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


      
        Uncovering hidden DNA structures during nanopore sensing: Plectonemes take center stage
        A new study led by researchers at the University of Cambridge, in collaboration with international institutions, has uncovered a key mechanism in how DNA behaves as it passes through nanoscale pores--a process central to many biological functions and emerging DNA sensing technologies. The study sheds new light on a structural "hidden player," plectonemes, long missed by researchers, with the potential to reshape biosensing and genomic technologies.

      

      
        Customized moire patterns achieved using stacked metal-organic framework layers
        When two mesh screens or fabrics are overlapped with a slight offset, moire patterns emerge as a result of interference caused by the misalignment of the grids. While these patterns are commonly recognized as optical illusions in everyday life, their significance extends to the nanoscale, such as in materials like graphene, where they can profoundly influence electronic properties.

      

      
        Finding clarity in the noise: New approach recovers hidden signals at the nanoscale
        In the world of nanotechnology, seeing clearly isn't easy. It's even harder when you're trying to understand how a material's properties relate to its structure at the nanoscale. Tools like piezoresponse force microscopy (PFM) help scientists peer into the nanoscale functionality of materials, revealing how they respond to electric fields. But those signals are often buried in noise, especially in instances where the most interesting physics happens.
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Uncovering hidden DNA structures during nanopore sensing: Plectonemes take center stage
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                Torsion-driven plectoneme formation. Credit: Fei Zheng, Cavendish Laboratory
            
        

    


A new study led by researchers at the University of Cambridge, in collaboration with international institutions, has uncovered a key mechanism in how DNA behaves as it passes through nanoscale pores--a process central to many biological functions and emerging DNA sensing technologies. The study sheds new light on a structural "hidden player," plectonemes, long missed by researchers, with the potential to reshape biosensing and genomic technologies.



										      
																																	For decades, scientists believed that when DNA passed through nanopores--a powerful technique for analyzing genetic material--complex electrical signals indicated the formation of knots. It was much like pulling a shoelace through a small hole: if the lace gets tangled, the movement becomes irregular. Researchers assumed the same applied to DNA and that any signal complexity was due to it getting knotted as it threaded through.

Only now, the new findings, published in Physical Review X, reveal that DNA doesn't just get knotted (like the tangled shoelaces) due to disruptions in the electrical signal as it threads the pore during nanopore translocation. Rather, the researchers have revealed that these presumed knots are frequently plectonemes--structures where the DNA twists around itself, like a twisted phone cord, rather than tying an actual knot.

"Our experiments showed that as DNA is pulled through the nanopore, the ionic flow inside twists the strand, accumulating torque and winding it into plectonemes, not just knots. This 'hidden' twisting structure has a distinctive, long-lasting fingerprint in the electrical signal, unlike the more transient signature of knots," explained lead author Dr. Fei Zheng from the Cavendish Laboratory.

The scientists used glass and silicon nitride nanopores to analyze DNA under a range of voltages and experimental conditions. They observed that "tangled" events--instances where multiple DNA strands simultaneously occupied the pore--were far too common to be explained by equilibrium knot formation alone. Instead, the excess of these events increased with voltage and DNA length, hinting at an unknown mechanism.


																																						
    
     




																																			They discovered that these twists are driven by electroosmotic flow--a movement of water inside the nanopore that generates torque on the helical DNA molecule. As the strand spins, this torque is transmitted to sections of DNA outside the pore, causing them to coil up. Unlike knots, which are tightened by pulling forces and tend to be short-lived, plectonemes can grow larger and persist throughout translocation.
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                Plectonemes as long tangled events. Credit: Physical Review X (2025). DOI: 10.1103/spyg-kl86
            
        

    



To investigate further, the researchers simulated DNA under realistic forces and torques. The simulations confirmed that plectonemes are generated by the twisting motion imposed by the nanopore's electroosmotic flow and that their formation depends on the DNA's ability to propagate twist along its length.

In a clever twist, the researchers engineered "nicked" DNA, molecules interrupted at precise intervals, which blocked twist propagation and drastically reduced plectoneme formation in their experiments. This has not only confirmed the structure's role but also points to potential new ways to sense or even diagnose DNA damage using nanopores.

"What's really powerful here is that we can now tell apart knots and plectonemes in the nanopore signal based on how long they last," says Prof Ulrich F. Keyser, who is also the co-author of the paper.

"Knots pass through quickly, just like a quick bump, whereas plectonemes linger and create extended signals. This offers a path to richer, more nuanced readouts of DNA organization, genomic integrity, and possibly damage."

The implications go even further. In biophysics, these findings could deepen our understanding of DNA entanglements within cells, where plectonemes and knots regularly emerge through the action of enzymes, playing crucial roles in genome organization and stability. For biosensors and diagnostics, the ability to control or detect these twist structures may open the door to a new generation of biosensors that are more sensitive to subtle DNA changes, potentially enabling the early detection of DNA damage in diseases.

"From the perspective of nanotechnology, the research highlights the power of nanopores, not only as sophisticated sensors but also as tools for manipulating biopolymers in novel ways," concluded Keyser.


