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      Nanotechnology

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


      
        Developing a tech platform for fast, robust series production of nanoparticles
        Nucleic acid-based medications such as mRNA vaccines offer tremendous potential for medicine and are opening up new therapeutic approaches. These active ingredients must be enclosed inside nanoparticles to ensure that they get to where they are needed inside the body's cells.

      

      
        Study unveils 3D printing PQD-polymer architectures at room temperature
        A technology enabling the fabrication of intricate three-dimensional (3D) quantum dot (QD)-based structures at room temperature has been developed.

      

      
        Researchers unlock potential of 2D magnetic devices for future computing
        Imagine a future where computers can learn and make decisions in ways that mimic human thinking, but at a speed and efficiency that are orders of magnitude greater than the current capability of computers.
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Nucleic acid-based medications such as mRNA vaccines offer tremendous potential for medicine and are opening up new therapeutic approaches. These active ingredients must be enclosed inside nanoparticles to ensure that they get to where they are needed inside the body's cells.



										      
         
        
        
        

      

																																	The Fraunhofer Institute for Production Systems and Design Technology IPK and FDX Fluid Dynamix GmbH have worked together to develop a technology platform for the production of nanoparticles that can achieve particle quality and stability at levels previously out of reach: FDmiX, short for Fraunhofer Dynamic Mixing Technologies. Swiss chemical and pharmaceutical company Lonza has now licensed the technology for its own good manufacturing practice (GMP) production activities.

RNA and DNA, both nucleic acids, are not only found in cells; they can also be components of medications. One common example widely known from the coronavirus pandemic is mRNA vaccines.

Medical professionals the world over are very hopeful about nucleic acid-based active ingredients, which offer potential as therapies for diseases that were previously difficult to treat, including some forms of cancer. However, safely and effectively transporting these sensitive nucleic acids to the cells, where the messages they carry can be translated into proteins, has proven to be a significant challenge thus far.

A protective envelope is needed to get the sensitive active ingredient into the cells. These nanoparticles are produced using fluid mixing processes. Very thorough, rapid mixing is necessary to produce particles of the requisite quality. Impinging jet mixers (also known as T-mixers or Y-mixers) are available for industrial-scale applications. They enable high throughput, but at the expense of mixing quality.


																																						
    
     




																																			Better, faster mixing

In the Fraunhofer Dynamic Mixing Technologies (FDmiX) platform, Fraunhofer IPK and FDX Fluid Dynamix GmbH have managed to bridge the gap between mixing quality and throughput. The FDmiX platform allows for consistently high mixing quality at any scale, from the lab right up to mass production. It has already successfully passed tests aimed at production of lipid and polymer nanoparticles and of nanoemulsions.

As extensive testing has shown, the mixing quality of the FDmiX technology platform is superior to the systems that have been available to date, enabling production of particles at previously unattainable levels of quality.

The system is also impressive in terms of its scaling capability, as encapsulation can take place with volume streams ranging from 5 ml/min to 1.5 l/min without affecting the particle properties.

Lonza, a global development and production partner to the pharmaceutical, biotech, and neutraceuticals markets, has licensed the patented FDmiX technology and is already using it.

"Human cells defend themselves against foreign genetic material. That's why the mRNA active ingredients have to be enclosed inside nanoparticles. So the particles act as a protective envelope, encapsulating the substance until it has entered the cell inside the body," says Christoph Hein, head of the Ultra- and High-precision Technology division at Fraunhofer IPK in Berlin.

To be able to produce the nanoparticles, the active ingredient dissolved in a buffer has to be mixed with another solution, such as a lipid solution. Once the two liquids have been combined, lipid nanoparticles are formed which in turn form a lipid envelope around the active ingredient.

"With the FDmiX platform, we can produce significantly smaller and more homogeneous particles and even adjust their size. FDmiX lets us produce mixtures of a previously unattainable level of homogeneity with very short mixing times. That's relevant because the mixing quality not only determines the quality of the nanoparticles, but ultimately also how effective they are."


																																			Clever nozzle design leads to homogeneously mixed nanoparticles

But how can a high and consistent mixing quality be combined with throughput? The centerpiece of the FDmiX platform is an OsciJet nozzle from FDX Fluid Dynamix GmbH.

Inside the nozzle, a jet of liquid is positioned on one of the sides of the main chamber. Before leaving the nozzle, a small part of the jet is deflected into a side channel. At the end of the side channel, it meets the main jet again and pushes it to the other side. This causes the main jet to oscillate continuously from one side to the other at a high frequency.

In this way, the jet of lipid solution oscillating through the nozzle meets the stream of the mRNA active ingredient at a perpendicular angle, creating a homogeneous mixture with nanoparticles of uniform size.

In tests of conventional impinging mixers (also known as T-mixers or Y-mixers), by contrast, the lipid solution and mRNA active ingredient collide before flowing together through the same channel. This creates a dynamic vortex, resulting in inhomogeneous particles of lower quality.

