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


      
        Scientists design silver nanoparticle-based self-hygienic resin for use in dental applications
        The oral cavity is home to a rich ecosystem of microorganisms that are found in both healthy and diseased states. In the area of dental restoration, highly specialized materials are used to fulfill specific functions so that the patient recovers their dental structures, masticatory and phonetic functions and even enjoys improved aesthetics.

      

      
        Solid electrolyte composed of nanoparticles shows promise for all-solid-state batteries
        Often overlooked, rechargeable batteries play an important part in contemporary life, powering small devices like smartphones to larger ones like electric vehicles. The keys to creating sustainable rechargeable batteries include having them hold their charge longer, giving them a longer life with more charging cycles, and making them safer. Which is why there is so much promise in all-solid-state batteries.

      

      
        Researchers create orientation-independent magnetic field-sensing nanotube spin qubits
        Purdue University researchers have developed patent-pending one-dimensional boron nitride nanotubes (BNNTs) containing spin qubits, or spin defects. The BNNTs are more sensitive in detecting off-axis magnetic fields at high resolution than traditional diamond tips used in scanning probe magnetic-field microscopes.

      

      
        Beyond 'one pore at a time': New method of generating multiple, tunable nanopores
        Nanoporous membranes with atomic-scale holes smaller than one-billionth of a meter have powerful potential for decontaminating polluted water, pulling valuable metal ions from the water, or for osmotic power generators.
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Scientists design silver nanoparticle-based self-hygienic resin for use in dental applications

										

    
        
            [image: Scientist design silver nanoparticle based self-hygienic resin for use in dental applications]
             
                Silver nanoparticle deposition on to the restorative resin using mechanical coating for the inhibition of amicrobial biofilm. Credit: Dr Ravichandran Manisekaran
            
        

    


The oral cavity is home to a rich ecosystem of microorganisms that are found in both healthy and diseased states. In the area of dental restoration, highly specialized materials are used to fulfill specific functions so that the patient recovers their dental structures, masticatory and phonetic functions and even enjoys improved aesthetics.



										      
																																	These materials allow commensal microorganisms to adhere and grow on rough surfaces, forming biofilms that are resistant to the oral environment and hygienic conditions. Thus, over time, these bacteria can corrode the material, create structural and color changes, or even cause infections, such as gingivitis or prosthetic stomatitis. Therefore, the addition of self-hygienic properties to prevent microbial colonization is necessary to maintain the oral ecosystem.

Silver nanoparticles (AgNPs) are widely used in research for their antimicrobial, optical, and electrical properties, and are widely used in the cosmetic, biomedical, packaging, and other industries.

In recently published research in Royal Society Open Science, researchers from the Interdisciplinary Research Laboratory (LII) of ENES Leon, UNAM, designed a method to incorporate AgNPs onto the surface of composite resins used for provisional dental restorations to inhibit the bacterial growth of early colonizers in the oral cavity.

"Our method inhibits the formation of biofilm by allowing the silver to remain on the resin surface for a long duration with a sustained release of silver ions, without affecting the fibroblast cells evaluated in this study and provides antiseptic activity in provisional restorations like bisacrylic resin," says Veronica Campos-Ibarra, postdoctoral researcher at ENES Leon, UNAM and Professor at the School of Stomatology, UASLP in San Luis Potosi.


																																						
    
     




																																			Ravichandran Manisekaran, research professor and coordinator of the Nanostructures and Biomaterials lab said that the researchers used a mechanical coating method with a concentration of <0.03% silver without the need for additional equipment other than used in clinical practice.

This innovative investigation focused on prosthetic materials that are part of collaborative work between ENES and UASLP, which contributes to the development of nanostructure-modified medical devices focused on preventing infections by selecting currently available biomedical materials. These materials help lower the treatment costs and reduce infections, thus improving the patient's quality of life.

This story is part of Science X Dialog, where researchers can report findings from their published research articles. Visit this page for information about Science X Dialog and how to participate.


																																																					
																				
																						More information:
												Veronica Campos-Ibarra et al, Silver nanoparticles incorporated dental restorative resin and its antibiofilm effect, Royal Society Open Science (2024). DOI: 10.1098/rsos.240915
																						
																						

																					

                               											
																															 
												  Dr Ravichandran Manisekaran is a research professor working in ENES, Leon-UNAM. His research deals with the design of nanostructure-based materials for biomedical applications.
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Solid electrolyte composed of nanoparticles shows promise for all-solid-state batteries
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                TEM observation results for the x = 0.25 powder sample. (a) HCDF image, (b) ED pattern, and (c) EDX maps. HCDF image, ED pattern and EDS maps were obtained from the same region. Credit: Chemistry of Materials (2024). DOI: 10.1021/acs.chemmater.4c02104
            
        

    


Often overlooked, rechargeable batteries play an important part in contemporary life, powering small devices like smartphones to larger ones like electric vehicles. The keys to creating sustainable rechargeable batteries include having them hold their charge longer, giving them a longer life with more charging cycles, and making them safer. Which is why there is so much promise in all-solid-state batteries.



										    
																					The problem is discovering which solid electrolytes offer such potential advantages.

In a step toward that goal, an Osaka Metropolitan University research group led by Assistant Professor Kota Motohashi, Associate Professor Atsushi Sakuda, and Professor Akitoshi Hayashi of the Graduate School of Engineering has developed an electrolyte with high conductivity, formability, and electrochemical stability.

The findings were published in Chemistry of Materials.

The group achieved high conductivity at room temperature by adding Ta2O5 (tantalum pentoxide) to the previously developed solid electrolyte NaTaCl6, a combination of tantalum chloride and sodium chloride.

The discovered solid electrolyte, Na2.25TaCl4.75O1.25, also has a higher electrochemical stability than conventional chlorides and superior mechanical properties.

"The results of this research are expected to make a significant contribution to the development of composite solid electrolytes, in addition to the glass and crystal solid electrolytes that have been developed to date," Professor Motohashi suggested.

"We will now be focusing on elucidating the ionic conduction mechanism of composite solid electrolytes and further developing materials."


																														
																				
																						More information:
												Kota Motohashi et al, Fast Sodium-Ion Conducting Amorphous Oxychloride Embedding Nanoparticles, Chemistry of Materials (2024). DOI: 10.1021/acs.chemmater.4c02104
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                A scanning electron microscope image shows an atomic force microscope tip with a boron nitride nanotube containing a spin qubit. Purdue researchers have developed the technology, which detects off-axis magnetic fields at high resolution better than traditional diamond tips. Credit: Purdue University/Tongcang Li
            
        

    


Purdue University researchers have developed patent-pending one-dimensional boron nitride nanotubes (BNNTs) containing spin qubits, or spin defects. The BNNTs are more sensitive in detecting off-axis magnetic fields at high resolution than traditional diamond tips used in scanning probe magnetic-field microscopes.



										      
																																	Tongcang Li, a professor of physics and electrical and computer engineering, leads a team that has developed the BNNTs with optically active spin qubits. He also is on the faculty of the Purdue Quantum Science and Engineering Institute. The team includes Xingyu Gao, Sumukh Vaidya and Saakshi Dikshit, graduate students at Purdue who are co-authors of a paper published in the journal Nature Communications.

"BNNT spin qubits are more sensitive to detecting off-axis magnetic fields than a diamond nitrogen-vacancy center, which is primarily sensitive to fields that are parallel to its axis, but not perpendicular," Li said. "BNNTs also are more cost-effective and offer more resilience than brittle diamond tips."

BNNT applications include quantum-sensing technology that measures changes in magnetic fields and collects and analyzes data at the atomic level.

"They also have applications in the semiconductor industry and nanoscale MRI, or magnetic resonance imaging," Gao said.

