packages called extracellular vesicles (EVs). These are the body's real-life messages in a bottle, carrying precious cargo--like proteins and genetic material--from one cell to another. Each EV holds a snapshot of its sender's identity and condition, making them incredibly promising for diagnosing diseases and tailoring treatments.

"While we've developed powerful ways to read messages from cells, like sequencing and proteomics, we're still struggling to decode EVs with the same precision. It's like thousands of bottles washing up on shore, and we don't know which ones carry lifesaving information," says Assistant Professor Chi-An Cheng from the Department of Pharmacy at National Taiwan University (NTU), who led a study published in Small.

Last year, Dr. Cheng authored a perspective article outlining long-standing bottlenecks in the EV field. Now, her team offers a solution.

They've developed a technology called SHINER, short for Subpopulation Homogeneous Isolation and Nondestructive EV Release, designed to gently capture and release specific EV subpopulations without damaging them.

To picture how SHINER works, "Imagine the claw machines you see in Taiwanese night markets. They may look simple, but grabbing exactly what you want--a rare plush toy, for example--takes real skill and precision," explains Dr. Cheng.


																																						
    
     




																																			SHINER is like a molecular claw machine. Using specially designed "claws" made from antibodies and DNA, it reaches into the crowded sea of EVs, grabs the ones with just the right surface markers, and gently lifts them out, intact and ready to be read.

At the core of this technology is a clever tool called SWITCHER, which ensures that only EVs with a specific molecular "barcode" are captured. Then, a matching DNA "key" activates the claw to gently release the captured EVs unharmed. No harsh chemicals. No broken "bottles." Just pure, readable messages, delivered safely to scientists for analysis.

What makes this work even more exciting is that SHINER doesn't just work in theory. The team showed it can purify EVs from real-world biological samples, like blood, while preserving their full structure and function. When paired with the earlier invention by the team, the ultrasensitive EV single-molecule array, SHINER opens the door to next-generation diagnostics and therapeutics. Doctors could one day use it to detect cancer earlier, monitor treatment response, or even deliver precision drugs using EVs as natural carriers.

This is more than a technical upgrade--it's a poetic leap forward. We're finally getting better at reading the romantic, life-defining "messages in a bottle" that our cells send across the sea of our own biology. And with the SHINER "claw machine," we just might catch the one that changes everything.


																																																					
																				
																						More information:
												Chen-Wei Hsu et al, Decoding Complex Biological Milieus: SHINER's Approach to Profiling and Functioning of Extracellular Vesicle Subpopulations, Small (2025). DOI: 10.1002/smll.202503638
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                LEEM and m-LEED experiments. Credit: Small (2024). DOI: 10.1002/smll.202408349
            
        

    


Scientists from the Faculty of Physics and Applied Informatics at the University of Lodz have published an article on friction in the journal Small. Their research on "bismuth islands" moving on the surface of graphite confirmed the existence of a totally new form of so-called superlubricity--a friction-free contact between two solid bodies.



										      
																																	This discovery could revolutionize the way we design nanoscale machines, and even vehicles, in the future. By understanding these processes, we can create devices that can operate much more efficiently, saving on energy and resources.

Scientists led by Dr. Hab. Pawel Kowalczyk, associate professor at the University of Lodz, have discovered a new phenomenon related to the disappearance of friction--superlubricity. This special phenomenon was observed at the contact of two solid materials, bismuth and graphite.

Bismuth is intentionally deposited on the surface of graphite (the same material in your pencil lead) and forms extremely flat crystals, so thin that their thickness is only 2 atoms wide. The first surprise was that the bismuth crystals move around on the surface of graphene, along straight lines. This is the first-ever report of this phenomenon, changes the way we think about friction and adhesion of materials, and opens up future research and development ideas for friction reduction.

What is superlubricity?

Superlubricity is a condition in which the friction between solid materials becomes imperceptible. Under normal conditions, the friction between two surfaces makes it difficult to move them relative to each other, because there are forces that bind the atoms in both materials, as if connected by tiny springs.

In superlubricity systems, however, these tiny springs are so weak that the two bodies can move without resistance. This phenomenon has been relatively well-known for many years, and it is the reason why many commercial lubricants contain graphite. The atomic layers in graphite are weakly bonded, and can slide easily from each other.

To date, superlubricity has always been isotropic: the friction is canceled in all directions equally. Now, with this new discovery, a new form of superlubricity has been achieved, where the friction is zero in one direction only, and has conventional friction in other directions.

You can even experiment at home with this. After using graphite-based pencils and before washing your hands, rub your graphite-coated fingers together. You can actually feel the extremely low friction, as the tips of your fingers can move very easily, and the whole thing feels very "slippery."


																																						
    
     




																																			How does it work?

Microscopy sequences presented in the article show that the bismuth crystals deposited on the surface of graphite are not stationary at all. Although they are solids, they behave a bit like oil drops on a hot surface, and constantly move from place to place.

Surprisingly, their movement always takes place along straight lines, due to a very specific arrangement of their atomic lattices. These straight lines are reminiscent of highways, and because they enable fast collective motion of crystals along one direction, are called nano-highways.

