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        Tech used by WWI flying aces inspires new cellular behavior discovery
        Researchers at the University of Massachusetts Amherst have designed a new technology that takes inspiration from WWI fighter aircraft machine gun and propeller synchronization to manipulate cell behavior by precisely modulating the pH of the cell's environment in real-time. As described in Nano Letters, their findings provide a new pathway for creating therapeutics for cancer and heart disease and expanding the field of tissue engineering.
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        An international research team has developed a new therapy based on nanotechnology called nanoGLA for the treatment of Fabry disease. The new therapeutic solution has shown remarkable efficacy in preclinical studies. The study was published this December in Science Advances.

      

      
        Prototype sunscreen uses TiO2 nanoparticles to cool skin while blocking UV rays
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        Using a chemical reaction inspired by rocket fuel ignition, Cornell researchers have engineered a nanoporous carbon with the highest surface area ever reported, a breakthrough that is already proving beneficial for carbon-dioxide capture and energy storage technologies.
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Tech used by WWI flying aces inspires new cellular behavior discovery
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                Abstract. Credit: Nano Letters (2024). DOI: 10.1021/acs.nanolett.4c04174
            
        

    


Researchers at the University of Massachusetts Amherst have designed a new technology that takes inspiration from WWI fighter aircraft machine gun and propeller synchronization to manipulate cell behavior by precisely modulating the pH of the cell's environment in real-time. As described in Nano Letters, their findings provide a new pathway for creating therapeutics for cancer and heart disease and expanding the field of tissue engineering.



										      
																																	"Every cell is responsive to pH," explains Jinglei Ping, associate professor of mechanical and industrial engineering at UMass Amherst and corresponding author of the study. "The behavior and functions of cells are impacted heavily by pH. Some cells lose viability when the pH has a certain level and for some cells, the pH can change their physiological properties."

Previous work has demonstrated that changes of pH as small as 0.1 pH units can have physiologically significant effects on cells.

However, studying the direct impact of pH changes has been challenging because existing methods of changing the cellular environment are slow and rely on diffusion. "How a specific cell responds to the pH variation in real-time--that is unknown," says Ping.

It has been established that pH can be manipulated with a microelectrode, providing the initial means for the design, but doing this while also measuring the change in pH introduced a new hurdle: The graphene transistor to measure the pH is also sensitive to the current from the pH-modulating microelectrode. "So, the current you measure is not specific to pH," says Ping.

This is where Ping took inspiration from fighter aircraft machine gun and propeller synchronization. In a fighter aircraft, machine guns are located behind the propeller. The aircraft needs to shoot bullets without hitting its own propeller. The solution is that machine guns are synchronized with the propeller so that the fast-firing guns only shoot when aligned with an opening between the slower-moving propeller blades.


																																						
    
     




																																			Ping's team created a similar gap by briefly turning off the current that changes the pH. This milliseconds-long gap is large enough for the transistor to make an accurate recording of pH without the interference of current from the microelectrode, but small enough that the pH does not have time to revert to normal.

Their device was able to manipulate pH with a resolution of 0.1 pH units, far exceeding previous electrode-based attempts that only reached 0.6 pH units.

They tested their device on bacteria and heart cells. They found that the movement of bacteria (Bacillus subtilis) decreases as the environment becomes more basic. Compared to conventional methods, the new method was more efficient. It required a single sample and captured nine data points in about nine minutes, while the conventional method took two hours to collect 13 data points, each requiring its own sample.

They also found that when the pH of the environment is reduced from neutral (7) to acidic (about 4), cardiomyocytes doubled their heartbeat frequency, highlighting the device's potential to advance scientific understanding of the relationship between metabolic acidosis (when the body is too acidic) and tachycardia (a condition where the heart beats too fast), as well as to address important questions in cardiology therapeutics.

"It opens the doors and it solves a technical question, and it brings out a lot of what-if questions to scientists," says Ping. "I will not say that we have addressed any of those long-term questions, but we provide a tool to address them."

