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        Magnetic nanoparticles that successfully navigate complex blood vessels may be ready for clinical trials
        Every year, 12 million people worldwide suffer a stroke; many die or are permanently impaired. Currently, drugs are administered to dissolve the thrombus that blocks the blood vessel. These drugs spread throughout the entire body, meaning a high dose must be administered to ensure that the necessary amount reaches the thrombus. This can cause serious side effects, such as internal bleeding.

      

      
        Decoding new DNA 'letters' to advance medicine and biotechnology
        A research team led by the A*STAR Genome Institute of Singapore (A*STAR GIS) have developed a method to accurately and efficiently read DNA containing non-standard bases--a task once thought too complex for conventional DNA sequencers. Their work, published in Nature Communications, combines nanopore sequencing with artificial intelligence (AI) to decode these extra "letters" at high speed and accuracy.
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Every year, 12 million people worldwide suffer a stroke; many die or are permanently impaired. Currently, drugs are administered to dissolve the thrombus that blocks the blood vessel. These drugs spread throughout the entire body, meaning a high dose must be administered to ensure that the necessary amount reaches the thrombus. This can cause serious side effects, such as internal bleeding.



										  

										
																																	Since medicines are often only needed in specific areas of the body, medical research has long been searching for a way to use microrobots to deliver pharmaceuticals to where they need to be: in the case of a stroke, directly to the stroke-related thrombus.

Now, a team of researchers at ETH Zurich has made major breakthroughs on several levels. They have published their findings in Science.

Precision nanoparticles required

The microrobot the researchers use comprises a proprietary spherical capsule made of a soluble gel shell that they can control with magnets and guide through the body to its destination. Iron oxide nanoparticles in the capsule provide the magnetic properties.

"Because the vessels in the human brain are so small, there is a limit to how big the capsule can be. The technical challenge is to ensure that a capsule this small also has sufficient magnetic properties," explains Fabian Landers, lead author of the paper and a postdoctoral researcher at the Multi-Scale Robotics Lab at ETH Zurich.

The microrobot also needs a contrast agent to enable doctors to track via X-ray how it is moving through the vessels. The researchers focused on tantalum nanoparticles, which are commonly used in medicine but are more challenging to control due to their greater density and weight.

"Combining magnetic functionality, imaging visibility and precise control in a single microrobot required perfect synergy between materials science and robotics engineering, which has taken us many years to successfully achieve," says ETH Professor Bradley Nelson, who has been researching microrobots for decades.

Professor Salvador Pane, a chemist at the Institute of Robotics and Intelligent Systems, and his team developed precision iron oxide nanoparticles that enable this delicate balancing act.


																																						
    
     




																																			Special catheter releases drug-loaded capsule

The microrobots also contain the active ingredient they need to deliver. The researchers successfully loaded the microrobots with common drugs for a variety of applications--in this case, a thrombus-dissolving agent, an antibiotic or tumor medication.

These drugs were released by a high-frequency magnetic field that heats the magnetic nanoparticles, dissolving the gel shell and the microrobot.

The researchers used a two-step strategy to bring the microrobot close to its target: first, they injected the microrobot into the blood or cerebrospinal fluid via a catheter. They went on to use an electromagnetic navigation system to guide the magnetic microrobot to the target location.

The catheter's design is based on a commercially available model with an internal guidewire connected to a flexible polymer gripper. When pushed beyond the external guide, the polymer gripper opens and releases the microrobot.

Swimming against the current--navigating blood vessels

To precisely steer the microrobots, the researchers developed a modular electromagnetic navigation system suitable for use in the operating theater.

"The speed of blood flow in the human arterial system varies a lot depending on location. This makes navigating a microrobot very complex," explains Nelson. The researchers combined three different magnetic navigation strategies that allowed them to navigate in all regions of the arteries of the head.
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																																			This allows them to roll the capsule along the vessel wall using a rotating magnetic field. The capsule can be guided to its target with enormous precision at a speed of 4 millimeters per second.
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                Graphical representation of the various navigation options. Credit: ETH Zurich
            
        

    



In a different model, the capsule is moved using a magnetic field gradient: the magnetic field is stronger in one place than in another. This pulls the microrobot in the vessel towards the stronger field. The capsule can even go against the current--and at a considerable flow velocity of over 20 centimeters per second.

"It's remarkable how much blood flows through our vessels and at such high speed. Our navigation system must be able to withstand all of that," says Landers.

When the microrobot reaches a junction in the vessels that would be difficult to maneuver through, in-flow navigation comes into play. The magnetic gradient is directed against the wall of the vessel in such a way that the capsule is carried along into the correct vessel.

By integrating these three navigation strategies, the researchers gain effective control over the microrobots across various flow conditions and anatomical scenarios. In more than 95% of the cases tested, the capsule successfully delivered the drug to the correct location.

"Magnetic fields and gradients are ideal for minimally invasive procedures because they penetrate deep into the body and--at least at the strengths and frequencies we use--have no detrimental effect on the body," explains Nelson.


																																						
    
     




																																			Innovation not stopping at robotics

To test the microrobots and their navigation in a realistic environment, the researchers developed silicone models that accurately replicate the vessels of patients and animals. These vessel models are so realistic that they are now being used in medical training and are being marketed by ETH spin-off Swiss Vascular.

"The models are crucial for us, as we practiced extensively to optimize the strategy and its components. You can't do that with animals," explains Pane. In the model, the researchers were able to target and dissolve a blood clot.

After numerous successful trials in the model, the team sought to demonstrate what the microrobot could achieve under real clinical conditions. First, they were able to demonstrate in pigs that all three navigation methods work and that the microrobot remains clearly visible throughout the entire procedure. Second, they navigated microrobots through the cerebral fluid of a sheep.