When the statistical distribution of the crystal trajectories is measured, it turns out that it can be described using a power law--that is, most of the bismuth crystals move on the surface spontaneously along very short distances, such as very short lengths of 10 or 20 nm; but a significant number of crystals also travel much larger distances, of up to 1000 nm. Interestingly, these nano-highway lengths follow a type of random walk called "Levy flight." This way of statistically moving on the surface is extremely rare in the study of solid materials.

This type of movement is particularly interesting as it occurs in many unexpected areas of nature, in particular in collective and intelligent systems, such as animals searching for food. To survive, foraging patterns are optimized when, occasionally, large traveling distances are made to avoid searching for food in empty areas for too long. This takes place not only in natural systems, but in human ones too: the flow of information on the Internet and the stock market also behave according to Levy flight statistics.
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																																			Why is it important?

This discovery may have major implications for the future of nanotechnology. For example, by understanding how these islands move on graphite, scientists may develop materials that have much lower friction, which is much more present in microscopic systems than in large-scale objects.

Such materials could be used in a variety of devices, from precision machinery to vehicles, which, thanks to lower friction, would be more efficient and less subject to wear. This, in turn, would allow us to save on energy costs (the energy spent on moving the object will not turn into heat) and material savings (much less repair will be required), which would have a positive impact on the environment. If friction could be removed altogether from society, humanity would save nearly a quarter of carbon emissions.

In the future, the researchers plan to conduct even more research that will allow them to better understand how various factors, such as temperature, the size of the islands and the type of defects on the graphite surface, affect the friction and movement of these islands. They are also looking for other materials that have similar properties.


																																																					
																				
																						More information:
												Maxime Le Ster et al, Evidence of Directional Structural Superlubricity and Levy Flights in a van der Waals Heterostructure, Small (2024). DOI: 10.1002/smll.202408349
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Synthetic nanoparticle eyedrops help corneas heal after chemical or inflammatory damage

										

    
        
            [image: Regenerating eyedrops may help damaged corneas heal]
             
                Northwestern Medicine investigators have developed first-of-its-kind eyedrops that use synthetic nanoparticles to help the eye regenerate cells that have been damaged by mustard keratopathy, or exposure to mustard gas, and other inflammatory eye diseases. Credit: Mark E. Seniw.
            
        

    


Northwestern Medicine investigators have developed first-of-its-kind eyedrops that use synthetic nanoparticles to help the eye regenerate cells that have been damaged by mustard keratopathy, or exposure to mustard gas, and other inflammatory eye diseases, detailed in a recent study published in the journal npj Regenerative Medicine.



										      
																																	Limbal epithelial stem cells are responsible for maintaining and regenerating the cornea's epithelium, the outermost layer of the cornea. The loss or dysfunction of these cells can lead to limbal stem cell deficiency (LSCD), which can in turn cause persistent breakdown of the corneal epithelium and, eventually, blindness.

The disorder can be caused by genetic mutations but also chronic inflammation and severe external injuries, including the exposure to sulfur mustard or mustard gas, which has been historically used during wartime.

Topical corticosteroids have commonly been used to treat inflammation preceding LCSD. However, adverse side effects from long-term steroid use can occur and often steroids do not promote wound repair.

In response to an urgent need for new targeted therapies, investigators created novel restoring eyedrops containing synthetic lipoprotein nanoparticles developed in the laboratory of Shad Thaxton, '04 MD, '07 Ph.D., '06 '08 GME, associate professor of Urology and co-senior author of the study.

These nanoparticles were designed to mimic some properties of a specific type of lipoprotein called high-density lipoproteins (HDLs), which are naturally found in the bloodstream and can help the body regulate many functions, including inflammation.


																																						
    
     




																																			"By taking a page out of nature's playbook, we could begin to synthesize these types of materials and be able to control their sizes, shapes and compositions so that we can take advantage of some of their most beneficial properties such as reducing inflammation," said Thaxton, who is also a member of the Robert H. Lurie Comprehensive Cancer Center of Northwestern University.

"The therapeutic possibilities of these materials are tremendous as they can also be programmed to carry a broad range of active drugs that work synergistically with the native wound-healing ability of the HDL nanoparticles," said SonBinh Nguyen, Ph.D., professor of Chemistry in the Weinberg College of Arts and Sciences and co-senior author of the study.

The investigators then administered the eyedrops to mice with different phases of nitrogen mustard cornea injury, an experimental model developed by Han Peng, Ph.D., associate professor of Dermatology and co-senior author of the study. Mice with acute inflammation received eyedrops daily for three days and mice with chronic, long-term injury received eyedrops daily for a total of 14 days.

Using advanced imaging techniques and PCR analysis, the scientists discovered the eyedrops not only reduced inflammation in the eyes of the mice but also restored damaged limbal epithelium, which enabled the cornea to essentially heal itself and recover.

"This is the first time that this type of reversal of LSCD has been shown," said Robert Lavker, Ph.D., Professor Emeritus of Dermatology and co-senior author of the study.

The findings demonstrate how the novel eyedrops could be a promising treatment not only for mustard keratopathy but also for other inflammatory corneal diseases, such as bacterial keratitis, alkali burns and dry eye.