Ping envisions that this technology can be applied to bioelectronics, tissue engineering, tumor therapy and regenerative medicine.


																																																					
																				
																						More information:
												Xiaoyu Zhang et al, Spatiotemporal Cell Control via High-Precision Electronic Regulation of Microenvironmental pH, Nano Letters (2024). DOI: 10.1021/acs.nanolett.4c04174
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Nanoliposomes pave way for treatment of rare genetic disorder
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                Representation of the new nanoGLA therapy, showing its composition and structure by cryo-microscopy imaging. NanoGLA has been injected into mice and has been labelled Orphan Medicinal Product Designation. Credit: ICMAB
            
        

    


An international research team has developed a new therapy based on nanotechnology called nanoGLA for the treatment of Fabry disease. The new therapeutic solution has shown remarkable efficacy in preclinical studies. The study was published this December in Science Advances.



										      
																					Fabry disease is a rare genetic disorder caused by a deficiency of the enzyme GLA (alpha-galactosidase A), which leads to the accumulation of fatty substrates (mainly globotriaosylceramide or Gb3) in cells, with severe effects on various organs.

The nanoGLA therapy, based on the use of peptide-targeted nanoliposomes, effectively delivers the deficient enzyme GLA, encapsulated in the nanoliposomes, to the organs most affected by this disease. The researchers have managed to produce nanoGLA with the necessary quality and quantity for preclinical testing, as well as for advancing into clinical phases.

In studies with mouse models of Fabry disease, nanoGLA demonstrated improved efficacy compared to therapies using the unencapsulated enzyme, showing effectiveness in affected organs, including the brain, a key milestone that current therapies do not achieve. These results highlight the potential of nanoGLA to address both the systemic and cerebrovascular manifestations of Fabry disease.

In recognition of the importance of this innovation, the European Medicines Agency granted nanoGLA orphan drug designation (Orphan Medicinal Product Designation) in 2021, a crucial step in driving its development.

Elisabet Gonzalez, ICMAB researcher and one of the lead authors of the article, explains, "The new nanoGLA formulation represents a promising opportunity for Fabry disease patients, especially in addressing the neurological manifestations of the disease, a limitation that current therapies cannot overcome. Our goal is to develop safer and more effective treatments by harnessing the potential of nanotechnology."

These results have greenlighted the continued pharmaceutical development of nanoGLA toward clinical phases with human patients.


																														
																				
																						More information:
												Judit Tomsen-Melero et al, Targeted nanoliposomes to improve enzyme replacement therapy of Fabry disease, Science Advances (2024). DOI: 10.1126/sciadv.adq4738
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Prototype sunscreen uses TiO2 nanoparticles to cool skin while blocking UV rays
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                A new SPF 50 sunscreen prototype uses radiative cooling to both protect the skin from UV rays and cool it off. Compared to a commercial sunscreen, the new formula kept the skin cooler when measured under a thermal camera (blue area on right-hand image). Credit: Adapted from Nano Letters 2024, DOI: 10.1021/acs.nanolett.4c04969
            
        

    


Wearing sunscreen is important to protect your skin from the harmful effects of UV radiation but doesn't cool people off. However, a new formula, described in Nano Letters, protects against both UV light and heat from the sun using radiative cooling. The prototype sunblock kept human skin up to 11 degrees Fahrenheit (6 degrees Celsius) cooler than bare skin, or around 6 degF (3 degC) cooler than existing sunscreens.



										      
																					Radiative cooling involves either reflecting or radiating heat away from something, cooling whatever's underneath. It is already used to create cooling fabrics and coatings that could both cool and heat homes, among other applications.

Some passive radiative cooling technologies rely on an ingredient called titanium dioxide (TiO2) because the whitish substance reflects heat. TiO2 particles are also used in mineral sunscreens to reflect UV light, but the particles aren't the right size to produce a cooling effect. So, Rufan Zhang and colleagues wanted to tune the size of TiO2 nanoparticles to create a sunscreen that works both as a UV protector and a radiative cooler.