Landers is particularly pleased. "This complex anatomical environment has enormous potential for further therapeutic interventions, which is why we were so excited that the microrobot was able to find its way in this environment too."

Applications beyond vascular occlusions

In addition to treating thrombosis, these new microrobots could also be used for localized infections or tumors. At every stage of development, the research team has remained focused on their goal: to ensure that everything they create is ready for use in operating theaters as soon as possible. The next goal is to begin human clinical trials as quickly as possible.

Speaking about what motivates the whole team, Landers says, "Doctors are already doing an incredible job in hospitals. What drives us is the knowledge that we have a technology that enables us to help patients faster and more effectively and to give them new hope through innovative therapies."


																																	
																														
																				
																						More information:
												Fabian C. Landers et al, Clinically ready magnetic microrobots for targeted therapies, Science (2025). DOI: 10.1126/science.adx1708. www.science.org/doi/10.1126/science.adx1708
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                High throughput nanopore sequencing of XNAs. Credit: Nature Communications (2025). DOI: 10.1038/s41467-025-62347-z
            
        

    


A research team led by the A*STAR Genome Institute of Singapore (A*STAR GIS) have developed a method to accurately and efficiently read DNA containing non-standard bases--a task once thought too complex for conventional DNA sequencers. Their work, published in Nature Communications, combines nanopore sequencing with artificial intelligence (AI) to decode these extra "letters" at high speed and accuracy.



										  

										
																																	The challenge: Decoding DNA, nature's hidden language

DNA is nature's instruction manual, built from four standard "letters" or bases A, T, C, and G. Scientists have long imagined expanding this genetic alphabet by adding new "letters," known as non-canonical bases (NCBs). These NCBs can occur naturally in some viruses or be created in the lab, and they have the potential to unlock new ways of designing molecules, materials, and biological systems.

However, DNA sequencing machines were built to recognize only the four standard bases. Because they struggle to detect or decode new ones, scientists have been unable to fully harness their potential to develop more precise medicines, engineer artificial genomes for sustainable chemical production, and design programmable materials and nanoscale devices for future technologies.

"Our ability to quickly read a piece of text relies largely on how familiar we are with the vocabulary used," said Dr. Mauricio Lisboa Perez, Scientist at A*STAR GIS and first author of the study. "Similarly, for an AI model to 'speed-read' DNA, it must have seen enough examples of every base. Non-canonical bases are rare and harder to produce, so we had to design creative ways to generate sufficient examples for our AI model to learn from."

The solution: Using AI to translate DNA with non-standard bases

The team created a large library of artificial DNA containing both standard and non-standard bases in different combinations, then used nanopore sequencing to record the unique electrical signals produced as each base passed through microscopic pores.

Because the data were often noisy and incomplete, the researchers developed an AI-driven approach that could learn and improve iteratively, refining its predictions over time. They also enhanced the AI model's learning by creatively rearranging existing signal data to represent more combinations.

This adaptive method enabled the AI to accurately recognize each base's distinct pattern, allowing the sequencer to read new DNA "letters" directly.

While other research groups have explored similar challenges, this study is the first to demonstrate a DNA sequencer that can directly and reliably identify non-standard bases at scale using AI, overcoming key bottlenecks such as limited training data.

"Being able to accurately identify these new bases at scale gives us a much richer vocabulary for writing and reading biological information," said Dr. Niranjan Nagarajan, Associate Director, AI & Compute at A*STAR GIS and senior author of the study. "It's like learning to recognize new letters, which allows us to understand many more words and meanings in the language of life."


																																						
    
     




																																			Transformative potential of the method

This breakthrough could drive innovation across multiple fields:


	Health care and therapeutics: Accurately reading and analyzing non-standard bases removes a major bottleneck in developing DNA- and RNA-based treatments, paving the way for new drugs and diagnostics.

	Advanced materials and biotechnology: Non-standard bases could serve as new building blocks for nanostructures and nanorobots, leading to breakthroughs in medicine, manufacturing, and sustainable chemical production.

	Data and information storage: Encoding information using expanded DNA alphabets could make data storage more affordable and energy-efficient, potentially reducing the environmental footprint of data centers.



The researchers plan to extend their work to discover more non-standard bases in viruses and enhance the AI model's ability to detect them.

"We are excited about this new DNA sequencing method and the possibilities it brings," said Dr. Wan Yue, Executive Director at A*STAR GIS.

"Working with an expanded DNA alphabet will create more opportunities for scientists to develop new therapeutics, novel organisms that produce chemicals environmentally, and new programmable materials for nanostructures and nanorobots. These innovations can advance scientific discovery, create economic value, and ultimately improve lives."


																																	
																														
																				
																						More information:
												Mauricio Perez et al, Direct high-throughput deconvolution of non-canonical bases via nanopore sequencing and bootstrapped learning, Nature Communications (2025). DOI: 10.1038/s41467-025-62347-z
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        Heavy atomic nuclei are not as symmetric as previously thought, physicists find
        Many heavy atomic nuclei are shaped more or less like squashed rugby balls than fully inflated ones, according to a theoretical study by RIKEN nuclear physicists published in The European Physical Journal A. This unexpected finding overturns the consensus held for more than half a century.

      

      
        Physicists unveil system to solve long-standing barrier to new generation of supercomputers
        The dream of creating game-changing quantum computers--supermachines that encode information in single atoms rather than conventional bits--has been hampered by the formidable challenge known as quantum error correction.

      

      
        Reactor-grade fusion plasma: First high-precision measurement of potential dynamics
        Nuclear fusion, which operates on the same principle that powers the sun, is expected to become a sustainable energy source for the future. To achieve fusion power generation, it is essential to confine plasma at temperatures exceeding one hundred million degrees using a magnetic field and to maintain this high-energy state stably.