"To our knowledge, this is the first demonstration of a topical therapy that can resolve ocular inflammation, conjunctivalization and corneal stromal neovascularization. With the myriad of diseases having a component of LSCD, we believe that the nanoparticles have broad therapeutic potential," the authors wrote.


																																																					
																				
																						More information:
												Elif Kayaalp Nalbant et al, A novel therapy to ameliorate nitrogen mustard-induced limbal stem cell deficiency using lipoprotein-like nanoparticles, npj Regenerative Medicine (2025). DOI: 10.1038/s41536-025-00402-5
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        Topological polycrystal: A new approach to configurable, multiband topological photonic circuitry
        Molding the flow of light--whether confined to localized regions or propagating in free space--remains crucial for modern integrated photonics. The advancement of the multi-channel, programmable optical waveguide and coupler arrays has enabled us to develop photonic integrated circuits (PICs) as a viable alternative to electronic ones, overcoming limitations in processing speed, bandwidth, and efficiency across the optical-to-microwave spectrum.

      

      
        Eggs less likely to crack when dropped side-on, research reveals
        Eggs are less likely to crack when dropped on their side than when dropped vertically, finds research published in Communications Physics. Controlled trials simulating the "egg drop challenge," a common classroom science experiment, found that the shell of an egg can better withstand an impact when dropped side-on.

      

      
        Turning non-magnetic materials magnetic with atomically thin films
        The rules about magnetic order may need to be rewritten. Researchers have discovered that chromium selenide (Cr2Se3)--traditionally non-magnetic in bulk form--transforms into a magnetic material when reduced to atomically thin layers. This finding contradicts previous theoretical predictions, and opens new possibilities for spintronics applications. This could lead to faster, smaller, and more efficient electronic components for smartphones, data storage, and other essential technologies.

      

      
        Q&A: What will it take to bring fusion energy to the US power grid?
        Arianna Gleason is an award-winning scientist at the Department of Energy's SLAC National Accelerator Laboratory who studies matter in its most extreme forms--from roiling magma in the center of our planet to the conditions inside the heart of distant stars. During Fusion Energy Week, Gleason discussed the current state of fusion energy research and how SLAC is helping push the field forward.

      

      
        Physicists propose a new route by which neutrinos can be produced
        Buried deep in the ice in the Antarctic are "eyes" that can see elementary particles called neutrinos, and what they've observed is puzzling scientists: a remarkably strong neutrino signal accompanied by a surprisingly weak gamma-ray emission in the galaxy NGC 1068, also known as the Squid galaxy.
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            [image: Topological polycrystal: A new approach toward configurable multi-band topological photonic circuitry]
             
                Topological photonic polycrystal (TPPC) implemented in photonic integrated circuits (PIC) and its structural details. (A) Diagram of HTP-PIC displaying edge and corner states. Right/upper edges maintain TESs with identical spin-momentum locking at distinct frequencies, whereas left/lower edges sustain TESs with opposing spin-momentum locking at different frequencies. (B-E) Hexagonal lattice with C6 symmetry shows band degeneracies near 8 GHz at G points (B) and its modified versions with varying orientation angle th (increasing clockwise) (C), with th = 45deg (OPC) and th = 135deg (PPC) band structures displayed in D and E (blue/red lines indicate d/p modes respectively). (F) Correlation between frequency gap and rotation angle th from FEM simulations and APT computations. (G) CS values versus th from numerical calculations. (H-K) C6-symmetric hexagonal lattice demonstrates band degeneracies around 8 GHz at K points (H) and resulting C3-symmetric cells with broken parity symmetry P under angle variation (I), with band structures for two modified cells (VPC1 featuring larger top ellipse/VPC2 with smaller top ellipse) shown in J and K (circular arrows indicate valley-polarized states at K points). (L) Relationship between frequency gap and rotation angle Dth via FEM and APT analysis. (M) Computed CV values for both VPCs as a function of Dth. Credit: Tianyue Li
            
        

    


Molding the flow of light--whether confined to localized regions or propagating in free space--remains crucial for modern integrated photonics. The advancement of the multi-channel, programmable optical waveguide and coupler arrays has enabled us to develop photonic integrated circuits (PICs) as a viable alternative to electronic ones, overcoming limitations in processing speed, bandwidth, and efficiency across the optical-to-microwave spectrum.



										      
																																	However, as on-chip complexity grows, we face significant challenges regarding long-term stability and fabrication-induced defects, making operational reliability critical for practical applications.

The increasing demand for high-capacity information processing drives our need for more complex PICs with additional channels. In this context, topological photonics offers promising solutions due to its inherent robustness against defects.

Current PICs utilizing topologically protected domain-wall modes mainly rely on two-dimensional microstructures following the rule of bulk-edge correspondence, which typically supports only limited edge states and constrains channel capacity. To overcome this, we have focused on hybrid topological effects that combine multiple topological phenomena in a single system.

Recently, our research team has investigated hybrid artificial microstructured systems and their topological applications. By constructing a synthetic dimension combining momentum space and unit cell orientation space, we developed a configurable topological photonic polycrystal. This dielectric topological metasurface, composed of tunable elliptical elements, utilizes a novel coupling mechanism between pseudo-spin and the valley Hall effect, providing a versatile platform for multidimensional photonic control.