Testing and developing BNNT spin qubits

The system was tested on a custom-built laboratory system, including lasers, detectors and signal generators for controlling the quantum state of the nanotube spin qubits.


																																						
    
     




																																			"These BNNT spin qubits are sensitive to magnetic fields and exhibit optically detected magnetic resonance," Vaidya said. "When exposed to a magnetic field, the energy levels of the spin qubits within the BNNTs are altered, which can be measured using light."

On the first demonstration, BNNTs performed comparably to diamond tips.

"Since the boron nitride nanotubes are spatially much smaller than the diamond tips, we expect to be able to achieve superior numbers for the system," Dikshit said.

Li said the Purdue researchers are looking to improve the spatial resolution and magnetic field sensitivity for the BNNT spin qubit system. These improvements could enable quantum sensing of phenomena at the atomic scale.

"This would enable a very high-resolution scanning of the surface magnetic properties," Vaidya said. "By improving the sensitivity, we can either get more precise information or achieve faster readout of the external magnetic fields, both of which have applications in quantum science, memory storage, medical and semiconductor industries."


																																																					
																				
																						More information:
												Xingyu Gao et al, Nanotube spin defects for omnidirectional magnetic field sensing, Nature Communications (2024). DOI: 10.1038/s41467-024-51941-2
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                Nanopore characterization and in situ tuning. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-52109-8
            
        

    


Nanoporous membranes with atomic-scale holes smaller than one-billionth of a meter have powerful potential for decontaminating polluted water, pulling valuable metal ions from the water, or for osmotic power generators.



										      
																																	But these exciting applications have been limited in part by the tedious process of tunneling individual sub-nanometer pores one by one.

"If we are to ever scale up 2D material membranes to be relevant for applications outside the laboratory, the 'one pore at a time' method just isn't feasible," said recent UChicago Pritzker School of Molecular Engineering (PME) Ph.D. graduate Eli Hoenig. "But, even within the confines of laboratory experiment, a nanoporous membrane provides significantly larger signals than a single pore, increasing the sensitivity."

Hoenig is first author of a paper recently published in Nature Communications that found a novel path around this longstanding problem. Under PME Asst. Prof. Chong Liu, the team created a new method of pore generation that builds materials with intentional weak spots, then applies a remote electric field to generate multiple nanoscale pores all at once.

"Our logic is that, if we can pre-design what the material looks like and design where the weak points are, then when we do the pore generation, the field will pick up those weaker points and start to drill holes there first," Liu said.


																																						
    
     




																																			The strength of weakness

By overlapping a few layers of polycrystalline molybdenum disulfide, the team can control where the crystals met.

"Say I have two perfect crystals. When the two crystals come together, they will not be smoothly just glued together. There's an interface where they start to connect to each other," Liu said. "That's called the grain boundary."
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                Recent UChicago Pritzker School of Molecular Engineering (PME) Ph.D. graduate Eli Hoenig is first author of a new paper that created a new method of ub-nanometer pore generation that builds materials with intentional weak spots, then applies a remote electric field to generate multiple nanoscale pores all at once. Credit: UChicago Pritzker School of Molecular Engineering
            
        

    



This means they can "pre-pattern" the grain boundaries--and the pores that will eventually form there--with a remarkable level of control.

But it isn't just location that can be fine-tuned through this technique. The concentration of the pores and even their sizes can be determined in advance. The team was able to tune the size of the pore from 4 nanometers to smaller than 1 nanometer.

This allows flexibility for engineering water treatment systems, fuel cells or any number of other applications.

"People want to precisely create and confine pores, but usually the method is limited so that you can only create one pore at a time," Liu said. "And so that's why we developed a method to create high-density pores where you are still able to control the precision and size of each individual pore."

While the technique has a number of uses, Hoenig finds the environmental applications most exciting. These include treating water and extracting valuable materials such as the lithium needed for the grid-scale batteries demanded by the world's transition to renewable energy.


																																			"Targeted water decontamination and resource recovery are, at least at this basic science level, two sides of the same coin, and both, to me, are really important," Hoenig said.

Liu said this new paper is an intellectual offshoot of an interdisciplinary collaboration with the battery-focused laboratory of PME Prof. Shirley Meng and PME Asst. Prof. Shuolong Yang's quantum group. Working across academic silos, the three labs previously collaborated to break through a longstanding hurdle in growing quantum qubits on crystals.

"Our three teams are trying to develop precision synthesis techniques, not only for one type of material and not only for one type of material property," Liu said. "Together, we are looking at how we can manipulate a material's composition, structure, and defects to be able to create precise defects and pores."


																																																					
																				
																						More information:
												Eli Hoenig et al, In situ generation of (sub) nanometer pores in MoS2 membranes for ion-selective transport, Nature Communications (2024). DOI: 10.1038/s41467-024-52109-8
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        Physicists achieve strong coupling of Andreev qubits via microwave resonator
        Physicists from the University of Basel have succeeded in coupling two Andreev qubits coherently over a macroscopic distance for the first time. They achieved this with the help of microwave photons generated in a narrow superconducting resonator. The results of the experiments and accompanying calculations were recently published in Nature Physics, laying the foundation for the use of coupled Andreev qubits in quantum communication and quantum computing.

      

      
        Engineers create a chip-based tractor beam for biological particles
        MIT researchers have developed a miniature, chip-based "tractor beam," like the one that captures the Millennium Falcon in the film "Star Wars," that could someday help biologists and clinicians study DNA, classify cells, and investigate the mechanisms of disease.

      

      
        Quantum researchers come up with a recipe that could accelerate drug development
        University of Copenhagen mathematicians have developed a recipe for upgrading quantum computers to simulate complex quantum systems, such as molecules. Their discovery brings us closer to being able to predict how new drugs will behave within our bodies and has the potential to revolutionize pharmaceutical development. The research is published in the journal Nature Communications.

      

      
        Logic with light: Introducing diffraction casting, optical-based parallel computing
        Increasingly complex applications such as artificial intelligence require ever more powerful and power-hungry computers to run. Optical computing is a proposed solution to increase speed and power efficiency but has yet to be realized due to constraints and drawbacks.

      

      
        As the Advanced Photon Source upgrade nears completion, scientists anticipate experimental possibilities
        In June, X-rays began to shine again at the U.S. Department of Energy's (DOE) Advanced Photon Source (APS), a facility where intense, directed X-ray light beams are used to inspect everything from materials for better solar cells and batteries to antibodies for fighting viruses. The return of light after a yearlong shutdown is one more momentous step in an upgrade that will create unparalleled research opportunities.
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            [image: Strong coupling between Andreev qubits mediated by a microwave resonator]
             
                APQ coupling device. Credit: Nature Physics (2024). DOI: 10.1038/s41567-024-02630-w
            
        

    


Physicists from the University of Basel have succeeded in coupling two Andreev qubits coherently over a macroscopic distance for the first time. They achieved this with the help of microwave photons generated in a narrow superconducting resonator. The results of the experiments and accompanying calculations were recently published in Nature Physics, laying the foundation for the use of coupled Andreev qubits in quantum communication and quantum computing.



										      
																																	Quantum communication and quantum computing operate based on quantum bits (qubits) as the smallest unit of information--related to bits in a classical computer. Of the many different approaches currently being investigated around the world, one promising option is to use Andreev pair qubits.

These qubits are formed at interfaces between a metal and a superconductor in a process known as Andreev reflection. Here, an electron from the metal enters the superconductor, where it becomes part of an electron pair (a Cooper pair)--while a hole, which behaves like a positive particle, is reflected back into the metal.