The team created their sunblock by combining six ingredients: TiO2 nanoparticles, water, ethanol, moisturizing cream, pigments, and a common silicone polymer used in cosmetics called polydimethylsiloxane. By carefully adjusting the sizes of the TiO2 nanoparticles, they produced a material that reflects both UV light and solar heat, imparting the cooling ability.

The new formulation demonstrated an SPF of about 50, water resistance and continued efficacy after 12 hours of simulated sunlight exposure with a xenon lamp. Additionally, when applied to both animal and human skin, the product didn't cause irritation.

In tests on people in a hot and humid outdoor environment, the new radiative cooling sunscreen was found to keep the participants' skin up to 10.8 degF (6.0 degC) cooler than bare skin, and up to 11.0 degF (6.1 degC) cooler than commercially available sunscreens. The formulation is inexpensive, costing only $0.92 for 10 grams of the mixture--on par with sunblocks already on the market. The researchers say their sunscreen prototype exhibits promising commercial potential, especially as temperatures in the summer continue to rise.


																														
																				
																						More information:
												Jiaqi Xu et al, High-Performance Radiative Cooling Sunscreen, Nano Letters (2024). DOI: 10.1021/acs.nanolett.4c04969
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                Schematic illustration of a metal nanoparticle on an oxide support. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-54008-4
            
        

    


Efficient and durable low-cost catalysts are essential for green hydrogen production and related chemical fuel production, both vital technologies for the transition to renewable energy. Research in this field increasingly focuses on metal exsolution reactions to fabricate catalysts with improved properties.



										      
																																	A new study led by Forschungszentrum Julich, in collaboration with international institutions, has revealed how oxygen vacancies in oxide materials influence the stability of metal nanoparticles on the surface of such materials, which are critical to catalyst performance. The findings, published in Nature Communications, reveal practical strategies to enhance catalyst durability and make green hydrogen production more competitive.

The study focused on the process of metal exsolution, a relatively new procedure where metal dopants initially part of the oxide lattice in oxide materials are released during thermal reduction to form nanoparticles on the oxide surface. These nanoparticles, in combination with the oxide substrate, create highly active interfaces that are crucial for catalyzing electrochemical reactions, such as water splitting for green hydrogen production.

The researchers demonstrate that oxygen vacancies--defects in the oxide crystal lattice where oxygen atoms are missing--play a pivotal role in nanoparticle stability. Oxides with high concentrations of oxygen vacancies that are used, for example, in fuel cells and electrolyzer cells, exhibit increased surface mobility of nanoparticles at elevated temperatures, which are typical for operation, causing them to coalesce into larger particles.

This coalescence reduces the density of active sites, thereby diminishing the catalyst's efficiency. Conversely, oxides with lower concentrations of oxygen vacancies stabilize the nanoparticles, preventing coalescence and maintaining catalytic activity over time.

The team also identified a simple yet effective method to mitigate these effects. Introducing water vapor into the reaction environment slightly increases oxygen partial pressure, reducing the number of oxygen vacancies at the interface between the oxide and nanoparticles.

This adjustment enhances nanoparticle stability and prolongs catalyst durability. Additionally, modifying the composition of the oxide material to inherently decrease oxygen vacancy concentration provides another viable approach for achieving long-term stability.


																																						
    
     




																																			Social and scientific relevance

These findings have significant implications for the development of renewable energy systems. Exsolution catalysts are being discussed as promising candidates to replace conventional materials, particularly in solid oxide cells.

Solid oxide cells are critical for both producing green hydrogen, an essential energy carrier for storage and transport, and converting it back into electricity at the highest efficiency levels. The durability of catalysts directly impacts the economic and operational feasibility of these devices.

Although metal exsolution reactions offer a promising approach for developing catalysts with enhanced properties, the limited durability of these catalysts--prone to structural and chemical degradation under operating conditions--remains a significant barrier to their practical application in green energy technologies. By addressing the issue of nanoparticle coalescence, this research could lead to advances in the viability of these novel catalysts.