      

      
        Unified model may explain vibrational anomalies in solids
        Phonons are sound particles or quantized vibrations of atoms in solid materials. The Debye model, a theory introduced by physicist Peter Debye in 1912, describes the contribution of phonons to the specific heat of materials and explains why the amount of heat required to raise the temperature of solids drops sharply at low temperatures.

      

      
        Tabletop particle accelerator could transform medicine and materials science
        A particle accelerator that produces intense X-rays could be squeezed into a device that fits on a table, my colleagues and I have found in a new research project.
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                Until now, physicists thought that all heavy nuclei deformed from spheres are elongated in one direction like rugby balls (top), but RIKEN researchers have shown that virtually all of such nuclei have triaxial symmetry with oval cross-sections like almonds (bottom). Credit: RIKEN Nishina Center for Accelerator-Based Science
            
        

    


Many heavy atomic nuclei are shaped more or less like squashed rugby balls than fully inflated ones, according to a theoretical study by RIKEN nuclear physicists published in The European Physical Journal A. This unexpected finding overturns the consensus held for more than half a century.



										  

										
																																	Illustrations of atoms often depict the nucleus as a round blob made up of neutrons and protons. Physicists initially assumed that nuclei were spherical like soccer balls. But in the 1950s, Aage Bohr and Ben Mottelson developed a theory that predicted that many heavy nuclei are elongated in one direction, being shaped like a rugby ball.

Following in the footsteps of his father Niels Bohr, who was awarded the 1922 Nobel prize in physics for his model of the structure of atoms, Aage Bohr shared the 1975 Nobel prize for physics for this discovery.

But Takaharu Otsuka, a visiting scientist at the RIKEN Nishina Center for Accelerator-Based Science, always had niggling doubts about this. In particular, he wondered why heavy nuclei should be shaped like rugby balls, which are round in cross section, and not have a more general, almond-like shape that is oval in cross section. It struck him that the lower symmetry shape would be more natural for nuclei to adopt.

"When Aage Bohr's model was proposed, it produced some simple calculations, but they appeared overly simplistic to me," he recalls. "And there was no convincing general argument why the nucleus should be deformed in such a symmetric way."

Over the decades, this doubt nagged at the back of Otsuka's mind, and he increasingly began to question whether most large nuclei were actually rugby-ball shaped. But when he started proposing at conferences that nuclei with almond-like shapes are common, he experienced a lot of skepticism and even opposition from other nuclear physicists.


																																						
    
     




																																			Now, Otsuka has been vindicated, showing in a theoretical study with co-workers that virtually all heavy elliposoidally deformed nuclei actually have triaxial shapes resembling almonds rather than biaxial shapes like rugby balls. "This work represents a major shift in the fundamental description of nuclear structure that was entrenched for nearly 70 years," says Otsuka.

One thing that was indispensable for Otsuka's team was having access to Fugaku computer--one of the most powerful supercomputers in the world.

This finding about the shape of nuclei affects how nuclei rotate since it means they can rotate about two axes instead of just one. It also has implications for the search for new superheavy nuclei that are heavier than currently known nuclei.


																																	
																														
																				
																						More information:
												T. Otsuka et al, Prevailing triaxial shapes in atomic nuclei and a quantum theory of rotation of composite objects, The European Physical Journal A (2025). DOI: 10.1140/epja/s10050-025-01553-1
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The dream of creating game-changing quantum computers--supermachines that encode information in single atoms rather than conventional bits--has been hampered by the formidable challenge known as quantum error correction.



										  

										
																																	In a paper published Monday in Nature, Harvard researchers demonstrated a new system capable of detecting and removing errors below a key performance threshold, potentially providing a workable solution to the problem.

"For the first time, we combined all essential elements for a scalable, error-corrected quantum computation in an integrated architecture," said Mikhail Lukin, co-director of the Quantum Science and Engineering Initiative, Joshua and Beth Friedman University Professor, and senior author of the new paper. "These experiments--by several measures the most advanced that have been done on any quantum platform to date--create the scientific foundation for practical large-scale quantum computation."

In the new paper, the team demonstrated a "fault tolerant" system using 448 atomic quantum bits manipulated with an intricate sequence of techniques to detect and correct errors.

The key mechanisms include physical entanglement, logical entanglement, logical magic, and entropy removal. For example, the system employs the trick of "quantum teleportation"--transferring the quantum state of one particle to another elsewhere without physical contact.

"There are still a lot of technical challenges remaining to get to a very large-scale computer with millions of qubits, but this is the first time we have an architecture that is conceptually scalable," said lead author Dolev Bluvstein, Ph.D. '25, who did the research during his graduate studies at Harvard and is now an assistant professor at Caltech. "It's going to take a lot of effort and technical development, but it's becoming clear that we can build fault-tolerant quantum computers."


																																						
    
     




																																			Collaboration and the quest for error correction

The Harvard-led collaboration included researchers from MIT and was jointly headed by Lukin; Markus Greiner, George Vasmer Leverett Professor of Physics; and Vladan Vuletic, Lester Wolfe Professor of Physics at MIT. The team conducts research in collaboration with QuEra Computing, a startup company spun out from Harvard-MIT labs, the Joint Quantum Institute at University of Maryland, and the National Institute of Standards and Technology.

The new paper represents an important advance in a three-decade pursuit of quantum error correction.

Conventional computers encode information in a binary code of zeros and ones. Quantum computers store information in subatomic particles whose counterintuitive properties of quantum physics can achieve far more processing power.

In a conventional computer, the most basic unit of information is a "bit" (short for binary digit); in quantum systems, the basic unit is a "qubit" (or quantum bit).