Our work, published in National Science Review under the title "Configurable Topological Photonic Polycrystal Based on Synthetic Hybrid Dimension," represents a significant advancement in the field.



    
        
            [image: Topological polycrystal: A new approach toward configurable multi-band topological photonic circuitry]
             
                Hybrid topological states in superlattice-based HTP-PIC. (A-B) Schematic of TPPC consisting of VPC1 (A) and VPC2 (B) embedded in PPC, with right panels showing band dispersion of corresponding configurations at kx = 0.1 versus (th, Dth). (C-D) Projected band structures for supercells combining VPC1 (C) or VPC2 (D) with PPC at Dth = 45deg, where gray areas indicate bulk states and gap-spanning solid lines represent TES dispersion. (E-F) Unidirectional light propagation simulations at 8.482 GHz (E) and 8.705 GHz (F) under LCP/RCP excitation for configuration C. (G-H) Field distributions of corner states (G) and localized quality factor QL (H) in VPC2-embedded PPC HTP-PIC. Credit: Tianyue Li
            
        

    



We developed a perturbation theory based on structural orientation angles to enable rapid calculation and adjustment of photonic band gaps. Since both pseudo-spin and valley lattices are fundamentally linked to orientation angles, we observed that varying these angles induced delicate energy band shifts, effectively modulating the "mass term" of the system.


																																						
    
     




																																			To fully characterize this phenomenon, we integrated our proposed scalar perturbation theory while treating orientation angles as synthetic dimension parameters. For any given photonic lattice, we successfully constructed a three-dimensional synthetic space by combining the two-dimensional Bloch momentum space and the one-dimensional orientation angle dimension.

This innovative approach allowed us to compute topological invariants as continuous functions of orientation angles, yielding a powerful theoretical framework for analyzing the system's topological properties. When coupling both topological effects, we found this hybrid-dimensional space depends on two independent orientation angles and the one-dimensional momentum space along domain walls.

Through detailed hybrid-dimensional analysis, we systematically tracked how bulk states, edge states, and corner states evolve with orientation angle variations. These insights fundamentally clarify how our hybrid topological polycrystal architecture achieves robust, dynamically reconfigurable photonic functionalities.



            	
            
                [image: Topological polycrystal: A new approach toward configurable multi-band topological photonic circuitry]
                 
                    Experimental observation of hybrid TESs and TCSs in symmetry-maintained HTP-PIC. (A) Schematic design of HTP-PIC composed of VPC1 (Dth = 45deg) and VPC2 (Dth = 135deg) embedded in PPC. (B) Microscopy image showing partial view of DW1 in fabricated HTP-PIC sample. (C) Diagram of near-field measurement setup for sample characterization. (D) Numerically computed eigenmodes of symmetric HTP-PIC: bulk (grey squares), edge (pink dots), and corner states (blue triangles), with inset showing QL distribution. (E) Experimentally obtained transmission spectrum. (F-H) Measured hybrid TESs at VPC/PPC interfaces (F), valley-polarized TESs at VPC1/VPC2 junction (G), and two hybrid TCSs (H) excited by LCP (orange arrows) and RCP (blue arrows) sources. Credit: Tianyue Li
                
            

        

            	
            
                [image: Topological polycrystal: A new approach toward configurable multi-band topological photonic circuitry]
                 
                    Experimental characterization of hybrid TESs and TCSs in symmetric-antisymmetric HTP-PIC. (A) Structural design of HTP-PIC comprising VPC2 with varying Dth embedded in PPC. (B) Numerical eigenfrequency analysis of antisymmetric HTP-PIC, with green and blue triangles denoting distinct corner state frequencies, and inset displaying QL spatial profile. (C) Measured transmission spectra under localized excitation at positions P1 versus P2. (D) Experimental verification of eight hybrid TESs along VPC-PPC boundaries. (E) Dual-frequency hybrid TCSs detected when stimulating the system at locations P3 and P4 separately. Credit: Tianyue Li
                
            

        

    

In addition, we introduced a novel local quality factor (QL) specifically designed to characterize hybrid eigenmodes within band gaps. By integrating the local density of states at target frequencies, this quantitative metric provides an effective performance evaluation method for hybrid topological photonic devices.
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																																			As a validation, our team experimentally validated this approach by implementing a hybrid topological photonic integrated circuit that successfully demonstrated high-contrast multi-band edge states and higher-order corner states along the interface. This method enables on-chip logic gates, couplers, and high-density optical communication through multi-band chiral edge channels, while simultaneously supporting the development of multi-band lasers featuring ultra-small mode volumes and diverse corner states.

Furthermore, our orientation-dependent photonic lattice concept opens new possibilities for reconfigurable and programmable active topological devices. Looking ahead, we aim to explore nonlinear effects in hybrid topological polycrystals to enhance their multimodal and multi-band capabilities, paving the way for both classical and quantum photonic applications.

This story is part of Science X Dialog, where researchers can report findings from their published research articles. Visit this page for information about Science X Dialog and how to participate.