Based on this process, discrete pairs of bound states are formed at the interface of these materials. They are known as Andreev bound states and can serve as the basis states of a qubit. These states are relatively robust to outside perturbations, and the coherence time--the time for which superposition is maintained--is relatively long. They can also be readily controlled and incorporated into modern electronic circuits. All of these factors are advantageous for developing reliable and scalable quantum computers.

Exchange between two quantum systems

The researchers have now achieved a strong quantum mechanical coupling between two Andreev qubits, each localized in a semiconducting nanowire. The results show excellent agreement with theoretical models.


																																						
    
     




																																			"We coupled the two Andreev pair qubits at a large distance from one another at the two ends of a long, superconducting microwave resonator. This allows the exchange of microwave photons between the resonator and the qubits," explains Professor Christian Schonenberger from the Department of Physics and the Swiss Nanoscience Institute of the University of Basel, whose team carried out the experiments.

The microwave resonator can be used in two different ways: In one mode, the qubits can be read out via the resonator, providing the researchers with information on their quantum state. A second mode is used to couple the two qubits to each other, allowing them to "communicate" without losing microwave photons. The two qubits are then no longer independent of one another but rather share a new quantum state--which is vital for the development of quantum communication and quantum computers.

"In our work, we combine three quantum systems so that they can exchange photons between each other. Our qubits themselves are only about 100 nanometers in size, and we couple them over a macroscopic distance of 6 millimeters," says Dr. Andreas Baumgartner, one of the article's co-authors. "By doing so, we were able to show that Andreev pair qubits are suitable as compact and scalable solid-state qubits."


																																																					
																				
																						More information:
												L. Y. Cheung et al, Photon-mediated long-range coupling of two Andreev pair qubits, Nature Physics (2024). DOI: 10.1038/s41567-024-02630-w
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                Integrated OPA tweezers concept. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-52273-x
            
        

    


MIT researchers have developed a miniature, chip-based "tractor beam," like the one that captures the Millennium Falcon in the film "Star Wars," that could someday help biologists and clinicians study DNA, classify cells, and investigate the mechanisms of disease.



										      
																																	The research appears in Nature Communications.

Small enough to fit in the palm of your hand, the device uses a beam of light emitted by a silicon-photonics chip to manipulate particles millimeters away from the chip surface. The light can penetrate the glass cover slips that protect samples used in biological experiments, enabling cells to remain in a sterile environment.

Traditional optical tweezers, which trap and manipulate particles using light, usually require bulky microscope setups, but chip-based optical tweezers could offer a more compact, mass manufacturable, broadly accessible, and high-throughput solution for optical manipulation in biological experiments.

However, other similar integrated optical tweezers can only capture and manipulate cells that are very close to or directly on the chip surface. This contaminates the chip and can stress the cells, limiting compatibility with standard biological experiments.

Using a system called an integrated optical phased array, the MIT researchers have developed a new modality for integrated optical tweezers that enables trapping and tweezing of cells more than a hundred times further away from the chip surface.

"This work opens up new possibilities for chip-based optical tweezers by enabling trapping and tweezing of cells at much larger distances than previously demonstrated. It's exciting to think about the different applications that could be enabled by this technology," says Jelena Notaros, the Robert J. Shillman Career Development Professor in Electrical Engineering and Computer Science (EECS), and a member of the Research Laboratory of Electronics.

Joining Notaros on the paper are lead author and EECS graduate student Tal Sneh; Sabrina Corsetti, an EECS graduate student; Milica Notaros Ph.D.; Kruthika Kikkeri Ph.D.; and Joel Voldman, the William R. Brody Professor of EECS.


																																						
    
     




																																			A new trapping modality

Optical traps and tweezers use a focused beam of light to capture and manipulate tiny particles. The forces exerted by the beam will pull microparticles toward the intensely focused light in the center, capturing them. By steering the beam of light, researchers can pull the microparticles along with it, enabling them to manipulate tiny objects using noncontact forces.

However, optical tweezers traditionally require a large microscope setup in a lab, as well as multiple devices to form and control light, which limits where and how they can be utilized.

"With silicon photonics, we can take this large, typically lab-scale system and integrate it onto a chip. This presents a great solution for biologists, since it provides them with optical trapping and tweezing functionality without the overhead of a complicated bulk-optical setup," Notaros says.

But so far, chip-based optical tweezers have only been capable of emitting light very close to the chip surface, so these prior devices could only capture particles a few microns off the chip surface. Biological specimens are typically held in sterile environments using glass cover slips that are about 150 microns thick, so the only way to manipulate them with such a chip is to take the cells out and place them on its surface.

However, that leads to chip contamination. Every time a new experiment is done, the chip has to be thrown away and the cells need to be put onto a new chip.

To overcome these challenges, the MIT researchers developed a silicon photonics chip that emits a beam of light that focuses about 5 millimeters above its surface. This way, they can capture and manipulate biological particles that remain inside a sterile cover slip, protecting both the chip and particles from contamination.
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                Optical manipulation of biological cells with integrated OPA tweezers. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-52273-x
            
        

    





																																			Manipulating light

The researchers accomplish this using a system called an integrated optical phased array. This technology involves a series of microscale antennas fabricated on a chip using semiconductor manufacturing processes. By electronically controlling the optical signal emitted by each antenna, researchers can shape and steer the beam of light emitted by the chip.

Motivated by long-range applications like lidar, most prior integrated optical phased arrays weren't designed to generate the tightly focused beams needed for optical tweezing. The MIT team discovered that, by creating specific phase patterns for each antenna, they could form an intensely focused beam of light, which can be used for optical trapping and tweezing millimeters from the chip's surface.

"No one had created silicon-photonics-based optical tweezers capable of trapping microparticles over a millimeter-scale distance before. This is an improvement of several orders of magnitude higher compared to prior demonstrations," says Notaros.

By varying the wavelength of the optical signal that powers the chip, the researchers could steer the focused beam over a range larger than a millimeter and with microscale accuracy.

To test their device, the researchers started by trying to capture and manipulate tiny polystyrene spheres. Once they succeeded, they moved on to trapping and tweezing cancer cells provided by the Voldman group.

"There were many unique challenges that came up in the process of applying silicon photonics to biophysics," Sneh adds.


																																						
    
     




																																			The researchers had to determine how to track the motion of sample particles in a semiautomated fashion, ascertain the proper trap strength to hold the particles in place, and effectively postprocess data, for instance.

In the end, they were able to show the first cell experiments with single-beam optical tweezers.

Building off these results, the team hopes to refine the system to enable an adjustable focal height for the beam of light. They also want to apply the device to different biological systems and use multiple trap sites at the same time to manipulate biological particles in more complex ways.

"This is a very creative and important paper in many ways," says Ben Miller, Dean's Professor of Dermatology and professor of biochemistry and biophysics at the University of Rochester, who was not involved with this work.

"For one, given that silicon photonic chips can be made at low cost, it potentially democratizes optical tweezing experiments.

"That may sound like something that only would be of interest to a few scientists, but in reality having these systems widely available will allow us to study fundamental problems in single-cell biophysics in ways previously only available to a few labs given the high cost and complexity of the instrumentation.

"I can also imagine many applications where one of these devices (or possibly an array of them) could be used to improve the sensitivity of disease diagnostic."


																																																					
																				
																						More information:
												Sneh, T., Corsetti, et al. Optical tweezing of microparticles and cells using silicon-photonics-based optical phased arrays. Nature Communications (2024). DOI: 10.1038/s41467-024-52273-x
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                Section of the quantum simulator at the Quantum for Life Centre. Credit: University of Copenhagen
            
        

    


University of Copenhagen mathematicians have developed a recipe for upgrading quantum computers to simulate complex quantum systems, such as molecules. Their discovery brings us closer to being able to predict how new drugs will behave within our bodies and has the potential to revolutionize pharmaceutical development. The research is published in the journal Nature Communications.