In conventional computers, doubling the number of bits doubles the processing power; in quantum systems, adding qubits exponentially increases the power because of a phenomenon called quantum entanglement.



    
    
    
        
        
    
            
            Animation illustrating the atom and trap positions used for four rounds of repeated stabilizer measurement on a d=5 surface. Credit: Nature (2025). DOI: 10.1038/s41586-025-09848-5
  

In theory, a system of 300 quantum bits can store more information than the number of particles in the known universe.
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																																			The promise and hurdles of quantum computing

With such vast power, quantum computers have the potential to deliver breakthroughs in fields such as drug discovery, cryptography, machine learning, artificial intelligence, finance, and material design.

But there are hurdles to realizing that revolutionary potential. Chief among them is the error rate. Qubits are inherently susceptible to slipping out of their quantum states and losing their encoded information, making error correction a core prerequisite to achieving large quantum machines.

In the new paper, the team combined various methods to create complex circuits with dozens of error correction layers. The system suppresses errors below a critical threshold--the point where adding qubits further reduces errors rather than increasing them.

"There have been many important theoretical proposals for how you should implement error correction," said Alexandra Geim, one of the lead authors on the new paper and a Ph.D. student in physics in the Kenneth C. Griffin Graduate School of Arts and Sciences. "In this paper, we really focused on understanding what are the core mechanisms for enabling scalable, deep-circuit computation. By understanding that, you can essentially remove things that you don't need, reduce your overheads, and get to a practical regime much faster."

Lukin said years of experiments showed how to overcome some technical challenges and avoid others. "We realize which of these bottlenecks are real and which bottlenecks you just can bypass," he said. "In the end, physics is an experimental science. By realizing and testing these fundamental ideas in a lab, you really start seeing light at the end of the tunnel."


																																						
    
     




																																			Neutral atoms and the race for qubits

Researchers around the world are studying a variety of potential platforms for qubits, including different types of atoms, ions, and superconducting qubits.

The Harvard team specializes in neutral atoms (those with no electrical charge because they have equal numbers of protons and electrons) of the element rubidium. They use lasers to change the configuration of electrons to encode the atoms to become information-carrying qubits.

Hartmut Neven, vice president of engineering at the Google Quantum AI team, said the new paper came amid an "incredibly exciting" race between qubit platforms. "This work represents a significant advance toward our shared goal of building a large-scale, useful quantum computer," he said.

In September, the Harvard-MIT-QuEra group published another Nature paper demonstrating a system of more than 3,000 qubits that could operate continuously for more than two hours and overcome another technical hurdle of atom loss.

With recent advances, Lukin believes the core elements for building quantum computers are falling into place. "This big dream that many of us had for several decades, for the first time, is really in direct sight," he said.


																																	
																														
																				
																						More information:
												Dolev Bluvstein et al, A fault-tolerant neutral-atom architecture for universal quantum computation, Nature (2025). DOI: 10.1038/s41586-025-09848-5
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                Variation of beam shape inside the multistage accelerator. (a) Beam trajectory at low beam current and (b) beam expansion at high beam current. (c) In the present study, optimization of the electrode voltages enabled both acceleration and focusing of the beam, resulting in a higher beam current. Credit: National Institute for Fusion Science
            
        

    


Nuclear fusion, which operates on the same principle that powers the sun, is expected to become a sustainable energy source for the future. To achieve fusion power generation, it is essential to confine plasma at temperatures exceeding one hundred million degrees using a magnetic field and to maintain this high-energy state stably.



										  

										
																																	A key factor in accomplishing this is the electric potential inside the plasma. This potential governs the transport of particles and energy within the plasma and plays a crucial role in establishing a state in which energy is effectively confined and prevented from escaping. Therefore, accurately measuring the internal plasma potential is essential for improving the performance of future fusion reactors.

A non-contact diagnostic technique called the heavy ion beam probe (HIBP) is used to measure plasma potential directly. In this method, negatively charged gold ions (Au[?]) are accelerated and injected into the plasma.

By detecting how their charge state changes through interactions with the plasma, the electric potential inside the plasma can be inferred with high sensitivity. However, obtaining high-precision signals requires a strong and stable ion beam.

Although advances in negative ion sources have increased the available beam current, efficiently transporting and injecting high-current beams into the accelerator has remained difficult, limiting the achievable diagnostic precision.

How the HIBP system measures plasma

In the Large Helical Device (LHD), the HIBP system has been developed to measure electric potential in plasmas.
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                The Large Helical Device (LHD) and the heavy ion beam probe (HIBP) system. The inset on the left shows an enlarged view of the section from the negative ion source to the injection side of the tandem accelerator. Credit: National Institute for Fusion Science
            
        

    



In this system, a gold negative ion (Au[?]) beam is injected into a tandem accelerator, converted into a gold positive ion (Au+) beam, and further accelerated up to 6 mega-electron volts (MeV) at the accelerator's exit before being injected into the plasma.

The beam that becomes Au2+ through collisions with the plasma passes through the magnetized plasma, and by measuring the energy difference between the incident Au+ beam and the Au2+ beam after it traverses the plasma, the electric potential at the position where Au2+ was produced can be determined.

To obtain a clear and precise potential signal, a higher injection current into the plasma is required.