																																	
																														
																				
																						More information:
												Fei Zheng et al, Torsion-Driven Plectoneme Formation During Nanopore Translocation of DNA Polymers, Physical Review X (2025). DOI: 10.1103/spyg-kl86
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Customized moire patterns achieved using stacked metal-organic framework layers
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                Dodecagonal quasiperiodic patterns of isoreticular Zr-MOFs. Credit: Nature Communications (2025). DOI: 10.1038/s41467-025-62247-2
            
        

    


When two mesh screens or fabrics are overlapped with a slight offset, moire patterns emerge as a result of interference caused by the misalignment of the grids. While these patterns are commonly recognized as optical illusions in everyday life, their significance extends to the nanoscale, such as in materials like graphene, where they can profoundly influence electronic properties.



										      
																																	This phenomenon opens new avenues for advancements in areas like superconductivity and quantum effects. Traditionally, controlling the length scales of moire patterns has been challenging due to the fixed nature of atomic structures, which limits the ability to fine-tune electronic properties.

A research team, led by Professor Wonyoung Choe at Ulsan National Institute of Science and Technology (UNIST), South Korea, has demonstrated, for the first time, the ability to precisely control over moire periods by stacking metal-organic frameworks (MOFs) layers--crystalline materials composed of metal clusters linked by organic molecules.

Published today in Nature Communications, this study introduces a chemically programmable platform for engineering moire systems with customized length scales, opening new avenues in the fields of twistronics, photonics, and quantum information science.

By varying the length of organic linkers in zirconium-based two-dimensional (2D) MOFs and stacking these layers at a range of twist angles, the team achieved precise modulation of moire periodicity dictated by ligand lengths. Molecular dynamics simulations from Professor Jihan Kim's team at Korea Advanced Institute of Science and Technology (KAIST) confirmed the energetic stability of the bilayer MOFs and identified preferred stacking configurations, aligning with experimental observations.
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                Dodecagonal and octagonal quasiperiodic patterns demonstrated by twisted bilayer MOFs with hxl, kgd (with a twist angle of 30 degrees), and sql, sql-b topologies (with a twist angle of 45 degrees), respectively. See also Supplementary Figs. 23, 24. Credit: Nature Communications (2025). DOI: 10.1038/s41467-025-62247-2
            
        

    



A particularly notable finding was the emergence of dodecagonal quasiperiodic patterns at a 30deg twist angle--exhibiting 12-fold rotational symmetry. Visualized via high-resolution transmission electron microscopy (TEM) and modeled through Stampfli tiling, these complex patterns are quasiperiodic in nature and have the potential to subtly influence electron behavior.

Jiyeon Kim, a postdoctoral fellow and first author, remarked, "Quasiperiodic patterns without repeating units can introduce subtle modulations in electron behavior. This opens new avenues for precisely tuning the electronic and optical properties of moire materials."

Professor Wonyoung Choe emphasized, "MOFs serve as tunable molecular frameworks--an effective 'dial' for adjusting lattice spacing--and this platform will accelerate the development of next-generation twistronic and quantum devices."


																																	
																														
																				
																						More information:
												Isoreticular Moire Metal-Organic Frameworks with Quasiperiodicity, Nature Communications (2025). DOI: 10.1038/s41467-025-62247-2. www.nature.com/articles/s41467-025-62247-2
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                Graphical Abstract. Credit: Small Methods (2025). DOI: 10.1002/smtd.202500318
            
        

    


In the world of nanotechnology, seeing clearly isn't easy. It's even harder when you're trying to understand how a material's properties relate to its structure at the nanoscale. Tools like piezoresponse force microscopy (PFM) help scientists peer into the nanoscale functionality of materials, revealing how they respond to electric fields. But those signals are often buried in noise, especially in instances where the most interesting physics happens.



										      
																																	Now, researchers at Georgia Tech have developed a powerful new method to extract meaningful information from even the noisiest data, or when, alternatively, the response of the material is the smallest. Their approach, which combines physical modeling with advanced statistical reconstruction, could significantly improve the accuracy and confidence of nanoscale measurement properties.

The team's findings, led by Nazanin Bassiri-Gharb, Harris Saunders, Jr. Chair and Professor in the George W. Woodruff School of Mechanical Engineering and School of Materials Science and Engineering (MSE), are reported in Small Methods.

Co-lead authors Kerisha Williams, a former MSE Ph.D. student, and Henry Shaowu Yuchi, a former Ph.D. student in the H. Milton Stewart School of Industrial and Systems Engineering (ISyE), spearheaded the study. Other collaborators include Kevin Ligonde, a Ph.D. student in the Woodruff School; Mathew Repasky, a former Ph.D. student in ISyE; and Yao Xie, Coca-Cola Foundation Chair and Professor in ISyE.

The signal problem

PFM is a type of scanning probe microscopy technique. It's a key tool for understanding how materials behave at the smallest scales. This technique works by scanning a tiny cantilever tip across a surface while applying an electric field, then measuring how the surface responds, revealing details about electromechanical and polar properties.

But there's a catch: in regions where polarization switches, such as during the transition from positive to negative polar direction, the electromechanical response naturally drops to zero. This is expected physics. And when working at the nanoscale, there's almost always a substantial amount of noise. That combination can cause the signal-to-noise ratio (SNR) to fall sharply, making the data misleading or unusable, especially if small errors are mistaken for exotic new phenomena.

"These low-SNR regions aren't just noise, they're often where the most critical information lives," said Williams. "We needed a way to recover that data without introducing new artifacts."