										      
																																	Developing a new drug can take more than a decade and cost anywhere from hundreds of millions to billions of euros--with multiple failed attempts along the way. But what if we could predict how a drug worked in the body before its laboratory trials, and in doing so, speed up the entire process from years to months?

Drugs are composed of molecules, which in turn consist of atoms. And since atoms behave in a quantum mechanical manner, a quantum computer is needed to mimic their behavior. Herein lies the challenge. A traditional computer--no matter how big--could never manage the vast amount of information required by the task with the same precision.

At the University of Copenhagen's Quantum for Life Center, a team of physicists, computer scientists, and mathematicians has dedicated years of their careers to understanding how so-called quantum simulators, a type of specialized quantum computer, can be deployed for this task: to simulate, and in doing so predict, the behavior of molecules.

It's all about size, or is it?

One fundamental problem that all quantum computer researchers struggle with is size. Today's quantum computers are simply too small. In practice, this means that they can only simulate a few atoms, which is problematic, because the complex molecules in medicinal drugs often contain millions of atoms.

Now, the Quantum for Life team has taken a significant step toward solving this problem by coming up with a mathematical recipe for making it easier to program quantum simulators, and in doing so, extract more computing power from a simulator of the same size.

"Quantum simulators consist not only of quantum hardware, but of quantum software too--essentially, the recipe for using the quantum simulator. With these new results, we are making a major leap on the software side, presenting a much better method than we've had before to scale up the existing hardware and solve more complex tasks," says Dylan Harley, the research paper's first author and a doctoral student at the Quantum for Life Center.

The conventional wisdom about how to scale up a quantum simulator has been that it would need to be built from the ground up. The new quantum algorithm addresses this obstacle and is at the core of the quantum software.

The algorithm introduces a controlled amount of noise among the particles being simulated, so as to ensure that the simulation does not stall, but carries on as desired. The idea is of a general nature and can be applied to any type of quantum hardware, regardless of whether it is based on atoms, ions, or even artificial atoms like superconducting qubits.


																																						
    
     




																																			Could revolutionize pharmaceutical development

"Quantum technology is seen as the key to creating the new and improved medicines of the future. But without the ability to scale quantum simulators effectively, their practical use is very limited. That is why it's essential to find out how our quantum software can support this scaling. And now we have a recipe to do just that," says Matthias Christandl, professor of quantum theory and center leader at the Quantum for Life Center.

According to Christandl, the prospects will be revolutionary if the researchers succeed in developing an effective quantum simulator:

"If we can use a computer to simulate how a new drug will behave in a human body before conducting any experiments, it could fundamentally change the way we develop and test pharmaceuticals, which will significantly accelerate the amount of time from lab to patient."

The next step will be to test the mathematical recipe on quantum hardware.


																																																					
																				
																						More information:
												Dylan Harley et al, Going beyond gadgets: the importance of scalability for analogue quantum simulators, Nature Communications (2024). DOI: 10.1038/s41467-024-50744-9
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Quantum researchers come up with a recipe that could accelerate drug development (2024, October 3)
												retrieved 3 October 2024
												from https://phys.org/news/2024-10-quantum-recipe-drug.html
											 

											 
											 This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
											 part may be reproduced without the written permission. The content is provided for information purposes only.
											 

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2024-10-quantum-recipe-drug.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Logic with light: Introducing diffraction casting, optical-based parallel computing
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                An overview of the proposed system showing an input image layer placed among other layers which combine in different ways to perform logical operations when light is passed through the stack. Credit: 2024 Mashiko et al. CC-BY-ND
            
        

    


Increasingly complex applications such as artificial intelligence require ever more powerful and power-hungry computers to run. Optical computing is a proposed solution to increase speed and power efficiency but has yet to be realized due to constraints and drawbacks.



										      
																																	A new design architecture, called diffraction casting, seeks to address these shortcomings. It introduces some concepts to the field of optical computing that might make it more appealing for implementation in next-generation computing devices.

Whether it's the smartphone in your pocket or the laptop on your desk, all current computer devices are based on electronic technology. But this has some inherent drawbacks; in particular, they necessarily generate a lot of heat, especially as they increase in performance, not to mention that fabrication technologies are approaching the fundamental limits of what is theoretically possible.

As a result, researchers explore alternative ways to perform computation that can tackle these problems and ideally offer some new functionality or features too.

One possibility lies in an idea that has existed for several decades but has yet to break through and become commercially viable, and that's in optical computing.

Essentially, optical computing leverages the speed of light waves and their ability to interact in complex ways with different optical materials without generating any heat. Add to this the fact that a broad range of light waves can pass through materials simultaneously without affecting each other and you can in theory produce a massively parallel, high-speed and power-efficient computer.

"In the 1980s, researchers in Japan explored an optical computing method called shadow casting, which could perform some simple logical operations. But their implementation was based on relatively bulky geometric optical forms, perhaps analogous to the vacuum tubes used in early digital computers. They worked in principle, but they lacked flexibility and ease of integration to make something useful," said Associate Professor Ryoichi Horisaki from the Information Photonics Lab at the University of Tokyo.


																																						
    
     




																																			"We introduce an optical computing scheme called diffraction casting which improves upon shadow casting. Shadow casting is based on light rays interacting with different geometries, whereas diffraction casting is based on properties of the light wave itself, which results in more spatially efficient, functionally flexible optical elements that are extensible in ways you'd expect and require for a universal computer.

"We ran numerical simulations which yielded very positive results, using small 16-by-16 pixel black-and-white images as inputs, smaller than icons on a smartphone screen."

Horisaki and his team propose an all-optical system, that is, one that only converts the final output to something electronic and digital; prior to that stage, every step of the system is optical. Their work has been published in Advanced Photonics.

Their idea is to take an image as a source of data--which naturally suggests this system could be used for image processing, but other kinds of data, especially that used in machine learning systems, could also be represented graphically--and combine that source image with a series of other images representing stages in logic operations.

Think of it like layers in an image editing application such as Adobe Photoshop: There is an input layer--source image--which can have layers placed on top, which obscure, manipulate or transmit something from the layer beneath. The output--top layer--is essentially processed by the combination of these layers.


																																			In this case, these layers will have light passed through them casting an image (hence the "casting" in diffraction casting) on a sensor, which will then become digital data for storage or presentation to the user.

"Diffraction casting is just one building block in a hypothetical computer based around this principle and it might be best to think of it as an additional component rather than a full replacement of existing systems, akin to the way graphical processing units are specialized components for graphics, gaming and machine learning workloads," said lead author Ryosuke Mashiko.

"I anticipate it will take around 10 years to become commercially available, as much work has to be done on the physical implementation, which, although grounded in real work, has yet to be constructed.

"At present, we can demonstrate the usefulness of diffraction casting in performing the 16 basic logic operations at the heart of much information processing, but there's also scope for extending our system into another upcoming area of computing that goes beyond the traditional, and that's in quantum computing. Time will tell."


																																																					
																				
																						More information:
												Diffraction casting, Advanced Photonics (2024). DOI: 10.1117/1.AP.6.5.056005
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                Principal Mechanical Engineer Dana Capatina inspects one of the new instruments at the XPCS beamline 8-ID at the APS. Credit: Argonne National Laboratory/Jason Creps.
            
        

    


In June, X-rays began to shine again at the U.S. Department of Energy's (DOE) Advanced Photon Source (APS), a facility where intense, directed X-ray light beams are used to inspect everything from materials for better solar cells and batteries to antibodies for fighting viruses. The return of light after a yearlong shutdown is one more momentous step in an upgrade that will create unparalleled research opportunities.



