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


      
        Scientists propose theoretical design strategy for room-temperature metal-organic multiferroics
        A research group led by Prof. Li Xiangyang from the Hefei Institutes of Physical Science of the Chinese Academy of Sciences has theoretically predicted a series of multiferroic materials that can be applied in room-temperature environments by utilizing the d-p spin coupling combined with center-symmetry-breaking organic heterocycles in two-dimensional (2D) Cr-based metal-organic frameworks.

      

      
        New method uses nanofibrils on magnetic microparticles to isolate HIV particles
        Researchers at Leipzig University and Ulm University have developed a new method to isolate HIV from samples more easily, potentially making it easier to detect infection with the virus. They focus on peptide nanofibrils (PNFs) on magnetic microparticles, a promising tool and hybrid material for targeted binding and separation of viral particles. They have published their new findings in Advanced Functional Materials.

      

      
        Electronic device thermal management made simpler and slightly better
        Dr. Cheol-Woo Ahn, leading a research team at the Department of Functional Ceramics within the Ceramic Materials Division at the Korea Institute of Materials Science (KIMS), has developed the world's first heat dissipation material. This material reduces hydrophilicity through a chemical reaction that forms a nanocrystalline composite layer and increases thermal conductivity by controlling point defects. This process occurs during a simple sintering process that does not require surface treatment...

      

      
        To capture methane emissions, scientists create nanoshell catalysts
        A University at Buffalo-led research team is developing new catalysts that aim to turn climate-warming methane emissions into useful commercial products.
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Scientists propose theoretical design strategy for room-temperature metal-organic multiferroics
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                Schematic illustration of designing two-dimensional room-temperature multiferroic materials through d-p spin coupling and symmetry-breaking hexagonal heterocycles. Credit: Li Xiangyang
            
        

    


A research group led by Prof. Li Xiangyang from the Hefei Institutes of Physical Science of the Chinese Academy of Sciences has theoretically predicted a series of multiferroic materials that can be applied in room-temperature environments by utilizing the d-p spin coupling combined with center-symmetry-breaking organic heterocycles in two-dimensional (2D) Cr-based metal-organic frameworks.



										      
         
        
        
        

      

																					
The results are published in Nano Letters.

Multiferroic materials, characterized by the coexistence of two or three ferroic orders, have emerged as a key research platform, driving advances in information storage, sensing technologies, electronics, and energy conversion. The advent of 2D materials has revitalized the field of multiferroics, promising thinner, more efficient, and versatile functionalities. However, despite significant progress in the field, the number of 2D multiferroics with room temperature magnetism is still notably low.

To overcome this challenge, the researchers proposed a novel approach to achieve 2D room-temperature multiferroics in 2D metal-organic frameworks (MOFs) by exploiting the d-p spin coupling in combination with center-symmetry-breaking six-membered heterocyclic ligands.

Using this method, they investigated 128 different 2D MOFs and discovered three unique multiferroic materials: Cr(1,2-oxazine)2, Cr(1,2,4-triazine)2, and Cr(1,2,3,4-trazine)2. All of these materials exhibit both ferrimagnetism and ferro/antiferroelectricity at room temperature. The room temperature ferrimagnetic order is thought to arise from the strong d-p direct spin coupling between Cr cations and ligand anions.

Specifically, Cr(1,2-oxazine)2 exhibits ferroelectric properties, while the latter two exhibit antiferroelectric properties. Impressively, each of these materials possesses suitable barriers for polarization switching.

"Our study provides a promising platform for the design of 2D room-temperature multiferroic materials," said Prof. Li Xiangyang.



																														
																				
																						More information:
												Qingqing Feng et al, A Route to Two-Dimensional Room-Temperature Organometallic Multiferroics: The Marriage of d-p Spin Coupling and Structural Inversion Symmetry Breaking, Nano Letters (2024). DOI: 10.1021/acs.nanolett.4c00210
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New method uses nanofibrils on magnetic microparticles to isolate HIV particles
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                The image shows PNF-coated magnetic microbeads that bind HIV particles to their surface. Credit: Torsten John
            
        

    


Researchers at Leipzig University and Ulm University have developed a new method to isolate HIV from samples more easily, potentially making it easier to detect infection with the virus. They focus on peptide nanofibrils (PNFs) on magnetic microparticles, a promising tool and hybrid material for targeted binding and separation of viral particles. They have published their new findings in Advanced Functional Materials.




										      
         
        
        
        

      

																					"The presented method makes it possible to efficiently capture, isolate and concentrate virus particles, which may improve the sensitivity of existing diagnostic tools and analytical tests," says Professor Bernd Abel of the Institute of Technical Chemistry at Leipzig University.

The nanofibrils used--small, needle-like structures--are based on the EF-C peptide, which was first described in 2013 by Professor Jan Munch from Ulm University and Ulm University Medical Center. EF-C is a peptide consisting of 12 amino acids that forms nanoscale fibrils almost instantaneously when dissolved in polar solvents. These can also be applied to magnetic particles.

"Using the EF-C peptide as an example, our work shows how peptide fibrils on magnetic particles can have a completely new functionality--the more or less selective binding of viruses. Originally, fibrils of this kind were more likely to be associated with neurodegenerative diseases," adds Dr. Torsten John, co-first author of the study and former doctoral researcher under Professor Abel at Leipzig University. He is now a junior researcher at the Max Planck Institute for Polymer Research in Mainz, Germany.

"Increasing the local concentration and isolating viruses from samples are critical to increasing the sensitivity of diagnosing viral infections," says Professor Munch. The researchers from Ulm and Leipzig have presented such a method for the concentration and isolation of HIV particles.

In their study, they show how PNFs can be used effectively to separate HIV particles from solutions without relying on centrifugation. This innovative method uses special magnetic microbeads to specifically bind and magnetically separate virus particles, preserving their activity and infectivity. This is significant for new genetic engineering processes, for example.

The study highlights the importance of the new method for HIV research and diagnostics, as well as for other applications in viral research. By improving the efficiency with which virus particles can be concentrated and isolated, this technology and the new hybrid material could help to improve the diagnosis of infections and the monitoring of resistance.


																														
																				
																						More information:
												Manuel Hayn et al, Hybrid Materials From Peptide Nanofibrils and Magnetic Beads to Concentrate and Isolate Virus Particles, Advanced Functional Materials (2024). DOI: 10.1002/adfm.202316260
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Electronic device thermal management made simpler and slightly better
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                A schematic diagram illustrating the grain growth process during the sintering of pure MgO and developed MgO a with smooth surface (referred to as MgO-SM, which stands for magnesia with a smooth surface). Credit: Korea Institute of Materials Science (KIMS)
            
        

    


Dr. Cheol-Woo Ahn, leading a research team at the Department of Functional Ceramics within the Ceramic Materials Division at the Korea Institute of Materials Science (KIMS), has developed the world's first heat dissipation material. This material reduces hydrophilicity through a chemical reaction that forms a nanocrystalline composite layer and increases thermal conductivity by controlling point defects. This process occurs during a simple sintering process that does not require surface treatment.



										      
         
        
        
        

      

																																	
The research is published in the journal Small Methods.

Conventional alumina filler, widely used for heat dissipation, has limitations in enhancing thermal conductivity. Therefore, there is potential in utilizing magnesia, which offers low raw material cost and excellent thermal conductivity and resistivity. However, magnesia's high sintering temperature of 1,800degC and its hygroscopic nature, which reacts with moisture in the air, have restricted its use as a thermal filler.

The research team utilized additives to create a thin nanocrystalline composite layer during the sintering process, forming a protective layer that reacts with moisture. They succeeded in increasing thermal conductivity by controlling defects through lower sintering temperatures. This breakthrough is seen as overcoming the limitations of existing magnesia materials and opening new possibilities for thermal management materials in next-generation industries.

In recent years, with advancements in high-tech industries, the miniaturization and multi-functionality of electronic components have posed significant challenges for thermal management. This is particularly evident in the high-capacity batteries of electric vehicles and the increased integration of electronic components, necessitating heat dissipation materials with high thermal conductivity to manage rising heat density.


																																						
    
     




																																			Based on electric vehicle sales projections, the market for heat dissipation materials used in the thermal interface materials of electric vehicles is expected to reach approximately 9.7 trillion won in 2025. The results of this research hold significant promise in addressing moisture reaction issues and the high sintering temperatures associated with existing low-cost heat dissipation materials.
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                MgO-SM, which stands for magnesia with a smooth surface, is magnesium oxide that has been developed with a thin nanocrystalline composite layer on its surface through a simple liquid-phase sintering process. Credit: Korea Institute of Materials Science (KIMS)
            
        

    



Dr. Cheol-Woo Ahn, the senior researcher stated, "We were able to address the moisture reaction issue, which causes mixing with polymers, in a straightforward manner through additives in the manufacturing process of oxide ceramic fillers. We have developed oxide fillers with high thermal conductivity by controlling defects. We anticipate that the developed low-cost, high-quality magnesia heat dissipation filler will dominate the heat dissipation ceramic material market."



																																																					
																				
																						More information:
												Hyun-Ae Cha et al, Nanocrystalline Composite Layer Realized by Simple Sintering Without Surface Treatment, Reducing Hydrophilicity and Increasing Thermal Conductivity, Small Methods (2023). DOI: 10.1002/smtd.202300969
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                The unique flame reactor developed in Mark Swihart's lab that creates catalysts in one step. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-45413-w
            
        

    


A University at Buffalo-led research team is developing new catalysts that aim to turn climate-warming methane emissions into useful commercial products.



										      
         
        
        
        

      

																																	
The work, described last month in Nature Communications, could impact numerous industries--including natural gas and crude oil production, livestock farming, landfilling and coal mining--where methane is a byproduct.

"There is an opportunity with methane to make more of an immediate impact in reducing climate-warming emissions. We're working on a cost-effective solution to turn this industrial byproduct into valuable goods, such as chemical feedstocks," says lead author Mark T. Swihart, SUNY Distinguished Professor and chair of the Department of Chemical and Biological Engineering in the UB School of Engineering and Applied Sciences.

Swihart, also a SUNY Empire Innovation Professor and faculty member in UB's RENEW Institute, added that the technology has broader applications in semiconductors, biotechnology, electrochemistry and other fields in need of new and improved materials.

Shuo Liu, a Ph.D. candidate in Swihart's lab, is first author of the study. Co-authors include Jeffery J. Urban, Ph.D., Chaochao Dun, Ph.D., Jinghua Guo, Ph.D., all members of the Lawrence Berkeley National Laboratory; Feipeng Yang, Ph.D., who was at Berkeley during the experiments but now works at Brookhaven National Laboratory; Qike Jiang of Westlake University in China; and Zhengxi Xuan, UB Ph.D. student.
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                Different nanoshells created by the research team. Credit: Shuo Liu et al
            
        

    



Methane capture lags behind carbon capture

Methane is the second most abundant greenhouse gas and the primary component of natural gas. It lasts only a few decades in Earth's atmosphere compared to centuries for carbon dioxide, but methane traps 80 times more heat.

For decades, scientists have struggled to develop inexpensive ways to convert methane into useful products without producing carbon dioxide.

A possible solution is dry reforming, an industrial process that can convert both methane and carbon dioxide into chemical feedstocks, which are raw materials that manufacturers can use to create or process other products.

But dry reforming methane isn't commercially viable because existing nickel-based catalysts stop working when their catalytically active particles become covered with carbon deposits (coking) or combine into larger, less active particles (sintering). Most catalysts also require complex production procedures.


																																						
    
     




																																			Team uses unique flame reactor

To overcome these issues, the team utilized a unique flame reactor developed in Swihart's lab that creates catalysts in one step. This aerosol-based process allowed the scientists to explore different, nickel-based catalysts, which in this case are tiny spherical particles called nanoshells.

"The key breakthrough is the flame aerosol synthesis method," says Liu. "It allows us to overcome traditional limitations and create otherwise inaccessible materials with novel properties."

The method produced its highest-performing catalysts by what the research team is calling an "encapsulated exosolution" process, in which nickel nanoparticles formed within the pores of an aluminum oxide shell rather than on its surface. This phenomenon helps build a more stable material that, in turn, creates a more durable catalyst.

In experiments, the team reported that, over the course of 640 hours at 800degC, the catalysts remained effective by converting 96% of methane and carbon dioxide into desired products. The results, the team says, dramatically outperform conventional catalysts.

The production method suggests a way forward not only to improved catalysts, but for other fields in which new materials are needed. This includes drug delivery, sensing and detection, energy storage and conversion, and coatings and surface modifiers, Swihart says.



																																																					
																				
																						More information:
												Shuo Liu et al, Challenging thermodynamics: combining immiscible elements in a single-phase nano-ceramic, Nature Communications (2024). DOI: 10.1038/s41467-024-45413-w
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        Quantum computing just got hotter: One degree above absolute zero
        For decades, the pursuit of quantum computing has struggled with the need for extremely low temperatures, mere fractions of a degree above absolute zero (0 Kelvin or -273.15degC). That's because the quantum phenomena that grant quantum computers their unique computational abilities can only be harnessed by isolating them from the warmth of the familiar classical world we inhabit.

      

      
        From Earth to Mars: Transporting spin information at the speed of light
        Scientists have used electrical pulses to manipulate magnetic information into a polarized light signal, a discovery that could revolutionize long-distance optical telecommunications, including between Earth and Mars.

      

      
        Realizing clean qubits for quantum computers using electrons on helium
        Future quantum computers could be based on electrons floating above liquid helium, according to study by a RIKEN physicist and collaborators, appearing in Physical Review Applied.

      

      
        Scientists suggest new methods to expedite the commercialization of metalens technology
        Metalenses, nano-artificial structures capable of manipulating light, offer a technology that can significantly reduce the size and thickness of traditional optical components. Particularly effective in the near-infrared region, this technology holds great promise for various applications such as LiDAR which is called the "eyes of the self-driving car," miniature drones, and blood vessel detectors.

      

      
        Advancing quantum networks: Study achieves largest photon emission enhancement for single T center to date
        Rice University engineers have demonstrated a way to control the optical properties of atomic imperfections in silicon material known as T centers, paving the way toward leveraging these point defects for building quantum nodes for large-scale quantum networks.
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For decades, the pursuit of quantum computing has struggled with the need for extremely low temperatures, mere fractions of a degree above absolute zero (0 Kelvin or -273.15degC). That's because the quantum phenomena that grant quantum computers their unique computational abilities can only be harnessed by isolating them from the warmth of the familiar classical world we inhabit.



										      
         
        
        
        

      

																																	
A single quantum bit or "qubit," the equivalent of the binary "zero or one" bit at the heart of classical computing, requires a large refrigeration apparatus to function. However, in many areas where we expect quantum computers to deliver breakthroughs--such as in designing new materials or medicines--we will need large numbers of qubits or even whole quantum computers working in parallel.

Quantum computers that can manage errors and self-correct, essential for reliable computations, are anticipated to be gargantuan in scale. Companies like Google, IBM and PsiQuantum are preparing for a future of entire warehouses filled with cooling systems and consuming vast amounts of power to run a single quantum computer.

But if quantum computers could function at even slightly higher temperatures, they could be much easier to operate--and much more widely available. In new research published in Nature, our team has shown a certain kind of qubit--the spins of individual electrons--can operate at temperatures around 1K, far hotter than earlier examples.

The cold, hard facts

Cooling systems become less efficient at lower temperatures. To make it worse, the systems we use today to control the qubits are intertwining messes of wires reminiscent of ENIAC and other huge computers of the 1940s. These systems increase heating and create physical bottlenecks to making qubits work together.

The more qubits we try to cram in, the more difficult the problem becomes. At a certain point the wiring problem becomes insurmountable.

After that, the control systems need to be built into the same chips as the qubits. However, these integrated electronics use even more power--and dissipate more heat--than the big mess of wires.


																																						
    
     




																																			A warm turn

Our new research may offer a way forward. We have demonstrated that a particular kind of qubit--one made with a quantum dot printed with metal electrodes on silicon, using technology much like that used in existing microchip production--can operate at temperatures around 1K.