The study provides actionable strategies for improving catalyst durability through adjustments in reaction conditions and material compositions and represents a significant step forward in the development of technologies for renewable energies.


																																																					
																				
																						More information:
												Moritz L. Weber et al, Thermal stability and coalescence dynamics of exsolved metal nanoparticles at charged perovskite surfaces, Nature Communications (2024). DOI: 10.1038/s41467-024-54008-4
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                DNA, which has a double-helix structure, can have many genetic mutations and variations. Credit: NIH
            
        

    


Living organisms monitor time--and react to it--in many different ways, from detecting light and sound in microseconds to responding physiologically in pre-programmed ways, via their daily sleep cycle, monthly menstrual cycle, or to changes in the seasons.



										      
																																	Such an ability to react at different timescales is made possible via molecular switches or nanomachines that act or communicate as precise molecular timers, programmed to turn on and off in response to the environment and time.

Now, scientists at Universite de Montreal have successfully recreated and validated two distinct mechanisms that can program both the activation and deactivation rates of nanomachines in living organisms across multiple timescales.

Their findings are published in the Journal of the American Chemical Society. Their breakthrough suggests how engineers can exploit natural processes to improve nanomedicine and other technologies, while also helping explain how life has evolved.

The door analogy

Biomolecular switches or nanomachines, typically made of proteins or nucleic acids, are the nuts and bolts of the machinery of life. They perform thousands of key functions, including chemical reactions, transporting molecules, stocking energy, and enabling movement and growth.

But how have these switches evolved to activate over different timescales? That's a key question that has long fascinated chemists, and since the pioneering work by Monod-Wyman-Changeux and Koshland-Nemethy-Filmer in the 1960s, two popular mechanisms are generally assumed to control the activation of biomolecular switches.

"The analogy of a door is convenient to illustrate these two mechanisms," said UdeM chemistry professor Alexis Vallee-Belisle, the principal investigator of the new study.

"The closed door represents the inactive structure of the switch or nanomachine while the open door represents its active structure. It is the interactions between the switch and its activating molecule, such as light or a molecule, that dictates the type of activation mechanism."

"In the induced-fit mechanism, the activating molecule, or person, grabs the handle of the closed door, which provides the energy for fast opening," Vallee-Belisle explained.

"In the conformational selection mechanism, the activating molecule needs to wait for the door to spontaneously open before it can interact and block this later in the open structure."

While these two mechanisms were observed in many proteins, it is only recently that scientists have realized that these mechanisms could also be employed to engineer better nanosystems.


																																						
    
     




																																			Using DNA to build a nanodoor

To unravel the mystery behind these two mechanisms and their functioning, researchers have successfully recreated a simple molecular "door" using DNA. Although DNA is mostly known for its ability to encode the genetic code of living organisms, several bioengineers have also started to use its simple chemistry to fabricate objects at nanoscale.

"Compared to protein, DNA is a highly programmable and versatile molecule," said Dominic Lauzon, an associate researcher in chemistry at UdeM and co-author of the new study. "It's like the Lego blocks of chemistry that allow us to build whatever we have in mind at the nanoscale."

A thousand times faster

Using DNA, the UdeM scientists have created a 5-nanometer-wide "door" that can be activated via the two mechanisms using the same activating molecule. This allowed the researchers to compare both switching mechanisms directly on the same basis, testing their design principles and ability to program.

They found that the "door handle" (induced-fit) switch activates and deactivates a thousand times faster because the activating molecule provides the energy to accelerate door opening. By contrast, the much slower switch with no handle (conformational selection) can be programmed to open at much slower rates by simply increasing the strength of the interactions that keep the door closed.

"We have found that we can in fact program switch rate activation from hours to seconds simply by designing molecular handles" explained first author Carl Prevost-Tremblay, a graduate biochemistry student.