										      
																																	The process isn't quite finished yet. The APS, a DOE Office of Science user facility at DOE's Argonne National Laboratory, must continue building up to full power. It generates light through an electron storage ring, where charged particles--electrons--travel at high speed, releasing light beams where the track bends.

Light from the ring will be funneled to 71 different experiment stations, or beamlines, some of which are now being brought online. When the $815 million upgrade is complete, the APS will be able to generate X-ray beams that are up to 500 times brighter than before, enabling scientists to inspect objects closely and in more detail.

Researchers are eager for that moment to arrive. More than 5,500 scientists in a typical year use the APS's intense X-ray beams. In the lead-up to the upgrade, Argonne staff have held workshops and conversations with APS users about what features they need for their scientific goals. Now researchers are submitting proposals to be among the first to use the new, world-leading facility.

Going the distance

Along with enhancements to existing beamlines, the upgrade involves seven new beamlines optimized to take full advantage of the brighter X-ray beams, plus essential infrastructure for the future completion of two more.

More than 70 research proposals have been submitted for these new stations. Two of the new beamlines, the High-Energy X-ray Microscope (HEXM) and the In-Situ Nanoprobe (ISN), will live in the new Long Beamline Building.


																																						
    
     




																																			ISN will allow one to more precisely observe materials at previously unattainable scales, for example, materials for batteries, to see how they behave as conditions around them change.

At HEXM, users will use highly penetrating high-energy X-ray beams to study materials that need to withstand harsh conditions and long service times in uses like nuclear energy and aviation. The length of the beamline--180 meters, rather than a more typical 80 meters--allows for both larger and smaller spot sizes than previously possible.
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                Members of the beamline staff stand next to a newly installed instrument for XPCS at the new 8-ID feature beamline. Credit: Argonne National Laboratory/Jason Creps.
            
        

    



"Sample cross-sections were one millimeter before. Now they can be up to several millimeters, as the beam expands more over a long distance. This allows users to use bigger samples that are more representative of real-life conditions," said Jonathan Almer, an Argonne physicist.

The beamline's length also allows the beam to be focused below one micrometer--a thousandth of a millimeter--so researchers can zoom in with higher resolution to different areas of interest within a sample.

For Ashley Bucsek, who studies the mechanical behavior of metals, HEXM will offer the ability to combine established techniques with relatively new ones like dark-field X-ray microscopy, which can illuminate the very small-scale structure deep within a material.

The technique collects repeated exposures of X-rays scattered off a sample with a lens between the sample and detector, combining the exposures into a high-resolution image of the sample.


																																			"HEXM will be the only beamline worldwide to offer dark-field X-ray microscopy at high energies," said Bucsek, who is an assistant professor of mechanical engineering at the University of Michigan. "This means we can use the technique to study larger samples and heavier elements than we can anywhere else."

Metals and other hard materials are polycrystalline, which Bucsek likens to a handful of sand squeezed so hard that the grains fuse together. She observes the boundaries between those crystals to see how and when cracks form. X-ray studies can reveal information about tens of thousands of individual crystals. She wants to know about both the common and rare instances where faults in a material emerge.

"The worst-case scenarios may only happen in a couple of places, but they end up controlling how that material responds or fails," she said. "HEXM is going to allow us to zoom into those really interesting regions, where we see these rare but potentially catastrophic events."

Adjacent to HEXM, the new Activated Materials Laboratory will make it possible to safely handle nuclear materials and fuels. The lab will make it easier and more efficient to conduct experiments with these types of materials.

At HEXM and at other upgraded beamlines, the goal for the first approved experiments will be "to bring in users who can really test the new capabilities and kick the tires pretty hard," Almer said. "Then we're going to open it up to general users."
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                The staff of the 27-ID beamline watches and cheers as the first photons from the upgraded APS storage ring arrive at their beamline. Credit: Argonne National Laboratory/Jason Creps.
            
        

    





																																						
    
     




																																			Newly possible measurements

Another new station at the upgraded APS, X-ray Photon Correlation Spectroscopy (XPCS), is optimized to explore samples of liquids, gels, glasses and quantum materials. The work done on this beamline will be important to developing battery chemistries, drug delivery systems and energy-efficient products, among other innovations.

By knowing a material's atomic structure, one can often predict its properties. But that's only a snapshot, and scientists want a full-length movie of what happens as the surroundings change.

"It's very difficult to use structure alone to predict the viscosity or elasticity of a material if it's not in a well-defined equilibrium state," said Jeffrey Richards, assistant professor of chemical and biological engineering at Northwestern University.

"The key to being able to do that prediction quantitatively is to be able to probe the dynamics. You need to know about how the particles can move in these nonequilibrium states."

His everyday example of dynamics: ketchup that runs smoothly when squeezed out of a bottle but stops flowing when it hits your hamburger. Or, in the case of Richards's research, the flow of suspensions used to manufacture thin films for battery electrodes. Understanding structure and dynamics enables engineering processes to improve these manufacturing steps.

XPCS will allow researchers to probe both structure and dynamics with the help of a rheometer, a device that can measure how fluid moves in response to different forces. This was possible to some extent before, but the upgraded APS X-ray beam will have increased brightness and coherence.

Coherence is a measure of the light waves' uniformity--think of the difference between the light coming from a flashlight (not coherent) versus a laser pointer (coherent).

The increased coherence means every photon in the beam is now useful for scientific observation, which means results will come faster and samples will be less likely to be damaged by lengthy exposure to X-ray beams.

An experiment that would normally take days will be reduced in some cases to a few hours with XPCS. Richards said, "It's a game changer, not only in terms of the physical throughput for samples that were already suitable for these measurements, but also by making it possible to measure samples that could never have been measured before the upgrade."


																																			Simulating the Earth's interior at GSECARS

While the new feature beamlines are exciting, for existing APS research areas, the upgrade will be no less transformative. The University of Chicago's Center for Advanced Radiation Sources (CARS) manages seven beamlines, including four within GeoSoilEnviroCARS (GSECARS), which is designed for Earth and environmental science research.
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                Physicist Jungho Kim works on part of the 27-ID beamline at the APS. Credit: Argonne National Laboratory/Jason Creps.
            
        

    



Studies at GSECARS focus on understanding the planet's deep interior by observing elements and compounds at extreme conditions, including temperatures up to 10,000 degrees Kelvin (17,540 degrees Fahrenheit). Scientists are exploring how dynamics deep below Earth's surface contributed to the planet's evolution and phenomena such as earthquakes and volcanoes.

Seeing how different materials behave at extreme conditions has even broader relevance, including clues about the makeup of other planets and technologies such as room temperature superconductors.

"Everything that was happening before will continue on a new level," said Vitali Prakapenka, GSECARS beamline scientist. "We will be able to do experiments much faster and probe materials properties at much higher pressures and temperatures."

Prakapenka specializes in the use of diamond anvil cells to apply intense pressures to samples while they are in the beam. "The smaller the contact area, the higher the pressure we can reach," he explained. The brighter light from the upgrade will make it possible to focus down to smaller sizes."

He compared the change to looking through binoculars at a bird. "Imagine you increase the magnification on the binoculars 100 times and have supersensitive eyes. Now you can see not only the form of the bird, but all the feathers and its structure, even while it is flying in the sky," he said.

"That's a bit like what we are expecting after the APS Upgrade. Increasing the brightness and tightness of the X-ray beam will allow us to increase the resolution and sensitivity when we are looking at materials response to ultra-high pressures and temperatures."


																																						
    
     




																																			Almost ready for beam time

Installation of the new APS electron storage ring began last spring after more than a decade of planning. Considering the process involved 1,321 electromagnets, miles of cable, thousands of power supply units and hundreds of people, a year is practically no time at all.