This is only one degree above absolute zero, so it's still extremely cold. However, it's significantly warmer than previously thought possible. This breakthrough could condense the sprawling refrigeration infrastructure into a more manageable, single system. It would drastically reduce operational costs and power consumption.

The necessity for such technological advancements isn't merely academic. The stakes are high in fields like drug design, where quantum computing promises to revolutionize how we understand and interact with molecular structures.

The research and development expenses in these industries, running into billions of dollars, underscore the potential cost savings and efficiency gains from more accessible quantum computing technologies.

A slow burn

"Hotter" qubits offer new possibilities, but they will also introduce new challenges in error correction and control. Higher temperatures may well mean an increase in the rate of measurement errors, which will create further difficulties in keeping the computer functional.

It is still early days in the development of quantum computers. Quantum computers may one day be as ubiquitous as today's silicon chips, but the path to that future will be filled with technical hurdles.

Our recent progress in operating qubits at higher temperatures is as a key step towards making the requirements of the system simpler.

It offers hope that quantum computing may break free from the confines of specialized labs into the broader scientific community, industry and commercial data centers.



																																																					
																				
																						More information:
												Jonathan Y. Huang et al, High-fidelity spin qubit operation and algorithmic initialization above 1 K, Nature (2024). DOI: 10.1038/s41586-024-07160-2
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                Structure of SOT spin-LED. Credit: Nature (2024). DOI: 10.1038/s41586-024-07125-5
            
        

    


Scientists have used electrical pulses to manipulate magnetic information into a polarized light signal, a discovery that could revolutionize long-distance optical telecommunications, including between Earth and Mars.



										      
         
        
        
        

      

																																	
The breakthrough, described in a study published in Nature, involves the field of spintronics, which aims to manipulate the spin of electrons in order to store and process information.

The researchers applied an electrical pulse to transfer this spin information from electrons to photons, the particles that make up light, allowing the information to be carried great distances at great speed. Their method meets three crucial criteria--operation at room temperature, no need of magnetic field and the ability for electrical control--and opens the door to a range of applications, including ultrafast communication and quantum technologies.

"For decades we were dreaming of and predicting room-temperature spintronic devices beyond magnetoresistance and just storing information. With this team's discovery, our dreams become reality," says the study's co-author, Igor Zutic, SUNY Distinguished Professor of physics at the University at Buffalo.

The study was led by the Jean Lamour Institute, a joint unit of France's National Center for Scientific Research (CNRS) and the University of Lorraine. Other contributors represent universities and institutes in France, Germany, Japan, China and the United States.


																																						
    
     




																																			Spintronic devices could replace conventional electronics

In spintronics, which has been used successfully in magnetic computer hard drives, information is represented by electron spin and, by its proxy, the direction of magnetization.

Ferromagnets, such as iron or cobalt, have an unequal number of electrons whose spins are oriented either along or against the magnetization axis. Electrons with spin along the magnetization travel smoothly across a ferromagnet, while those with opposite spin orientation are bounced around. This represents binary information, 0 and 1.

The resulting change of the resistance is the key principle for spintronic devices, whose magnetic state, which can be considered as stored information, is maintained indefinitely. Just as a fridge magnet does not need power to remain stuck to the door, spintronic devices would require much less power than conventional electronics.

However, akin to taking a fish out of water, spin information is quickly lost and cannot travel far when electrons are taken out of the ferromagnet. This major limitation can be overcome by utilizing light through its circular polarization, also known as helicity, as another spin carrier.

Just as humans centuries ago used carrier pigeons to transport written communication farther and faster than could be done on foot, the trick would be to transfer electron spin to photos, the quantum of light.


																																			Spin-LEDs meet three criteria

The presence of spin-orbit coupling, which is also responsible for the spin information loss outside of the ferromagnet, makes such transfer possible. The crucial missing link is then to electrically modulate the magnetization and thereby change the helicity of the emitted light.

"The concept of spin-LEDs was initially proposed at the end of the last century. However, for the transition into a practical application, it must meet three crucial criteria: operation at room temperature, no need of magnetic field, and the ability for electrical control," says the study's corresponding author, Yuan Lu, senior CNRS researcher at the Jean Lamour Institute.

"After more than 15 years of dedicated work in this field, our collaborative team has successfully conquered all obstacles."

The researchers successfully switched the magnetization of a spin injector by an electrical pulse using the spin-orbit torque. The electron's spin is rapidly converted into information contained in the helicity of the emitted photons, enabling a seamless integration of magnetization dynamics with photonic technologies.

This electrically controlled spin-photon conversion is now achieved in the electroluminescence of light-emitting diodes. In the future, through the implementation in semiconductor laser diodes, so-called spin-lasers, this highly-efficient information encoding could pave the way for rapid communication over interplanetary distances since polarization of light can be conserved in space propagation, potentially making it the fastest mode of communication between Earth and Mars.

It will also greatly benefit the development of various advanced technologies on Earth, such as optical quantum communication and computation, neuromorphic computing for artificial intelligence, ultrafast and highly-efficient optical transmitters for data centers or Light-Fidelity (LiFi) applications.

"The realization of spin-orbit-torque spin injectors is a decisive step that will greatly advance the development of ultrafast and energy-efficient spin-lasers for the next generation of optical communication and quantum technologies," says co-author Nils Gerhardt, professor at the Chair of Photonics and Terahertz Technology at the Ruhr University in Bochum.



																																																					
																				
																						More information:
												Pambiang Abel Dainone et al, Controlling the helicity of light by electrical magnetization switching, Nature (2024). DOI: 10.1038/s41586-024-07125-5
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Realizing clean qubits for quantum computers using electrons on helium

										


    
        
            [image: Realizing clean qubits for quantum computers using electrons on helium]
             
                Illustration depicting a qubit made out of an electron (small sphere) floating on helium (gray block). Such qubits could form the basis of quantum computers. Credit: RIKEN Center for Quantum Computing
            
        

    


Future quantum computers could be based on electrons floating above liquid helium, according to study by a RIKEN physicist and collaborators, appearing in Physical Review Applied.




										      
         
        
        
        

      

																																	Today's computers are based on shuttling electrons around in silicon. Electrons in silicon could also form the basis of a completely different breed of computers--quantum computers. Numerous efforts are underway to realize quantum computers using electrons in various solid-state crystals, starting with silicon.

By exploiting the quantum nature of tiny objects, quantum computers promise to revolutionize computing by solving problems that are intractable using the most powerful supercomputers available today.

While efforts to create qubits using electrons in solid-state crystals have achieved significant success, increasing the number of qubits (the quantum equivalent of bits) is challenging because defects and impurities in solid-state crystals create unpredictable electrical potentials, making it difficult to produce many uniform qubits.

One way to overcome this problem would be to use electrons floating in a vacuum as qubits, since vacuum is defect free.

"Solid-state crystals will always have some defects, which means we cannot create a perfect environment for electrons," says Erika Kawakami of the RIKEN Center for Quantum Computing. "That is problematic if we want to create a lot of uniform qubits. And so it's better to have qubits in vacuum."

In 1999, researchers theoretically proposed to realize qubits based on electrons floating on liquid helium for the first time. In this physical system, electrons float in vacuum slightly above the surface of liquid helium. This was a groundbreaking proposal, but it was limited to basic operations of quantum gates because quantum-computer research was still in its infancy.


																																						
    
     




																																			Now, in a theoretical study, the team has shown how the quantum gates can be realized more concretely using electrons floating above liquid helium.

Central to their proposal is a hybrid qubit involving the vertically quantized charge state and the spin state of a floating electron. The charge state of the electron allows it to be easily manipulated over moderate distances using an electric field, while the spin state can be used to stably store data. The interaction between the spin and charge states of the electron enables data to be transferred between the two electron properties.

"We've proposed how to realize one-qubit and two-qubit gates using electrons on helium and estimated their fidelities," says Kawakami. "We've also specified how we can scale up the number of qubits. That is something new."

Their system uses an array of tiny ferromagnetic pillars to trap electrons above helium. It should be possible to squeeze more than 10 million qubits into an area the size of a postage stamp.

The team now intends to embrace the challenge of implementing their proposal experimentally.


																																																					
																				
																						More information:
												Erika Kawakami et al, Blueprint for quantum computing using electrons on helium, Physical Review Applied (2023). DOI: 10.1103/PhysRevApplied.20.054022. On arXiv: DOI: 10.48550/arxiv.2303.03688
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Scientists suggest new methods to expedite the commercialization of metalens technology

										

    
        
            [image: Can metalens be commercialized at a fraction of the cost?]
             
                Wafer-scale manufacturing of a near-infrared metalens and a high-resolution image of onion epidermis captured using this technology. Credit: POSTECH
            
        

    


Metalenses, nano-artificial structures capable of manipulating light, offer a technology that can significantly reduce the size and thickness of traditional optical components. Particularly effective in the near-infrared region, this technology holds great promise for various applications such as LiDAR which is called the "eyes of the self-driving car," miniature drones, and blood vessel detectors.



										      
         
        
        
        

      

																																	
Despite its potential, the current technology requires tens of millions of Korean won for fabricating a metalens the size of a fingernail, posing a challenge for commercialization. Fortunately, a recent breakthrough shows promise of reducing its production cost by one thousandth of the price.

A collaborative research team (POSCO-POSTECH-RIST Convergence Research Team), comprising Professor Junsuk Rho from the Department of Mechanical Engineering and the Department of Chemical Engineering and others at Pohang University of Science and Technology (POSTECH), has proposed two innovative methods for mass-producing metalenses and manufacturing them on large surfaces. Their research featured in Laser & Photonics Reviews.

Photolithography, a process employed in crafting metalenses by imprinting patterns on silicon wafers using light, stands as a step in their fabrication. Typically, the resolution of light is inversely proportional to its wavelength, meaning that shorter wavelengths result in higher resolution, enabling the creation of finer and more detailed structures. In this research, the team opted for deep-UV photolithography, a process using shorter wavelengths of ultraviolet light.


																																						
    
     




																																			The research team recently achieved the mass production of metalenses for visible light region using deep ultraviolet photolithography, as published in the Nature Materials. However, challenges emerged as the existing method demonstrated low efficiency in the infrared region.

To address this limitation, the team developed a material with a high refractive index and low loss for the infrared region. This material was integrated into the established mass production process, resulting in the successful creation of a sizable infrared metalens with a 1cm diameter on an 8-inch wafer.

Notably, the lens boasts a remarkable numerical aperture (NA) of 0.53, highlighting its exceptional light-collecting capability along with high resolution approaching the diffraction limit. The cylindrical structure further renders it polarization-independent, ensuring excellent performance regardless of the direction of light vibration.

In the second approach, the team employed nano imprinting, a process allowing for the printing of nanostructures using a mold. This process utilized the nanoimprint technique know-how, accumulated through collaborative research with RIST.

This endeavor proved successful as the team managed to mass-produce a metalens with a 5-millimeter diameter, comprised of about a hundred million rectangular nanostructures on a 4-inch wafer. Notably, this metalens exhibited impressive performance, boasting an aperture of 0.53. Its rectangular structure showed polarization-dependent properties, effectively responding to the direction of light vibration.


																																			Building upon this achievement, the team integrated a high-resolution imaging system to observe real samples such as onion epidermis, validating the possibility of commercializing metalenses.

This research holds significance as it overcomes the limitations of the traditional one-by-one metalens production process. It not only facilitates the creation of optical devices with both polarization-dependent and -independent characteristics tailored to specific applications but also reduces the production cost of metalenses by up to 1,000 times.

Professor Junsuk Rho said, "We have achieved the precise and rapid production of high-performance metalenses on a wafer-scale, reaching centimeter dimensions. Our aim is for this research to expedite the industrialization of metalenses, fostering the advancement of efficient optical devices and optical technologies."
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												Seong-Won Moon et al, Wafer-Scale Manufacturing of Near-Infrared Metalenses, Laser & Photonics Reviews (2024). DOI: 10.1002/lpor.202300929
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Advancing quantum networks: Study achieves largest photon emission enhancement for single T center to date

										

    
        
            [image: Research shows promise for advancing quantum networks]
             
                Efficient optical coupling to single T centers in a silicon photonic cavity. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-46643-8
            
        

    


Rice University engineers have demonstrated a way to control the optical properties of atomic imperfections in silicon material known as T centers, paving the way toward leveraging these point defects for building quantum nodes for large-scale quantum networks.



										      
         
        
        
        

      

																																	
"T centers are a type of atomic defect in the regular lattice of silicon," said Songtao Chen, assistant professor of electrical and computer engineering.

"T centers have been generating a lot of interest recently because they show potential as qubit building blocks for quantum networking. They emit single photons at an advantageous wavelength for telecommunication applications, but they suffer from a low photon emission rate."

Spontaneous emission--the phenomenon behind the familiar glow of a firefly or other glow-in-the-dark effects--describes the process by which a quantum mechanical system, like a molecule, atom or subatomic particle, transitions to a lower-energy state by releasing some of its energy in the form of a photon. Enhancing the rate of spontaneous emission in T centers is one of the hurdles that scientists need to overcome in order to make T center-based qubits viable.

By embedding a T center in a photonic integrated circuit, Songtao and his team increased the collection efficiency for T center single photon emission by two orders of magnitude compared with typical confocal-type experiments.


																																						
    
     




																																			According to the study published in Nature Communications, the team demonstrated that coupling with a photonic crystal cavity enhances a T center's photon emission rate by a factor of seven, exploiting a phenomenon known as the Purcell effect.

"The goal of our experiment was to demonstrate the ability to modify the optical properties of single T centers in silicon," said Rice graduate student and study co-author Yu-En Wong. "It turns out that the photonic cavity structure does impact the T center photon emission rate. By measuring the rate with and without the cavity interaction, we were able to gauge the strength of the coupling between the cavity and the T center."

The coupling between the photonic cavity structure and T center grows stronger as they exchange photon energy increasingly rapidly, shortening the time that energy is stored in the T center.

"This is what's commonly known as the Purcell effect," said Rice graduate student and study co-author Adam Johnston.

"What we've shown here is that we can deploy the Purcell effect to achieve the purest single photon emission among all color centers in silicon to date and the largest photon emission enhancement for a single T center."

The finding is a significant step toward advancing quantum networks, which rely on the quantum properties of photons to encode information, allowing for both significantly more powerful computing as well as enhanced security.


																																			"The security of quantum communications is guaranteed by the fundamentals of quantum mechanics, enabling detection of eavesdroppers with a high probability and thus improving the protection of sensitive data," said co-author Ulises Felix-Rendon, who together with Johnston and Wong is pursuing a doctorate in applied physics as part of the Chen lab.

"Companies such as Google and IBM have demonstrated significant advantages of quantum computers over their classical counterparts," Felix-Rendon said.

"However, many of the world's most advanced quantum computers are restricted to sending information over wires cooled to cryogenic temperatures, which limits the scalability of these systems. We hope our work will be instrumental for developing quantum networks to connect remote quantum computers and moving past current roadblocks in quantum technology."
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												Adam Johnston et al, Cavity-coupled telecom atomic source in silicon, Nature Communications (2024). DOI: 10.1038/s41467-024-46643-8
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      Space and Earth

      The latest science news on astronomy, astrobiology,  and space exploration from Phys.org.


      
        Texas county issues disaster declaration for solar eclipse, expects 200K people
        A North Texas county issued a disaster declaration ahead of the April 8 solar eclipse, warning of traffic and potential gridlock as the celestial event ends.

      

      
        ALMA finds new molecular signposts in starburst galaxy
        The ALMA radio telescope has detected more than 100 molecular species, including many indicative of different star formation and evolution processes, in a galaxy where stars are forming much more actively than in the Milky Way. This is far more molecules than were found in previous studies. Now the team will try to apply this knowledge to other galaxies. The research is published in The Astrophysical Journal Supplement Series.

      

      
        Three new millisecond pulsars detected with MeerKAT
        Using the MeerKAT radio telescope in South Africa, an international team of astronomers has detected three new millisecond pulsars in the globular cluster Messier 62 (also known as NGC 6266). The finding was detailed in a research paper published March 18 on the pre-print server arXiv.