																																						
    
     




																																			A smarter way to fill in the gaps

Traditionally, researchers have tried to "clean" low-SNR data points using simple interpolation or by discarding and replacing values one at a time. But those methods can disrupt the physical relationships between extracted information, leading to inaccurate or incomplete interpretations.

The Georgia Tech team took a different approach. First, they used errors from the standard signal-fitting process, based on a simple harmonic oscillator model of the tip surface contact, to detect which data points were unreliable. Then, instead of patching them one by one, they used statistical machine learning approaches to reconstruct entire segments of missing or noisy signals. This preserved the natural correlation between parameters like amplitude, phase, frequency, and damping.

The team used a new statistical machine learning method developed by the ISyE research group, called Bayesian matrix completion (BayeSMG). This method is designed to make sense of messy and incomplete data by finding patterns and reducing noise. It works well when there are similarities across different measurements, helping to reveal meaningful signals that might otherwise be hidden. In the context of PFM, this method helps researchers better understand how the material behaves.

"The new BayeSMG has been largely developed as a general statistical learning framework for low-rank matrices and is part of Henry's Ph.D. thesis; we are excited about its first real-world application in such an impactful domain," said Xie.

After cleaning up the data, the team applied a standard model to extract values that make sense physically and match known behavior. BayeSMG also provides information about how confident researchers can be in these results by estimating uncertainty.

"Our method doesn't just guess what the signal should be; it builds it back using the underlying structure of the data," said Bassiri-Gharb. "That gives us much more confidence in what we're measuring."
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																																			Rethinking past assumptions

When applied to a lead magnesium niobate-lead titanate (a material routinely used in underwater acoustic transducers and medical ultrasound devices), the method revealed a cleaner and more physically realistic dynamic polar behavior than conventional techniques. In particular, it eliminated misleading artifacts, like signal plateaus or sudden jumps and dips, that have sometimes been interpreted as signs of complex phase transitions or mechanical coupling.

By reconstructing the true nanoscale response in the low signal-to-noise regime, the method opens the door to a clearer understanding of materials that are critical for sensors, actuators, memory devices, and energy systems.

Even more importantly, the team emphasized transparency. They documented each step of the data-processing pipeline, calling attention to the subjective decisions researchers often make behind the scenes, like choosing frequency ranges, phase calibration methods, or error thresholds. These choices, while routine, can significantly affect outcomes.

A blueprint for better science

"This work fills a major gap in the field," said Williams. "There's been no standard for handling noisy data in signal-modulated SPM. We're not just offering a tool, we're offering a process that others can follow, replicate, and improve on."

Bassiri-Gharb and Williams hope their approach will serve as a model for the broader SPM community and beyond. They advocate for open sharing of metadata, code, and processing details, aligning with the F.A.I.R. principles that promote reproducible and transparent science.

And while their method was demonstrated in PFM, it applies to a wide range of techniques where external fields are used to probe materials at the nanoscale.

"In many ways, this is like finding a needle in a haystack," Bassiri-Gharb said. "With the right tools and a little patience, we're learning how to recover the signals that matter most."


																																	
																														
																				
																						More information:
												Kerisha N. Williams et al, Needle in a Haystack: Information Recovery in Low Signal-to-Noise Piezoresponse Force Microscopy Data, Small Methods (2025). DOI: 10.1002/smtd.202500318
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        Researchers observe evidence of hyperbolic exciton polaritons
        The ability to move electron-hole pairs--called excitons--in desired directions is important for generating electricity and creating fuels. This happens naturally in photosynthesis, making it a source of inspiration to researchers innovating optoelectronic devices.

      

      
        Novel method upgrades liquid crystals with better recall
        Researchers have developed a novel way for liquid crystals to retain information about their movement. Using this method could advance technologies like memory devices and sensors, as well as pave the way to future soft materials that are both smart and flexible.

      

      
        Energy-efficient ultracompact laser reduces light loss in all directions
        An international team of scientists led by Nanyang Technological University, Singapore (NTU Singapore) has developed a new type of ultracompact laser that is more energy efficient and consumes less power.

      

      
        Laser advance sets the stage for new X-ray science possibilities
        A team led by scientists at the Department of Energy's SLAC National Accelerator Laboratory have generated a highly exotic type of light beam, called a Poincare beam, using the FERMI free-electron laser (FEL) facility in Italy, marking the first time such a beam has been produced with a FEL.

      

      
        Scientists achieve first observation of phonon angular momentum in chiral crystals
        In a new study published in Nature Physics, scientists have achieved the first experimental observation of phonon angular momentum in chiral crystals.

      

      
        Multifocus microscope pushes the limits of fast live 3D biological imaging
        Researchers have developed a high-speed 3D imaging microscope that can capture detailed cell dynamics of an entire small whole organism at once. The ability to image 3D changes in real time over a large field of view could lead to new insights in developmental biology and neuroscience.
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                Hyperbolic region in chromium sulfur bromide (CrSBr): a) The metallized tapping tip of a scattering-type scanning near-field optical microscope illuminated by free-space light with momentum k0. The tip activates waveguide modes that couple to excitons in CrSBr. b) Dielectric functions show that in the orange band (hyperbolic region) they have opposite signs along the a and b axis. Credit: Adapted from Nature Communications (2023). DOI: 10.1038/s41467-023-44100-6
            
        

    


The ability to move electron-hole pairs--called excitons--in desired directions is important for generating electricity and creating fuels. This happens naturally in photosynthesis, making it a source of inspiration to researchers innovating optoelectronic devices.