"It was so much coordination and collaboration, and the only way to pull it off is if you have people who are all on board with the same goal," said Elmie Peoples-Evans, project manager for the upgrade. "The ultimate goal is to get the facility back up and running again and get our users back to doing science."

Collaboration with users has been key to the process. "We really rely on the instrument scientists to drive some of this innovation," Richards said. "The scientific community always wants better and faster experiments. I appreciate the APS team listening to the users and delivering on these new capabilities."
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        Researchers develop Biodiversity Digital Twins to model our planet's life
        Biodiversity is essential for the processes that support all life on Earth. It provides critical resources such as food and energy, and supports ecosystem health. However, climate change, deforestation, and pollution are destroying habitats, altering ecosystems, and eliminating--or introducing--species that are fundamental for the planet's biosphere.

      

      
        Citizen scientists create buzz with new insect discovery
        More than 60% of Australia's known insects are unnamed and a mystery to science. Of an estimated 500,000 Australian species, roughly half are insects, but many aren't categorized.

      

      
        Wildlife care varies by species, Finnish study finds
        A joint study carried out at the Faculty of Veterinary Medicine, University of Helsinki, and SEY Animal Welfare Finland investigated the treatment of injured and sick wildlife as well as associated factors. The care of wild animals is a significant element of animal welfare efforts in Finland, involving both zoos and voluntary operators. The study was carried out through an online survey and is published in Frontiers in Veterinary Science.

      

      
        Study reveals invasive Apple Snail could spread further in Africa
        New research reveals that the invasive Apple Snail--which threatens rice crops--could spread further in Africa. The study is published in the journal CABI Agriculture and Bioscience.

      

      
        AI models identify marine biodiversity hotspots in Mozambique
        A new study led by staff from the Wildlife Conservation Society (WCS) in East Africa has used a predictive artificial intelligence (AI) algorithm to confirm the location of previously-unmapped high marine biodiversity areas along Mozambique's extensive coastline.

      

      
        As temperatures rise, researchers identify mechanisms behind plant response to warming
        Microscopic pores on the surface of leaves called stomata help plants "breathe" by controlling how much water they lose due to evaporation. These stomatal pores also enable and control carbon dioxide intake for photosynthesis and growth.

      

      
        Filament structure found to activate and regulate CRISPR-Cas 'protein scissors'
        CRISPR-Cas systems help to protect bacteria from viruses. Several different types of CRISPR-Cas defense systems are found in bacteria, which differ in their composition and functions. Among them, the most studied proteins today are Cas9 and Cas12, also known as DNA or "gene scissors," which have revolutionized the field of genome editing, enabling scientists to edit genomes and correct disease-causing mutations precisely.

      

      
        Bacteria-derived enzyme shows potential for polyethylene biodegradation
        Every year, 400 million tons of plastic products are produced worldwide, half of which are single-use items discarded within a year. In particular, non-biodegradable plastic waste, which takes over 500 years to decompose naturally, is mostly treated through landfills. During this process, microplastics are formed, disrupting ecosystems or accumulating in organisms, increasing their harmful effects. With landfill sites worldwide reaching capacity, addressing this issue has become increasingly urge...

      

      
        Plant pathologists spearhead Fusarium head blight research on hemp
        Extension faculty at the University of Kentucky (UK) Martin-Gatton College of Agriculture, Food and Environment are advancing the fight against Fusarium head blight (FHB) in hemp. This disease, caused by multiple species of the Fusarium fungus, threatens hemp crops nationwide. As hemp becomes increasingly important for grain, fiber and cannabinoid production, effective disease management has never been more critical.

      

      
        Protein involved in the early stages of age-related macular degeneration offers hope for prevention
        Age-related macular degeneration (AMD) is a leading cause of irreversible vision loss in the United States. Despite existing treatments, the underlying causes of this disease and effective therapies remain elusive. Research published in the journal Developmental Cell provides important insights into the cellular mechanisms behind AMD and offers potential avenues for new treatments.
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Biodiversity is essential for the processes that support all life on Earth. It provides critical resources such as food and energy, and supports ecosystem health. However, climate change, deforestation, and pollution are destroying habitats, altering ecosystems, and eliminating--or introducing--species that are fundamental for the planet's biosphere.



										      
																																	To tackle the challenges caused by environmental change and human activities on biodiversity, a consortium of 22 partners led by CSC--IT Center for Science, home of the EuroHPC LUMI supercomputer, is developing Biodiversity Digital Twins (BioDT) as a result of the European Commission's initiative.

The BioDT project aims to revolutionize our understanding of biodiversity dynamics by integrating advanced modeling, simulation, and prediction capabilities. By combining and improving digitally available data and models, BioDT offers approaches for sustainable biodiversity management and ecosystem conservation. BioDT's combines expertise in biodiversity, ecological modeling, FAIR data, high-performance computing, and artificial intelligence.

BioDT aims to enhance the accuracy and predictive performance of biodiversity models through iterative development and validation against independent data. This approach can be critical for developing decision support tools and policy development.

By continuously updating data, BioDT will provide real-time predictions of biodiversity patterns and processes through interactive maps and summaries. The consortium leverages existing technologies and data from major research infrastructures (GBIF, eLTER, DiSSCo, and LifeWatch ERIC) to achieve this goal.

The project's impact extends to addressing critical issues, including the impact of environmental change on species and ecosystems, food security, and the implementation of the EU and international policies. The project contributes to the UN Sustainable Development Goals 2 (Zero Hunger), 3 (Good Health and Well-being), 13 (Climate Action), and 15 (Life on Land).


																																						
    
     




																																			BioDT develops prototype Digital Twins for biodiversity conservation

In order to test its modeling system, BioDT is developing 10 prototype digital twins (pDTs) focused on species and ecosystems of high conservation and policy concern, such as invasive species, pollinators and grasslands.

The pDTs are divided into four main groups:


	Species Response to Environmental Change: focus on the interactions between species and ecosystems. By incorporating temporal dynamics rather than pure space-for-time substitutions, BioDT improves temporal predictions and accuracy. Different sources of uncertainty are quantified using extensive geographic data combined with high-resolution time-series data in a single modeling framework.

	Genetically Detected Biodiversity: addressing food security and challenging environments by integrating genomic methods based on DNA data with traditional biodiversity data. These twins focus on crop wild relatives and other genetic resources for farming and food security, as well as DNA-detected biodiversity in poorly known habitats.

	Dynamics of Species of Policy Concern: applying modeling and high-performance computing to invasive and alien species recognized at EU and national levels. This twin involves using current species occurrence data, and tackling crucial environmental conditions and invasive effects on native taxa and ecosystems.

	Influence of Species Interactions: predicting disease outbreaks using vector species and exploring the patterns and processes of insect pollinators. Work on interaction twins involves further development of data exchange models and establishing temporal historical reference points through digitization of collection specimens.



The pDTs aim to make essential datasets, best practices, expertise, and lessons learned available and ready for use by researchers and research infrastructures in implementing the use cases, while providing.

The pDTs test the models' predictive performance and data availability scenarios, and apply them to address biodiversity challenges through scenario simulations, predictions, and biomonitoring methods. This iterative approach aims to integrate and compare the predictive performance of various modeling approaches, stimulating the development of next-generation prototypes.


																																			Building Biodiversity Digital Twins: A BioDT collection of scientific papers

To further advance the development and reliability of Biodiversity Digital Twins, the BioDT team has produced 10 scientific papers, compiled in the "Building Biodiversity Digital Twins" issue of the open-science scholarly journal Research Ideas and Outcomes (RIO).