Although the output current of the Au[?] ion source had been successfully increased, the injection beam current into the tandem accelerator could not be increased in direct proportion, which remained a significant challenge.
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                    Beam transmission map as a function of electrode voltages V2 and V3 in the multistage accelerator. The blue circle indicates the voltage setting before optimization. By optimizing V2 and V3, an increase in the transmitted negative ion beam current can be expected. Credit: National Institute for Fusion Science
                
            

        

            	
            
                [image: First high-precision measurement of potential dynamics inside reactor-grade fusion plasma]
                 
                    Variation of the plasma potential profile associated with changes in the plasma state. The horizontal axis represents the plasma radius (r/a = 0 corresponds to the plasma center, and r/a = 1 to the plasma edge). Positive and negative potential changes, as well as variations in the profile shape, were clearly observed. Credit: National Institute for Fusion Science
                
            

        

    



																																						
    
     




																																			Solving the beam transport bottleneck

To identify the cause of this limitation, a research team analyzed the heavy-ion beam transport efficiency on the low-energy side--from the negative ion source to the entrance of the tandem accelerator--using the ion-beam transport simulation code IGUN. The work is published in the journal Nuclear Fusion.

The simulations revealed that when the Au[?] beam current is below 10 microamperes (mA), the beam can pass through the entrance slit during the acceleration. However, at higher beam currents, the beam expands due to the space-charge effect, resulting in significant beam loss before entering the tandem accelerator.

For heavy-ion beams such as gold, this space-charge-induced limitation becomes particularly pronounced even if the output current from the negative ion source is increased.

To improve beam transport efficiency, the team proposed using the multistage accelerator located between the ion source and the tandem accelerator, not only for acceleration but also as an electrostatic lens by optimizing its voltage distribution.

Numerical simulations demonstrated that by optimizing the voltage allocation of the multistage electrodes, a high-transmission region exceeding 95% could be achieved, significantly enhancing the beam transport efficiency compared with the conventional voltage configuration.

Subsequent plasma experiments confirmed the validity of this approach, showing that the Au[?] beam current injected into the accelerator increased by a factor of two to three.
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																																			Expanding plasma diagnostics and future impact

As the Au[?] beam current increased, the corresponding Au+ beam injected into the plasma also increased, thereby expanding the measurable range of plasma potential in the LHD up to a line-averaged electron density of 1.75x1019 m[?]3.

The enhanced signal clarity enabled the detection of temporal transitions in the internal plasma potential distribution associated with changes in the plasma confinement state. At t = 4.0 s, the plasma was sustained by electron cyclotron heating; at t = 6.1 s, 0.1 s after the heating was turned off; and at t = 7.0 s, by 180 keV neutral beam injection.

The results revealed a rapid overall decrease in plasma potential immediately after the termination of electron heating, followed by a gradual flattening of the potential profile. Because variations in plasma potential strongly influence plasma confinement performance, these experimental data are indispensable for improving predictive models of plasma behavior and for establishing new confinement frameworks in fusion research.

The method developed in this study provides a practical and compact solution for optimizing heavy ion beam transport and can be extended to other diagnostic systems and accelerator applications that require high-intensity beams.

Furthermore, achieving high-precision and reproducible measurements of the internal potential structure in reactor-grade fusion plasmas is extremely important as a fundamental database for future research on plasma control and reactor design.


																																	
																														
																				
																						More information:
												M. Nishiura et al, Enhanced beam transport via space charge mitigation in a multistage accelerator for fusion plasma diagnostics, Nuclear Fusion (2025). DOI: 10.1088/1741-4326/ae0da1
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                Structural characterizations of prepared materials. Credit: Nature Physics (2025). DOI: 10.1038/s41567-025-03057-7
            
        

    


Phonons are sound particles or quantized vibrations of atoms in solid materials. The Debye model, a theory introduced by physicist Peter Debye in 1912, describes the contribution of phonons to the specific heat of materials and explains why the amount of heat required to raise the temperature of solids drops sharply at low temperatures.



										  

										
																																	The Debye model assumes that vibrational frequencies are continuously distributed in a solid material. Past studies, however, found that when phonons have particularly short wavelengths, some anomalies can emerge.

The first of these reported anomalies, the so-called Van Hove singularity (VHS), is characterized by sharp features in the vibrational density of states (DOS) observed in crystals. The second, known as a boson peak, entails a significant excess in the DOS in amorphous solids or glasses.

Researchers at the Chinese Academy of Sciences and Xi'an Jiaotong University recently introduced a new unified model that could explain both these anomalies in the vibrational behavior of solids. This framework, presented in a paper published in Nature Physics, could open new possibilities for the study of quantized vibrations in both ordered and disordered solids.

"The Debye theory treats low-frequency phonons as elastic waves in a continuous medium, deriving that the low-frequency vibrational density of states (VDOS) is proportional to the square of the frequency, thus quantitatively explaining the cubic law for low-temperature specific heat capacity," Gan Ding, first author of the paper, told Phys.org.

"Yet it has two major limitations. First, when the wavelength approaches the lattice, the long-range periodicity of the lattice leads to a singularity in the VDOS, known as the VHS. Second, in amorphous solids without long-range periodicity, low-frequency phonons deviate from the Debye prediction, resulting in an excess in the VDOS, known as the BP."


																																						
    
     




																																			Explaining both reported vibrational anomalies

The primary objective of the recent work by Ding and his colleagues was thus to explain both VHS and BP, while also shedding light on the relationship between these two anomalies. To do this, the team first developed a new mathematical model that treats vibrations in solids as "elastic" phonons that resonate with local modes.
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                Unified theory of phonon in solids: (a) Non-Debye anomaly panoramic phase diagram of BP and VHS. (b) Validation with low-temperature specific heat data from 143 real solids. Credit: Ding et al.
            
        

    



"A phonon is a 'quasiparticle' that exhibits wave-particle duality," explained Ding.

"Starting with the phonon propagation and scattering, we theoretically derived the damping behavior and nonlinear dispersion for multi-degree-of-freedom vibrational system. This led to an analytical expression for the VDOS that unifies the description of both ordered crystals and disordered glasses."

Using the mathematical model they introduced, the authors constructed a phase diagram that describes variations in the vibrational anomalies of materials depending on their elastic behavior, stiffness and density. Notably, this phase diagram is applicable to both previously reported anomalies that are not explained by the Debye model.