																																																					
																				
																						More information:
												Tianyue Li et al, Configurable Topological Photonic Polycrystal Based on a Synthetic Hybrid Dimension, National Science Review (2025). DOI: 10.1093/nsr/nwaf107

Bio:

Tianyue Li is currently a Research Fellow in the Department of Physics at the Institute of Advanced Study, Hong Kong University of Science and Technology (HKUST). His research focuses on nanophotonics, particularly investigating the physical mechanisms and optical singularities in light-matter interactions. He strives to advance this field through explorations in light-field manipulation, topological photonics, and optomechanics. Additionally, he develops versatile nano-devices for on-chip and fiber-based platforms, including applications in optical tweezers, communication, photonic circuits, and imaging.

He has published more than 10 SCI papers and co-authored 10 additional papers. He has delivered four invited talks and more than 10 oral presentations. His work has received more than 600 citations, with an h-index of 12, and includes an Editors' Pick selection in Optics Letters and a cover article in another journal. (Homepage: tobeyleonard.github.io/)
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Eggs less likely to crack when dropped side-on, research reveals
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                Credit: Pixabay/CC0 Public Domain
            
        

    


Eggs are less likely to crack when dropped on their side than when dropped vertically, finds research published in Communications Physics. Controlled trials simulating the "egg drop challenge," a common classroom science experiment, found that the shell of an egg can better withstand an impact when dropped side-on.



										      
																					The goal of the "egg drop challenge" is for students to prevent an egg from cracking when dropped from a set height. A common belief is that an egg is stronger and less likely to crack when dropped vertically, with this assumption often seen in teaching guidance from schools and among popular science communicators.

Tal Cohen and colleagues conducted a series of 180 drop tests to compare how chicken eggs break when oriented vertically or side-on.

After dropping 60 eggs from each of three different heights--8, 9, and 10 millimeters--on to a hard surface, the authors observed that, on average, eggs dropped vertically broke at lower drop heights. More than half of the eggs dropped vertically from 8 millimeters cracked, with which end of the egg pointed downwards making no difference.

However, less than 10% of horizontally-dropped eggs cracked from the same height. A further 60 eggs were subjected to compression tests, which measured the force required to crack the eggs vertically and horizontally.

While 45 newtons of force was required to break the eggs in both orientations, the horizontally-loaded eggs could compress further before cracking. The authors suggest that this means that eggs are more flexible around their equator, and therefore able to absorb more energy in this orientation before breaking.

The authors conclude that the reason behind the common misassumption that an egg dropped vertically is less likely to crack is a confusion between the physical properties of stiffness, strength, and toughness.

Eggs are stiffer when compressed vertically, but the authors say that this does not necessarily mean that eggs are also tougher in that direction. The authors also suggest that future research could explore the application of these findings to engineering scenarios, such as how structures respond to dynamic loads.


																														
																				
																						More information:
												Challenging common notions on how eggs break and the role of strength versus toughness, Communications Physics (2025). DOI: 10.1038/s42005-025-02087-0
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Turning non-magnetic materials magnetic with atomically thin films
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                In 1966, Mermin and Wagner theoretically predicted that while ferromagnetic order can be stabilized in three-dimensional systems, it cannot be sustained in two-dimensional isotropic systems due to thermal fluctuations (left: 3D, right: 2D). Credit: Nature Communications (2025). DOI: 10.1038/s41467-025-58643-3
            
        

    


The rules about magnetic order may need to be rewritten. Researchers have discovered that chromium selenide (Cr2Se3)--traditionally non-magnetic in bulk form--transforms into a magnetic material when reduced to atomically thin layers. This finding contradicts previous theoretical predictions, and opens new possibilities for spintronics applications. This could lead to faster, smaller, and more efficient electronic components for smartphones, data storage, and other essential technologies.



										      
																																	An international research team from Tohoku University, Universite de Lorraine (Synchrotron SOLEIL), the National Synchrotron Radiation Research Center (NSRRC), High Energy Accelerator Research Organization, and National Institutes for Quantum Science and Technology has successfully grown two-dimensional Cr2Se3 thin films on graphene using molecular beam epitaxy.

A paper on this work is published in the journal Nature Communications.

By systematically reducing the thickness from three layers to one layer and analyzing them with high-brightness synchrotron X-rays, the team made a surprising discovery. This finding challenges conventional theoretical predictions that two-dimensional materials cannot maintain magnetic order.

"When we first observed the ferromagnetic behavior in these ultra-thin films, we were genuinely shocked," explains Professor Takafumi Sato (WPI-AIMR, Tohoku University), the lead researcher. "Conventional theory told us this shouldn't happen. What's even more fascinating is that the thinner we made the films, the stronger the magnetic properties became--completely contrary to what we expected."
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                (a) Schematic crystal structure of monolayer Cr2Se3 grown on a graphene substrate. (b) Photograph of the micro-ARPES system. By irradiating the material surface with ultraviolet light and precisely measuring the energy and momentum of photoemitted electrons via the external photoelectric effect, the electronic structure of the material can be clarified. Furthermore, by focusing the light beam down to the micron scale, it becomes possible to analyze the local electronic structure. (c) Energy band structure of monolayer Cr2Se3 determined by micro-ARPES. (d) Valley states populated by electrons transferred from the graphene substrate. Credit: Nature Communications (2025). DOI: 10.1038/s41467-025-58643-3
            
        

    



While three-dimensional Cr2Se3 crystals exhibit antiferromagnetism (where magnetic moments cancel each other out), the two-dimensional versions transform into ferromagnetic materials. Even more remarkably, the ferromagnetic transition temperature increases as the films become thinner.