"The collection offers an in-depth understanding of the conceptual and technical advancements achieved towards developing digital twins for a wide range of biodiversity topics. Through the BioDT project, we are enabling a broad audience to interactively understand and predict biodiversity changes across space and time." says Gabriela Zuquim, Scientific Coordinator at CSC for the BioDT project

The collection serves as a centralized access point to project outputs by the BioDT initiative. Publication of rather unconventional and not traditionally published research outputs is in fact among the unique features of the open-science RIO journal. Another feature is the possibility of individual publications to be mapped to the SDGs they contribute to, thereby further underlining their significance.


																																						
    
     




																																			In the case of BioDT, RIO has made it possible for the project team to illustrate the process of prototyping Biodiversity Digital Twins in the format of a peer-reviewed scientific article, thereby ensuring its discoverability, credibility, citability, reusability and long-term public availability.

By opting for this transparent approach to sharing their scientific work that has withstood the rigor of formal scientific review, the BioDT project ensures that future scientists can make better and more efficient use of the models developed by the consortium's researchers, data, and cutting-edge technology.

For example, one publication describes the HONEYBEE Prototype Digital Twin. The prototype will allow, after the ongoing calibration with land use and hive weight data, predictions of honeybee population dynamics, mite infestation and honey production. The model was developed based on a previously developed one, devised to simulate foraging of a single bee colony.

By using the prototype digital twin, users can interactively apply the model on various time and geographic scales ranging from local sites to whole regions or even country level. Thus, it can become an essential tool for the assessment of the viability and productivity of honey bee colonies around Germany, regardless of the specificity of landscapes and management strategies.

Our vision is that the assessment can even be run to take into account different climate-change scenarios. The publication also provides guidelines to potential users of the prototype.


																																			The authors of the paper, led by Dr. Jurgen Groeneveld (Helmholtz Centre for Environmental Research--UFZ, Germany) reminds that despite honey bees "being a managed species, they are severely affected by climate change, emerging parasites and diseases, modern agricultural land use and possibly inappropriate beekeeping practices," while going on to cite worrying data about the trends in both Europe and the U.S..

Similarly, other publications already available from the collection address equally crucial and pressing issues with impact on a global scale, including disease outbreaks, crop management, invasive species, bird and vegetation dynamics.

"The Building Biodiversity Digital Twins collection of project papers suited our needs perfectly," said Dmitry Schigel, GBIF Scientific officer and a coordinating editor of the collection. "The project team agreed to capture the project's iterations and reveal our two-thirds stage prototypes two years into the project with one more to go.

The innovative platform that the Pensoft's RIO journal provides lets us describe our progress in a less formal but still peer-reviewed setting. Thanks to the efficient work of the author teams, reviewers and co-editors, this special issue came together quickly and now enables our prototype digital twin teams to attract and process feedback from broader audiences."


																																																					
																				
																						More information:
												Dmitry Schigel et al, Building Biodiversity Digital Twins, Research Ideas and Outcomes (2024). DOI: 10.3897/rio.coll.240
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                A student's drawing and theory of how a Portuguese Moth Fly was found in their Australian schoolyard. Credit: CSIRO
            
        

    


More than 60% of Australia's known insects are unnamed and a mystery to science. Of an estimated 500,000 Australian species, roughly half are insects, but many aren't categorized.



										      
																																	A group of sharp-eyed school students from Queensland is changing that. With the guidance of their dedicated teachers and enthusiastic experts, they've helped lift the lid on the secrets of two more insect species.

The Year 4 students from Yeronga State expected to find various insects in their Malaise insect trap. A tiny fly, first identified in a botanical garden in Portugal and unrecorded in Australia, was not one of them.

Expert analysis found that some of the fly's DNA sequences were nearly identical to a moth fly species, Alepia viatrix. They sent specimens to Germany for testing, where scientists confirmed the fly's Alepia viatrix identity. It was far from home.

The students sketched and labeled the insect, and discussed their theories of how this fly came to be in their backyard. Popular theories included it swimming the distance, stowing away on a shipping container, or attempting world domination.

This work became part of a paper published in the journal Check List. The authors suggest the fly likely made its 18,000-km journey to Australia by hitchhiking in a bromeliad.

Fortunately, experts expect the fly to be harmless for Australia's environment. Its discovery highlights the importance of community involvement and citizen science.


																																						
    
     




																																			Taking the sting out of armyworm invasion

More recently, students from Yeronga and five other schools each collected a new wasp species in their Malaise traps. The discovered wasp is a natural enemy to the fall armyworm, a destructive cereal crop pest that entered Australian agriculture in 2020.

Because their wasp was unnamed and undescribed, students got to workshop potential names for the newly recognized species. Researchers credit the students and described the shared naming process in a journal article published in Austral Entomology.

The students' wasp discoveries and information gathered will be useful to the Queensland Government's Department of Agriculture and Fisheries. Knowing the wasps' locations will assist scientists researching solutions to armyworm population control, aiding Australian agriculturalists and farmers.

Opening doors to science

The learning opportunities came from a partnership between teacher Clare Triggell from Yeronga State School and entomologist Dr. Andy Howe from the University of the Sunshine Coast. Thanks to their collaboration, students got a unique chance to learn about insect taxonomy, biodiversity, conservation and biosecurity.

Triggell and Howe have been working as partners for more than three years through our STEM Professionals in Schools program. The initiative pairs Australian teachers with science, technology, engineering and math (STEM) professionals, connecting curriculum and real-life industry and research.


																																			Dr. Howe helped make learning activities even more meaningful by basing some exercises on the citizen science projects of Insect Investigators. This school-based program teams up scientists with schools to discover, document and describe Australia's biodiversity. Through the program, Yeronga State School students have joined other emerging scientists around Australia. Together, they've named 17 new insect species and documented 5,000 species using DNA.

The Australian Museum celebrated Insect Investigators' efforts with a Eureka Prize for Innovation in Citizen Science in 2024. Dr. Howe says the enthusiasm of all the teachers and students involved drove the Eureka's shared achievement.

"Working with Clare is wonderful. She eagerly facilitates hands-on learning and has taught me how it works best in schools," Dr. Howe says.

"The partnerships to increase teacher capability, as well as the students, in a new STEM area, and I've seen that here. Last year, teachers ran their own insect trapping and monitoring exercise with minimal input from me. I can't wait to learn what they discover next."


																																																					
																				
																						More information:
												Santiago Jaume-Schinkel et al, The hitchhiker's guide to Australia: the 18,000-km-long journey of Alepia viatrix Jaume-Schinkel, Kvifte, Weele & Mengual, 2022 (Diptera, Psychodidae) discovered through citizen science, Check List (2023). DOI: 10.15560/19.4.589

Erinn P. Fagan-Jeffries et al, Hymenopteran parasitoids of fall armyworm (Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae)) in Australia, with the description of five new species in the families Braconidae and Eulophidae, Austral Entomology (2024). DOI: 10.1111/aen.12682
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Wildlife care varies by species, Finnish study finds
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                Categories of wildlife species that respondents (n = 78) reported caring for. Credit: Frontiers in Veterinary Science (2024). DOI: 10.3389/fvets.2024.1455632
            
        

    


A joint study carried out at the Faculty of Veterinary Medicine, University of Helsinki, and SEY Animal Welfare Finland investigated the treatment of injured and sick wildlife as well as associated factors. The care of wild animals is a significant element of animal welfare efforts in Finland, involving both zoos and voluntary operators. The study was carried out through an online survey and is published in Frontiers in Veterinary Science.



										      
																																	The study indicated that the species of wild animal affects caregiving decisions. The most commonly treated animals are mammals and birds, while the groups receiving the least care include reptiles, amphibians and fish. Hedgehogs stand out clearly as a group, as many respondents said they typically only treat hedgehogs.