"We provided a clear framework for identifying the VHS, BP and their coexistence," said Ding.

"The validity of the unified model of phonons is further supported by a comparison with experimental heat capacity data from a wide range of real solids, encompassing 143 crystalline and glassy materials. Our paper not only clarifies the physical origin of the BP and its relationship with the VHS but also deepens the fundamental understanding of the elastic limits of solids as continuous media."
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																																			Guiding future research and material designs

The predictions made by the researchers' model were found to be aligned with earlier experimental observations of vibrational anomalies in a wide range of solid materials. In the future, their model could help to gather important insight into the emergence of these anomalies within various materials.

The team's unified framework could also inform the design of new materials with low thermal conductivity, such as glasses and high-entropy alloys, which could have valuable technological applications. Concurrently, it could be used to study quantum properties that amorphous solids exhibit at low temperatures, such as superconductivity.

"In future research, we plan to apply this theoretical model to tackle ongoing controversies in condensed matter physics, such as the low-frequency non-phononic behavior of amorphous solids in the continuous medium limit, the anomalies in low-temperature thermal conductivity and even superconductivity," added Ding.
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                Schematic: a CP laser pulse (yellow) enters the vacuum channel of a microtube (gray) and excites SPPs while being scattered at the sharp vertical edge. The rotation mode m = +-1 (green-yellow) can efficiently couple with the laser field and accelerates the trapped electrons(sphere, blue-to-red color presents the energy) into a spiral motion along the solid surface for the CSR emission (yellow-red cone). Credit: Physical Review Letters (2025). DOI: 10.1103/cnym-16hc
            
        

    


A particle accelerator that produces intense X-rays could be squeezed into a device that fits on a table, my colleagues and I have found in a new research project.



										  

										
																																	The way that intense X-rays are currently produced is through a facility called a synchrotron light source. These are used to study materials, drug molecules and biological tissues. Even the smallest existing synchrotrons, however, are about the size of a football stadium.

Our research, which is published in the journal Physical Review Letters, shows how tiny structures called carbon nanotubes and laser light could generate brilliant X-rays on a microchip. Although the device is still at the concept stage, the development has the potential to transform medicine, materials science and other disciplines.

Most people imagine particle accelerators as enormous machines, very large rings of metal and magnets stretching for kilometer beneath the ground. The Large Hadron Collider at Cern (the European Organization for Nuclear Research) in Geneva, for example, is 17 miles (27km) long.

The new research shows that it may soon be possible to build ultra-compact accelerators only a few micrometers wide--smaller than the width of a human hair. These could generate coherent, high-energy X-rays similar to those produced by billion-pound synchrotron facilities, but using devices that fit on a microchip.


																																						
    
     




																																			Twisted light

The principle relies on a particular property of light known as surface plasmon polaritons. These are waves that form when laser light clings to the surface of a material. In the simulations, a circularly polarized laser pulse was sent through a tiny hollow tube. This polarized laser pulse is light that twists as it moves, very much like a corkscrew.

The swirling field traps and accelerates electron particles inside the tube, forcing them into a spiral motion. As they move in sync, the electrons emit radiation coherently, amplifying the light's intensity by up to two orders of magnitude.

My team and I have created a microscopic synchrotron, where the same physical principles that drive mile-scale facilities play out--but on a nanoscopic stage.

To make this concept work, carbon nanotubes were used. These are cylindrical structures made of carbon atoms arranged in hexagonal patterns. These nanotubes can withstand very high electric fields, hundreds of times stronger than those in conventional accelerators. They can also be "grown" vertically into what we call a "forest" of closely aligned hollow tubes.

This unique architecture provides an ideal environment for the corkscrewing laser light to couple with the electrons. The circularly polarized laser fits the nanotube's internal structure--much like a key in a lock which is why we refer to a quantum lock-and-key mechanism.

The research team that I'm a part of was led by Bifeng Lei, research associate in the school of physical sciences. 3D simulations showed that this interaction can produce electric fields of several teravolts (one trillion volts) per meter. This is far beyond what current accelerator technologies can achieve.

That kind of performance could change who gets access to cutting-edge X-ray sources. At present, scientists must apply for limited time slots at large, national synchrotron facilities, or free-electron lasers, often waiting months for a few hours of beam time.
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																																			Opening up access

The tabletop accelerator approach could make this capability available in hospitals, universities and industrial labs. In fact, wherever it is needed.

In medicine, this could mean clearer mammograms and new imaging techniques that reveal soft tissues in unprecedented detail, without contrast agents. In drug development, researchers could analyze protein structures in-house, dramatically speeding up the design of new therapies. And in materials, science and semiconductor engineering, it could enable non destructive, high speed testing of delicate components.

The study was presented at the 2025 NanoAc workshop on the topic of nanotechnology in accelerator physics, which was held in Liverpool earlier this month. The research currently remains at the simulation stage. But the necessary components already exist: powerful circularly polarized lasers and precisely fabricated nanotube structures are standard tools in advanced research labs.

The next step is experimental verification. If successful, this would mark the beginning of a new generation of ultra compact radiation sources. What excites me most about this technology is not just the physics, but what it represents.

Large-scale accelerators have driven enormous scientific progress, but they remain out of reach for most institutions. A miniaturized accelerator that delivers comparable performance could democratize access to world-class research tools, bringing frontier science into the hands of many more researchers.

The future of particle acceleration might include very large machines to further push the energy, intensity and discovery boundaries, as well as smaller, smarter and more accessible accelerators.