																																						
    
     




																																			Through micro-ARPES analysis of electronic states, researchers identified the mechanism behind this phenomenon: Conduction electrons injected from the graphene substrate across the interface into Cr2Se3 are the decisive factor enabling high-temperature ferromagnetism in these ultra-thin films.

Modern electronics primarily utilize the electrical properties of electrons. However, "spintronics" additionally leverages magnetic properties that may offer performance improvements. This discovery significantly expands the possibilities for spintronics applications, potentially leading to more energy-efficient electronic devices. The research team's next steps will be utilizing the new NanoTerasu synchrotron facility to accelerate their research with higher-resolution analysis.


																																																					
																				
																						More information:
												C.-W. Chuang et al, Spin-valley coupling enhanced high-TC ferromagnetism in a non-van der Waals monolayer Cr2Se3 on graphene, Nature Communications (2025). DOI: 10.1038/s41467-025-58643-3
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                Inside the LCLS-II tunnel, taken April 6, 2022. Credit: Jim Gensheimer/SLAC National Accelerator Laboratory
            
        

    


Arianna Gleason is an award-winning scientist at the Department of Energy's SLAC National Accelerator Laboratory who studies matter in its most extreme forms--from roiling magma in the center of our planet to the conditions inside the heart of distant stars. During Fusion Energy Week, Gleason discussed the current state of fusion energy research and how SLAC is helping push the field forward.



										      
																																	What is fusion energy?

Fusion is at the heart of every star. The tremendous pressure and temperature at the center of a star fuses atoms together, creating many of the elements you see on the periodic table and generating an immense amount of energy.

Fusion is exciting, because it could provide unlimited energy to our power grid. We're trying to replicate fusion energy here on Earth, though it's a tremendous challenge for science and engineering.

Have we ever been able to replicate fusion in a lab?

Fusion has been at the forefront of scientific inquiry for many decades, but it wasn't until December 2022 that we reached an incredible watershed moment in fusion research. Using a technique called inertial fusion energy, or IFE, researchers at Lawrence Livermore National Laboratory's National Ignition Facility (NIF) focused 192 individual lasers on a fuel "target"--about the size of a pea--made of deuterium and tritium.

These lasers applied a tremendous force onto the target, and it imploded into a burning plasma. The deuterium and tritium atoms fused together, generating helium and a neutron and producing more energy from the reaction than was used to create it. For less than a trillionth of a second, researchers created the center of a star on Earth. After more than 50 years of fusion research, the world finally achieved net energy gain.


																																						
    
     




																																			That's incredible, but--a trillionth of a second? That seems pretty short.

Very short! The idea is that this process--this burning plasma--can be repeated many times per second, driven by a series of laser shots that create a source of power. Think of it like a car engine: A spark (the laser) ignites the fuel (the fusion fuel target), which only burns for a short time, but repeated cycles of ignition and burning drive sustained power. In the case of inertial fusion energy, this would be the equivalent of a one million horsepower engine.

Right now, the NIF produces one or two shots each day. We're trying to go from one shot each day to multiple shots each second. If we can orchestrate these implosions multiple times a second, we can generate a continuous flow of power--and do so in a way that is safe, carbon-free and at a scale that meets the long-term energy demands of our world.

Now that we know fusion is possible on Earth, how far are we from having this unlimited energy source on our national power grid?

There are numerous barriers we need to overcome before commercialized fusion energy is a reality. As I said before, we need to move from one laser shot each day to something on the order of 10 shots per second.

High repetition rate is critical. Beyond that, we need to develop the technology to deliver the fuel targets into the fusion chamber, track their movements and engage them with lasers at the same rate--10 times per second. The third challenge is designing the targets themselves to ensure they fuse and generate energy every single time.

Right now, our understanding of the physics and materials science of these targets is at an early stage--a very low technology readiness level.

Even more foundationally, we need people. We need to be training up experts at every level--from power plant operators, technicians and electricians to Ph.D.s in science and engineering. These are good jobs that can be domestically sourced. We need to be educating the workforce, at all levels, for power plant design and operation.
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																																			What is SLAC doing to address these challenges?

SLAC is furthering fusion energy science and technology in several ways, including in partnership with other national labs, universities and private companies.

One significant opportunity is the challenge of high repetition rates--moving from one laser shot per day to 10 shots every second. SLAC has years of experience on exactly this topic. We are home to the only domestic X-ray free electron laser, the Linac Coherent Light Source (LCLS), and its cutting-edge experimental end stations. We're leveraging these facilities to build up the capabilities for high-repetition laser-target interactions.