"In encapsulation tests on mRNA in lipid nanoparticles using different mixers and flow rates, FDmiX generated smaller particles with significantly lower size distribution compared to a T-mixer at the same flow rate," Hein explains.

In tests, the project partners produced nanoparticles about 10% to 20% smaller than those produced using a T-mixer. They also had significantly smaller size distribution and high encapsulation efficiency and particle integrity.

Large quantities of nanoparticles are needed during the clinical phase and the subsequent production stage. Here as well, the technology from Fraunhofer IPK and FDX Fluid Dynamix GmbH is impressive: The two project partners developed and tested mixers for various pressure and flow rates. The smallest mixers (FDmiX XS) can work at flow rates under 5 milliliters per minute, while the largest (FDmiX XL) can work at more than 1.5 liters per minute.

Broad range of applications for FDmiX nanoparticles

The nanoparticles produced in this way can be used for a wide range of applications, well beyond encapsulation of mRNA and stabilization of vaccines.

For example, this technology can also be used in cardiology for cardiac catheter coatings. When a balloon catheter is expanded during an examination, nanoparticles are absorbed into the arterial wall, preventing new deposits from forming there. This can help to prevent stenosis, or narrowing of the blood vessels.

Nanoparticles are also used in tumor therapy, and the molecules may also be helpful in treating neurodegenerative diseases such as Alzheimer's and other forms of dementia.
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Study unveils 3D printing PQD-polymer architectures at room temperature
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                Credit: Advanced Functional Materials (2024). DOI: 10.1002/adfm.202400594
            
        

    


A technology enabling the fabrication of intricate three-dimensional (3D) quantum dot (QD)-based structures at room temperature has been developed.



										      
         
        
        
        

      

																					
Led by Professor Im Doo Jung from the Department of Mechanical Engineering at UNIST, a recent study has introduced a cutting-edge one-stop perovskite quantum dot (PQD) additive manufacturing technology. This approach eliminates the need for heat treatment, allowing for the creation of complex 3D shapes with exceptional precision, including iconic landmarks like the Eiffel Tower.

The research findings have been published in the March 2024 edition of Advanced Functional Materials.

Traditionally, shaping QD materials in 3D required prolonged heat exposure, leading to property degradation and shape deformation. However, the newly developed PQD materials exhibit remarkable luminous efficiency and color versatility, offering a game-changing solution for advanced encryption and anti-counterfeiting applications.

By meticulously optimizing key printing variables and utilizing hydroxypropyl cellulose (HPC) polymer and dichloromethane (DCM) as a volatile solvent, the research team achieved stable extrusion of luminescent PQD inks at room temperature. This innovative 3D printing method enables the creation of diverse structures emitting light in red, green, and blue (RGB) colors based on the primary light colors.

The study introduces a sophisticated anti-counterfeiting and encryption system utilizing 3D-printed geometric shapes that leverage the unique light emission properties of PQDs. Demonstrating the potential for enhanced security features in modern printed electronic devices, a 6 x 5 cube architecture array was designed using G- and B-emissive PQD-HPCs for encryption, displaying alphabetic letters (U, N, IS, and T) at 90deg intervals.

Lead author Hongryung Jean said, "Our streamlined QD 3D printing process enables stable manufacturing at room temperature, promising advancements in information encryption systems and optoelectronic printing technologies."

Professor Jung said, "This advancement preserves the photoluminescence properties of PQDs without the need for heat treatments, driving innovation in optoelectronic and energy applications."

This research sets a new standard for encryption technology and anti-counterfeiting measures in the digital age.



																														
																				
																						More information:
												Hongryung Jeon et al, 3D Printing of Luminescent Perovskite Quantum Dot-Polymer Architectures, Advanced Functional Materials (2024). DOI: 10.1002/adfm.202400594
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Researchers unlock potential of 2D magnetic devices for future computing
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                Tunneling magnetoresistance and magnetic domain of a bilayer (2 L) CrI3. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-47820-5
            
        

    


Imagine a future where computers can learn and make decisions in ways that mimic human thinking, but at a speed and efficiency that are orders of magnitude greater than the current capability of computers.



										      
         
        
        
        

      

																																	
A research team at the University of Wyoming has created an innovative method to control tiny magnetic states within ultrathin, two-dimensional (2D) van der Waals magnets--a process akin to how flipping a light switch controls a bulb.

"Our discovery could lead to advanced memory devices that store more data and consume less power or enable the development of entirely new types of computers that can quickly solve problems that are currently intractable," says Jifa Tian, an assistant professor in the UW Department of Physics and Astronomy and interim director of UW's Center for Quantum Information Science and Engineering.

Tian is corresponding author of a paper titled "Tunneling current-controlled spin states in few-layer van der Waals magnets," published in Nature Communications.

Van der Waals materials are made up of strongly bonded 2D layers that are bound in the third dimension through weaker van der Waals forces. For example, graphite is a van der Waals material that is broadly used in industry in electrodes, lubricants, fibers, heat exchangers and batteries. The nature of the van der Waals forces between layers allows researchers to use Scotch tape to peel the layers into atomic thickness.