																																	
																														
																				
																						More information:
												Bifeng Lei et al, Coherent Synchrotron Radiation by Excitation of Surface Plasmon Polariton on Near-Critical Solid Microtube Surface, Physical Review Letters (2025). DOI: 10.1103/cnym-16hc
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                This close-up illustration shows what one of the twin ESCAPADE spacecraft will look like conducting its science operations. Credit: James Rattray/Rocket Lab USA/Goddard Space Flight Center
            
        

    


Envision a time when hundreds of spacecraft are exploring the solar system and beyond. That's the future that NASA's ESCAPADE, or escape and plasma acceleration and dynamics explorers, mission will help unleash: one where small, low-cost spacecraft enable researchers to learn rapidly, iterate, and advance technology and science.



										  

										
																																	The ESCAPADE mission will launch in mid-November 2025 on a Blue Origin New Glenn rocket, sending two small orbiters to Mars to study its atmosphere. As aerospace engineers, we're excited about this mission because not only will it do great science while advancing the deep space capabilities of small spacecraft, but it also will travel to the red planet on an innovative new trajectory.

The ESCAPADE mission is actually two spacecraft instead of one. Two identical spacecraft will take simultaneous measurements, resulting in better science. These spacecraft are smaller than those used in the past, each about the size of a copy machine, partly enabled by an ongoing miniaturization trend in the space industry. Doing more with less is very important for space exploration, because it typically takes most of the mass of a spacecraft simply to transport it where you want it to go.

Having two spacecraft also acts as an insurance policy in case one of them doesn't work as planned. Even if one completely fails, researchers can still do science with a single working spacecraft. This redundancy enables each spacecraft to be built more affordably than in the past, because the copies allow for more acceptance of risk.


																																						
    
     




																																			Studying Mars' history

Long before the ESCAPADE twin spacecraft Blue and Gold were ready to go to space--billions of years ago, to be more precise--Mars had a much thicker atmosphere than it does now. This atmosphere would have enabled liquids to flow on its surface, creating the channels and gullies that scientists can still observe today.

But where did the bulk of this atmosphere go? Its loss turned Mars into the cold and dry world it is today, with a surface air pressure less than 1% of Earth's.

Mars also once had a magnetic field, like Earth's, that helped to shield its atmosphere. That atmosphere and magnetic field would have been critical to any life that might have existed on early Mars.

ESCAPADE will measure remnants of this magnetic field that have been preserved by ancient rock and study the flow and energy of Mars' atmosphere and how it interacts with the solar wind, the stream of particles that the sun emits along with light. These measurements will help to reveal where the atmosphere went and how quickly Mars is still losing it today.
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																																			Weathering space on a budget

Space is not a friendly place. Most of it is a vacuum--that is, mostly empty, without the gas molecules that create pressure and allow you to breathe or transfer heat. These molecules keep things from getting too hot or too cold. In space, with no pressure, a spacecraft can easily get too hot or too cold, depending on whether it is in sunlight or in shadow.

In addition, the sun and other, farther astronomical objects emit radiation that living things do not experience on Earth. Earth's magnetic field protects you from the worst of this radiation. So when humans or our robotic representatives leave Earth, our spacecraft must survive in this extreme environment not present on Earth.

ESCAPADE will overcome these challenges with a shoestring budget totaling US$80 million. That is a lot of money, but for a mission to another planet it is inexpensive. It has kept costs low by leveraging commercial technologies for deep space exploration, which is now possible because of prior investments in fundamental research.

For example, the GRAIL mission, launched in 2011, previously used two spacecraft, Ebb and Flow, to map the moon's gravity fields. ESCAPADE takes this concept to another world, Mars, and costs a fraction as much as GRAIL.

Led by Rob Lillis of UC Berkeley's Space Sciences Laboratory, this collaboration between spacecraft builders Rocket Lab, trajectory specialists Advanced Space LLC and launch provider Blue Origin aims to show that deep space exploration is now faster, more agile and more affordable than ever before.


																																						
    
     




																																			How will ESCAPADE get to Mars?

ESCAPADE will also use a new trajectory to get to Mars. Imagine being an archer in the Olympics. To hit a bull's-eye, you have to shoot an arrow through a 15-inch--40-centimeter--circle from a distance of 300 feet, or 90 meters. Now imagine the bull's-eye represents Mars. To hit it from Earth, you would have to shoot an arrow through the same 15-inch bull's-eye at a distance of over 13 miles, or 22 kilometers. You would also have to shoot the arrow in a curved path so that it goes around the sun.

Not only that, but Mars won't be at the bull's-eye at the time you shoot the arrow. You must shoot for the spot that Mars will be in 10 months from now. This is the problem that the ESCAPADE mission designers faced. What is amazing is that the physical laws and forces of nature are so predictable that this was not even the hardest problem to solve for the ESCAPADE mission.

It takes energy to get from one place to another. To go from Earth to Mars, a spacecraft has to carry the energy it needs, in the form of rocket fuel, much like gasoline in a car. As a result, a high percentage of the total launch mass has to be fuel for the trip.

When going to Mars orbit from Earth orbit, as much as 80% to 85% of the spacecraft mass has to be propellant, which means not much mass is dedicated to the part of the spacecraft that does all the experiments. This issue makes it important to pack as much capability into the rest of the spacecraft as possible. For ESCAPADE, the propellant is only about 65% of the spacecraft's mass.


																																			ESCAPADE's route is particularly fuel-efficient. First, Blue and Gold will go to the L2 Lagrange point, one of five places where gravitational forces of the sun and Earth cancel out. Then, after about a year, during which they will collect data monitoring the sun, they will fly by Earth, using its gravitational field to get a boost. This way, they will arrive at Mars in about 10 more months.

This new approach has another advantage beyond needing to carry less fuel: Trips from Earth to Mars are typically favorable to save fuel about every 26 months due to the two planets' relative positions. However, this new trajectory makes the departure time more flexible. Future cargo and human missions could use a similar trajectory to have more frequent and less time-constrained trips to Mars.