"We also thought that this ability to program the rate of activation of switches and nanomachines could find many applications in nanotechnology where chemical events need to be programmed at specific times."
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																																			Towards new drug-delivery tech

One field that would drastically benefit from developing nanosystems that activate and deactivate at different rates is nanomedicine, which aims to develop drug-delivery systems with programmable drug-release rates.

This would help to minimize how often a patient takes a drug and help maintain the right concentration of the drug in the body for the length of a treatment.

To showcase the high programmability of both mechanisms, the researchers designed and tested an antimalarial drug carrier that can release its drug at any programmed rate.

"By engineering a molecular handle, we developed a carrier that allows for fast and immediate release of the drug via the simple addition of an activating molecule," said biomedical engineering master's student Achille Vigneault, also author of the study.

"And in the absence of a handle, we also developed a carrier that provides a programmable slow continuous release of the drug following its activation."

These results also demystify the distinct evolutionary roles and advantages of the two signaling mechanisms, and explain why some proteins have evolved to be activated via one mechanism over the other, the scientists said.

"For example, cell receptors that require rapid activation to detect light or sense odors likely benefit from a fast induced-fit mechanism," said Vallee-Belisle. "While processes lasting for weeks, such as protease inhibition, definitively benefit from the slower conformational selection mechanism."


																																																					
																				
																						More information:
												Carl Prevost-Tremblay et al, Programming the Kinetics of Chemical Communication: Induced Fit vs Conformational Selection, Journal of the American Chemical Society (2024). DOI: 10.1021/jacs.4c08597
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Rocket-inspired reaction yields carbon with record surface area
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                Microscopy of a hypergolic, nanoporous carbon engineered at Cornell to have the highest surface area ever reported. Credit: Giannelis Group/Provided
            
        

    


Using a chemical reaction inspired by rocket fuel ignition, Cornell researchers have engineered a nanoporous carbon with the highest surface area ever reported, a breakthrough that is already proving beneficial for carbon-dioxide capture and energy storage technologies.



										      
																																	Scientists are continually striving to enhance the porosity of carbon, which exposes more of the material's surface and optimizes its performance in applications such as adsorbing pollutants and storing electrical energy.

A new synthesis technique detailed in the journal ACS Nano pushes carbon's surface area to an unprecedented 4,800 square meters per gram, equivalent to about the size of a football field packed into a teaspoon of material.

"Having more surface per mass is very important, but you can get to a point where there is no material left. It's just air," said senior author Emmanuel Giannelis, the Walter R. Read Professor in the Department of Materials Science and Engineering, in Cornell Engineering. "So the challenge is how much of that porosity you can introduce and still have structure left behind, along with enough yield to do something practical with it."

To address this challenge, Giannelis enlisted postdoctoral researcher Nikolaos Chalmpes, who had been engineering materials using hypergolic reactions, which occur spontaneously when certain chemicals mix and release a rapid, intense burst of energy.

"I was trying to understand how to harness and control these unexplored reactions for synthesizing various carbon nanostructures, and after adjusting various parameters, I discovered that we might be able to achieve ultrahigh porosity," said Chalmpes, who is lead author of the study. "Until then, these reactions had only been used in rocket and aircraft systems, and deep space probes for propulsion and hydraulic power."


																																						
    
     




																																			The technique begins with sucrose and a template material to help shape the carbon into a structured form. When mixed with specific chemicals, the hypergolic reaction ignites, forming carbon tubes with a high concentration of reactive molecular rings made up of five carbon atoms, instead of the typical six-membered rings found in most carbon structures.
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                Abstract. Credit: ACS Nano (2024). DOI: 10.1021/acsnano.4c10531
            
        

    



The final step involves treating the material with potassium hydroxide, which etches away less-stable structures, creating an intricate network of microscopic pores.

"When you do this very fast reaction, it creates a perfect situation where the system cannot relax and go to its lowest energy state, which it would normally do," Giannelis said. "Because of the speed of hypergolic reactions, you can catch the material in a metastable configuration that you cannot get from the slow heating of a normal reaction."