										      
																																	Strong coupling between light and excitons generates bosonic quasiparticles called polaritons that express unique properties that positively affect device performance.

Researchers observed steady-state hyperbolic exciton polaritons (HEPs)--exotic kinds of exciton polaritons with attractive properties--in the van der Waals magnet, chromium sulfide bromide (CrSBr).

They detailed their observations in a study titled "Hyperbolic exciton polaritons in a van der Waals magnet," published in Nature Communications. NREL researchers devised the theoretical framework to explain the experiments performed at Columbia University. Researchers at King's College London, the University of Washington, the Flatiron Institute, and Radboud University were also involved in the collaboration.

NREL's Mark van Schilfgaarde, chief theorist and co-author on this study, said, "Polaritons can arise when coupling between confined light and matter becomes strong. Usually, light-matter interaction is weak, and the light merely acts to perturb the material and change its quantum state. When it is strong, the light and matter can become entangled and form a new state containing both.

"These states--polaritons--have long been established, but what is new in this study is the observations of polaritons in a hyperbolic system. Exotic new modes called hyperbolic exciton polaritons (HEPs) have been predicted, and this study presents an experimental realization of them."

Innovation and optimization of optoelectronic and photovoltaic devices such as light-emitting diodes, solar cells, X-ray detectors, and other sensors are of interest to researchers and developers working toward better energy efficiency. Better performance of devices where conversion between matter and light is at the heart of their operation uses the available energy more efficiently and leads to higher sensitivities.

"Our study shows promising new pathways to manipulate excitons and light, which can improve optoelectronic device operation, including routes to magnetic, nonlocal, and quantum polaritonics," van Schilfgaarde said.


																																						
    
     




																																			Enabling hyperbolic exciton polariton imaging

Researchers exploited the unique geometry of semiconductors to finally image HEPs, which have been technically elusive. Microcavities--reflective mirrors that ensure coupling--in semiconductors are effective at trapping and stabilizing light to achieve exciton polaritons. Slabs of van der Waals semiconductors allow excitons in the semiconductor to strongly interact with light. Such geometry lends itself to nano-optical techniques and/or nanoscale imaging.

To achieve this strong coupling, cryogenic temperatures are needed in most van der Waals materials. Researchers developed a cryogenic near-infrared, near-field microscope to enable HEP imaging in the van der Waals semiconductor, CrSBr. This van der Waals material is unique because excitons exhibit both strong oscillator strength, which is the mechanism that enables electrons to be absorbed and emitted, and small scattering rates, which limit the lifetime.

"This was the first time a cryogenic near-infrared, near-field microscope was used in a published study," said Frank Ruta, a Ph.D. student at Columbia University and co-author on the paper. "We used near-infrared light in these experiments, which has a shorter wavelength than midinfrared light--making alignment of optics more challenging. Alignment at low temperature in an ultrahigh vacuum presents even more difficulties. These experimental conditions are necessary to observe HEPs, however, as CrSBr only becomes hyperbolic at low temperature and in the near infrared."

Van Schilfgaarde and NREL computational science researcher Swagata Acharya built a robust, parameter-free theoretical framework for magnets both in their ordered and disordered variants--an approach that represents a step change in exploring the role of the order-disorder transition in magnetic excitons.

This model can describe the excitons of a magnet both above and below a critical temperature called the Neel temperature. This is important because when the spins disorder above the Neel temperature, the excitons become darker--and many of the fundamental properties of HEPs depend on how bright these excitons are.

"We established a physical picture showing that the exciton's brightness is influenced by the Neel temperature," Acharya said. "This principle should be valid for a large class of van der Waals magnets and is not confined to CrSBr only."
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																																			Observing hyperbolic exciton polaritons at the nanoscale

The team verified, through their cryogenic, near-infrared, near-field microscope, that strong coupling between excitons and polaritons occurs directionally in CrSBr at room temperature. The researchers proposed that this magneto-electronic coupling is partly responsible for the hyperbolicity in CrSBr (although this hyperbolicity only occurs at low temperature).

In the imaging experiment, the research team varied the temperature, microcrystal thickness, and energy dependence of subdiffractional fringes (where waves spread around and away from obstacles) to uncover the properties of HEPs.

"HEPs can confine light in semiconductors to spatial dimensions below conventional diffraction limits, allowing us to miniaturize optoelectronic excitonic devices beyond the limits that light normally imposes on us," Ruta said.

"However, HEPs observed in CrSBr are still far too lossy to be practical. The challenge for researchers now is to figure out how to extend HEP lifetimes. Incorporating CrSBr into a resonant cavity is a promising route, or we may search for materials with even stronger exciton resonances."

"This manuscript also characterized, for the first time, how spin disorder modifies excitons, without recourse to model assumptions," van Schilfgaarde said. "Having results grounded in a rigorous theory made it possible to interpret the experiment in terms of a simple picture, where magnetic order delocalizes the excitons and helps push CrSBr into the hyperbolic transition."


																																	
																														
																				
																						More information:
												Francesco L. Ruta et al, Hyperbolic exciton polaritons in a van der Waals magnet, Nature Communications (2023). DOI: 10.1038/s41467-023-44100-6
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Novel method upgrades liquid crystals with better recall
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                Elastic dipoles in micropillar-array-confined LCs. Credit: Nature Physics (2025). DOI: 10.1038/s41567-025-02966-x
            
        

    


Researchers have developed a novel way for liquid crystals to retain information about their movement. Using this method could advance technologies like memory devices and sensors, as well as pave the way to future soft materials that are both smart and flexible.