      

      
        Schools in the path of April's total solar eclipse prepare for a natural teaching moment
        Seventh-grade student Henry Cohen bounced side to side in time to the Beatles' "Here Comes the Sun" playing in teacher Nancy Morris' classroom, swinging his arms open and closed across the planets pictured on his T-shirt.

      

      
        Japan moon probe survives second lunar night
        Japan's moon lander woke up after unexpectedly surviving a second frigid, two-week lunar night and transmitted new images back to Earth, the country's space agency said Thursday.

      

      
        Research unlocks supernova stardust secrets
        Curtin University-led research has discovered a rare dust particle trapped in an ancient extra-terrestrial meteorite that was formed by a star other than our sun.

      

      
        In a distant stellar system, the JWST sees the end of planet formation
        Every time a star forms, it represents an explosion of possibilities. Not for the star itself; its fate is governed by its mass. The possibilities it signifies are in the planets that form around it. Will some be rocky? Will they be in the habitable zone? Will there be life on any of the planets one day?

      

      
        Long-period oscillations control the sun's differential rotation: Study
        The sun's differential rotation pattern has puzzled scientists for decades: While the poles rotate with a period of approximately 34 days, mid-latitudes rotate faster and the equatorial region requires only approximately 24 days for a full rotation.

      

      
        Watch a real-time map of Starlink satellites orbiting Earth
        In an effort to enhance the educational outreach of their Starlink constellation, SpaceX has an interactive global map of their Starlink internet satellites, which provides live coverage of every satellite in orbit around the Earth.

      

      
        NASA selects first lunar instruments for Artemis astronaut deployment
        NASA has chosen the first science instruments designed for astronauts to deploy on the surface of the moon during Artemis III. Once installed near the lunar South Pole, the three instruments will collect valuable scientific data about the lunar environment, the lunar interior, and how to sustain a long-duration human presence on the moon, which will help prepare NASA to send astronauts to Mars.

      

      
        ESA, NASA Solar Observatory discovers its 5,000th comet
        On March 25, 2024, a citizen scientist in the Czech Republic spotted a comet in an image from the Solar and Heliospheric Observatory (SOHO) spacecraft, which has now been confirmed to be the 5,000th comet discovered using SOHO data. SOHO has achieved this milestone over 28 years in space, even though it was never designed to be a comet hunter.

      

      
        NASA's Europa clipper survives and thrives in 'outer space on Earth'
        In less than six months, NASA is set to launch Europa Clipper on a 1.6-billion-mile (2.6-billion-kilometer) voyage to Jupiter's ocean moon Europa. From the wild vibrations of the rocket ride to the intense heat and cold of space to the punishing radiation of Jupiter, it will be a journey of extremes. The spacecraft was recently put through a series of hard-core tests at the agency's Jet Propulsion Laboratory in Southern California to ensure it's up to the challenge.
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Texas county issues disaster declaration for solar eclipse, expects 200K people

										 by Zaeem Shaikh, The Dallas Morning News										 										 									
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A North Texas county issued a disaster declaration ahead of the April 8 solar eclipse, warning of traffic and potential gridlock as the celestial event ends.



										    
																					Kaufman County Judge Jakie Allen issued the declaration Wednesday due to "projected and expected number of visitors," according to a news release from the county's Office of Emergency Management. County officials are expecting 200,000 people in attendance--nearly double its population--to view the total eclipse as Kaufman and Terrell are in the path of totality.

"The dramatic increase in population, even for a short time, will greatly impact our public safety agencies, taxing their ability to respond to calls," officials wrote in a release announcing the declaration.

For several months, law enforcement, fire, emergency response agencies and many others had held meetings to prepare for the eclipse, with their greatest concern being traffic and gridlock. The declaration will last four days from April 5 until April 9.

Allen has also sent a letter to Gov. Greg Abbott requesting a state disaster declaration to make additional resources available if needed, officials wrote in the release.

Several other Texas counties have issued emergency declarations, including Bell, Kerr, and Travis. Kerrville, located in Kerr County, was selected by NASA as one of three U.S. cities to livestream the eclipse. Tens of thousands of people are expected to visit Hillsboro, a city that has dubbed itself "Eclipseboro" ahead of the event.

In the once-in-a-lifetime event, the moon will pass between the sun and Earth and plunging some cities in total darkness for a few minutes.


																														
																					
																															 
												  2024 The Dallas Morning News. Distributed by Tribune Content Agency, LLC.
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ALMA finds new molecular signposts in starburst galaxy

										


    
        
            [image: ALMA finds new molecular signposts in starburst galaxy]
             
                The different colors represent the distribution of molecular gas (blue), shocked regions (red), relatively high-density regions (orange), young starbursts (yellow), developed starbursts (magenta), and molecular gas affected by cosmic-ray ionization (cyan). Credit: ALMA (ESO/NAOJ/NRAO), N. Harada et al.
            
        

    


The ALMA radio telescope has detected more than 100 molecular species, including many indicative of different star formation and evolution processes, in a galaxy where stars are forming much more actively than in the Milky Way. This is far more molecules than were found in previous studies. Now the team will try to apply this knowledge to other galaxies. The research is published in The Astrophysical Journal Supplement Series.




										      
         
        
        
        

      

																					A team of researchers led by Sergio Martin of the European Southern Observatory/Joint ALMA Observatory, Nanase Harada of the National Astronomical Observatory of Japan, and Jeff Mangum of the National Radio Astronomy Observatory used ALMA (Atacama Large Millimeter/submillimeter Array) to observe the center of a galaxy known as NGC 253.

NGC 253 is located about 10 million light-years away in the direction of the constellation Sculptor. NGC 253 is an example of a starburst galaxy, a galaxy where many new stars are forming rapidly. The factors leading to the onset of a starburst are still not well understood.

The birth, evolution, and death of stars change the molecular composition of the surrounding gas. ALMA's high sensitivity and high resolution allowed astronomers to determine the locations of molecules indicative of the various stages in the life cycle of stars.

This survey, dubbed ALCHEMI (ALMA Comprehensive High-resolution Extragalactic Molecular Inventory), found high-density molecular gas that is likely promoting active star formation in this galaxy. The amount of dense gas in the center of NGC 253 turned out to be more than 10 times higher than that in the center of the Milky Way, which could explain why NGC 253 is forming stars about 30 times more efficiently.

The ALCHEMI survey also provided an atlas of 44 molecular species, doubling the number available from previous studies outside the Milky Way. By applying a machine-learning technique to this atlas, the researchers were able to identify which molecules serve as the best signposts to trace the story of star formation from the beginning to the end. This knowledge will help in planning future ALMA observations.


																														
																				
																						More information:
												Nanase Harada et al, The ALCHEMI Atlas: Principal Component Analysis Reveals Starburst Evolution in NGC 253, The Astrophysical Journal Supplement Series (2024). DOI: 10.3847/1538-4365/ad1937
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Three new millisecond pulsars detected with MeerKAT

										 by Tomasz Nowakowski										 										 , Phys.org
										 									

									
										


    
        
            [image: Three new millisecond pulsars detected with MeerKAT]
             
                Positions of all the pulsars in M62, plotted as east-west (tha) and south-north (thd) offsets from the center of the GC. Credit: Vleeschower et al., 2024.
            
        

    


Using the MeerKAT radio telescope in South Africa, an international team of astronomers has detected three new millisecond pulsars in the globular cluster Messier 62 (also known as NGC 6266). The finding was detailed in a research paper published March 18 on the pre-print server arXiv.




										      
         
        
        
        

      

																																	Pulsars are highly-magnetized, rotating neutron stars emitting a beam of electromagnetic radiation. The most rapidly rotating pulsars, with rotation periods below 30 milliseconds, are known as millisecond pulsars (MSPs). Astronomers assume that they are formed in binary systems when the initially more massive component turns into a neutron star that is then spun up due to accretion of matter from the secondary star.

In the paper, a group of astronomers led by Laila Vleeschower of the University of Manchester, UK, reports the discovery of three new pulsars of this type in Messier 62, or M62, which is known to host seven binary pulsars. The finding was made as part of the TRAnsients and PUlsars with MeerKAT (TRAPUM) project.

"Using MeerKAT, we have discovered three new millisecond pulsars (MSPs) in the bulge globular cluster M62: M62H, M62I, and M62J," the researchers wrote.

The three newfound MSPs are binary systems. Therefore, all of the 10 pulsars identified in Messier 62 turned out to be binaries. According to the astronomers, the fact that only binary pulsars have been detected in Messier 62 is surprising, in contrast to what is observed in other known GCs--where isolated pulsars are easier to find.

M62H has a spin period of about 3.7 milliseconds and a dispersion measure of 114.7 pc/cm3. Its companion has a minimum mass of approximately 0.00236 solar masses (2.5 Jupiter masses), which makes M62H a binary with the lightest companion known to date in a GC. The orbital period of the system was measured to be 0.133 days.


																																						
    
     




																																			M62I rotates once in approximately 3.3 milliseconds and its orbital period is about 0.51 days. The pulsar has a dispersion measure of 113.35 pc/cm3 and its companion has a minimum mass of 0.15 solar masses. The collected data also allowed the astronomers to derive the characteristic age of M62I, which was found to be at least 278 million years, and the surface magnetic field that is estimated to be lower than 795 million Gauss.

When it comes to M62J, it has a spin period of 2.76 milliseconds and its dispersion measured was found to be 111.98 pc/cm3. Given that the researchers were unable to obtain a timing solution for M62J, the rest of its properties remain unknown.

Besides the detection of three new pulsars in Messier 62, the authors of the paper also updated long-term timing solutions, with a data span of over 23 years, for six previously known pulsars in this cluster
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												Vleeschower et al, Discoveries and Timing of Pulsars in M62, arXiv (2024). DOI: 10.48550/arxiv.2403.12137
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Schools in the path of April's total solar eclipse prepare for a natural teaching moment
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                Total Solar eclipse 1999 in France. Credit: Wikipedia, by Luc Viatour.
            
        

    


Seventh-grade student Henry Cohen bounced side to side in time to the Beatles' "Here Comes the Sun" playing in teacher Nancy Morris' classroom, swinging his arms open and closed across the planets pictured on his T-shirt.



										      
         
        
        
        

      

																																	Henry and other classmates at Cleveland's Riverside School were on their feet, dancing during a session of activities tied to April's total solar eclipse. Second-graders invited in for the lessons sat cross-legged on the floor, laughing as they modeled newly decorated eclipse viewing glasses. Dioramas with softball-sized model earths and moons and flashlight "suns" occupied desks and shelves around the room.

Henry said his shirt reflected his love of space, which he called "a cool mystery." The eclipse, he said, "is a one in a million chance and I'm glad I get to be here for it."

For schools in or near the path of totality of the April 8 eclipse, the event has inspired lessons in science, literacy and culture. Some schools also are organizing group viewings for students to experience the awe of daytime darkness and learn about the astronomy behind it together.

A hair out of the path of totality, the school system in Portville, New York, near the Pennsylvania line, plans to load its 500 seventh- through 12th-grade students onto buses and drive about 15 minutes into the path, to an old horse barn overlooking a valley. There, they will be able to trace the shadow of the eclipse as it arrives around 3:20 p.m. EDT.


																																						
    
     




																																			It required rearranging the hours of the school day to remain in session, but Superintendent Thomas Simon said staff did not want to miss out on the learning opportunity, especially at a time when when students experience so much of life through screens.

"We want them to leave here that day feeling they're a very small part of a pretty magnificent planet that we live on, and world that we live in, and that there's some real amazing things that we can experience in the natural world," Simon said.

Schools in Cleveland and some other cities in the eclipse's path will be closed that day so that students aren't stuck on buses or in crowds of people expected to converge. At Riverside, Morris came up with a mix of crafts, games and models to educate and engage her students ahead of time.

"They really were not realizing what a big deal this was until we really started talking about it," Morris said.

Learning about phases of the moon and eclipses is built into every state's science standards, said Dennis Schatz, past president of the National Science Teaching Association. Some school systems have their own planetariums--relics of the 1960s space race--where students can take in educational shows about astronomy.

But there is no better lesson than the real thing, said Schatz, who encourages educators to use the eclipse as "a teachable moment."

Dallas science teachers Anita Orozco and Katherine Roberts plan to do just that at the Lamplighter School, arranging for the entire pre-K- through fourth-grade student body to watch it together outdoors. The teachers spent a Saturday in March at a teaching workshop at the University of Texas at Dallas where they were told it would be "almost criminal" to keep students inside.


																																			"We want our students to love science as much as we do," Roberts said, "and we just want them understanding and also having the awe of how crazy this event is."

Wrangling young children may be a challenge, Orozco said, but "we want it to be an event."

In training future science teachers, University at Buffalo professor Noemi Waight has encouraged her student teachers to incorporate how culture shapes the way people experience an eclipse. Native Americans, for example, may view the total eclipse as something sacred, she said.

"This is important for our teachers to understand," she said, "so when they're teaching, they can address all of these elements."

The STEM Friends Club from the State University of New York Brockport planned eclipse-related activities with fourth-grade students at teacher Christopher Albrecht's class, hoping to pass along their passion for science, technology, engineering and math to younger students.

"I want to show students what is possible," said Allison Blum, 20, a physics major focused on astrophysics. "You know those big mainstream jobs, like astronaut, but you don't really know what's possible with the different fields."

Albrecht sees his fourth-grade students' interest in the eclipse as a chance to incorporate literacy into lessons, too--maybe even spark a love of reading.

"This is is a great opportunity to read a lot with them," Albrecht said. He has picked "What Is a Solar Eclipse?" by Dana Meachen Rau and "A Few Beautiful Minutes" by Kate Allen Fox for his class at Hill Elementary School in Brockport, New York.

"It's capturing their interest," he said, "and at the same time, their imagination, too."
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                The SLIM lander touched down in January at a wonky angle that left its solar panels facing the wrong way.
            
        

    


Japan's moon lander woke up after unexpectedly surviving a second frigid, two-week lunar night and transmitted new images back to Earth, the country's space agency said Thursday.



										      
         
        
        
        

      

																																	The unmanned Smart Lander for Investigating Moon (SLIM) probe touched down in January, making Japan only the fifth nation to reach the lunar surface without crashing.

But the lightweight spacecraft landed at a wonky angle that left its solar panels facing the wrong way.

The Japan Aerospace Exploration Agency announced the probe's latest surprise awakening in a post on X, formerly Twitter.

"We received a response from SLIM last night and confirmed that SLIM had successfully completed its second overnight," it said.

A black-and-white photo of the rocky surface of a crater accompanied the post on SLIM's official account.

"Since the sun was still high in the sky... and the equipment was still hot, we recorded images of the usual scenery with the navigational camera, among other activities, for a short period of time," it said.

Thursday's news came after an uncrewed American lander called Odysseus--the first private spaceship to successfully land on the moon--had failed to wake up.

Its manufacturer, the Houston-based Intuitive Machines, had hoped the lander might revive like Japan's SLIM, but on Saturday declared the lander's mission over.

The Intuitive Machines spaceship also landed at the wrong angle but was able to complete several tests and send back photos before the most recent lunar night began.


																																						
    
     




																																			'Moon Sniper'

JAXA has dubbed SLIM the "Moon Sniper" for its precision landing technology.

The aim of its mission was to examine a part of the moon's mantle--the usually deep inner layer beneath its crust--believed to be accessible at the crater where it landed.

About three hours after its nail-biting touchdown on January 20, JAXA switched the lander off remotely to save power, having received technical and image data from its descent.

As the sun's angle shifted, the probe came back to life in late January for two days and carried out scientific observations of a crater with a high-spec camera.

JAXA says the spacecraft was "not designed for the harsh lunar nights", when the temperature plunges below minus 130 degrees Celsius (-200 degrees Fahrenheit).

So scientists had cause for celebration when SLIM successfully woke up in late February against the odds.

The SLIM saga has been a boon for the space agency after a string of high-profile failures, including two previous Japanese lunar missions--one public and one private.

The country unsuccessfully sent a lunar probe named Omotenashi as part of the United States' Artemis 1 mission in 2022.