With collaborators at Cornell and the National Centre of Scientific Research, Demokritos, in Greece, the researchers demonstrated that the nanoporous material could adsorb carbon dioxide at nearly twice the capacity of traditional activated carbons, and can capture 99% of its total capacity in just two minutes, making it one of the fastest-acting sorbents of its kind.

The new material also shows promise in energy storage, achieving a volumetric energy density of 60 watt-hours per liter, four times greater than commercially available activated carbons.

"This approach offers an alternative strategy for designing and synthesizing carbon-based materials suitable for sorbents, catalyst supports and active materials for supercapacitors, particularly in applications requiring space efficiency," said Chalmpes, who is also using the technique to create new nanoparticle alloys.

"Furthermore, the unique experimental conditions of hypergolic reactions provide another pathway for the design and synthesis of electrocatalysts with enhanced properties."


																																																					
																				
																						More information:
												Nikolaos Chalmpes et al, Ultrahigh Surface Area Nanoporous Carbons Synthesized via Hypergolic and Activation Reactions for Enhanced CO2 Capacity and Volumetric Energy Density, ACS Nano (2024). DOI: 10.1021/acsnano.4c10531
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        Colliding top quarks reveal hidden quantum 'magic'
        Queen Mary University of London physicist Professor Chris White, along with his twin brother Professor Martin White from the University of Adelaide, have discovered a surprising connection between the Large Hadron Collider (LHC) and the future of quantum computing.

      

      
        Purple diamond maser could one day amplify signals from deep space
        UNSW engineers have developed and built a special maser system that boosts microwave signals--such as those from deep space--but does not need to be super-cooled.

      

      
        When solar probes align: Data confirms how sun's magnetic field accelerates solar wind
        When two probes orbiting the sun aligned with one another, researchers harnessed the opportunity to track the sun's magnetic field as it traveled into the solar system. They found that the sharply oscillating magnetic field smooths out to gentle waves while accelerating the surrounding solar wind, according to a University of Michigan-led study published in The Astrophysical Journal.
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                The magic of a mixed top-antitop final state in (a) the qq channel and (b) the gg channel. Credit: Physical Review D (2024). DOI: 10.1103/PhysRevD.110.116016
            
        

    


Queen Mary University of London physicist Professor Chris White, along with his twin brother Professor Martin White from the University of Adelaide, have discovered a surprising connection between the Large Hadron Collider (LHC) and the future of quantum computing.



										      
																																	For decades, scientists have been striving to build quantum computers that leverage the bizarre laws of quantum mechanics to achieve far greater processing power than traditional computers. A recently identified property--amusingly called "magic"--is critical for building these machines, but its generation and enhancement remain a mystery.

For any given quantum system, magic is a measure that tells us how hard it is to calculate on a non-quantum computer. The higher the magic, the more we need quantum computers to describe the behavior. Studying the magic properties of quantum systems generates profound insights into the development and use of quantum computers.

This new research, published in Physical Review D, demonstrates for the first time that the LHC routinely produces "magic." By studying the behavior of top quarks, the heaviest known fundamental particles, produced at the LHC, the researchers have predicted that "magic top quarks" will be made very often.

Interestingly, the amount of "magic" exhibited by these top quarks depends on how fast they are moving and their direction of travel, all of which can be measured by the ATLAS and CMS detectors that observe the results of the LHC proton collisions.

This discovery holds significant implications for understanding and potentially enhancing magic in other quantum systems. "While entanglement, where particles become linked, has been a major focus of quantum research," explains Professor Chris White.


																																						
    
     




																																			"Our work explores the concept of 'magic' in top quarks, which essentially measures how well-suited particles are for building powerful quantum computers."

Professor Martin White adds, "The ATLAS experiment has already observed evidence of quantum entanglement. We have shown that the LHC can also observe more complex patterns of quantum behavior, at the highest energies yet attempted for these kinds of experiments."

The potential benefits of quantum computers are vast, impacting fields like drug discovery and materials science. However, harnessing this power requires robust and controllable quantum states, and "magic" plays a critical role in achieving that control.