The team developed a device known as a magnetic tunnel junction, which uses chromium triiodide--a 2D insulating magnet only a few atoms thick--sandwiched between two layers of graphene. By sending a tiny electric current--called a tunneling current--through this sandwich, the direction of the magnet's orientation of the magnetic domains (around 100 nanometers in size) can be dictated within the individual chromium triiodide layers, Tian says.
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                Jifa Tian, an assistant professor in the University of Wyoming Department of Physics and Astronomy and interim director of UW's Center for Quantum Information Science and Engineering. Credit: University of Wyoming
            
        

    



Specifically, "this tunneling current not only can control the switching direction between two stable spin states, but also induces and manipulates switching between metastable spin states, called stochastic switching," says ZhuangEn Fu, a graduate student in Tian's research lab and now a postdoctoral fellow at the University of Maryland.


																																						
    
     




																																			"This breakthrough is not just intriguing; it's highly practical. It consumes three orders of magnitude smaller energy than traditional methods, akin to swapping an old lightbulb for an LED, marking it a potential game-changer for future technology," Tian says. "Our research could lead to the development of novel computing devices that are faster, smaller and more energy-efficient and powerful than ever before. Our research marks a significant advancement in magnetism at the 2D limit and sets the stage for new, powerful computing platforms, such as probabilistic computers."

Traditional computers use bits to store information as 0s and 1s. This binary code is the foundation of all classic computing processes. Quantum computers use quantum bits that can represent both "0" and "1" at the same time, increasing processing power exponentially.

"In our work, we've developed what you might think of as a probabilistic bit, which can switch between '0' and '1' (two spin states) based on the tunneling current controlled probabilities," Tian says. "These bits are based on the unique properties of ultrathin 2D magnets and can be linked together in a way that is similar to neurons in the brain to form a new kind of computer, known as a probabilistic computer."

"What makes these new computers potentially revolutionary is their ability to handle tasks that are incredibly challenging for traditional and even quantum computers, such as certain types of complex machine learning tasks and data processing problems," Tian continues. "They are naturally tolerant to errors, simple in design and take up less space, which could lead to more efficient and powerful computing technologies."

Hua Chen, an associate professor of physics at Colorado State University, and Allan MacDonald, a professor of physics at the University of Texas-Austin, collaborated to develop a theoretical model that elucidates how tunneling currents influence spin states in the 2D magnetic tunnel junctions. Other contributors were from Penn State University, Northeastern University and the National Institute for Materials Science in Namiki, Tsukuba, Japan.
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      The latest news in physics, materials science, quantum physics, optics and photonics, superconductivity science and technology.  Updated Daily.


      
        Twisting and binding matter waves with photons in a cavity
        Precisely measuring the energy states of individual atoms has been a historical challenge for physicists due to atomic recoil. When an atom interacts with a photon, the atom "recoils" in the opposite direction, making it difficult to measure the position and momentum of the atom precisely. This recoil can have big implications for quantum sensing, which detects minute changes in parameters, for example, using changes in gravitational waves to determine the shape of the Earth or even detect dark m...

      

      
        Researcher creates optical magnetometer prototype that detects errors in MRI scans
        Hvidovre Hospital has the world's first prototype of a sensor capable of detecting errors in MRI scans using laser light and gas. The new sensor, developed by a young researcher at the University of Copenhagen and Hvidovre Hospital, can thereby do what is impossible for current electrical sensors--and hopefully pave the way for MRI scans that are better, cheaper and faster.

      

      
        Good vibrations: Low-energy lasers induce atomic excitation in semiconductor materials
        Semiconductors are a cornerstone of next-generation technology, so a new method to excite atoms in semiconductor materials is likely to excite a broad range of researchers and industries as well.

      

      
        Researchers unveil single-shot and complete polarization imaging system using metasurfaces
        Think of all the information we get based on how an object interacts with wavelengths of light--aka color. Color can tell us if food is safe to eat or if a piece of metal is hot. Color is an important diagnostic tool in medicine, helping practitioners diagnose diseased tissue, inflammation, or problems in blood flow.

      

      
        Significant new discovery in teleportation research: Noise can improve the quality of quantum teleportation
        Researchers have succeeded in conducting an almost perfect quantum teleportation despite the presence of noise that usually disrupts the transfer of quantum state. The results have been published in the journal Science Advances.

      

      
        Research demonstrates high qubit control fidelity and uniformity in single-electron control
        The journal Nature has published a research paper, "Probing single electrons across 300-mm spin qubit wafers," demonstrating state-of-the-art uniformity, fidelity and measurement statistics of spin qubits. The industry-leading research opens the door for the mass production and continued scaling of silicon-based quantum processors, all of which are requirements for building a fault-tolerant quantum computer.
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                Atoms inside of an optical cavity exchange their momentum states by "playing catch" with photons. As the atoms absorb photons from an applied laser, the whole cloud of atoms recoil rather than the individual atoms. Credit: Steven Burrows/Rey, Thompson, and Holland Groups
            
        

    


Precisely measuring the energy states of individual atoms has been a historical challenge for physicists due to atomic recoil. When an atom interacts with a photon, the atom "recoils" in the opposite direction, making it difficult to measure the position and momentum of the atom precisely. This recoil can have big implications for quantum sensing, which detects minute changes in parameters, for example, using changes in gravitational waves to determine the shape of the Earth or even detect dark matter.