ESCAPADE will be a testament to a new era in spaceflight. For a new generation of scientists and engineers, ESCAPADE is not just a mission--it is a blueprint for a new collaborative era of exploration and discovery.


																																	
																														
																					
																					
                              																								 
												  This article is republished from The Conversation under a Creative Commons license. Read the original article.[image: The Conversation]
											 

										                                        
										
										
											 
												Citation:
												Let's go on an ESCAPADE: NASA's small, low-cost orbiters will examine Mars' atmosphere (2025, November 13)
												retrieved 13 November 2025
												from https://phys.org/news/2025-11-escapade-nasa-small-orbiters-mars.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/2025-11-escapade-nasa-small-orbiters-mars.html



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: space debris]
             
                Credit: Pixabay/CC0 Public Domain
            
        

    


China's Shenzhou-20 spacecraft took a hit from a piece of space debris floating through orbit, causing Chinese officials to delay the spacecraft's return from its Tiangong space station in early November 2025.



										  

										
																																	In addition to stranding the three Chinese astronauts--called taikonauts--who were set to return to Earth, this incident highlights the increasing risks posed to China and the broader international community by the growing amount of space debris.

I study China's space program. My research suggests that national pride plays an important role in China's growing space ambitions. As China continues to invest in expensive space capabilities, it will also likely become increasingly sensitive to losing them. The rise in space debris may create incentives for Chinese officials to cooperate with the United States on measures that reduce the risk of collisions.

Space debris--a growing issue

Space debris is creating growing problems for space operations. It includes any artificial objects in orbit not operating as satellites or spacecraft. It ranges in size from a fleck of paint to large rocket bodies roughly the size of a school bus.

In the most commonly used orbit--low Earth orbit--this debris can move at speeds of roughly 18,000 mph, almost seven times the speed of a bullet. At such high speeds, even tiny pieces of space debris can be highly destructive, to the point that this debris might continue to multiply until one day it makes certain critical orbits unusable. When space debris collides with other objects and fragments, they can break into smaller pieces, generating even more debris.


																																						
    
     




																																			It's somewhat ironic that China's spacecraft took a hit from space junk. The country is responsible for creating the majority of space debris. In 2007, China blew up a defunct Fengyun-1c weather satellite to test an anti-satellite weapon. It generated the most space debris in history--over 3,000 pieces are still orbiting today.

On several occasions, the International Space Station has had to maneuver to narrowly avoid being struck by debris from this test, including as recently as 2021.

Anti-satellite weapons

Why would China, or any other country, want to develop an anti-satellite weapon? Satellites provide significant benefits to militaries. They help with reconnaissance and intelligence, allow for the precise targeting and guidance of long-range munitions, support communication over large distances and supply weather data, to name just a few uses.

These advantages were showcased during the first Gulf War, often called the "first space war." The United States used space technologies to quickly and decisively defeat the Iraqi military within weeks, and with far fewer casualties than expected. The Gulf War had a profound impact on Chinese military thinking, with analysts in the People's Liberation Army recognizing the importance of space technologies in modern warfare.
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																																			Whereas the United States has been and remains highly dependent on space capabilities, China has historically been less dependent on them. This means that China has traditionally had far less to lose from striking satellites in orbit and comparatively more to gain from disabling an adversary's satellites.

Since the 1990s, China has invested in technologies that can jam, disable or outright destroy another country's satellites. This effort has been driven by a desire to counter what it sees as a key vulnerability of the U.S. military--its heavy reliance on space capabilities.

Yet much has changed since China's first anti-satellite test in 2007.

China has gradually narrowed the gap with the United States in space capabilities and is now one of the most powerful spacefaring nations on Earth. As a result, China now has more at stake if it were to lose access to space.

Space debris is becoming a serious threat to Chinese interests in space. In 2022, for example, reports emerged that debris from Russia's 2021 ASAT test came dangerously close to a Chinese satellite. Similarly, in 2021, China filed a claim at the United Nations that China's Tiangong space station had to perform avoidance maneuvers due to "close encounters" with Starlink satellites. And now, in November 2025, China's Shenzhou-20 spacecraft has actually been struck by space debris.


																																						
    
     




																																			Recognizing the problem

It is too early to gauge how seriously Chinese officials view the threat of space debris. However, the high-profile nature of this recent incident may alert China's public and officials to the risks posed by space debris.

China's space station, its astronauts and its satellites are important to the Chinese Communist Party. If space debris permanently destroyed parts or all of China's space station, or even killed a Chinese astronaut, it would likely lead to significant public outcry.

China's space station is a project over three decades in the making and is the crown jewel of its space program. The Tiangong is set to become the only space station in orbit if the United States proceeds with its plans to deorbit the ISS in 2030.

Just as an owner of an expensive Lamborghini may become increasingly worried about dangerous road conditions that may damage their prized possession, Chinese officials may become anxious about China's ability to operate its space station should space junk continue to clutter low Earth orbit.

Even if space debris does not damage China's space station, it still poses a risk to Chinese satellites. And low Earth orbit is likely to become only more crowded, as SpaceX has announced plans to add up to 40,000 Starlink satellites in orbit, and China plans to add tens of thousands more satellites in low Earth orbit through its Guowang and Qianfan satellite megaconstellations.

China's growing vulnerability to space debris creates an area of mutual concern where the United States and China may be able to work together to avoid future accidents.

Risk-reduction measures could include the two countries notifying each other about potential collisions. China and the United States could also open discussions around how to safely operate satellites or remove them from orbit when they're no longer useful.

It remains to be seen what lessons Chinese decision-makers draw from this recent episode. But the problem of space debris is not going away.
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