Then in April 2023, Japanese startup ispace lost communication with its craft after what it described as a "hard landing".

This year Japan's space fortunes have also been mixed.

In February JAXA toasted a successful blast-off for its new flagship H3 rocket.

But two weeks ago a different rocket made by the Tokyo-based company Space One exploded into flames in a spectacular failure for the start-up's bid to put a satellite into orbit.
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Research unlocks supernova stardust secrets
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                Cassiopeia A is a supernova remnant in the constellation Cassiopeia. Credit: NASA/CXC/SAO
            
        

    


Curtin University-led research has discovered a rare dust particle trapped in an ancient extra-terrestrial meteorite that was formed by a star other than our sun.



										      
         
        
        
        

      

																																	
The research titled "Atomic-scale Element and Isotopic Investigation of 25Mg-rich Stardust from an H-burning Supernova" appears in Astrophysical Journal.

The discovery was made by lead author Dr. Nicole Nevill and colleagues during her Ph.D. studies at Curtin, now working at the Lunar and Planetary Science Institute in collaboration with NASA's Johnson Space Center.

Meteorites are mostly made up of material that formed in our solar system and can also contain tiny particles which originate from stars born long before our sun.

Clues that these particles, known as presolar grains, are relics from other stars are found by analyzing the different types of elements inside them.

Dr. Nevill used a technique called atom probe tomography to analyze the particle and reconstruct the chemistry on an atomic scale, accessing the hidden information within.

"These particles are like celestial time capsules, providing a snapshot into the life of their parent star," Dr. Nevill said.

"Material created in our solar system have predictable ratios of isotopes--variants of elements with different numbers of neutrons. The particle that we analyzed has a ratio of magnesium isotopes that is distinct from anything in our solar system.


																																						
    
     




																																			"The results were literally off the charts. The most extreme magnesium isotopic ratio from previous studies of presolar grains was about 1,200. The grain in our study has a value of 3,025, which is the highest ever discovered.

"This exceptionally high isotopic ratio can only be explained by formation in a recently discovered type of star--a hydrogen burning supernova."

Co-author Dr. David Saxey, from the John de Laeter Centre at Curtin said the research is breaking new ground in how we understand the universe, pushing the boundaries of both analytical techniques and astrophysical models.

"The atom probe has given us a whole level of detail that we haven't been able to access in previous studies," Dr. Saxey said.

"Hydrogen burning supernova is a type of star that has only been discovered recently, around the same time as we were analyzing the tiny dust particle. The use of the atom probe in this study, gives a new level of detail helping us understand how these stars formed."

Co-author Professor Phil Bland, from Curtin's School of Earth and Planetary Sciences said new discoveries from studying rare particles in meteorites are enabling us to gain insights into cosmic events beyond our solar system.

"It is simply amazing to be able to link atomic-scale measurements in the lab to a recently discovered type of star."



																																																					
																				
																						More information:
												Atomic-scale Element and Isotopic Investigation of 25Mg-rich Stardust from an H-burning Supernova, The Astrophysical Journal (2024). DOI: 10.3847/1538-4357/ad2996
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In a distant stellar system, the JWST sees the end of planet formation

										

    
        
            [image: In a distant stellar system, the JWST sees the end of planet formation]
             
                This artist's illustration shows what gas leaving a planet-forming disk might look like around the T Tauri star T. Cha. Credit: ESO/M. Kornmesser CC BY
            
        

    


Every time a star forms, it represents an explosion of possibilities. Not for the star itself; its fate is governed by its mass. The possibilities it signifies are in the planets that form around it. Will some be rocky? Will they be in the habitable zone? Will there be life on any of the planets one day?



										      
         
        
        
        

      

																																	
There's a point in every stellar system's development when it can no longer form planets. No more planets can form because there's no more gas and dust available, and the expanding planetary possibilities are truncated. But the total mass of a stellar system's planets never adds up to the total mass of gas and dust available around the young star.

What happens to the mass, and why can't more planets form?

When a protostar forms in a cloud of molecular hydrogen, it's accompanied by a rotating disk of gas and dust called a circumstellar disk. As material gathers into larger and larger bodies, planetesimals form, and eventually, planets. At that point, the disk is referred to as a protoplanetary disk. But whatever we call it, the rotating disk is the reservoir of material out of which planets form.

In our solar system, there are more rocky objects than gaseous ones. Not by mass but by number. Scientists think that systems similar to ours form similar numbers of rocky and gaseous objects.

But in the solar system's early days, there was way more gas than there was solids. This contradicts the fact that the disks around young stars contain 100 times more gas than they do solids. Where does all the gas go?


																																						
    
     




																																			New research based on JWST observations provides an answer. The study is "JWST MIRI MRS Observations of T Cha: Discovery of a Spatially Resolved Disk Wind." It's published in The Astronomical Journal, and the lead author is Naman S. Bajaj, a doctoral student at the University of Arizona's Lunar and Planetary Laboratory.
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                This schematic from the research shows T Cha, the dust gap, the planetary candidate, and the EUV and X-rays that ionize the noble gases, creating the disk wind. Credit: Bajaj et al. 2024
            
        

    



T Chamaelontis (T Cha) is a young T Tauri star located about 335 light-years away. T Tauri stars are less than about 10 million years old and haven't entered the main sequence yet. At this point in their development, the disks around T Tauri stars are dissipating. The gas in the disk is being actively dispersed into space.

"Knowing when the gas disperses is important as it gives us a better idea of how much time gaseous planets have to consume the gas from their surroundings," said lead author Bajaj. "With unprecedented glimpses into these disks surrounding young stars, the birthplaces of planets, JWST helps us uncover how planets form."

Since the type and number of planets formed in a disk around a star depends on how much gas and dust are available, knowing how and when it disperses is foundational to understanding the eventual stellar system.

"So, in short, the outcome of planet formation depends on the evolution and dispersal of the disk," Bajaj said.


																																			T Cha is noteworthy for another reason beyond its young age. Its eroding circumstellar disk has a vast dust gap in it about 30 astronomical units wide. On the inside of the gap is a narrow ring of material close to the star, and on the outside of the gap is the remainder of the disk material. A planetary candidate is in the gap but isn't part of this research.

The force that disperses gas is called the disk wind. In this research, the scientists involved used the JWST to probe the disk and discover what drives the wind. This is the first time that scientists have imaged the disk wind.

Ionization plays a large role in disk dispersion. Ionization happens when energetic photons from a star strike an atom and remove one or more electrons. Ionization of different types of atoms releases particular light that the JWST can see and that scientists can use to trace the activity in the disk. In this research, the JWST detected two noble gases being ionized: argon and neon. The JWST also detected double-ionized argon, the first time it's ever been detected in a disk.



    
        
            [image: In a distant stellar system, the JWST sees the end of planet formation]
             
                This figure from the research shows some of the JWST's observations. The upper panel is the JWST MIRI MRS spectrum of T Cha plotted between showing PAH (polycyclic aromatic hydrocarbon) features and other data, including the forbidden noble gas emissions in green. The lower four panels further highlight the four forbidden line emissions, [Ar ii], [Ar iii], [Ne ii], and [Ne iii], which are especially important in this study. The presence of doubly ionized Argon (Ar iii) has never been observed before. Credit: Bajaj et al. 2024
            
        

    



Astronomers have known for a decade that Ne ii traces disk winds. Scientists working with NASA's Spitzer Space Telescope discovered that. At T Cha, the Ne ii traces emission away from the disk, which is compatible with a disk wind.

"The neon signature in our images tells us that the disk wind is coming from an extended region away from the disk," Bajaj said. "These winds could be driven either by high-energy photons--essentially the light streaming from the star--or by the magnetic field that weaves through the planet-forming disk."


																																						
    
     




																																			It's critical to understand the source of the ionization. To dig into it, the researchers relied on simulations. The researchers simulated the intense radiation coming from the young star and compared it to the JWST observations. There was a good match showing that the energetic stellar photons can drive the disk dispersal.

"Our discovery of spatially resolved neon emission--and the first detection of double ionized argon--using the James Webb Space Telescope could become the next step towards transforming our understanding of how gas clears out of a planet-forming disk," said Ilaria Pascucci, a professor at LPL who helped discover that neon traces disk winds. "These insights will help us get a better idea of the history and impact on our own stellar system."

As a young T Tauri star, T Cha is changing rapidly. Previous observations about 17 years ago with Spitzer revealed a different spectrum than these observations with the JWST. The differences can be explained by a small inner disk of material near T Cha that has lost noticeable mass in the intervening 17 years. In specific scientific terms, the MIRI [Ne ii] flux is 50% higher than the Spitzer flux obtained in 2006. Future studies can help shed even more light on these wind diagnostic lines.

Chengyan Xie, a second-year doctoral student at LPL who's involved in the research, thinks that we're watching disk dispersal in real time and that things will continue to change rapidly.

"Along with the other studies, this also hints that the disk of T Cha is at the end of its evolution," Xie said. "We might be able to witness the dispersal of all the dust mass in T Cha's inner disk within our lifetime."

Planet formation could be about to stall at T Cha, and the JWST is helping us see it happen.



																																																					
																				
																						More information:
												Naman S. Bajaj et al, JWST MIRI MRS Observations of T Cha: Discovery of a Spatially Resolved Disk Wind, The Astronomical Journal (2024). DOI: 10.3847/1538-3881/ad22e1
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Long-period oscillations control the sun's differential rotation: Study

										

    
        
            [image: Long-period oscillations control the sun's differential rotation]
             
                Three-dimensional visualization of the high-latitude oscillations in the sun. Snapshot of streamlines of the long-period high-latitude oscillations in the convection zone. The red and blue colors denote the prograde (same as rotation) and retrograde (opposite to rotation) zonal flows, respectively. Credit: MPS / Y. Bekki
            
        

    


The sun's differential rotation pattern has puzzled scientists for decades: While the poles rotate with a period of approximately 34 days, mid-latitudes rotate faster and the equatorial region requires only approximately 24 days for a full rotation.



										      
         
        
        
        

      

																																	
In addition, advances in helioseismology (i.e., probing the solar interior with the help of solar acoustic waves) have established that this rotational profile is nearly constant throughout the entire convection zone. This layer of the sun stretches from a depth of approximately 200,000 kilometers to the visible solar surface and is home to violent upheavals of hot plasma which play a crucial role in driving solar magnetism and activity.

While theoretical models have long postulated a slight temperature difference between solar poles and equator to maintain the sun's rotational pattern, it has proven notoriously difficult to measure. After all, observations have to "look through" the background of the sun's deep interior, which measures up to a million degrees in temperature. However, as researchers from the Max Planck Institute for Solar System Research (MPS) show, it is now possible to determine the temperature difference from the observations of the long-period oscillations of the sun.

The work is published in the journal Science Advances.

In their analysis of observational data obtained by the Helioseismic and Magnetic Imager (HMI) onboard NASA's Solar Dynamics Observatory from 2017 to 2021, the scientists turned to global solar oscillations with long periods that can be discerned as swirling motions at the solar surface. Scientists from MPS reported their discovery of these inertial oscillations three years ago. Among these observed modes, the high-latitude modes with velocities of up to 70 km per hour proved to be especially influential.


																																						
    
     




																																			To study the nonlinear nature of these high-latitude oscillations, the team conducted a set of three-dimensional numerical simulations. In their simulations, the high-latitude oscillations carry heat from the solar poles to the equator, which limits the temperature difference between the sun's poles and the equator to less than seven degrees.

"This very small temperature difference between the poles and the equator controls the angular momentum balance in the sun and thus is an important feedback mechanism for the sun's global dynamics," says MPS Director Prof. Dr. Laurent Gizon.

In their simulations, the researchers for the first time described the crucial processes in a fully three-dimensional model. Former endeavors had been limited to two-dimensional approaches that assumed the symmetry about the sun's rotation axis.

"Matching the nonlinear simulations to the observations allowed us to understand the physics of the long-period oscillations and their role in controlling the sun's differential rotation," says MPS postdoc and the lead author of the study Dr. Yuto Bekki.

The solar high-latitude oscillations are driven by a temperature gradient in a similar way to extratropical cyclones on the Earth. The physics is similar, though the details are different: "In the sun, the solar pole is about seven degrees hotter than equator and this is enough to drive flows of about 70 kilometers per hour over a large fraction of the sun. The process is somewhat similar to the driving of cyclones," says MPS scientist Dr. Robert Cameron.

Probing the physics of the sun's deep interior is difficult. This study is important as it shows that the long-period oscillations of the sun are not only useful probes of the solar interior, but that they play an active role in the way the sun works. Future work will be aimed at better understanding the role of these oscillations and their diagnostic potential.
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												Yuto Bekki et al, The Sun's differential rotation is controlled by high-latitude baroclinically unstable inertial modes, Science Advances (2024). DOI: 10.1126/sciadv.adk5643
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Watch a real-time map of Starlink satellites orbiting Earth

										


    
        
            [image: Watch a real-time map of Starlinks orbiting earth]
             
                Starlink interactive map offered by SpaceX. Credit: StarlinkMap.org
            
        

    


In an effort to enhance the educational outreach of their Starlink constellation, SpaceX has an interactive global map of their Starlink internet satellites, which provides live coverage of every satellite in orbit around the Earth.




										      
         
        
        
        

      

																																	This interactive map comes as SpaceX continues to launch Starlink satellites into orbit on a near-weekly basis with the goal of providing customers around the world with high-speed internet while specifically targeting rural regions of the globe. In 2022, Starlink officially reached all seven continents after Starlink service became available in Antarctica. Additionally, SpaceX announced in 2023 a partnership with T-Mobiel for Starlink to provide mobile coverage, as well.

Within this interactive map, users can opt to see live satellite coverage or rewind and fast-forward their respective orbital speeds. Scrolling your mouse will highlight each satellite, and clicking on them will produce their individual satellite information and orbital trajectory, enabling the user to see if a particular satellite will pass over their location. Additionally, users can rotate the Earth and zoom in to anywhere on the planet.

All in all, this interactive map gives users near-total control over identifying Starlink satellites currently orbiting the Earth.

To complement the interactive map, users can find data on the number of satellites both launched and currently in orbit, noting a few hundred of the several thousand satellites have been deorbited to burn up on re-entry. As of this writing, 5,977 satellites have been launched, with 5,601 satellites currently in operation and the remaining 376 having been deorbited for a variety of reasons, including failing to reach their target orbit or containing design flaws, as Elon Musk recently announced he plans to deorbit 100 Starlink satellites slowly degrading their orbits over the next five years.



    
    
    
        
        
    
         
             
         

        2021 video showing an early attempt at Starlink tracking
  

Scrolling down the left menu provides users with information pertaining to the running gigabytes and terabytes having been sent to Earth, along with the most recent and next Starlink launch by SpaceX. Additionally, this menu provides the average time between Starlink launches, along with the number of satellites in orbit by SpaceX's competition and how many Starlink jobs are presently available at SpaceX.


																																						
    
     




																																			As noted, the goal of Starlink is to provide worldwide high-speed internet, with the interactive map noting, "The Starlink constellation could serve up to 188,180 MB/sec to Earth." Despite the more than 5,500 Starlink satellites currently in orbit, SpaceX hopes to launch up to 12,000 satellites during this phase and possibly 42,000 someday.

Despite its impressive numbers and credentials, Starlink has been met with its share of backlash and controversy, including its negative impacts on astronomy, as reports have indicated the streaks from Starlink satellites caused by prolonged camera exposures result in obscuring optical images of the night sky from ground-based telescopes.

Most recently, a 2023 study discussed both deliberate and accidental radio signals emanating from Starlink satellites that could interfere with radio astronomy. Additionally, there is growing concern that the increasing number of Starlink satellites could result in unavoidable collisions, leading to increasing space debris in Earth orbit.