										      
         
        
        
        

      

																																	
In a new paper published in Science, JILA and NIST Fellows Ana Maria Rey and James Thompson, JILA Fellow Murray Holland, and their teams proposed a way to overcome this atomic recoil by demonstrating a new type of atomic interaction called momentum-exchange interaction, where atoms exchanged their momentums by exchanging corresponding photons.

Using a cavity--an enclosed space composed of mirrors--the researchers observed that the atomic recoil was dampened by atoms exchanging energy states within the confined space. This process created a collective absorption of energy and dispersed the recoil among the entire population of particles.

With these results, other researchers can design cavities to dampen recoil and other outside effects in a wide range of experiments, which can help physicists better understand complex systems or discover new aspects of quantum physics. An improved cavity design could also enable more precise simulations of superconductivity, such as in the case of the Bose-Einstein-Condensate-Bardeen-Cooper-Schrift (BEC-BCS) crossover or high-energy physical systems.

For the first time, the momentum-exchange interaction was observed to induce one-axis twisting (OAT) dynamics, an aspect of quantum entanglement, between atomic momentum states. OAT acts like a quantum braid for entangling different molecules, as each quantum state gets twisted and connected to another particle.

Previously, OAT was only seen in atomic internal states, but now, with these new results, it is thought that OAT induced by momentum exchange could help reduce quantum noise from multiple atoms. Being able to entangle momentum states could also lead to improvement in some physical measurements by quantum sensors, such as gravitational waves.


																																						
    
     




																																			Leveraging a density grating

Within this new study, inspired by previous research from Thompson and his team, the researchers examined the effects of quantum superposition, which allows particles like photons or electrons to exist in multiple quantum states simultaneously.

"In this [new] project, the atoms all share the same spin label; the only difference is that each atom is in a superposition between two momentum states," graduate student and first author Chengyi Luo explained.

The researchers found they could better control atomic recoil by forcing the atoms to exchange photons and their associated energies. Similar to a game of dodgeball, one atom may "throw" a "dodgeball" (a photon) and recoil in the opposite direction. That "dodgeball" may be caught by a second atom, which can cause the same amount of recoil for this second atom. This cancels out the two recoils experienced by both atoms and averages them for the entire cavity system.

When two atoms exchange their different photon energies, the resulting wave packet (an atom's wave distribution) in superposition forms a momentum graph known as a density grating, which looks like a fine-toothed comb.

Luo added, "The formation of the density grating indicates two momentum states [within the atom] are 'coherent' with each other such that they could interfere [with each other]." The researchers found that the exchange of photons between atoms caused a binding of the two atoms' wave packets, so they were no longer separate measurements.

The researchers could induce momentum exchange by exploring the interplay between the density grating and the optical cavity. Because the atoms exchanged energy, any recoil from absorbing a photon was dispersed among the entire community of atoms instead of individual particles.


																																			Dampening the Doppler shift

Using this new control method, the researchers found that they could also use this recoil-dampening system to help mitigate a separate measurement problem: the Doppler shift.

The Doppler shift, a phenomenon in classical physics, explains why the sound of a siren or train horn changes pitch as it passes a listener or why certain stars appear red or blue in night sky images--it's the change in the frequency of the wave as the source and observer move toward (or away from) each other. In quantum physics, the Doppler shift describes a particle's energy change due to relative motion.

For researchers like Luo, the Doppler shift can be a challenge to overcome in getting a precise measurement. "When absorbing photons, the atomic recoil will lead to a Doppler shift of the frequency of the photon, which is a big problem when you talk about precision spectroscopy," he elaborated. By simulating their new method, the researchers found that it could overcome measurement skewing due to Doppler Shift.

Entangling momentum exchange

The researchers also found that the momentum exchange between these atoms could be used as a type of quantum entanglement. As John Wilson, a graduate student in the Holland group, said, "As an atom falls, its motion wiggles the cavity frequency. That, in turn, encourages other atoms to collectively feel that feedback mechanism and nudges them to correlate their motion through the shared wobbles."

To test this "entanglement" even further, the researchers created a bigger separation between the momentum states of the atoms and then induced the momentum exchange. The researchers found that the atoms continued to behave as if they were connected. "This indicates that the two momentum states are really oscillating concerning each other as if being connected by a spring," added Luo.