The challenge is getting everything just right and at the right scale for fusion. For each laser-target interaction, the target must be exactly positioned and its movements continuously tracked and predicted with a high degree of accuracy. The optics--the mirrors and lenses--must be precisely adjusted to direct the lasers.

Achieving this perfection at a system scale, like that of a power plant, is tremendously difficult, and demands meticulous, step-by-step testing to get all the bugs and kinks worked out.

Because of SLAC's unique expertise and facilities--for instance, operating high-repetition rate facilities like LCLS which require the synchronization of many systems--we are well-positioned to tackle that complexity.

If we want to build a foundational understanding, develop best practices and do mid-scale demonstrations to tune the design for high repetition rates, there really is no better place. We already have all the pieces in the same location here at SLAC.


																																						
    
     




																																			What about other areas, like target tracking and target material design?

LCLS provides X-ray pulses to advanced end stations, including the Matter in Extreme Conditions (MEC) and Megaelectronvolt Ultrafast Electron Diffraction (MeV-UED) end stations. Both MEC and MeV-UED have their own unique superpowers that help us advance fusion technologies.

At MEC, we combine ultrafast X-ray pulses from LCLS with ultrahigh-power lasers. This allows us to replicate the complexities of targets under extreme conditions, like those of a fusion target chamber, and to test target delivery and tracking systems. We are building up advanced systems and diagnostics, then training people to develop the skills they need to orchestrate repeated, consistent target delivery.

MEC also helps us study materials for fusion fuel targets. For example, one potential fusion fuel target is a porous foam--like the sponge on your kitchen sink--that can absorb liquid fuels, such as deuterium and tritium. When a powerful laser is directed at the foam capsule, the outer layer forms plasma, generating a shockwave that compresses the sample and initiates the fusion process. Cool, right?

With MEC, we can replicate this process and watch the foam's response in real-time, visualizing how the fuel capsule material behaves under these extreme conditions. This data feeds into our computational models and simulations, allowing us to make more accurate predictions about how all these systems might come together in a power plant.


																																			And what is the MeV-UED's superpower?

We use the MeV-UED facility to study the structural materials needed for building a fusion target chamber. These materials will endure harsh conditions, including radiation and high neutron flux, that can degrade them over time. MeV-UED helps us understand how different materials will behave in those conditions and identify the most durable options.

Looks like some great headway on the technical challenges. But what about building up a workforce?

SLAC is a destination for students who are excited to work in fusion. We have the large-scale facilities onsite, paired with a High Energy Density Science program where students learn from Stanford faculty across disciplines. Beyond that, we're the headquarters for LaserNetUS, a collaborative network of laser facilities across the U.S. and Canada.

This partnership allows students and postdocs to conduct experiments, connect with the commercial sector and learn from experts across the continent. We're both a home base and a launch pad for careers in fusion energy.

You mentioned that fusion power plants will need a workforce beyond scientists and engineers. How can we build up that workforce across the nation?

I'm co-leading a new initiative called Inertial Fusion Energy 50, or IFE 50. As part of the Department of Energy's IFE-STAR Ecosystem, IFE 50 aims to make connections with every single state in the U.S. We want to generate a community network across academia, national labs and private industry, laying the groundwork for strong American jobs that offer real value to each state

Is there a local vendor that can supply raw materials? Is there interest in starting a new trade school program that will support the electrical, mechanical and HVAC systems needed at power plants? We want to start having those conversations now, so that when the technology is ready, the American workforce is, too.

Why is this work so important to you?

I am so excited to come into SLAC every day. We do such incredible work here, leveraging our unique facilities and our people. And you know, it doesn't stop at fusion energy--our work translates to many areas of energy and security that help make our country strong and secure. We are so proud of what we do.
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Physicists propose a new route by which neutrinos can be produced
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                An artist's rendering of some of the detectors buried in ice that make up the IceCube Neutrino Observatory. Credit: Jamie Yang/IceCube Collaboration
            
        

    


Buried deep in the ice in the Antarctic are "eyes" that can see elementary particles called neutrinos, and what they've observed is puzzling scientists: a remarkably strong neutrino signal accompanied by a surprisingly weak gamma-ray emission in the galaxy NGC 1068, also known as the Squid galaxy.



										      
																																	The "eyes" are a collection of detectors buried in a cubic kilometer of ice called the IceCube Neutrino Observatory. Theoretical physicists from UCLA, the University of Osaka, and the University of Tokyo Kavli Institute for the Physics and Mathematics of the Universe (Kavli IPMU, WPI) are using their observations of NGC 1068 to propose a completely new route by which neutrinos can be produced.

Neutrinos are subatomic particles that interact only very weakly with gravity and can pass through matter. This makes them even harder to detect than other particles, such as electrons. The IceCube Neutrino Observatory consists of 5,160 sensors buried in clear, compressed Antarctic ice that look for events that could be produced by neutrinos when they pass through the ice, interact with it and create charged particles.