										      
																																	Liquid crystals, which are used in liquid crystal display (LCD) screens for TVs and phones, contain molecules that mimic the properties of both liquids and solids, giving them unique properties. While soft materials like liquids, gels and polymers have been widely used for their easy-to-process structures and lightweight properties, they tend to deform easily and often require replacement.

Everyday materials are made of molecules that align themselves in preferred directions. But liquid crystals could become much more useful if their molecules are all facing in one direction--obtaining what is called polar order.

That can be difficult to do in soft materials, said Xiaoguang Wang, an assistant professor in chemical and biomolecular engineering at The Ohio State University and co-author of the study published in Nature Physics.

"Soft matter can't compete with existing solid-state storage in speed, reliability or miniaturization, so the question becomes how might we control its internal structure to make it competitive or comparable to traditional hard materials," said Wang.

In searching for a solution, researchers found that they could program the movement of liquid crystals with the help of external forces, such as liquid or electricity. In this study's case, water droplets were used to determine if scientists could influence the liquid crystal's interface.


																																						
    
     




																																			First, the team etched pillars into a piece of silicon and infused liquid crystals between the spaces. Then a layer of water was introduced on top.

Similar to how a magnet's north and south poles would react to a magnetic field, researchers saw that depending on where the droplet was moved, the molecules would immediately respond by pointing in that direction. By moving the droplet over the liquid crystals a second time, that movement could then be changed and pointed in a new direction, said Wang.

Significantly, the experiment also revealed that liquid crystal molecules could be taught to remember their orientation, opening up new ways for soft materials to exchange information without the need for electronics. "It can memorize the directionality of the information that we write into it, which means that our vector-based system operates like a memory device," said Wang.

While scientists are still working to incorporate this method into bigger projects, gaining the ability to control the position of liquid crystals' molecules could lead not only to new functionalities for all sorts of technologies, but also new types of physics, said Ufuoma Kara, lead author of the study and a former graduate research associate at Ohio State.

"By imposing a greater level of polarity within these liquid crystal materials, we can explore new levels of applications," he said. "Part of that includes expanding the amount of knowledge able to be embedded in their systems."

While it's no easy feat, being able to cultivate materials with such abilities on a larger scale would suggest that the next generation of liquid crystals could one day act as both super-small computer processors and vast, reprogrammable memory storage devices.

"There's something very exciting in this discovery, and I think it's a great foundation to spark some curiosity in young people who want to pursue this type of science," said Kara.
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												Ufuoma I. Kara et al, Multistable polar textures in geometrically frustrated nematic liquid crystals, Nature Physics (2025). DOI: 10.1038/s41567-025-02966-x
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                The chip with the hexagon-shaped laser cavities. Credit: NTU Singapore
            
        

    


An international team of scientists led by Nanyang Technological University, Singapore (NTU Singapore) has developed a new type of ultracompact laser that is more energy efficient and consumes less power.



										      
																																	Smaller than a grain of sand, the micrometer-sized laser incorporates a special design that reduces light leakage. Minimizing light loss means less energy is required to operate the laser compared to other highly compact lasers.

The laser emits light in the terahertz region (30 mm--3 mm), a 6G communications frequency, and could pave the way for high-speed wireless communication of the future.

The research was published in Nature Photonics.

Why lasers lose light

Ultracompact lasers have a wide range of applications across various industries, particularly in small devices. They are also essential for next-generation technologies such as optical computing, data centers, high-speed communication, medical imaging and advanced sensors.

However, the performance of these miniature lasers is hampered by the loss of light.

Some of this loss occurs due to side leakage from the laser cavity--a major component of lasers that confines and amplifies light to produce the laser beam.

Light is also lost due to scattering caused by imperfections in the photonic crystal, which is constructed from semiconductor materials to control the propagation of light.

These loss-inducing effects are more significant in ultracompact lasers than larger lasers. In some cases, the loss of light is so severe that it prevents tiny lasers from working properly.


    
        
            [image: NTU Singapore scientists develop a new energy-efficient ultracompact laser]
             
                The periodic arrangement of daisy-shaped airholes in the laser cavity reduces light loss by leakage and scattering. Credit: NTU Singapore
            
        

    





																																						
    
     




																																			Reducing light loss in all directions

To prevent light loss, the new NTU laser harnesses flat bands and a phenomenon known as multi bound states in the continuum (BIC).

Flat bands are energy bands in the photonic crystal where light waves have near-zero group velocity--a measure of how fast energy carried by light moves. At near-zero group velocity, the energy carried by light waves remains confined within the horizontal plane of the laser cavity.

On the other hand, multi BICs reduce light loss in the vertical dimension while still allowing the laser to emit sufficient light for practical use. As with noise-canceling earphones, specific wave patterns in light cancel out the parts that would usually escape. The design of the cavity also effectively minimizes the loss of optical signals.

To reduce light loss due to leakage and scattering, the researchers designed a laser cavity that combines concepts from both flat bands and multi BIC.

They created a periodic arrangement of daisy-shaped holes in a photonic crystal consisting of a semiconductor material sandwiched between two gold layers.