With thousands of Starlink satellites still scheduled to be launched into orbit, this Starlink interactive map is going to get busier, and hopefully, along with the worldwide high-speed internet access it provides across the globe.
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NASA selects first lunar instruments for Artemis astronaut deployment

										

    
        
            [image: NASA selects first lunar instruments for Artemis astronaut deployment]
             
                Artist's concept of an Artemis astronaut deploying an instrument on the lunar surface. Credit: NASA
            
        

    


NASA has chosen the first science instruments designed for astronauts to deploy on the surface of the moon during Artemis III. Once installed near the lunar South Pole, the three instruments will collect valuable scientific data about the lunar environment, the lunar interior, and how to sustain a long-duration human presence on the moon, which will help prepare NASA to send astronauts to Mars.



										      
         
        
        
        

      

																																	"Artemis marks a bold new era of exploration, where human presence amplifies scientific discovery. With these innovative instruments stationed on the moon's surface, we're embarking on a transformative journey that will kick-start the ability to conduct human-machine teaming--an entirely new way of doing science," said NASA Deputy Administrator Pam Melroy.

"These three deployed instruments were chosen to begin scientific investigations that will address key moon to Mars science objectives."

The instruments will address three Artemis science objectives: understanding planetary processes, understanding the character and origin of lunar polar volatiles, and investigating and mitigating exploration risks. They were specifically chosen because of their unique installation requirements that necessitate deployment by humans during moonwalks.

All three payloads were selected for further development to fly on Artemis III, which is targeted to launch in 2026. However, final manifesting decisions about the mission will be determined at a later date. Members of these payload teams will become members of NASA's Artemis III science team.

The Lunar Environment Monitoring Station (LEMS) is a compact, autonomous seismometer suite designed to carry out continuous, long-term monitoring of the seismic environment, namely ground motion from moonquakes, in the lunar south polar region.


																																						
    
     




																																			The instrument will characterize the regional structure of the moon's crust and mantle, which will add valuable information to lunar formation and evolution models. LEMS previously received four years of NASA's Development and Advancement of Lunar Instrumentation funding for engineering development and risk reduction.

It is intended to operate on the lunar surface for three months up to two years and may become a key station in a future global lunar geophysical network. LEMS is led by Dr. Mehdi Benna from the University of Maryland, Baltimore County.

Lunar Effects on Agricultural Flora (LEAF) will investigate the lunar surface environment's effects on space crops. LEAF will be the first experiment to observe plant photosynthesis, growth, and systemic stress responses in space-radiation and partial gravity.

Plant growth and development data, along with environmental parameters measured by LEAF, will help scientists understand the use of plants grown on the moon for both human nutrition and life support on the moon and beyond. LEAF is led by Christine Escobar of Space Lab Technologies, LLC, in Boulder, Colorado.

The Lunar Dielectric Analyzer (LDA) will measure the regolith's ability to propagate an electric field, which is a key parameter in the search for lunar volatiles, especially ice.

It will gather essential information about the structure of the moon's subsurface, monitor dielectric changes caused by the changing angle of the sun as the moon rotates, and look for possible frost formation or ice deposits. LDA, an internationally contributed payload, is led by Dr. Hideaki Miyamoto of the University of Tokyo and supported by JAXA (Japan Aerospace Exploration Agency).


																																			"These three scientific instruments will be our first opportunity since Apollo to leverage the unique capabilities of human explorers to conduct transformative lunar science," said Joel Kearns, deputy associate administrator for exploration in NASA's Science Mission Directorate in Washington. "These payloads mark our first steps toward implementing the recommendations for the high-priority science outlined in the Artemis III Science Definition Team report."

Artemis III, the first mission to return astronauts to the surface of the moon in more than 50 years, will explore the south polar region of the moon, within 6 degrees of latitude from the South Pole. Several proposed landing regions for the mission are located among some of the oldest parts of the moon. Together with the permanently shadowed regions, they provide the opportunity to learn about the history of the moon through previously unstudied lunar materials.
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ESA, NASA Solar Observatory discovers its 5,000th comet

										

    
        
            [image: ESA, NASA Solar Observatory discovers its 5,000th comet]
             
                The 5,000th comet discovered with the Solar and Heliospheric Observatory (SOHO) spacecraft is noted by a small white box in the upper left portion of this image. A zoomed-in inset shows the comet as a faint dot between the white vertical lines. The image was taken on March 25, 2024, by SOHO's Large Angle and Spectrometric Coronagraph (LASCO), which uses a disk to block the bright Sun and reveal faint features around it. Credit: NASA/ESA/SOHO
            
        

    


On March 25, 2024, a citizen scientist in the Czech Republic spotted a comet in an image from the Solar and Heliospheric Observatory (SOHO) spacecraft, which has now been confirmed to be the 5,000th comet discovered using SOHO data. SOHO has achieved this milestone over 28 years in space, even though it was never designed to be a comet hunter.



										      
         
        
        
        

      

																																	
The comet is a small body made of ice and rock that takes only a few years to orbit the sun. It belongs to the "Marsden group" of comets. This group is thought to be related to comet 96P/Machholz (which SOHO observes when Machholz passes near the sun every 5.3 years) and is named for the late scientist Brian Marsden who first recognized the group using SOHO observations. Only about 75 of the 5,000 comets discovered with SOHO belong to the Marsden group.

A joint mission of ESA (European Space Agency) and NASA, SOHO launched in December 1995 to study the sun and the dynamics in its outer atmosphere, called the corona. A science instrument on SOHO called the Large Angle and Spectrometric Coronagraph (LASCO), uses an artificial disk to block the blinding light of the sun so scientists can study the corona and environment immediately around the sun.

This also allows SOHO to do something many other spacecraft cannot--see comets flying close to the sun, known as "sungrazing" comets or "sungrazers."

Many of these comets only brighten when they're too close to the sun for other observatories to see and would otherwise go undetected, lost in the bright glare of our star. While scientists expected SOHO to find some comets during its mission serendipitously, the spacecraft's ability to spot them has made it the most prolific comet-finder in history--discovering more than half of the comets known today.



    
    
    
        
        
    
         
             
         

        SOHO's 5,000th comet was discovered with the help of volunteers participating in the NASA-funded Sungrazer Project. Credit: NASA's Goddard Space Flight Center
  

In fact, soon after SOHO launched, people around the world began spotting so many comets in its images that mission scientists needed a way to keep track of them all. In the early 2000s, they launched the NASA Sungrazer Project, which allows anyone to report comets they find in SOHO images.


																																						
    
     




																																			SOHO's 5,000th comet was found by Hanjie Tan, a sungrazer Project participant who is originally from Guangzhou, China, and is currently pursuing a doctoral degree in astronomy in Prague, Czech Republic. Tan has been participating in the Sungrazer Project since he was 13 years old and is one of the project's youngest comet discoverers.

"Since 2009, I've discovered over 200 comets," Tan said. "I got into the Sungrazer Project because I love looking for comets. It's really exciting to be the first to see comets get bright near the sun after they've been traveling through space for thousands of years."

Most of the 5,000 comets discovered using SOHO have been found with the help of an international cadre of volunteer comet hunters--many with no formal scientific training--participating in the Sungrazer Project.



    
    
    
        
        
    
            
            This animation shows the Solar and Heliospheric Observatory's 5,000th comet (circled) moving across the field relative to background stars. The images in this sequence were taken with the spacecraft's Large Angle and Spectrometric Coronagraph (LASCO) instrument. Credit: NASA/ESA/SOHO
  

"Prior to the launch of the SOHO mission and the sungrazer Project, there were only a couple dozen sungrazing comets on record--that's all we knew existed," said Karl Battams, a space scientist at the U.S. Naval Research Lab in Washington, D.C., and the principal investigator for the sungrazer Project. "The fact that we've finally reached this milestone--5,000 comets--is just unbelievable to me."

The vast number of comets discovered using SOHO has allowed scientists to learn more about sungrazing comets and groups of comets that orbit the sun. Comets discovered by the Sungrazer Project have also helped scientists learn more about the sun by watching the comets plunge through our star's atmosphere like small solar probes.

"The statistics of 5,000 comets, and looking at their orbits and trajectories through space, is a super unique dataset--it's really valuable science," Battams said. "It's a testament to the countless hours the project participants have put into this. We absolutely would never have reached this milestone if it wasn't for what the project volunteers have done."
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            [image: NASA's Europa Clipper Survives and Thrives in 'Outer Space' on Earth]
             
                Europa Clipper is seen in the 25-Foot Space Simulator at JPL in February, before the start of thermal vacuum testing. A battery of tests ensures that the NASA spacecraft can withstand the extreme hot, cold, and airless environment of space. Credit: NASA/JPL-Caltech
            
        

    


In less than six months, NASA is set to launch Europa Clipper on a 1.6-billion-mile (2.6-billion-kilometer) voyage to Jupiter's ocean moon Europa. From the wild vibrations of the rocket ride to the intense heat and cold of space to the punishing radiation of Jupiter, it will be a journey of extremes. The spacecraft was recently put through a series of hard-core tests at the agency's Jet Propulsion Laboratory in Southern California to ensure it's up to the challenge.



										      
         
        
        
        

      

																																	Called environmental testing, the battery of trials simulates the environment that the spacecraft will face, subjecting it to shaking, chilling, airlessness, electromagnetic fields, and more.

"These were the last big tests to find any flaws," said JPL's Jordan Evans, the mission's project manager. "Our engineers executed a well-designed and challenging set of tests that put the system through its paces. What we found is that the spacecraft can handle the environments that it will see during and after launch. The system performed very well and operates as expected."

The gantlet

The most recent environmental test for Europa Clipper was also one of the most elaborate, requiring 16 days to complete. The spacecraft is the largest NASA has ever built for a planetary mission and one of the largest ever to squeeze into JPL's historic 85-foot-tall, 25-foot-wide (26-meter-by-8-meter) thermal vacuum chamber (TVAC). Known as the 25-foot Space Simulator, the chamber creates a near-perfect vacuum inside to mimic the airless environment of space.

At the same time, engineers subjected the hardware to the high temperatures it will experience on the side of Europa Clipper that faces the sun while the spacecraft is close to Earth. Beams from powerful lamps at the base of the Space Simulator bounced off a massive mirror at its top to mimic the heat the spacecraft will endure.

To simulate the journey away from the sun, the lamps were dimmed and liquid nitrogen filled tubes in the chamber walls to chill them to temperatures replicating space. The team then gauged whether the spacecraft could warm itself, monitoring it with about 500 temperature sensors, each of which had been attached by hand.



    
    
    
        
        
    
         
             
         

        Watch as engineers and technicians move NASA's Europa Clipper into the thermal vacuum chamber at JPL in February 2024. Credit: NASA/JPL-Caltech
  

TVAC marked the culmination of environmental testing, which included a regimen of tests to ensure the electrical and magnetic components that make up the spacecraft don't interfere with one another.

The orbiter also underwent vibration, shock, and acoustics testing. During vibration testing, the spacecraft was shaken repeatedly--up and down and side to side--the same way it will be jostled aboard the SpaceX Falcon Heavy rocket during liftoff. Shock testing involved pyrotechnics to mimic the explosive jolt the spacecraft will get when it separates from the rocket to fly its mission.

Finally, acoustic testing ensured that Europa Clipper could withstand the noise of launch when the rumbling of the rocket is so loud it can damage the spacecraft if it's not sturdy enough.

"There still is work to be done, but we're on track for an on-time launch," Evans said. "And the fact that this testing was so successful is a huge positive and helps us rest more easily."


																																						
    
     




																																			Looking to launch

Later this spring, the spacecraft will be shipped to NASA's Kennedy Space Center in Florida. There, teams of engineers and technicians will carry out final preparations with eyes on the clock. Europa Clipper's launch period opens Oct. 10.

After liftoff, the spacecraft will zip toward Mars, and in late February 2025, it will be close enough to use the Red Planet's gravitational force for added momentum. From there, the solar-powered spacecraft will swing back toward Earth to get another slingshot boost--from our own planet's gravitational field--in December 2026.

Then, it's on to the outer solar system, where Europa Clipper is set to arrive at Jupiter in 2030. The spacecraft will orbit the gas giant while it flies by Europa 49 times, dipping as close as 16 miles (25 kilometers) from the moon's surface to gather data with its powerful suite of science instruments. The information gathered will tell scientists more about the moon's watery interior.
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      The latest news stories on chemistry, biochemistry, polymers, materials science from Phys.org


      
        Chemists develop method to confirm mRNA vaccine stability
        University at Albany researchers at the RNA Institute have developed a new method to test COVID-19 vaccine integrity that could allow anyone with basic skills in vaccine handling to detect expired vaccines quickly and effectively, without specialized lab equipment.

      

      
        Researchers create reliable prediction method for oxygen reduction catalysts
        Tohoku University researchers have created a reliable means of predicting the performance of a new and promising type of catalyst. Their breakthrough will speed up the development of efficient catalysts for both alkaline and acidic environments, thereby saving time and effort in future endeavors to create better fuel cells.

      

      
        Storing electrons from hydrogen for clean chemical reactions
        Researchers from Kyushu University have developed a hydrogen energy carrier to address some of the biggest hurdles in the path toward a sustainable hydrogen economy. As explained in a paper published in JACS Au, this novel compound can efficiently "store electrons" from hydrogen in a solid state to use in chemical reactions later.

      

      
        New method provides automated calculation of surface properties in crystals
        Computer-based methods are becoming an increasingly powerful tool in the search for new materials for key technologies such as photovoltaics, batteries, and data transmission. Prof. Dr. Caterina Cocchi and Holger-Dietrich Sassnick from the University of Oldenburg in Germany have now developed a high-throughput automatized method to calculate the surface properties of crystalline materials starting directly at the level of established laws of physics (first principles).

      

      
        Bifunctional catalyst enables high-performance batteries for sustainable energy storage
        Zinc-nitrate batteries are a primary non-rechargeable energy storage system that utilizes the redox potential difference between zinc and nitrate ions to store and release electrical energy. A research team co-led by chemists from City University of Hong Kong (CityU) have developed a high-performance rechargeable zinc-nitrate/ethanol battery by introducing an innovative catalyst.

      

      
        Team discovers fundamentally new way to detect radiation involving cheap ceramics
        The radiation detectors used today for applications like inspecting cargo ships for smuggled nuclear materials are expensive and cannot operate in harsh environments, among other disadvantages. Now, MIT engineers have demonstrated a fundamentally new way to detect radiation that could allow much cheaper detectors and a plethora of new applications.

      

      
        Study unlocks the power of visible light for sustainable chemistry
        A breakthrough in sustainable molecular transformations has been achieved by researchers at the University of Helsinki. Led by Professor Pedro Camargo, the team has developed an important way to harness the power of visible light to drive chemical processes with greater efficiencies, offering a greener alternative to traditional methods.

      

      
        Blood, sweat, and water: New paper analytical devices easily track health and environment
        When you need to measure white blood cell counts, it usually involves trips to clinics and expensive equipment for analysis. Likewise, checking water quality for contaminants can be a lengthy process.
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                Credit: Pixabay/CC0 Public Domain
            
        

    


University at Albany researchers at the RNA Institute have developed a new method to test COVID-19 vaccine integrity that could allow anyone with basic skills in vaccine handling to detect expired vaccines quickly and effectively, without specialized lab equipment.



										      
         
        
        
        

      

																																	
By employing laser-derived signals to assess vaccine stability, the method can be performed on sealed vials with no disruption to the vaccine's therapeutic effects. The system could be contained in a portable unit for easy transport and handling.

The research marks an important advancement in mRNA vaccine technology and was featured on the January 2024 cover of Analytical Chemistry.

"Current methods for testing the integrity of mRNA-based vaccines are destructive, time-consuming, costly and require highly skilled personnel," said collaborator Lamyaa Almehmadi, who led this study as a Ph.D. student at UAlbany's RNA Institute and is now working as a postdoc at MIT.

"There is an unmet need for a quick and easy method to test the stability of mRNA vaccines distributed to vaccine clinics, medical offices and pharmacies worldwide. To the best of my knowledge, our method is the first to enable an in-situ, non-destructive and reagent-free approach for mRNA stability analysis in mRNA-based vaccines."

When the first mRNA vaccines for COVID-19 were being rolled out, concerns quickly emerged around vaccine transport and storage. This is because the vaccines rely on active mRNA molecules that can degrade with prolonged exposure to sunlight and/or temperatures outside the range of minus 80 to minus 20 degrees Celsius.