Looking ahead, the researchers plan to probe this new form of quantum entanglement further, hoping to better understand how it can be used to improve various types of quantum devices.
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                The MRI sensor or magnetometer uses laserlight and gas to measure magnetic fields. Photo: University of Copenhagen. Credit: Photo: Kristian Bjorn-Hansen, University of Copenhagen
            
        

    


Hvidovre Hospital has the world's first prototype of a sensor capable of detecting errors in MRI scans using laser light and gas. The new sensor, developed by a young researcher at the University of Copenhagen and Hvidovre Hospital, can thereby do what is impossible for current electrical sensors--and hopefully pave the way for MRI scans that are better, cheaper and faster.



										      
         
        
        
        

      

																																	
The study is published in the journal PRX Quantum.

MRI scanners are used by doctors and health care professionals every day to get a unique look into the human body. In particular, they are used to study the brain, vital organs and other soft tissues by way of 3D images of exceptional quality compared to other types of medical imaging.

While this makes the advanced tool invaluable and nearly indispensable for health care professionals, there is still room for improvement.

The strong magnetic fields inside MRI scanners have fluctuations that create errors and disturbances in scans. Consequently, these expensive machines (hundreds of Euros per hour) must be calibrated regularly to reduce errors.

There are also special scanning methods, which unfortunately cannot be done in practice today. Among them, so-called spiral sequences that could reduce scanning time, e.g., when diagnosing blood clots, sclerosis and tumors.

Spiral sequences would also be an attractive tool in MRI research, where, among other things, they could provide researchers and health professionals with new knowledge about brain diseases. But due to the highly unstable magnetic field, performing these types of scans is not currently an option.


																																						
    
     




																																			In theory, the problem can be solved with a sensor that reads and maps changes in the magnetic field. Thereafter, it is relatively simple to correct the errors in images with a computer. In practice, this has been difficult with the current technology, as otherwise suitable sensors interfere with the magnetic field because they are electric and connected to metal cables.

A new invention hopes to make this problem a thing of the past. To combat the problem, a researcher from the Niels Bohr Institute and The Danish Research Centre for Magnetic Resonance (DRCMR) has developed a sensor that uses laser light in fiber cables and a small glass container filled with gas. The prototype is ready and works.

"First we demonstrated that it was theoretically possible, and now we have proven that it can be done in practice. In fact, we now have a prototype that can basically make the measurements needed without disturbing the MRI scanner.

"It needs to be developed more and fine-tuned, but has the potential to make MRI scans cheaper, better and faster--although not necessarily all three at once," says Hans Staerkind, a postdoc at the Niels Bohr Institute and DRCMR at Hvidovre Hospital. Staerkind is the main architect behind the sensor and device that comes with it.

"An MRI scanner can already produce incredible images if one takes their time. But with the help of my sensor, it is imaginable to use the same amount of time to produce even better imagery--or spend less time and still get the same quality as today. A third scenario could be to build a cheaper scanner that, despite a few errors, could still deliver decent image quality with the help of my sensor," says the researcher.


																																			How the prototype works

MRI scanners use powerful magnets to produce a strong magnetic field that forces protons in the body's water, carbohydrates and proteins to align themselves with the magnetic field. When radio waves are pulsed through a patient, the protons are stimulated and temporarily spin out of that equilibrium.
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                The prototype is operational at Hvidovre Hospital, where it will be finetuned after collecting data from tests. Photo: University of Copenhagen. Credit: Photo: University of Copenhagen
            
        

    



When they subsequently return to alignment with the magnetic field, they release radio waves that can be used to form real-time 3D images of whatever is being scanned.

Hans Staerkind's prototype works using a device for sending and receiving laser light that looks like a 1990s stereo system. It sends laser light through fiber optic cables--i.e., without any metal--and into four sensors located in the scanner.

Within the sensors, the light passes through a small glass container containing a cesium gas, which absorbs the light at the right light frequencies.

"When the laser has just the right frequency while passing through the gas, there is a resonance between the waves of light and electrons in the cesium atoms. But the frequency--or wavelength--at which this happens changes when the gas is exposed to a magnetic field.

"In this way, we can measure the strength of the magnetic field by finding out what the right frequency is. This happens completely automatically and lightning fast by the receiving device," explains the researcher.

As disturbances in an MRI scanner's ultra-powerful magnetic field occur, Staerkind's prototype maps where in the magnetic field they are occurring and by what strength the field has changed. In the near future, this could mean that disturbed and faulty images could be corrected--based on the data collected by the sensors, and subsequently made accurate and entirely usable.


																																						
    
     




																																			Innovation with commercial prospects--when data is in place

The prototype is currently housed at DRCMR at Hvidovre Hospital in Copenhagen, which is also where the idea was conceived.

"The original idea came from my supervisor here at DRCMR, Esben Petersen, who is unfortunately no longer with us. He saw huge potential in developing a sensor based on lasers and gas that would be able to measure the magnetic fields without disturbing them," says Staerkind.

With the help of quantum physicists at the Niels Bohr Institute, including Professor Eugene Polzik, Staerkind developed the idea into an actual theory. And with the prototype, he has now put that theory into practice.