The White brothers' research paves the way for a deeper understanding of the connection between quantum information theory and high-energy physics. "By studying 'magic' in top quark production," Professor Chris White says, "we create a new bridge between these two exciting areas of physics."

Furthermore, this research highlights the potential of the LHC as a unique platform for exploring the frontiers of quantum theory.

This discovery is not just about the heaviest particles in the universe; it's about unlocking the potential of a revolutionary new computing paradigm.
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												Chris D. White et al, Magic states of top quarks, Physical Review D (2024). DOI: 10.1103/PhysRevD.110.116016
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            [image: This purple diamond could one day amplify signals from deep space]
             
                Diagram of new maser device developed at UNSW. Credit: Tony Melov
            
        

    


UNSW engineers have developed and built a special maser system that boosts microwave signals--such as those from deep space--but does not need to be super-cooled.



										      
																																	They say that diamonds are a girl's best friend--but that might also soon be true for astronomers and astrophysicists following the new research. The team of quantum experts have developed a device known as a maser which uses a specially created purple diamond to amplify weak microwave signals, such as those which can come from deep space.

Most importantly, their maser works at room temperature, whereas previous such devices needed to be super-cooled, at great expense, down to about minus 269degC.

The amplified signals, originally emitted by pulsars, galaxies, or very distant spacecraft, could ultimately be crucial for expanding our understanding of the universe and fundamental physics.

The UNSW research team, led by Associate Professor Jarryd Pla, have published their findings in the journal Physical Review X, describing how a so-called spin system within the diamond can boost weak signals at room temperature.

"The microwaves enter the device and then the spins inside the diamond create copies of them, which in effect amplifies the microwave signals. Ideally, the microwave signals then come out much larger and with very little noise on top," A/Prof. Pla says.

"Currently, electronic amplifiers are being used to detect signals from very distant spacecraft like Voyager 1 which is now more than 15 billion miles away from earth, but still sending out data.

"Those amplifiers are cryogenically cooled to reduce what is known as thermal noise, which is random electrical noise generated by the motion of electrons in the amplifier's components. Otherwise, that noise would just overwhelm the signals being received.

"Our room temperature solid-state maser amplifier avoids all the complication and cost of having to cool everything down to extremely low temperatures and is also much more compact."

In the paper, the researchers show their maser system can boost signals by a factor of up to 1,000.


																																						
    
     




																																			Nitrogen vacancy center spins

The proof-of-concept maser developed by the UNSW team, which also includes Mr. Tom Day, lead author on the study, works by growing a diamond in a lab which contains imperfections known as nitrogen vacancy (NV) centers.

This NV is a deliberate defect where a nitrogen atom replaces a carbon atom next to an empty spot in the crystal structure, thereby creating a spin system.

When the spin system is placed inside a magnetic field and simultaneously exposed to a strong green laser beam, it is able to amplify incoming microwave signals..

As well as applications in space exploration, the room-temperature maser could also be hugely beneficial in defense applications, such as radar.

Radars work by sending out electromagnetic signals, which bounce off objects and return to the radar to provide information about the objects' location, speed, and size. Being more easily able to detect and boost weak signals would therefore potentially be very useful.

Purple reigns

The research team acknowledge that further developments are needed to reduce noise in their maser system, but believe a commercial device could be operating within two to three years.

They are investigating the effect of increasing the concentration of NV-spins inside the diamond, as well as improving other components of the system, such as the resonator that the diamond sits in.
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																																			"In effect, we need to make the diamonds more purple," says Mr. Day.

"The purple color is actually caused by red light emitted by the NV centers. Making darker samples means more NV centers, which ultimately produces higher levels of gain and lower levels of noise and makes the amplified signals clearer.

"However, if you grow these diamonds with very high densities of NV centers, then you can get unwanted defects, so that's a materials engineering problem that we're solving."