Although mRNA vaccines pose special logistical challenges, the global public health community has successfully implemented systems to maintain optimal conditions for vaccine stability. With these systems in place, this new method can provide an additional layer of assurance to guarantee vaccine stability and bolster confidence in their efficacy.


																																						
    
     




																																			Using lasers to assess vaccine stability

The method employs a unique Raman spectroscopy instrument developed by UAlbany's Igor Lednev, the Williams-Raycheff Endowed Professor in the Department of Chemistry. The technique involves pointing an ultraviolet (UV) laser into a liquid, which creates scattered light that can be detected and analyzed, revealing chemical signatures.

Since its invention about 20 years ago, Lednev's lab has adapted the technology, combined with advanced machine learning, for various applications including forensic science and disease detection.

In this latest application, Lednev's team developed a way to detect small changes in mRNA structure that indicate loss of therapeutic functionality.

"Our method works by shining a deep-UV laser through a vial of vaccine and collecting the resulting scattered light," said Almehmadi.

"This scattered light is then detected by our instrument, and our software processes it to yield the RNA signature, known as the Raman spectrum. The mRNA Raman spectrum is then used for RNA degradation analysis. The test is rapid, typically taking just a few minutes to complete."

Compact tech to improve accessibility

Unlike existing methods used to test vaccine stability which require specialized training and must be conducted in a lab, this method can be fully contained in a handheld instrument. It is also non-invasive, so could be used to test multiple vials of vaccine, which, if found to be stable, could then be administered.


																																			"Individuals with basic training in handling vaccine vials and operating the instrument could utilize our method effectively in a variety of settings outside a lab," said Almehmadi.

"Furthermore, with the assistance of advanced software, the process of data collection and results interpretation can be automated, making it accessible to a wider range of users."

"The technology that we've developed in this study is universal in several important ways," said Lednev.

"It allows for obtaining mRNA spectral characteristics in situ without disintegrating the vaccine capsule. It is also nondestructive; should the test result be positive, the vaccine could then be used for the treatment. For these reasons, our novel technology might find numerous applications for testing the stability of various mRNA vaccines, and mRNA therapeutics in general."

Lednev notes that this work was a collaborative, interdisciplinary effort made possible with the expertise of Alexander Shekhtman and Sergei Reverdatto, both in UAlbany's Department of Chemistry, who designed and prepared the model vaccines used in this study and conducted biochemical tests to evaluate vaccine stability.
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Researchers create reliable prediction method for oxygen reduction catalysts

										

    
        
            [image: Benchmarking theory with experiments for oxygen reduction catalysts]
             
                Structures of long-chain Fe-Azaphthalocyanines (AzPc) molecular catalysts. After DFT geometric relaxations with more than 650 atoms, different "dancing patterns" emerged due to the varying interactions between the molecular side chains and the graphene substrate. Credit: Chemical Science (2024). DOI: 10.1039/D4SC00473F
            
        

    


Tohoku University researchers have created a reliable means of predicting the performance of a new and promising type of catalyst. Their breakthrough will speed up the development of efficient catalysts for both alkaline and acidic environments, thereby saving time and effort in future endeavors to create better fuel cells.



										      
         
        
        
        

      

																																	
Details of their research were published in the journal Chemical Science on March 15, 2024.

Fuel cell technology has long been heralded as a promising avenue for clean energy, but challenges in catalyst efficiency have hindered its widespread adoption.

Molecular metal-nitrogen-carbon (M-N-C) catalysts boast distinctive structural properties and excellent electrocatalytic performance, particularly for the oxygen reduction reaction (ORR) in fuel cells. They offer a cost-effective alternative to platinum based catalysts.

One such variant of M-N-C catalysts are metal-doped azaphthalocyanine (AzPc). These possess unique structural properties, characterized by long-stretching functional groups. When these catalysts are placed on a carbon substrate, they take on three-dimensional shapes, much like a dancer placed onto a stage. This shape change influences how well they work for ORR at different pH levels.

Still, translating these beneficial structural properties into increased performances is a challenge, one that requires significant modeling, validation, and experimentation, which is resource intensive.



    
        
            [image: Benchmarking theory with experiments for oxygen reduction catalysts]
             
                pH-dependent ORR volcano models and the simulated LSV curves of Fe-AzPc derivatives. pH-field dependent volcanos. The left and right sides of the color bar represent the correlation between the electric field and pH. This figure serves as a benchmark for our experiments. Credit: Chemical Science (2024). DOI: 10.1039/D4SC00473F
            
        

    



"To overcome this, we used computer simulations to study how the performance of carbon-supported Fe-AzPcs catalyst for oxygen reduction reactions changes with different pH levels, by looking at how electric fields interact with the pH and the surrounding functional group," says Hao Li, associate professorat Tohoku University's Advanced Institute for Materials Research (WPI-AIMR) and corresponding author of the paper.


																																						
    
     




																																			In analyzing Fe-AzPcs performance in ORR, Li and his colleagues incorporated large molecular structures with complex long-chain arrangements, or "dancing patterns," with arrangements of more than 650 atoms.

Crucially, the experimental data revealed that the pH-field coupled microkinetic modeling closely matched the observed ORR efficiency.

"Our findings suggest that evaluating the charge transfer occurring at the Fe-site, where the Fe atom usually loses approximately 1.3 electrons, could serve as a useful method for identifying suitable surrounding functional groups for ORR," adds Li. "We have essentially created a direct benchmark analysis for the microkinetic model to identify effective M-N-C catalysts for ORR across various pH conditions."
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Storing electrons from hydrogen for clean chemical reactions

										


    
        
            [image: Storing electrons from hydrogen for clean chemical reactions]
             
                The proposed iridium-based compound can effectively store "electrons" from hydrogen and hold them in solid state at room temperature for months. These stored electrons can then be released to catalyze cyclopropanation reactions that do not produce metal waste. Credit: Kyushu University/Seiji Ogo
            
        

    


Researchers from Kyushu University have developed a hydrogen energy carrier to address some of the biggest hurdles in the path toward a sustainable hydrogen economy. As explained in a paper published in JACS Au, this novel compound can efficiently "store electrons" from hydrogen in a solid state to use in chemical reactions later.




										      
         
        
        
        

      

																																	Hydrogen is a promising source of clean energy with a lot of untapped potential applications in industry and everyday life. Unlike conventional fuels, hydrogen can be used to generate electricity without producing greenhouse gases. It can also be used in various chemical reactions such as hydrogenation, that is, as a source of hydride ions or hydrogen atom electrons.

However, storing and transporting hydrogen in either gaseous or liquid states is extremely challenging, requiring expensive equipment and cooling systems.

Professor Seiji Ogo from Kyushu University's WPI-International Institute for Carbon-Neutral Energy (WPI-I2CNER) has been developing innovative solutions to these problems. In their most recent study, Ogo and his colleague from Kindai University took inspiration from nature to develop an iridium-based compound with peculiar and remarkably useful properties.

"We have been actively exploring hydrogen energy carriers that can be easily synthesized and used as-is. These compounds are based on the hydrogenase enzyme found in nature, which can catalyze hydrogen into protons and electrons at room temperature," explains Ogo. "A core idea of our approach that led to a breakthrough was to view hydrogen not as a source of negatively charged hydride ion or hydrogen atom, but as electrons."


																																						
    
     




																																			After carefully examining many combinations of metal ions and organic ligands, the research team crafted an iridium-based compound which, when exposed to hydrogen incorporates it into the metal center after losing an iodide ion. In this way, the proposed compound can effectively extract and store electrons from hydrogen.

These changes are readily reversible under the right conditions, and the stored electrons can be easily extracted and used in chemical reactions to synthesize valuable molecules. In this study, the researchers focused on using the electrons stored in the compound to catalyze cyclopropanation reactions.

Cyclopropanes are molecules with a three-membered carbon ring structure and represent important structural units in various pharmaceutical drugs and organic compounds. However, conventional cyclopropanations have produced large amounts of waste metals as byproducts. The proposed hydrogen energy carrier circumvents this issue entirely.

"The cyclopropanation reactions performed in our study use hydrogen rather than metals as the reductant and thus produce no metal waste. This is a major advantage of the proposed compound over established techniques," remarks Ogo.

Notably, this study also marks the first time that a reaction between hydrogen and alkenes--hydrocarbons containing a carbon double bond--produces cyclopropanes rather than the much simpler alkanes.

After extensive testing, the team found that the proposed energy carrier can capture electrons from hydrogen and store them for over three months in a solid state at room temperature.

In future work, Ogo and colleagues plan to focus on developing a similar energy carrier using iron-group elements, which are cheaper and more abundant than iridium. By promoting industry-academia collaborations, their next efforts will aim to develop scalable solutions for practical problems surrounding upcoming hydrogen economies.

"We sincerely believe that the present achievement will contribute to the realization of a carbon-neutral society," concludes Ogo.
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												Seiji Ogo et al, Cyclopropanation Using Electrons Derived from Hydrogen: Reaction of Alkenes and Hydrogen without Hydrogenation, JACS Au (2024). DOI: 10.1021/jacsau.4c00098
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            [image: Automated calculation of surface properties in crystals]
             
                Based on a small amount of basic information about a crystal's structure, the Oldenburg researchers' program calculates the properties of complex new materials. Credit: University of Oldenburg / EST group
            
        

    


Computer-based methods are becoming an increasingly powerful tool in the search for new materials for key technologies such as photovoltaics, batteries, and data transmission. Prof. Dr. Caterina Cocchi and Holger-Dietrich Sassnick from the University of Oldenburg in Germany have now developed a high-throughput automatized method to calculate the surface properties of crystalline materials starting directly at the level of established laws of physics (first principles).



										      
         
        
        
        

      

																																	
In an article published in the journal npj Computational Materials, they report that this can speed up the search for relevant materials for applications in key areas such as the energy sector. They also plan to combine the method with artificial intelligence and machine learning techniques to accelerate the process further.

So far, similar methods have focused on bulk materials rather than surfaces, the two physicists explain. "All the relevant processes for energy conversion, production, and storage occur on surfaces," says Cocchi, who heads the Theoretical Solid State Physics research group at the University of Oldenburg.

However, calculating the material properties of surfaces is far more challenging than for complete crystals because the surface facets often have a complex structure due to factors such as defects in the crystal structure or the uneven growth of a crystal, she explains.

This complexity poses problems for researchers in the field of materials science: "It is often not possible to clearly determine the properties of samples in experiments," says Cocchi. This motivated Cocchi and her colleague Sassnick to develop an automated procedure for high-quality screening of the characteristics of new compounds.


																																						
    
     




																																			Reliable results

The result of their work was incorporated into the aim2dat computer program, which only requires the chemical composition of a compound as input. The information about the crystal's structure is extracted from existing databases. The software then calculates the conditions under which the surface of the material is chemically stable.

In the second step, it determines key properties, in particular, the energy required to excite electrons into conduction states or detach themselves from a surface. This parameter plays an important role in materials that convert solar energy into electricity, for example. "We don't make any assumptions in our calculations; we use only the fundamental equations of quantum mechanics, which is why our results are very reliable," Cocchi explains.

The two scientists demonstrated the applicability of the method using the semiconductor cesium telluride. The crystals of this material, which are used as an electron source in particle accelerators, can occur in four different forms. "The composition and quality of the material samples are difficult to control in experiments," notes Sassnick. Nevertheless, the Oldenburg researchers were able to perform a detailed analysis of the physical properties of the different configurations of the cesium telluride crystals.

Cocchi and Sassnick have embedded the software in a publicly accessible program library so that other researchers can also use and improve the procedure. "Our method has great potential as a tool for discovering new materials--and in particular physically and structurally complex solids--for all kinds of applications in the energy sector," says Cocchi.
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												Holger-Dietrich Sassnick et al, Automated analysis of surface facets: the example of cesium telluride, npj Computational Materials (2024). DOI: 10.1038/s41524-024-01224-7
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Bifunctional catalyst enables high-performance batteries for sustainable energy storage

										

    
        
            [image: Efficient bifunctional catalyst enables high-performance zinc-nitrate / ethanol batteries for sustainable energy storage]
             
                (a) Schematic illustration for the working principle of assembled Zn-nitrate/ethanol batteries. (b) SEM and (c) Low-dose HAADF-STEM images of as-synthesized RhCu M-tpp. (d, e) FFT patterns corresponding to the regions marked by the (d) blue and (e) red dash squares in (c). Credit: Proceedings of the National Academy of Sciences (2023). DOI: 10.1073/pnas.2311149120
            
        

    


Zinc-nitrate batteries are a primary non-rechargeable energy storage system that utilizes the redox potential difference between zinc and nitrate ions to store and release electrical energy. A research team co-led by chemists from City University of Hong Kong (CityU) have developed a high-performance rechargeable zinc-nitrate/ethanol battery by introducing an innovative catalyst.



										      
         
        
        
        

      

																																	
They successfully designed and synthesized an efficient tetraphenylporphyrin (tpp) modified heterophase rhodium-copper alloy metallene (RhCu M-tpp). This bifunctional catalyst exhibits remarkable capabilities in both the electrocatalytic nitrate reduction reaction (NO3RR) and ethanol oxidation reaction (EOR) in a neutral medium, overcoming the monofunctional limitations of traditional metal-based solid catalysts and providing a valuable reference for the design of sustainable energy storage in the future.

"This study highlights the significance of molecule-metal relay catalysis to efficient NH3 electrosynthesis in NO3RR and offers a multifunctional battery prototype that shows the benefits of metal-based hybrid electrochemical systems on high-performance, sustainable energy storage and conversion," said Professor Fan Zhanxi, Assistant Professor in the Department of Chemistry at CityU, who led the study, highlighting the significance of the findings.

Elaborating on the uniqueness of the findings, Prof Fan explained that the as-obtained RhCu M-tpp overcomes the challenge of traditional Cu-based catalysts requiring quite negative potential to efficiently convert nitrate to ammonia when conducting NO3RR in a neutral medium. Moreover, based on the superior bifunctionality of as-prepared RhCu M-tpp for both NO3RR and EOR, a rechargeable Zn-nitrate/ethanol battery was successfully constructed to address the poor rechargeability of traditional zinc-nitrate galvanic cells.


																																						
    
     




																																			Additionally, a molecule-metal relay catalysis mechanism was unraveled in this work, whereby nitrate is firstly reduced to nitrite on tpp, and then the as-generated nitrite is converted into ammonia on metallic sites. This verified the feasibility of molecular surface modification for improving the electrochemical performance of nanometals for NO3RR.

The paper is published in the journal Proceedings of the National Academy of Sciences.
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                (a) Galvanostatic discharge profiles of Zn-nitrate/ethanol batteries with RhCu M-tpp cathodes from OCV to 0.005 V (vs. Zn2+/Zn). Inset: a digital photograph showing the constructed battery device, along with the measurement of OCV. (b) Long-term cycling stability test of as-assembled Zn-nitrate/ethanol and Zn--nitrate batteries. (c) The 1H NMR spectra of the utilized electrolytes at the pristine, discharged and charged states. (d) Digital photograph of a commercial digital clock powered by the constructed Zn-nitrate/ethanol battery. Credit: Proceedings of the National Academy of Sciences (2023). DOI: 10.1073/pnas.2311149120
            
        

    



The activity of cathode catalysts is crucial for the performance of zinc-nitrate batteries. However, currently, used copper-based catalysts have limitations. They require highly negative applied potential and have weak proton adsorption, resulting in low current density and ammonia yield. Additionally, these catalysts are not suitable for electrocatalytic oxygen evolution reaction (OER), leading to non-rechargeable batteries and poor cycling life.

To address these issues, the research team developed ultrathin bimetallic RhCu metallenes to reduce the energy barrier for copper. After many attempts, they discovered that modifying the surface of RhCu metallenes with a small molecule, called tpp, significantly improved the efficiency of nitrate conversion to ammonia without compromising the performance of metallic substrates in ethanol oxidation. This breakthrough can thus enhance the overall performance of zinc-nitrate batteries.