"The prototype is designed in such a way that it is already suitable in hospital contexts as a robust and well-functioning instrument. And so far, our tests have shown that it works as it should. One can imagine that this invention will eventually be integrated directly into new MRI scanners," says Staerkind.

For now, the prototype will be developed further so that its measurements become even more accurate.

"We need to collect data and fine-tune it so that it continuously becomes a better and better tool for finding errors in scans. After that, we'll move on to the exciting work of correcting errors in MRI images, and find out in what situations and which types of scans our sensor can make a significant difference," says the researcher.

According to Staerkind, the immediate target group for his sensor are MRI research units. But he also hopes that one of the large MRI manufacturers finds out about the new technology, in the slightly longer term.

"Once the prototype has been refined in a 2.0 version and its qualities documented with plenty of data from actual scans here at the hospital, we will see where this goes. It certainly has the potential to improve MRI scans in a unique way that can benefit doctors and, not least, patients," says the researcher.



																																																					
																				
																						More information:
												Hans Staerkind et al, High-Field Optical Cesium Magnetometer for Magnetic Resonance Imaging, PRX Quantum (2024). DOI: 10.1103/PRXQuantum.5.020320
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Researcher creates optical magnetometer prototype that detects errors in MRI scans (2024, May 2)
												retrieved 2 May 2024
												from https://phys.org/news/2024-05-optical-magnetometer-prototype-errors-mri.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/2024-05-optical-magnetometer-prototype-errors-mri.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Good vibrations: Low-energy lasers induce atomic excitation in semiconductor materials

										

    
        
            [image: Good vibrations: Low-energy lasers induce atomic excitation in semiconductor materials]
             
                Schematics of the ultrafast broadband terahertz excitation and polarization rotation detection of phonon in WSe2. Obtained result (lower right) includes the coherent phonon oscillation signal excited via sum-frequency process (upper right). Credit: Satoshi Kusaba / Yokohama National University
            
        

    


Semiconductors are a cornerstone of next-generation technology, so a new method to excite atoms in semiconductor materials is likely to excite a broad range of researchers and industries as well.



										      
         
        
        
        

      

																																	
By leveraging intense and broad-band ultrafast terahertz pulses, scientists from Yokohama National University and their colleagues at the California Institute of Technology have demonstrated atomic excitation in a two-dimensional semiconductor material, advancing the development of electronic devices.

Their paper was published on March 19 and appears as an Editor's Pick in the journal Applied Physics Letters.

Two-dimensional (2D) materials, or sheet-like nanomaterials, are promising platforms for future semiconductor applications due to their unique electronic properties. Transition metal dichalcogenides (TMDs), a prominent group of 2D materials, consist of layers of transition metal atoms sandwiched between layers of chalcogen atoms.

Arranged in a lattice structure, these atoms can vibrate or oscillate around their equilibrium positions--this collective excitation is known as a coherent phonon and plays a crucial role in determining and controlling material properties.

Traditionally, coherent phonons are induced by ultrashort pulsed lasers in the visible and near-infrared regions. Methods using other light sources remain limited.

"Our study addresses the fundamental question of how coherent phonons are induced by ultrafast terahertz frequency lasers--or low-energy photons--in TMD materials," said Satoshi Kusaba, an assistant professor at the Graduate School of Engineering Science of Yokohama National University and first author of the study.


																																						
    
     




																																			Terahertz radiation refers to electromagnetic waves with frequencies in the terahertz range, between microwave and infrared frequencies. The research team prepared ultrafast broadband terahertz pulses to induce coherent phonon dynamics in thin films of a TMD called WSe2.

A precise and sensitive setup was arranged for detecting optical anisotropy, in other words, how light behaves when it passes through the material. The researchers investigated the changes in the orientation of the electric field of ultrashort laser pulses as they interact with the material; these changes are known as polarization rotation.

By carefully observing the small induced optical anisotropy, the team succeeded in detecting the phonon signals induced by the terahertz pulses.

"The most important finding from our study is that terahertz excitation can induce coherent phonons in TMDs through a distinct sum-frequency excitation process," said Haw-Wei Lin, a Ph.D. candidate at the California Institute of Technology at the time of research and co-first author of this study.

"This mechanism, which is fundamentally different from resonant and linear absorption processes, involves the combined energy of two terahertz photons matching that of the phonon mode."

Since the symmetry of the phonon modes that can be excited via this sum-frequency process is completely different from that of the more typical resonant linear process, the excitation process successfully used in this study is important for fully controlling atomic motions in materials. The implications of the study's findings extend beyond fundamental research, holding promise for a variety of real-world applications.

"With the sum frequency excitation process, we can coherently control two-dimensional atomic positions using terahertz excitation," Kusaba said. "This could open the door for controlling the electronic states of TMDs, which is promising for the development of valleytronics and electronic devices using TMDs for low power-consumption, high speed computing and specialized light sources."