"We have telescopes that use light to look at stars, but many of these astrophysical systems also emit neutrinos," said Alexander Kusenko, professor of physics and astronomy at UCLA and a senior fellow at Kavli IPMU. "To see neutrinos, we need a different type of telescope, and that's the telescope we have at the South Pole."
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                The IceCube under the Milky Way. Credit: Martin Wolf/IceCube/NSF
            
        

    



The IceCube neutrino telescope detected very energetic neutrinos coming from NGC 1068 accompanied by a weak gamma-ray flux, hinting that these neutrinos may have been produced in a different way than previously thought.

The NGC 1068 data is perplexing because, typically, energetic neutrinos from active galactic centers are thought to originate from interactions between protons and photons, producing gamma rays of comparable intensity. Thus, energetic neutrinos are usually paired with energetic gamma rays.


																																						
    
     




																																			NGC 1068's gamma-ray emission is significantly lower than expected and shows a distinctly different spectral shape. Traditional models, including those based on proton-photon collisions and emission from the galaxy's hot plasma region known as the "corona," have been widely used to explain such neutrino signals, but they have faced theoretical limitations, prompting the search for a new explanation.

In a paper published in Physical Review Letters, Kusenko and colleagues suggest that the high-energy neutrinos from NGC 1068 primarily result from the decay of neutrons when helium nuclei in the galaxy's jet break apart under intense ultraviolet radiation.

When these helium nuclei collide with ultraviolet photons emitted by the galaxy's central region, they fragment, releasing neutrons that subsequently decay into neutrinos. The energies of the resulting neutrinos match the observations.

Additionally, electrons generated by these nuclear decays interact with surrounding radiation fields, creating gamma rays consistent with the observed lower intensity. This scenario elegantly explains why the neutrino signal dramatically outshines the gamma-ray emission and accounts for the distinct energy spectrum observed in both neutrinos and gamma rays.

The breakthrough helps scientists understand how cosmic jets in active galaxies can emit powerful neutrinos without a corresponding gamma-ray glow, shedding new light on the extreme, complex conditions surrounding supermassive black holes, including the one at the center of our own galaxy.
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																																			"We don't know very much about the central, extreme region near the galactic center of NGC1068," said Kusenko. "If our scenario is confirmed, it tells us something about the environment near the supermassive black hole at the center of that galaxy."
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                NGC 1068, also known as the Squid Galaxy. Credit: NASA
            
        

    



The new paper proposes that if a helium nucleus accelerates in the jet of a supermassive black hole, it crashes into photons and breaks apart, spilling its two protons and two neutrons into space. The protons can fly away, but the neutrons are unstable and fall apart, or decay, into neutrinos without producing gamma rays.

"Hydrogen and helium are the two most common elements in space," said first author and UCLA doctoral student Koichiro Yasuda.

"But hydrogen only has a proton, and if that proton runs into photons, it will produce both neutrinos and strong gamma rays. But neutrons have an additional way of forming neutrinos that don't produce gamma rays. So helium is the most likely origin of the neutrinos we observe from NGC 1068."

The work reveals the existence of hidden astrophysical neutrino sources, whose signals may previously have gone unnoticed due to their faint gamma-ray signatures.

"This idea offers a new perspective beyond traditional corona models. NGC 1068 is just one of many similar galaxies in the universe, and future neutrino detections from them will help test our theory and uncover the origin of these mysterious particles," said co-author and University of Osaka professor of astrophysics Yoshiyuki Inoue.


																																						
    
     




																																			Like NGC 1068, our galaxy also has a supermassive black hole at its center, where unfathomably immense gravity and energy literally tear atoms apart, and the neutrino discovery holds for our galaxy, too. Although there's not necessarily a straight line from understanding the galactic center to improvements in human welfare, knowledge gained through the study of particles like neutrinos and radiation like gamma rays has a tendency to lead technology down surprising and transformative paths.

"When J.J. Thompson received the 1906 Nobel Prize in physics for the discovery of electrons, he famously gave a toast at a dinner after the ceremony, saying that this was probably the most useless discovery in history," said Kusenko. "And, of course, every smartphone, every electronic device today, uses the discovery that Thompson made nearly 125 years ago."

Kusenko also said that particle physics gave birth to the World Wide Web, which originated as a network developed by physicists who needed to move large amounts of data between labs. He pointed out that the discovery of nuclear magnetic resonance seemed obscure at the time but led to the development of magnetic resonance imaging technology, which is now used routinely in medicine.

"We stand at the very beginning of the new field of neutrino astronomy, and the mysterious neutrinos from NGC 1068 are one of the puzzles we have to solve along the way," said Kusenko.

"Investment in science is going to produce something that you may not be able to appreciate now but could produce something big decades later. It's a long-term investment, and private companies are reluctant to invest in the kind of research we're doing. That's why government funding for science is so important, and that's why universities are so important."
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												Koichiro Yasuda et al, Neutrinos and Gamma Rays from Beta Decays in an Active Galactic Nucleus NGC 1068 Jet, Physical Review Letters (2025). DOI: 10.1103/PhysRevLett.134.151005. On arXiv: DOI: 10.48550/arxiv.2405.05247
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Physicists propose a new route by which neutrinos can be produced (2025, May 8)
												retrieved 8 May 2025
												from https://phys.org/news/2025-05-physicists-route-neutrinos.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/2025-05-physicists-route-neutrinos.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
          
          	
        

      

    

  