According to the researchers, this could potentially be the "ultimate" solution to suppress light leakage from a laser cavity in three dimensions.
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                Close-up view of the holes. Credit: NTU Singapore
            
        

    



The laser also produces a highly focused beam with minimal divergence, making it useful for optoelectronic applications.
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																																			By scaling the size of the airholes and the lattice constant--the spacing between atoms in the photonic crystal--the design can be extended to create lasers that emit other wavelengths, such as near-infrared and visible light.

"Drawing on our more than fifteen years of experience in photonic band structure engineering, we recognized that combining flat-band concepts with BIC could effectively trap light and reduce losses," says Prof Wang Qijie of NTU's School of Electrical and Electronic Engineering (EEE) and School of Physical and Mathematical Sciences, who was the lead investigator of the study.

"Our laser overcomes the drawbacks of existing miniature lasers, opening the door to applications ranging from next-generation wearable technology to optical computing," says Dr. Cui Jieyuan, research fellow at NTU's EEE, who was first author of the paper.

"The innovation is a breakthrough in topological photonics and opens a new pathway for compact, robust and scalable light sources in integrated photonic systems," says photonics expert Assoc Prof Zhen Bo from the University of Pennsylvania, who was not involved in the research.

The researchers are now working to enhance the power of the laser and integrate it into optoelectronic devices. They have also filed a technical disclosure for the innovation and are looking for industry collaborators to bring the technology to market.


																																	
																														
																				
																						More information:
												Jieyuan Cui et al, Ultracompact multibound-state-assisted flat-band lasers, Nature Photonics (2025). DOI: 10.1038/s41566-025-01665-6
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Laser advance sets the stage for new X-ray science possibilities
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                Poincare beams before and after linear polarizer. Credit: Nature Photonics (2025). DOI: 10.1038/s41566-025-01737-7
            
        

    


A team led by scientists at the Department of Energy's SLAC National Accelerator Laboratory have generated a highly exotic type of light beam, called a Poincare beam, using the FERMI free-electron laser (FEL) facility in Italy, marking the first time such a beam has been produced with a FEL.



										      
																																	The technique could improve how scientists study materials and drive advancements in high-performance technologies, such as next-generation computer chips. The results are published in Nature Photonics.

"This is a significant step forward," said SLAC scientist and collaborator Erik Hemsing. "Poincare beams allow us to probe materials in new ways, capturing complex behaviors in one pulse. It's exciting to think about what researchers will do with this."

Poincare beams combine multiple light polarizations--different directions in which light waves vibrate--into a single pulse that forms complex patterns. This allows scientists to study materials with one quick flash instead of multiple scans, saving time and capturing rapid changes in materials as they occur.

The team achieved this by using two separate sections of special magnets known as undulators, which wiggle electrons so they produce light. This generated two separate light beams, each with its own wave pattern and polarization. By carefully overlapping them, the researchers created a single beam with different polarization patterns across its surface.



    
    
    
        
        
    
            
            The team carefully steered electrons through magnets to shape the light's polarization across its surface. The result is a stable beam whose varied polarization structure remains intact as it travels. They then adjusted the timing between two light pulses, causing the polarization patterns to twist and form a spiral shape. By studying this spiral, they could map the different polarization orientations across the beam. In this gif, the spirals show how the polarization is distributed over the beam. Credit: Sam Soon/SLAC National Accelerator Laboratory
  

The result is a stable beam whose distribution of polarizations stays unchanged as it travels. By adjusting the timing between the two component light beams, they caused the beam's polarization to twist across its surface in a spiral-like pattern. They could then study this pattern and map where each type of polarization appeared in the beam.


																																						
    
     




																																			The concept originated years ago with SLAC scientist Jenny Morgan during her Ph.D. work and was tested at FERMI, where the team had the flexibility to experiment freely with extreme ultraviolet (EUV) light.

"It's exciting to manipulate complex polarization patterns at short wavelengths," Morgan said. "EUV light can be harder to tailor than visible light, and at these wavelengths it opens up new possibilities for experiments."

Although the experiment was conducted in the EUV range, the breakthrough opens the door to generating these beams at X-ray wavelengths in future experiments at SLAC's Linac Coherent Light Source (LCLS) X-ray free-electron laser, where the higher photon energies can reveal even finer details of atomic and molecular behavior.

"We're planning to install a Delta undulator at LCLS later this year, similar to what we used at the FERMI facility," Hemsing said. "This will give us more precise control over the polarization of the X-ray beam, allowing us to refine the technique and explore its potential at specific wavelengths, pulse energies and very short timescales.

"We're also engaging with photon science, chemistry and materials science communities to identify applications. The goal is to study the machine's performance and make this a standard capability at the newly upgraded LCLS."


																																	
																														
																				
																						More information:
												Jenny Morgan et al, Poincare beams from a free electron laser, Nature Photonics (2025). DOI: 10.1038/s41566-025-01737-7
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                The phonon AM-induced mechanical rotation and torque. Credit: Nature Physics (2025). DOI: 10.1038/s41567-025-02952-3
            
        

    


In a new study published in Nature Physics, scientists have achieved the first experimental observation of phonon angular momentum in chiral crystals.



										      
																																	Phonons are the quantized lattice vibrations representing sound and heat in crystals. Theoretically, phonons have been predicted to carry finite angular momentum with potentially remarkable macroscopic consequences.