The research findings offer an effective solution for constructing high-performance, zinc-based hybrid energy systems and provide valuable insights for future catalyst design of multifunctional and environmentally friendly devices.



																																																					
																				
																						More information:
												Jingwen Zhou et al, Constructing molecule-metal relay catalysis over heterophase metallene for high-performance rechargeable zinc-nitrate/ethanol batteries, Proceedings of the National Academy of Sciences (2023). DOI: 10.1073/pnas.2311149120
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            [image: Team discovers fundamentally new way to detect radiation involving cheap ceramics]
             
                a) Schematic of in situ heater/measurement device with b) photo of its electrically insulated exterior, c) inner heat shield, and d) insulated electrical wires connecting the sample to the electrical testing equipment. The structure of the heater stick, consisting of screen-printed gold contacts, back side Pt-heater lines, and a front side Au-Pt thermocouple on an alumina substrate, is a simplified setup of the direct thermoelectric gas sensor. Credit: Advanced Materials (2024). DOI: 10.1002/adma.202309253
            
        

    


The radiation detectors used today for applications like inspecting cargo ships for smuggled nuclear materials are expensive and cannot operate in harsh environments, among other disadvantages. Now, MIT engineers have demonstrated a fundamentally new way to detect radiation that could allow much cheaper detectors and a plethora of new applications.



										      
         
        
        
        

      

																																	
They are working with Radiation Monitoring Devices, a company in Watertown, MA, to transfer the research as quickly as possible into detector products.

In a 2022 paper in Nature Materials, many of the same engineers reported for the first time how ultraviolet light can significantly improve the performance of fuel cells and other devices based on the movement of charged atoms, rather than those atoms' constituent electrons.

In the current work, just published online in Advanced Materials, the team shows that the same concept can be extended to a new application: the detection of gamma rays emitted by the radioactive decay of nuclear materials.

"Our approach involves materials and mechanisms very different than those in presently used detectors, with potentially enormous benefits in terms of reduced cost, ability to operate under harsh conditions, and simplified processing," says Harry L. Tuller, the R.P. Simmons Professor of Ceramics and Electronic Materials in MIT's Department of Materials Science and Engineering (DMSE).

Tuller leads the work with key collaborators Jennifer L. M. Rupp, an MIT Associate Professor of Materials Science and Engineering and now a Full Professor of Electrochemical Materials at Technical University Munich (TUM) in Germany, and Ju Li, Battelle Energy Alliance Professor in Nuclear Engineering and a Professor of Materials Science and Engineering. All are also affiliated with MIT's Materials Research Laboratory

"After learning the Nature Materials work, I realized the same underlying principle should work for gamma-ray detection--in fact, may work even better than [UV] light because gamma rays are more penetrating--and proposed some experiments to Harry and Jennifer," says Li.

Rupp says, "Employing shorter-range gamma rays enable [us] to extend the opto-ionic to a radio-ionic effect by modulating ionic carriers and defects at material interfaces by photogenerated electronic ones."

Other authors of the Advanced Materials paper are Thomas Defferriere, first author and a DMSE postdoctoral associate, and Ahmed Sami Helal, a postdoctoral associate in MIT's Department of Nuclear Science and Engineering.


																																						
    
     




																																			Modifying barriers

Charge can be carried through a material in different ways. We are most familiar with the charge that is carried by the electrons that help make up an atom. Common applications include solar cells. But there are many devices--like fuel cells and lithium batteries--that depend on the motion of the charged atoms, or ions, themselves rather than just their electrons.

The materials behind applications based on the movement of ions, known as solid electrolytes, are ceramics. Ceramics, in turn, are composed of tiny crystallite grains that are compacted and fired at high temperatures to form a dense structure. The problem is that ions traveling through the material are often stymied at the boundaries between the grains.

In their 2022 paper, the MIT team showed that ultraviolet light shone on a solid electrolyte essentially causes electronic perturbations at the grain boundaries that ultimately lower the barrier that ions encounter at those boundaries. The result: "We were able to enhance the flow of the ions by a factor of three," says Tuller, making for a much more efficient system.

Vast potential

At the time, the team was excited about the potential of applying what they'd found to different systems. In the 2022 work, the team used ultraviolet light, which is quickly absorbed very near the surface of a material. As a result, that specific technique is only effective in thin films of materials. (Fortunately, many applications of solid electrolytes involve thin films.)
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                An MIT team has discovered a fundamentally new way to detect radiation involving cheap ceramics. L-R are Professor Jennifer Rupp, Postdoctoral Associate Thomas Defferriere, Professor Harry Tuller and Professor Ju Li. Credit: Matias Andres Wegner Tornel, Technical University of Munich
            
        

    



Light can be thought of as particles--photons--with different wavelengths and energies. These range from very low-energy radio waves to the very high-energy gamma rays emitted by the radioactive decay of nuclear materials. Visible light--and ultraviolet light--are of intermediate energies, and fit between the two extremes.


																																			The MIT technique reported in 2022 worked with ultraviolet light. Would it work with other wavelengths of light, potentially opening up new applications? Yes, the team found.

In the current paper they show that gamma rays also modify the grain boundaries resulting in a faster flow of ions that, in turn, can be easily detected. And because the high-energy gamma rays penetrate much more deeply than ultraviolet light, "this extends the work to inexpensive bulk ceramics in addition to thin films," says Tuller. It also allows a new application: an alternative approach to detecting nuclear materials.

Today's state-of-the-art radiation detectors depend on a completely different mechanism than the one identified in the MIT work. They rely on signals derived from electrons and their counterparts, holes, rather than ions.

But these electronic charge carriers must move comparatively great distances to the electrodes that "capture" them to create a signal. And along the way, they can be easily lost as they, for example, hit imperfections in a material. That's why today's detectors are made with extremely pure single crystals of material that allow an unimpeded path. They can be made with only certain materials and are difficult to process, making them expensive and hard to scale into large devices.


																																						
    
     




																																			Using imperfections

In contrast, the new technique works because of the imperfections--grains--in the material. "The difference is that we rely on ionic currents being modulated at grain boundaries versus the state-of-the-art that relies on collecting electronic carriers from long distances," Defferriere says.

Rupp said, "It is remarkable that the bulk 'grains' of the ceramic materials tested revealed high stabilities of the chemistry and structure towards gamma rays, and solely the grain boundary regions reacted in charge redistribution of majority and minority carriers and defects."

Li added, "This radiation-ionic effect is distinct from the conventional mechanisms for radiation detection where electrons or photons are collected. Here, the ionic current is being collected."

Igor Lubomirsky is a professor in the Department of Materials and Interfaces at the Weizmann Institute of Science, Israel. Lubomirsky, who was not involved in the current work, said, "I found the approach followed by the MIT group in utilizing polycrystalline oxygen ion conductors very fruitful given the [materials'] promise for providing reliable operation under irradiation under the harsh conditions expected in nuclear reactors where such detectors often suffer from fatigue and aging. [They also] benefit from much-reduced fabrication costs."

As a result, the MIT engineers are hopeful that their work could result in new, less expensive detectors. For example, they envision trucks loaded with cargo from container ships driving through a structure that has detectors on both sides as they leave a port.


																																			"Ideally you'd have either an array of detectors or a very large detector, and that's where [today's detectors] really don't scale very well," Tuller says.

Another potential application involves accessing geothermal energy, or the extreme heat below our feet that is being explored as a carbon-free alternative to fossil fuels. Ceramic sensors at the ends of drill bits could detect pockets of heat--radiation--to drill toward. Ceramics can easily withstand extreme temperatures of more than 800 degrees Fahrenheit and the extreme pressures found deep below the Earth's surface.

The team is excited about additional applications for their work. "This was a demonstration of principle with just one material," says Tuller, "but there are thousands of other materials good at conducting ions."

Defferriere concludes, "It's the start of a journey on the development of the technology, so there's a lot to do and a lot to discover."
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												Thomas Defferriere et al, Ionic Conduction-Based Polycrystalline Oxide Gamma Ray Detection - Radiation-Ionic Effects, Advanced Materials (2024). DOI: 10.1002/adma.202309253
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A breakthrough in sustainable molecular transformations has been achieved by researchers at the University of Helsinki. Led by Professor Pedro Camargo, the team has developed an important way to harness the power of visible light to drive chemical processes with greater efficiencies, offering a greener alternative to traditional methods.



										      
         
        
        
        

      

																																	
Their findings, published in the journal ACS Applied Materials and Interfaces, could revolutionize how we produce essential chemicals and fuels.

Overcoming cost and efficiency barriers

Traditional plasmonic photocatalysis has long been hindered by the high cost and scalability issues associated with materials like silver (Ag) and gold (Au). However, Professor Pedro Camargo and his team have overcome these barriers by focusing on materials that are readily available on Earth in significant quantities.

These materials are important because they can be used in various applications without worrying about scarcity or depletion. Specifically, the team focused on HxMoO3 as a plasmonic photocatalyst, which was combined with palladium (Pd), an important catalyst widely employed in various industries. Their approach involves a solventless mechanochemical synthesis technique, offering both cost-effectiveness and environmental sustainability.

The power of light

The researchers delved into the intricate interplay of optical excitations and discovered that, by shining specific wavelengths of visible light on their catalyst, they could significantly boost its performance. Most remarkably, using two wavelengths of light at the same time resulted in an 110% increase in reaction efficiency. This enhanced efficiency is attributed to the optimized generation of energetic electrons at the catalytic sites, a crucial step forward in sustainable catalysis.

They identified the synergistic effects of HxMoO3 band gap excitation, Pd interband transitions, and HxMoO3 localized surface plasmon resonance (LSPR) excitation, leading to remarkable enhancements in catalytic performance.

A greener future for chemical industries

"Our work offers a major step forward in making chemical processes more sustainable," says Professor Camargo. "By using light as an energy source, we could potentially revolutionize how vital chemicals are produced, reducing the need for fossil fuels and harsh conditions in current industrial processes."

This research has immense potential for applications ranging from cleaner fuel production to manufacturing essential materials with less environmental impact.

The implications of this research extend far beyond the laboratory, offering hope for a greener, more sustainable future as society strives to combat climate change and transition towards renewable energy sources.



																																																					
																				
																						More information:
												Leticia S. Bezerra et al, Triple Play of Band Gap, Interband, and Plasmonic Excitations for Enhanced Catalytic Activity in Pd/HxMoO3 Nanoparticles in the Visible Region, ACS Applied Materials & Interfaces (2024). DOI: 10.1021/acsami.3c17101
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                Only a simple finger prick is needed to provide a sample, which can be mailed to a lab for white blood cell counts and other measurements. "This technology is likely to have additional applications in infectious disease such as detecting levels of virus and parasites in the blood and more generally in detecting markers of health and wellness," says Charlie Mace. Credit: Charlie Mace
            
        

    


When you need to measure white blood cell counts, it usually involves trips to clinics and expensive equipment for analysis. Likewise, checking water quality for contaminants can be a lengthy process.



										      
         
        
        
        

      

																																	
But now Tufts researchers are coming up with ways to do some of these tests that greatly lowers cost and makes them more widely available. They are using something ubiquitous: paper. Their innovative paper-based tests for monitoring personal health and environmental safety eliminate the need for expensive laboratory equipment, and can be conducted by anyone, anywhere.

Known as paper analytical devices, they can be manufactured cheaply, stored for long periods of time, distributed for use in remote areas, and used to collect critical information when and where it is needed the most. They also each represent a technology platform that can be extended to measure other markers for health and the environment.

Take one of the most vital measurements in health care: the blood cell count. Measuring white blood cells alone gives clues to everything from infections to autoimmune disease to cancer. Although sample collection--a blood draw--seems simple, it requires a visit to a clinic and access to centralized clinical laboratories for analysis. Large populations of people--those who are homebound or live in remote locations--do not have that access.


																																						
    
     




																																			Charlie Mace, associate professor of chemistry, thought of a way to help. He and his team created a paper device called a patterned dried blood spot card, in which the paper is engineered with channels and collection zones that measure out defined volumes of blood and allow it to dry in place for later analysis. The research is published in the journal Analytical Chemistry.

All users need to do is collect blood at home with a finger prick and mail the sample to a lab, which measures the amount of DNA that is unique to the white blood cells, and indicates the number of cells present.

"Methods to collect blood on paper cards already exist, but they have suffered from inaccuracy because both the material and the user introduce variations that affect the measured volume of blood," said Mace. "The patterned cards solve that problem, and the way we measure counts--with instruments that quantify DNA rather than whole cells--means we don't depend on the cells arriving intact."

Through local collaborations, Mace's work on this and other paper analytical devices has reached South Africa, Ghana, and other African countries, as well as South America. "People in remote and low-income regions tend to have reduced access to health care, which makes it all the more important to come up with cheaper and easier ways for them to monitor indicators of health," said Mace.


																																			"This technology is likely to have additional applications in infectious disease such as detecting levels of virus and parasites in the blood and more generally in detecting markers of health and wellness."
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                Upon contact with sweat, the lactate-responsive dots change color from yellow to dark red as a sign of lactate concentration, while the nonreactive reference circles in each corner provide markers to correct for lighting artifacts when the color intensities are measured using a phone camera. Credit: Courtesy of Silklab
            
        

    



A sweaty indicator of health

Fiorenzo Omenetto, Frank C. Doble Professor of Engineering, and his team at the Tufts University Silklab created a paper analytical device that can measure lactate, also known as lactic acid, in sweat. A paper on this innovation was published in Advanced Sensor Research.

Lactate measurements can indicate oxygen deficiency and be used as a predictor of mortality in trauma patients. For athletes or workers in physically stressful conditions, lactate provides a quantitative measure of muscle fatigue, as well as fitness and conditioning levels.

Omenetto used bioreactive inks derived from silk fibroin--the building block of silk fibers--combined with enzymes that process lactate to trigger a color change when it is present.

The inks are printed on small circular paper tabs, which are stuck to skin using a common transparent film used for wound dressing. The color of the tabs shifts from yellow to dark red depending on the concentration of lactate in the sweat. Those color shifts are measured using a smartphone camera and have accuracy comparable to results using expensive laboratory equipment.

"The silk fibroin has a remarkable ability to stabilize the enzymes in the ink, so the patches have a very long shelf life--over two years under refrigeration so far," said Elisabetta Ruggeri, EG25, who led the development of the paper devices. "The method can be expanded to make inks that measure other elements in sweat--to get a more complete profile of the person's health and performance with a panel of paper tabs. It's like wearing a laboratory on your skin."


																																						
    
     




																																			Gold standard for water testing

Throughout the world, poor water quality and waterborne diseases are serious problems and affect millions of people. Now Sameer Sonkusale, professor of electrical and computer engineering, and the Tufts University Nano Lab have developed a novel paper analytical device that can detect and measure bacterial contamination in water. This research was published in ACS Sensors.



    
        
            [image: Blood, sweat, and water: New paper analytical devices easily track health and environment]
             
                A paper card with multiple sample channels can detect bacterial contamination in water supplies using a color change detection app on a smartphone. Credit: Sameer Sonkusale
            
        

    



The method uses gold nanoparticles attached to an antibiotic called polymyxin that binds to gram negative bacteria--the usual suspects in water contamination. When bacteria are present, they bind to and aggregate the gold particles in the device. As the gold particles collect, they begin to change their color from a reddish-pink to blue. A smartphone camera and an off-the-shelf app called ColorAssist allow measurement of the color shift and can quantify the level of bacteria in the sample.

In fact, in the same paper analytical device, the researchers created another collection zone that quantifies the presence of nitrite, another dangerous contaminant in water. Printing and melting in a wax pattern creates testing zones and channels on the paper device. In this way, one device could be designed to test for a large number of different contaminants in a water sample.


																																			The use of gold nanoparticles, rather than enzymes or antibodies, ensures that the paper tests are stable and can be stored for extended periods without refrigeration. Despite consisting basically of a piece of paper and a smartphone, the tests are comparable in accuracy to commercial and laboratory assays.

There are many advantages to these inexpensive, easy-to-use water quality paper devices, especially for monitoring water in remote areas of the world where sanitation infrastructure is lacking.