Other contributors include Ryo Tamaki, Ikufumi Katayama and Jun Takada from Yokohama National University; Geoffrey A. Blake from California Institute of Technology.
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												Satoshi Kusaba et al, Terahertz sum-frequency excitation of coherent optical phonons in the two-dimensional semiconductor WSe2, Applied Physics Letters (2024). DOI: 10.1063/5.0191558
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Researchers unveil single-shot and complete polarization imaging system using metasurfaces

										

    
        
            [image: Single-shot and complete polarization imaging system using metasurfaces]
             
                A unique species of beetle, Chrysina gloriosa, has a distinct response for circularly polarized light reflecting off its shell. Here, it is illuminated by RCP light and LCP light (left), and imaged by a standard digital camera. The intensity images, juxtaposed for comparison, show that the beetle exhibits a different optical response for the two circular polarizations. Raw image of the chiral beetle captured using the Mueller Matrix imaging system (right) has spatially resolved features such as the size and shape of the shell, and the characteristic striae (or lines) on the shell. Credit: Aun Zaidi/Harvard SEAS
            
        

    


Think of all the information we get based on how an object interacts with wavelengths of light--aka color. Color can tell us if food is safe to eat or if a piece of metal is hot. Color is an important diagnostic tool in medicine, helping practitioners diagnose diseased tissue, inflammation, or problems in blood flow.



										      
         
        
        
        

      

																																	
Companies have invested heavily to improve color in digital imaging, but wavelength is just one property of light. Polarization--how the electric field oscillates as light propagates--is also rich with information, but polarization imaging remains mostly confined to table-top laboratory settings, relying on traditional optics such as waveplates and polarizers on bulky rotational mounts.

Now, researchers at the Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS) have developed a compact, single-shot polarization imaging system that can provide a complete picture of polarization.

By using just two thin metasurfaces, the imaging system could unlock the vast potential of polarization imaging for a range of existing and new applications, including biomedical imaging, augmented and virtual reality systems and smart phones. The research is published in Nature Photonics.

"This system, which is free of any moving parts or bulk polarization optics, will empower applications in real-time medical imaging, material characterization, machine vision, target detection, and other important areas," said Federico Capasso, the Robert L. Wallace Professor of Applied Physics and Vinton Hayes Senior Research Fellow in Electrical Engineering at SEAS and senior author of the paper.


																																						
    
     




																																			In previous research, Capasso and his team developed a first-of-its-kind compact polarization camera to capture so-called Stokes images, images of the polarization signature reflecting off an object--without controlling the incident illumination.

"Just as the shade or even the color of an object can appear different depending on the color of the incident illumination, the polarization signature of an object depends on the polarization profile of the illumination," said Aun Zaidi, a recent Ph.D. graduate from Capasso's group and first author of the paper.

"In contrast to conventional polarization imaging, 'active' polarization imaging, known as Mueller matrix imaging, can capture the most complete polarization response of an object by controlling the incident polarization."

Currently, Mueller matrix imaging requires a complex optical set-up with multiple rotating plates and polarizers that sequentially capture a series of images which are combined to realize a matrix representation of the image.

The simplified system developed by Capasso and his team uses two extremely thin metasurfaces--one to illuminate an object and the other to capture and analyze the light on the other side.

The first metasurface generates what's known as polarized structured light, in which the polarization is designed to vary spatially in a unique pattern. When this polarized light reflects off or transmits through the object being illuminated, the polarization profile of the beam changes. That change is captured and analyzed by the second metasurface to construct the final image--in a single shot.


																																			The technique allows for real-time advanced imaging, which is important for applications such as endoscopic surgery, facial recognition in smartphones, and eye tracking in AR/VR systems. It could also be combined with powerful machine learning algorithms for applications in medical diagnostics, material classification and pharmaceuticals.

"We have brought together two seemingly separate fields of structured light and polarized imaging to design a single system that captures the most complete polarization information.

"Our use of nanoengineered metasurfaces, which replace many components that would traditionally be required in a system such as this, greatly simplifies its design," said Zaidi.

"Our single-shot and compact system provides a viable pathway for the widespread adoption of this type of imaging to empower applications requiring advanced imaging," said Capasso.



																																																					
																				
																						More information:
												Aun Zaidi et al, Metasurface-enabled single-shot and complete Mueller matrix imaging, Nature Photonics (2024). DOI: 10.1038/s41566-024-01426-x
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Significant new discovery in teleportation research: Noise can improve the quality of quantum teleportation

										


    
        
            [image: Significant new discovery in teleportation research: Noise can improve the quality of quantum teleportation]
             
                Experimental setup. Credit: Science Advances (2024). DOI: 10.1126/sciadv.adj3435
            
        

    


Researchers have succeeded in conducting an almost perfect quantum teleportation despite the presence of noise that usually disrupts the transfer of quantum state. The results have been published in the journal Science Advances.




										      
         
        
        
        

      

																																	In teleportation, the state of a quantum particle, or qubit, is transferred from one location to another without sending the particle itself. This transfer requires quantum resources, such as entanglement between an additional pair of qubits.