A/Prof. Pla adds, "To be competitive against the current cryogenic amplifiers in terms of the low levels of noise then we know we need to boost the NV concentration in the diamond even further. And we think there is quite some way we can go, potentially up to an order of magnitude improvement there.

"We are also working with manufacturers from France and Japan to produce better resonators and we estimate that could also improve the noise by quite some margin."
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												Tom Day et al, Room-Temperature Solid-State Maser Amplifier, Physical Review X (2024). DOI: 10.1103/PhysRevX.14.041066
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When solar probes align: Data confirms how sun's magnetic field accelerates solar wind

										

    
        
            [image: When solar probes align: Data confirms how the Sun's magnetic field accelerates solar wind ]
             
                Magnetic switchback changes from the Parker Solar Probe (t1) to the Solar Orbiter (t2). The color bars indicate dynamic pressure (Pdyn) and relative velocity (Vp/Vsw). The boxes with solid lines represent actual observations, while those with dotted lines depict hypothetical observations if viewed from the same side of the Heliospheric Current Sheet, meaning the same hemisphere. Credit: Soni et al., 2024
            
        

    


When two probes orbiting the sun aligned with one another, researchers harnessed the opportunity to track the sun's magnetic field as it traveled into the solar system. They found that the sharply oscillating magnetic field smooths out to gentle waves while accelerating the surrounding solar wind, according to a University of Michigan-led study published in The Astrophysical Journal.



										      
																																	The sharp S-shaped bends of the magnetic fields streaming out of the sun, called magnetic switchbacks, have long been of interest to solar scientists. Switchbacks impact the solar wind--the charged particles, or plasma, that stream from the sun and influence space weather in ways that can disrupt Earth's electrical grids, radio waves, radar and satellites.

The new understanding of magnetic switchback changes over time will help improve solar wind forecasts to better predict space weather and its potential impacts on Earth.

"This study marks the first direct observation of switchback magnetic energy reducing with distance from the sun," said Shirsh Soni, a research fellow of climate and space sciences engineering at the University of Michigan and corresponding author of the study.

The researchers pinpointed twelve time windows when the Parker Solar Probe and Solar Orbiter aligned. The Parker Solar Probe was positioned closest to the sun, less than 30 solar radii away (Rs)--a unit of distance based on the sun's radius. The Solar Orbiter was further away at 130 Rs from the sun--nearing the orbit range of Venus which lies around 156 Rs.

Comparing magnetic field and plasma moment measurements collected from both spacecraft during these windows, the researchers traced the changes in magnetic switchbacks from one point to the next.


																																						
    
     




																																			They found that switchback patches--bundles of sharp magnetic switchbacks--smoothed out into microstreams with 30% fewer magnetic reversals, while the background proton velocity increased by 10%, indicating acceleration of the surrounding solar wind.

The research team points to magnetic relaxation as the driving force of these changes. Essentially, as magnetic switchbacks travel outwards, the highly energetic switchbacks "relax," transferring magnetic energy into kinetic energy to accelerate the surrounding plasma.

The next step is to track where and how the magnetic energy transfer occurs and whether it converts to thermal energy alongside kinetic energy. Magnetic switchbacks have been ruled out as a cause of the sun's curiously hot corona, but could help solve another standing mystery of how the solar wind heats up as it travels through space.

"The collaboration between Parker Solar Probe and Solar Orbiter allows us to piece together this complex puzzle, marking a significant step forward in solar physics," said Soni.

"Magnetic switchbacks are the fingerprints of the sun's dynamic energy processes, revealing how it shapes the solar wind and, in turn, the entire solar system," said Mojtaba Akhavan-Tafti, a U-M associate research scientist of climate and space sciences and engineering and co-corresponding author of the study.

Additional co-authors include Gabriel Ho Hin Suen and Christopher Owen of University College London; Justin Kasper of the University of Michigan; Marco Velli of the University of California, Los Angeles; and Rossana De Marco of the National Institute for Astrophysics and Institute for Space Astrophysics and Planetology in Rome, Italy.
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