The famous Einstein-de Haas effect explains how quantum mechanical spin connects to classical angular momentum when a ferromagnetic cylinder rotates under magnetic fields. While this effect has been known for over a century, the phonon version had remained purely theoretical until now.

"In quantum materials, collective excitations are described as quasiparticles that carry and transfer quantum information. Phonons, the fundamental lattice quasiparticles, have been theoretically predicted to carry finite angular momentum."

"To test this prediction, we developed a novel experimental approach based on cantilever technology to directly measure the angular momentum of phonons," explained the research team, led by Hu Miao, Heda Zhang, and Jiaqiang Yan from Oak Ridge National Laboratory, along with Yang Zhang from the University of Tennessee, Knoxville.

A cantilever setup

The observation of phonon angular momentum has proven exceptionally challenging because traditional measurement approaches are incompatible with the requirements of phonon experiments.

Classical Einstein-de Haas experiments require freely suspended samples to observe mechanical rotation. However, phonon studies require solid thermal contacts to create the necessary temperature gradients in cryogenic environments to operate below the material's Debye temperature. This is the threshold below which quantum effects dominate over thermal noise.

This creates an experimental impasse: the low temperatures and thermal gradients needed for phonon angular momentum require solid physical contacts that prevent the free mechanical rotation used in traditional measurements.

"This experimental scheme is, however, challenging for collective quantum excitations that usually require cryogenic sample environment and solid physical contacts, preventing the observation of physical rotation," the researchers explain.

To resolve this fundamental challenge, the team built a cantilever-based measurement system that fully bypasses the necessity for rotation.

Instead of measuring rotation directly, their approach detects the mechanical torque generated by phonon angular momentum with extraordinary precision, thereby allowing them to maintain the necessary thermal contacts while still observing the quantum mechanical effect.


																																						
    
     




																																			Choosing tellurium

The experimental design centers on ultra-sensitive micro-cantilevers equipped with built-in Wheatstone bridges that detect minute mechanical deformations.

The team placed single-crystal tellurium samples on pairs of cantilevers aligned in opposite directions. This is a crucial design element that allows them to distinguish genuine phonon angular momentum effects from thermal expansion artifacts.

"In our measurement, samples are placed on top of cantilevers that are connected to cooling thermal reservoirs. A thermal gradient is introduced by shining a laser on the samples. This thermal gradient induces phonon AM [angular momentum]."

"Due to the angular momentum conservation, the sample will rotate, inducing a mechanical torque on the cantilever," the researchers explain.

The choice of tellurium was strategic. As a chiral crystal (lacking mirror symmetry), tellurium hosts phonon modes characterized by circular atomic motions that can carry angular momentum. This circular motion is essential because it allows phonon angular momentum to be measured.

When the researchers apply a thermal gradient along the crystal's chiral axis using a precisely controlled laser, they break the time-reversal symmetry of the system, enabling finite phonon angular momentum to emerge.

The heat flow creates a preferred direction that breaks the system's symmetry, allowing circular phonon motions to add up rather than cancel out.

"The direction of thermal gradient-induced phonon angular momentum is determined by the crystal chirality. If the crystal contains both left- and right-handed chirality, the angular momentum will be canceled," the team explains, highlighting why single crystals are essential for the effect.
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                Chirality-dependent phonon angular momentum. Credit: Nature Physics (2025). DOI: 10.1038/s41567-025-02952-3
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																																			Validating experimental data

The team's measurements revealed torques on the order of 10-11 Nm, matching theoretical predictions remarkably well.

Most importantly, the experiments showed the key signatures expected for phonon angular momentum: opposite torque directions on the two cantilevers for single-crystal samples, torque reversal when the thermal gradient direction is flipped, and the disappearance of the effect in polycrystalline samples lacking preferred chirality.

"Shining a laser on the sample can create thermal expansion, which can induce mechanical torque on the sample. This is the main systematic error that must be considered."

"We designed the experiment to have cantilevers pointing in opposite directions. Under this geometry, the true phonon angular momentum induced torque will have the opposite sign, while the 'trivial' laser heating effect will show the same sign," the researchers note, explaining how their experimental design isolates the genuine phonon effect.

The temperature dependence also confirmed theoretical expectations. The effect was strongest at 10 K, well below tellurium's Debye temperature of approximately 130 K, and vanished at room temperature, where thermal energy overwhelms the quantum coherence necessary for phonon angular momentum.

Future work and beyond

This finding could lead to the development of new quantum technologies, such as quantum transduction mechanisms, thermal spin state manipulation, and different quantum information processing techniques.


																																						
    
     




																																			The ability to generate and control phonon angular momentum through thermal gradients represents a new paradigm for coupling thermal, mechanical, and quantum degrees of freedom in materials.

"Chiral quantum states, including chiral superconductivity and quantum spin liquid, are frontiers of quantum material research. Angular momentum is a key physical property of chiral quantum states."

"Our experimental setup will be applied to various chiral material platforms to reveal emergent chiral quantum excitations with potential quantum information science applications," says the team, regarding future directions.

The work also opens possibilities for entirely new classes of quantum devices that exploit the coupling between thermal gradients and mechanical torques through phonon angular momentum. Such devices could find applications in ultra-sensitive detection systems, like dark matter detection.
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                Eduardo Hirata Miyasaki, who performed the research in Sara Abrahamsson's research lab while at the University of California Santa Cruz and is now at the Chan Zuckerberg Biohub, is pictured building the new microscope. Credit: Sara Abrahamsson
            
        

    


Researchers have developed a high-speed 3D imaging microscope that can capture detailed cell dynamics of an entire small whole organism at once. The ability to image 3D changes in real time over a large field of view could lead to new insights in developmental biology and neuroscience.