In an ideal case, the transfer and teleportation of the qubit state can be done perfectly. However, real-world systems are vulnerable to noise and disturbances--and this reduces and limits the quality of the teleportation.

Researchers from the University of Turku, Finland, and the University of Science and Technology of China, Hefei, have now proposed a theoretical idea and made corresponding experiments to overcome this problem. In other words, the new approach enables reaching high-quality teleportation despite the presence of noise.

"The work is based on an idea of distributing entanglement--prior to running the teleportation protocol--beyond the used qubits, i.e., exploiting the hybrid entanglement between different physical degrees of freedom," says Professor Jyrki Piilo from the University of Turku.

Conventionally, the polarization of photons has been used for the entanglement of qubits in teleportation, while the current approach exploits the hybrid entanglement between the photons' polarization and frequency.

"This allows for a significant change in how the noise influences the protocol, and as a matter of fact our discovery reverses the role of the noise from being harmful to being beneficial to teleportation," Piilo says.


																																						
    
     




																																			With conventional qubit entanglement in the presence of noise, the teleportation protocol does not work. In a case where there is initially hybrid entanglement and no noise, the teleportation does not work either.

"However, when we have hybrid entanglement and add noise, the teleportation and quantum state transfer occur in almost perfect manner," says Dr. Olli Siltanen whose doctoral dissertation presented the theoretical part of the current research.

In general, the discovery enables almost ideal teleportation despite the presence of certain type of noise when using photons for teleportation.

"While we have done numerous experiments on different facets of quantum physics with photons in our laboratory, it was very thrilling and rewarding to see this very challenging teleportation experiment successfully completed," says Dr. Zhao-Di Liu from the University of Science and Technology of China, Hefei.

"This is a significant proof-of-principle experiment in the context of one of the most important quantum protocols," says Professor Chuan-Feng Li from the University of Science and Technology of China, Hefei.

Teleportation has important applications, e.g., in transmitting quantum information, and it is of utmost importance to have approaches that protect this transmission from noise and can be used for other quantum applications.

The results of the current study can be considered as basic research that carries significant fundamental importance and opens intriguing pathways for future work to extend the approach to general types of noise sources and other quantum protocols.


																																																					
																				
																						More information:
												Zhao-Di Liu et al, Overcoming noise in quantum teleportation with multipartite hybrid entanglement, Science Advances (2024). DOI: 10.1126/sciadv.adj3435
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Research demonstrates high qubit control fidelity and uniformity in single-electron control

										


    
        
            [image: Toward scalable, silicon-based quantum processors]
             
                A 300-millimeter Intel silicon spin qubit wafer. In May 2024, Nature published an Intel research paper, "Probing single electrons across 300-mm spin qubit wafers," demonstrating state-of-the-art uniformity, fidelity and measurement statistics of spin qubits. Credit: Intel Corporation
            
        

    


The journal Nature has published a research paper, "Probing single electrons across 300-mm spin qubit wafers," demonstrating state-of-the-art uniformity, fidelity and measurement statistics of spin qubits. The industry-leading research opens the door for the mass production and continued scaling of silicon-based quantum processors, all of which are requirements for building a fault-tolerant quantum computer.




										      
         
        
        
        

      

																					Quantum hardware researchers from Intel developed a 300-millimeter cryogenic probing process to collect high-volume data on the performance of spin qubit devices across whole wafers using complementary metal oxide semiconductor (CMOS) manufacturing techniques.

The improvements to qubit device yield combined with the high-throughput testing process enabled researchers to obtain significantly more data to analyze uniformity, an important step needed to scale up quantum computers. Researchers also found that single-electron devices from these wafers perform well when operated as spin qubits, achieving 99.9% gate fidelity. This fidelity is the highest reported for qubits made with all-CMOS-industry manufacturing.

The small size of spin qubits, measuring about 100 nanometers across, makes them denser than other qubit types (e.g., superconducting), enabling more complex quantum computers to be made on a single chip of the same size. The fabrication approach was conducted using extreme ultraviolet (EUV) lithography, which allowed Intel to achieve these tight dimensions while also manufacturing in high volume.

Realizing fault-tolerant quantum computers with millions of uniform qubits will require highly reliable fabrication processes. Drawing upon its legacy in transistor manufacturing expertise, Intel is at the forefront of creating silicon spin qubits similar to transistors by leveraging its cutting-edge 300-millimeter CMOS manufacturing techniques, which routinely produce billions of transistors per chip.

Building on these findings, Intel plans to continue to make advances in using these techniques to add more interconnect layers to fabricate 2D arrays with increased qubit count and connectivity, as well as demonstrating high-fidelity two-qubit gates on its industry manufacturing process. However, the main priority will continue to be scaling quantum devices and improving performance with its next generation quantum chip.


																														
																				
																						More information:
												Samuel Neyens et al, Probing single electrons across 300-mm spin qubit wafers, Nature (2024). DOI: 10.1038/s41586-024-07275-6
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