The paper devices can also monitor water used to wash produce and alert users to any potentially harmful food-borne pathogens. For the military, access to clean water is fundamental to operations, and a simple, light, inexpensive paper-based test for water quality could be a vital asset.

Sonkusale's paper device has health applications beyond testing water quality, too. "Detection of urinary tract infections is unfortunately a very common problem, particularly among women and the elderly," he said. "We can put an easy-to-use paper-based test in the hands of every susceptible patient, and with early detection save many lives since infection can often progress to sepsis if not caught in time."



																																																					
																				
																						More information:
												Allison J. Tierney et al, Hematocrit-Independent Sampling Enables White Blood Cell Counts from Patterned Dried Blood Spot Cards, Analytical Chemistry (2024). DOI: 10.1021/acs.analchem.3c04439

Elisabetta Ruggeri et al, Paper-Based Wearable Patches for Real-Time, Quantitative Lactate Monitoring, Advanced Sensor Research (2023). DOI: 10.1002/adsr.202300141

Kawin Khachornsakkul et al, Gold Nanomaterial-Based Microfluidic Paper Analytical Device for Simultaneous Quantification of Gram-Negative Bacteria and Nitrite Ions in Water Samples, ACS Sensors (2023). DOI: 10.1021/acssensors.3c01769
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        The lyrebird synchronizes elements of its mating dance
        To woo a mate, the Albert's lyrebird of Australia first chooses a stage of entangled vines, then in performance he shakes the vines as part of his courtship footwork, synchronizing each shake with the beat of his striking song, according to new research.

      

      
        Cold stratification impacts germination rates in Vitis species
        It is imperative for the success of the grape industry to develop new grape varieties capable of enduring shifting climates and heightened pressures from diseases and insects. The majority of grape cultivars rely on a specific amount of "chilling hours"' to complete dormancy for optimal growth and yield.

      

      
        Attaching seaweed spores to used scallop shells could restore UK's coastal kelp forests
        Kelp spores are being seeded and grown on small rocks and scallop shells--a seafood waste product--in efforts to regenerate the UK's coastal kelp forests.

      

      
        Venomous snakes could start migrating in large numbers if we hit 5oC warming, predict scientists
        A global group of scientists has predicted that climate change may cause dramatic movements in venomous snake populations across many countries in Africa. The scientists took into account climate change predictions about changes to the current habitats of 209 venomous snakes, and mapped where those environments were found elsewhere. Based on this, they predict that snakes were likely to migrate to those African countries whose environments remained suitable for snakes after 2070. This could modif...
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The lyrebird synchronizes elements of its mating dance
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To woo a mate, the Albert's lyrebird of Australia first chooses a stage of entangled vines, then in performance he shakes the vines as part of his courtship footwork, synchronizing each shake with the beat of his striking song, according to new research.



										    
																																	
"It's a choreographed dance," said Fiona Backhouse, a postdoctoral researcher with the Cornell Lab of Ornithology and lead author of "Performative Manipulation of the Environment by Displaying Albert's Lyrebirds," which was published March 21 in The American Naturalist and closely analyzes and quantitatively describes this lyrebird behavior.

"The birds use thorny vines tangled with other plants as a stage-like courtship platform," Backhouse said. "Then they grip the vines with their feet and bounce or sway from side to side, which makes the entire tangled mass of plant growth also move around. They combine this movement with two types of songs."

The dance includes loud and rhythmic noises. Analysis shows the lyrebird's footwork is synchronized with the beat of the rhythmic song. The lyrebird's tail is also flipped over its head during the courtship display.



    
    
    
        
        
    
            
            Credit: Cornell University
  

Researchers captured the behavior with remote cameras placed among five populations of Albert's lyrebirds during the May 2018 through August 2019 breeding season. This range-restricted species lives in the now fragmented rainforest habitats scattered across a small mountainous region in Australia.

"Albert's lyrebirds are actually moving the structure while they're singing so it becomes an active part of their performance," Backhouse said. "I think what surprised me is that the vine-shaking behavior was so consistent across all individuals and populations, so it seems to be a species-wide trait."


																																						
    
     




																																			There can be some variation. Instead of using vines, birds may manipulate a pile of sticks, but will always grip part of their stage with their feet and move up and down, so the behavior persists even on different platform structures.

"One possibility for why they do this vine-shaking is that it enhances their display, making the male look bigger and more vigorous by creating an impressive spectacle for a watching female," Backhouse said. "Another possibility is that by moving the vines and shaking the surrounding vegetation they're making it seem like there are predators nearby and the female may be more inclined to stay close by the performing male for safety."

During this study, no female birds were present to witness the males' efforts. Backhouse hopes to collect more footage next year, documenting what happens when female birds are watching and whether that changes the performance in any way.



																																																					
																				
																						More information:
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Cold stratification impacts germination rates in Vitis species
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                Germination progression curve as a line with error bars indicating the SD of the mean area under the germination progress curve (AUGPC). (A) 'Cabernet Sauvignon' seed germination experiment at three locations in 2016, (B) 2017, and (C) 2018. (D) 'Chardonnay' seed germination experiment at three locations in 2016, (E) 2017, and (F) 2018. (G) 'Isabella'+ seed germination experiment at three locations in 2016, (H) 2017, and (I) 2018. Credit: HortScience (2023). DOI: 10.21273/HORTSCI17002-22
            
        

    


 It is imperative for the success of the grape industry to develop new grape varieties capable of enduring shifting climates and heightened pressures from diseases and insects. The majority of grape cultivars rely on a specific amount of "chilling hours"' to complete dormancy for optimal growth and yield.



										      
         
        
        
        

      

																																	
However, what occurs when a region experiences a decrease in chilling hours? Is it feasible to expedite the breeding process to produce vines with reduced chilling requirements? The USDA ARS table grape breeding program has collaborated with the USDA ARS National Clonal Germplasm Repository and Cornell University's fruit crop physiology and climate adaptation program to investigate the impact of environmental factors and chilling on seed dormancy and answer these crucial questions.

Dormancy, a state of reduced metabolic activity, is an important phenomenon in plants regulated by external (eco-dormancy) or internal (endo-dormancy) factors. Endo-dormancy in perennial plants, including seeds, controls germination timing and species distribution. Environmental conditions influence it during seed development and genetic factors. While seed dormancy mechanisms are well-studied in annual plants like Arabidopsis, less is understood about their impact on perennial species.

The study investigated the relationship between genetic factors and environmental conditions in the germination process of various Vitis species. The team analyzed the germination rates and cold stratification requirements of different cultivars under varying maternal plant environments. Significant variations in cold stratification requirements among different Vitis cultivars were identified.


																																						
    
     




																																			Certain cultivars exhibited higher germination rates following specific durations of cold stratification, highlighting the importance of tailoring stratification protocols to individual cultivars.

Maternal plant environment(genetics and age of the plant) was found to exert a considerable influence on the germination behavior of Vitis species. Factors such as temperature, soil composition, and nutrient availability during seed maturation were found to impact seed dormancy and subsequent germination rates directly.

The findings have significant implications for grape breeding programs, as well as for vineyard management practices. By understanding the specific germination requirements of different cultivars, growers can optimize their seedling production processes and improve overall vineyard establishment.

The study also highlights the importance of conservation efforts for Vitis species, many of which are valued for their genetic diversity and potential for use in breeding programs. By understanding the factors that influence seed germination, researchers can better inform conservation strategies aimed at preserving these valuable genetic resources.

As the viticulture industry continues to face challenges such as climate change and emerging pests and diseases, this study can provide valuable insights that can help ensure the long-term sustainability and success of grape production worldwide.

The research is published in the journal HortScience.
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                Marine biologists are collecting spores from healthy kelp forests to help restore coastal habitats. Credit: Marine Biological Association 2024, Author provided
            
        

    


Kelp spores are being seeded and grown on small rocks and scallop shells--a seafood waste product--in efforts to regenerate the UK's coastal kelp forests.



										      
         
        
        
        

      

																																	
Unlike many other restoration techniques, this method is cheap and easy to carry out. There's no need for expensive, labor-intensive dive teams to install kelp onto the seabed.

Once gravel or shells have been seeded with kelp in aquariums, teams can simply drop them over the side of a boat where they sink, allowing the kelp to attach to the seabed where it grows to maturity. This is as effective as hand-deployment by divers and far more economical.

Our team of marine scientists is working with the Fishmongers' Company's Charitable Trust and the Kelp Conservation Initiative to develop this "green gravel" approach. First pioneered in Norway, green gravel techniques have previously been tested on wave-exposed shores along the north-east coast of the UK.

Now, in the lab, we are trialing waste scallop shells from the seafood industry and different types of stone from around the UK, easily sourced from hardware stores, as the basis for growing four types of native kelp. Every year, more than 30,000 metric tons of shells go to landfill in the UK, at a cost to the industry. There's huge potential to use shells as a restoration material at scale, either whole or crushed into smaller pieces.


																																						
    
     




																																			From tanks to seabed trials

We begin green gravel restoration by identifying a healthy wild population of kelp with adult plants that can be used as donors. Sections of frond filled with spores are cut out and bought back to the lab, then disinfected with a quick dip in iodine solution.

Gravel or scallop shells are cleaned and put into tanks of seawater. The fertile kelp material is dried out overnight then rehydrated to initiate the release of hundreds of millions of microscopic kelp spores. Once extracted, spores are added to tanks of seawater where they settle to seed the gravel or shells.

Spores develop quickly, so tiny kelp seedlings are visible as a brown fuzz within three to four weeks. We monitor growth for three months, then once the kelp plants reach 1cm long, the gravel or shells are taken by boat to test sites off the coasts of Newcastle, Cornwall and Devon. Once dropped over the side of the boat, the stones or shells quickly sink. Over time, the seaweed's root-like "holdfast" grows to attach securely to the seabed beneath.

By monitoring the growth of these kelp habitats, ideally every few months for several years, we can measure the success of this restoration method. Our early results suggest that a wide variety of UK stone types will be suitable, although success is likely to vary due to local conditions at each site.


																																			Why restore kelp forests?

Found along almost a third of the world's coastlines, kelp are marine algae that can form diverse ecosystems, like forests on land. People depend on the valuable goods and services they provide--from shelter for commercially valuable fish to carbon storage and coastal protection.

But these forests are threatened by warming oceans and marine heat waves, pollution, poor water quality and overfishing. In many areas, kelp forests are shrinking or have been lost leading to calls for restoration action.

Seven kelp species, together with other brown seaweeds, cover an area of up to 20,000 km2 along the UK's rugged coastline. Local declines have been reported in certain areas, including west Sussex and county Durham.


																																						
    
     




																																			UK kelp forests are not exempt from the impacts of climate change and human activities. Early warning signs include species range shifts, with cold-adapted kelp species declining in southern England, while warm-adapted species are expanding and taking take their place. These changes have knock-on effects in terms of how these ecosystems work, for example in the amount and quality of habitat that they provide for other species.

Restoration has been hailed as a tool to regenerate kelp forests in areas where they are shrinking or have been lost, with an array of techniques being developed around the world.

Almost 200 nations have pledged to protect 30% of the world's oceans by 2030, while the kelp forest challenge--a global initiative run by the Kelp Forest Alliance--aims to protect 4 million hectares of kelp forest by 2040.

But the UK lags behind on the international marine restoration stage, having only recently made limited progress towards restoring seagrass meadows, saltmarshes, oyster reefs and kelp beds.

Our progress over the next three years will inform kelp restoration methods through the Green Gravel Action Group which recently identified international challenges and solutions to marine forest restoration. Our team is working out how best to adapt green gravel methods to specific locations and wave conditions in the UK.

If scalable and effective in different scenarios, this technique could provide a sustainable use for waste shells, reducing the volume sent to landfill each year nationally, while restoring crucial ocean habitats.
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A global group of scientists has predicted that climate change may cause dramatic movements in venomous snake populations across many countries in Africa. The scientists took into account climate change predictions about changes to the current habitats of 209 venomous snakes, and mapped where those environments were found elsewhere. Based on this, they predict that snakes were likely to migrate to those African countries whose environments remained suitable for snakes after 2070. This could modify the dynamics of snakebites across Africa.




										      
         
        
        
        

      

																																	
Macroecology professor Pablo Ariel Martinez, one of the authors of the study, says the international community must take steps now to prevent this from happening.

Which snakes did you study?

Of the 209 venomous snakes we mapped, 43 species were from the African continent. The World Health Organization classifies venomous snake species into type I (high risk and likely to cause disability or death) and type II (low risk) according to their public health risk.

In our study, 30 of the African snakes were type I--extremely venomous--and 13 were type II.

Some of the type I snakes whose distribution patterns we predict will change include the carpet viper, black mamba, spitting cobra, and Gaboon viper (one of the largest viper species globally, known for emitting a lethal dose of venom when it bites).

How did you conduct your research?

This was an interdisciplinary study involving researchers associated with public health and ecologists from Brazil, Costa Rica, Spain and Germany. Much of the team consisted of a group of young researchers who are currently pursuing their master's degrees in the Graduate Program in Ecology and Conservation at the Federal University of Sergipe in Brazil.

We used mathematical models (predictive modeling) to predict where optimal climatic conditions might exist for different snake species to inhabit by 2070.

By knowing the places that snakes could potentially inhabit in the future, we were able to calculate which snakes would start spreading out across a bigger area than their current habitat. This allowed us to assess which species would have the chance to cross geographical borders and inhabit countries where they did not previously exist.

Most snake species--especially those associated with tropical forests--will decrease in number as the climate becomes unfavorable for them. A few species, however, will expand the area in which they live because a favorable climate will exist in other locations, and they will find it.


																																						
    
     




																																			Why is it a problem if snakes move across borders?

Climate change is affecting the distribution of all species on the planet. Some are decreasing to the point of extinction, while others may shift or even expand their distribution areas. The loss of snakes in one country has negative consequences for people. For example, snakes play a crucial role in controlling other organisms, such as rodents, which can cause various diseases. If snakes die out or if their population reduces, there could be disease outbreaks.

Snake venom is economically valuable too. The venom of snakes is used in making many medications for cancer, neurological diseases, treating high blood pressure, and heart problems. So the loss of snakes would mean the loss of products with high pharmacological value for countries.

The expansion of distribution areas for some venomous snake species can lead to public health problems, though. Often, the only cure for a snakebite is specific antivenom for that species. As a consequence of climate change, some species may cross political barriers, leading to snakebite incidents in countries they did not previously inhabit and where specific antivenom is not readily available.


																																			What did you discover will happen after 2070?

It is estimated that annually between 81,000 and 138,000 people die and around 400,000 are left with permanent disabilities as a result of snakebites. This occurs mainly in east Asia, sub-Saharan Africa, and the neotropical region.

If greenhouse gas emissions continue to increase over time, it is expected that the global average temperature will rise by an average of 5oC, leading to changes in the distributions of some species.

It is anticipated that countries like Uganda, Cameroon, Guinea, Sierra Leone, Nigeria and Somalia will have extensive rural areas dedicated to agriculture and livestock farming by 2070. This is based on information about the future of large of rural or agricultural areas sourced from a global land use database. These same countries will present the right climate conditions to harbor a large number of snake species in the future.

This situation is concerning because snakebites predominantly affect farmers and young rural workers in low-income countries. Bites by venomous snakes kill significant numbers of the livestock owned by smallholder farmers too. Snakebite therefore has economic consequences and can worsen food crises for families and communities in the poorest rural areas.

We also identified some African countries, such as Niger and Namibia, that are likely to receive four to five new snake species from neighboring countries because of the predicted migration. Their public health care systems will need to cope with new types of snakebite poisoning cases.

What can we do to prevent this scenario?

Climate change is mainly driven by human activities. Pollution by high-income countries in the northern hemisphere has been the main contributor to climate change. But its impacts are felt globally, especially in regions of high biodiversity like Africa.

Many high-income countries also benefit from Africa's vast biodiversity, using its natural resources for medicine, food, scientific research and tourism. Therefore, global measures to strengthen science, research and conservation policies are needed.

Investment in infrastructure in Africa to foster scientific research and effectively address the challenges of climate change is needed.
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