										      
																																	"Traditional microscopes are constrained by how quickly they can refocus or scan through different depths, which makes it difficult to capture fast, 3D biological processes without distortion or missing information," said Eduardo Hirata Miyasaki, who performed the work while in Sara Abrahamsson's lab at the University of California Santa Cruz (UCSC) and is now at the Chan Zuckerberg Biohub.

"Our new system extends the multifocus microscopy (MFM) technique Abrahamsson developed by using a 25-camera array to push the limits of speed and volumetric imaging. This leap in efficiency opens the door to studying small living systems in motion without disrupting them."

In Optica, the researchers describe their new microscope, which combines diffractive optics with 25 tiny cameras to synchronously and simultaneously image at multiple depths. They demonstrate live imaging of 25-plane 3D volumes measuring up to 180 x 180 x 50 microns at acquisition speeds of more than 100 volumes per second.

"The new microscope, which we call the M25, is particularly useful for imaging swimming C. elegans worms, a model organism used to study development, neuroscience and locomotion," said Hirata Miyasaki.

"Traditionally, scientists could only see part of the organism clearly at any one time. With our new microscope, it is possible to watch the entire worm move naturally in 3D, allowing researchers to study how its nervous system controls movement and how behavior might change in response to a genetic mutation, disease or drug treatment."


    
    
    
        
        
    
            
            The M25 microscope, which can operate in fluorescence and transmitted light modes, can be used to watch the swimming of entire C. elegans worms, a model organism used to study development, neuroscience and aging. Shown are the images captured by the 25 cameras at different depths. Credit: Eduardo Hirata Miyasaki
  



																																						
    
     




																																			Multi-plane light control

A key part of the new microscope is the diffractive optical elements used to distribute the various focal planes across an array of 25 cameras. Diffractive optics use microstructures to manipulate light, allowing more complex light control via a thinner, lighter component than traditional optical components such as prisms.

Building upon the original MFM technique, the researchers designed a multi-focus grating to split the incoming light so that each camera captures the same scene but with a focus at a different depth. They also made customized gratings to use in front of each camera lens to correct the chromatic dispersion introduced by the multi-focus grating.

By replacing the traditional chromatic-correcting prism, which was difficult to scale beyond 3x3 arrays, these blazed gratings enabled high-resolution, high-speed bioimaging across more planes.

The gratings are made from nanometer-scale patterns that require specialized fabrication tools. After using simulations to determine the optimal designs, the researchers used the University of California Santa Barbara nanofabrication facility to etch the patterns into glass. With the fabrication process now established, these diffractive elements can be accurately reproduced at higher volumes.

"One of the key innovations of the M25 is its use of simplified chromatic correction architecture. By replacing bulky prism-based components with custom-designed blazed gratings, the system achieves efficient dispersion correction across all focal planes while remaining compact and scalable," said Abrahamsson.

"This streamlined optical design not only enables high-speed imaging but also supports compatibility with label-free modalities--a major advantage for applications like embryology, where minimally invasive imaging is essential."

The researchers also developed new software to handle the challenge of quickly synchronizing and acquiring data from 25 different cameras simultaneously and storing it in a computer.

"When combined, the 25 images--all acquired simultaneously, with no mechanical scanning or moving parts--form a complete 3D snapshot," said Hirata Miyasaki. "Because this happens at high speed, limited only by the camera's acquisition speed and the sample's brightness, we can record entire volumes over time, enabling studies of real biological dynamics."


																									
    
        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.
    


    


																																			Accessible and versatile imaging

The M25 microscope can be used for both fluorescence and label-free modalities, such as brightfield and polarization microscopy, which are especially useful for imaging sensitive biological systems without introducing dyes or labels. This compatibility with minimally invasive techniques makes the M25 well-suited for applications like embryology, where preserving native physiology is critical.

To validate the instrument, the researchers built a prototype and confirmed that it could capture 25 distinct, evenly spaced focal planes simultaneously, without distortion or overlap, by imaging calibration targets.

They also used the microscope to image live biological specimens, including common model organisms such as C. elegans, D. melanogaster and P. marinus, demonstrating real-time 3D imaging of moving organisms without the need for scanning or motion compensation.

The system mounts to the side port of a standard commercial microscope. Aside from the diffractive optics, it requires no specialized hardware, making it more straightforward to replicate than systems that rely on custom prisms or complex light path modifications.

Detailed fabrication steps for manufacturing the chromatic correction blazed gratings and the multifocus gratings used in the M25 3D imaging system are available. These components can be fabricated at any academic nanofabrication facility, including the UCSB Nanofabrication facility.

The acquisition engine and napari plugin are available on GitHub.

Next, the researchers aim to further expand the system's scale and applications. For example, they plan to use the system's rich imaging data to train machine learning models that can identify cell states, track dynamic behaviors and detect disease-related changes directly from images.
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												Eduardo Hirata- Miyasaki et al, High-speed 3D Imaging with 25-Camera Multifocus Microscope, Optica (2025). DOI: 10.1364/OPTICA.563617
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