"The respondents who provided care to hedgehogs often did not have formal animal-related training or long-term experience in wildlife care. Usually, they treated individual hedgehogs for injuries and to help them winter," says Docent Laura Hanninen, study lead from the Faculty of Veterinary Medicine, University of Helsinki.

In Finland, animals are released back into the wild considerably more often than in other countries. According to the study, approximately 80% of the animals treated were returned to the wild. For mammals alone, that proportion was as high as 90%.

In contrast, the veterinarians who responded to the survey said that roughly 50% of the animals treated were released back into the wild, corresponding to the international level of control countries. However, most respondents did not keep a record of the animals they cared for.

"If the figures for animals released back into the wild are accurate, it is possible that they are subjected to care unnecessarily or released while still in poor health. Both cause suffering to animals.


																																						
    
     




																																			"The lack of record keeping also makes it difficult to monitor care and develop processes. Respondents did not readily elaborate on training needs, which may mean that gaps in knowledge are not identified," says Executive Director Kati White of SEY, the study's principal investigator.

White believes it would be important to discuss further the ethics of caring for and rehabilitating wildlife, establishing uniform standards in the process. The Animal Welfare Act, which entered into force at the beginning of this year, requires record keeping of wildlife care.

"Wild animals experience strong stress and fear when captured by humans. Long-term stress in particular is significantly harmful to animal welfare and can also hinder survival in the wild following release.

"In other words, we should refrain from providing unnecessary care to animals, while the duration of any treatment periods should be as short as possible to avoid needlessly increasing their suffering," White sums up.


																																																					
																				
																						More information:
												Kati White et al, Reasons for admission and rehabilitation rates of various wildlife species in Finland, Frontiers in Veterinary Science (2024). DOI: 10.3389/fvets.2024.1455632
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Study reveals invasive Apple Snail could spread further in Africa
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                Invasive apple snail. Credit: CABI
            
        

    


New research reveals that the invasive Apple Snail--which threatens rice crops--could spread further in Africa. The study is published in the journal CABI Agriculture and Bioscience.



										      
																																	A team of researchers from CABI's regional center for Africa in Nairobi, working with KEPHIS, suggest that South West along Tana River, Western Kenya and areas coastal areas are suitable for Apple Snail invasion as well as other countries including Malawi, Madagascar, Uganda, Mozambique, Tanzania and Ethiopia.

However, the risk to Sudan, South Sudan and Somalia is deemed to be "very low."

The invasive Apple Snail (Pomacea canaliculata) was first reported in Kenya in 2020 invading the Mwea irrigation scheme--one of the largest rice-producing areas in the country--where over 80% of the site is now infested.

Rice is the third most important crop in Kenya and plays a critical role in increasing household food security and increasing farmers' incomes. It is mainly produced under irrigation with production expected to increase with the construction of Thiba dam in Mwea.

However, crops are at risk from the Apple Snail. Previous studies have highlighted that the pest can reduce yields by as much as 50% with economic impacts running into millions of US dollars.

Fernadis Makale, lead researcher of the study published in CABI A&B, said, "The invasive Apple Snail is among the world's worst invasive species and its impacts have been documented in various parts of the world. Knowledge of the boundary of invasion is important in appropriate resource allocation in the surveillance and management of the pest."


																																						
    
     




																																			The researchers argue that strict quarantine measures should be instituted and implemented to curb not just the spread of the pest in Kenya but into uninvaded regions.

In terms of management options, the scientists say that farmers have mainly relied on cultural, physical and--on a desperate scale--a "trial-error approach" using chemical pesticides.

Mr. Makale added, "Unfortunately, most of these management practices have proven to be either cumbersome, impractical, expensive or ineffective. Key to the management of the Apple Snail is early warning and contingency planning.
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                Map of Mwea irrigation scheme showing different sections. Credit: CABI Agriculture and Bioscience (2024). DOI: 10.1186/s43170-024-00301-7
            
        

    



"Furthermore, strict quarantine measures should be developed and planting material and machinery from Mwea must be thoroughly inspected and disinfected before being allowed into other schemes."

He also said that, in order to manage and curb further spread, especially to other risk areas, a range of other containment measures should be implemented.

These include undertaking the training and awareness of and on Apple Snail through National Irrigation Authority (NIA) with support of other county teams, physical/mechanical control through handpicking snails and crushing their eggs, and cultural practices like alternate wetting and drying of paddies.

The researchers conclude by suggesting that the Kenyan Government--through its relevant agencies (particularly NIA, KEPHIS and the Plant Protection and Food Safety Directorate (PP&FSD) of the Ministry of Agriculture and Livestock Development)--should bring together stakeholders in the rice value chain to immediately create awareness and institute the control measures proposed in their paper.


																																																					
																				
																						More information:
												Fernadis Makale et al, Current and potential distribution of the invasive apple snail, Pomacea canaliculata in Eastern Africa: evidence from delimiting surveys and modelling studies, CABI Agriculture and Bioscience (2024). DOI: 10.1186/s43170-024-00301-7
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AI models identify marine biodiversity hotspots in Mozambique
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                Map of the locations of the field study sites in Mozambique differentiating fish and coral sampling sites. Credit: Frontiers in Ecology and Evolution (2024). DOI: 10.3389/fevo.2024.1450383
            
        

    


A new study led by staff from the Wildlife Conservation Society (WCS) in East Africa has used a predictive artificial intelligence (AI) algorithm to confirm the location of previously-unmapped high marine biodiversity areas along Mozambique's extensive coastline.



										      
																																	Leveraging satellite data on temperature, water quality, sediments, and ocean currents, researchers were able to identify a shortlist of environmental conditions that best support a high diversity of marine species. This breakthrough in biodiversity mapping comes as Mozambique continues its efforts to map both terrestrial and marine Key Biodiversity Areas (KBAs) and expand its network of marine protected areas. These efforts were previously hindered due to data scarcity for important underwater ecosystems in the country.

"Mozambique's extensive 2,450 km coastline makes fieldwork for identifying priority conservation areas both time-consuming and costly," said Hugo Costa, Marine Program Director for WCS Mozambique.

"This new model enables WCS, conservation partners, and the Government to accelerate progress by highlighting coral reef hotspots for further investigation. These areas have the potential to become Key Biodiversity Areas or future protected areas, prioritized for protection and improved management."

The findings are a significant step forward for conservation in Mozambique, allowing researchers and government partners to move forward with fast and affordable precision identification of biodiversity hotspots. With the ability to refine predictions to smaller, locally relevant scales, the study helps to address potential conflicts between large protected areas and coastal communities, supporting Mozambique's national approach of co-creating conservation strategies with local communities and state agencies.


																																						
    
     




																																			The study, titled "Comparing modeled predictions of coral reef diversity along a latitudinal gradient in Mozambique," is published in Frontiers in Ecology and Evolution and was co-authored by Dr. Tim McClanahan and Dr. Erwan Sola of WCS. The research builds on a previous regional model that identified 19 high-priority coral reef biodiversity areas, highlighting their potential for KBA status.

"Additional data is always required to inform effective conservation, but the coast of Mozambique is huge," added Dr. Sola, Lead Coral Reef Scientist for WCS Mozambique. "So, these models will help us prioritize where we should focus our time and resources."

The study tested five AI models to predict marine biodiversity in Mozambique, comparing the results to a larger Western Indian Ocean model, which showed strong agreement. The findings will be applied to national conservation planning, particularly in identifying KBAs, while also guiding local efforts to protect smaller, high-priority areas in line with Mozambique's conservation strategies.

"As more satellite data becomes available and models are created, we are learning and becoming more confident in their predictive ability, their strengths and weaknesses," said Dr. McClanahan, the study's lead author and Director of Science for the WCS Global Marine Program.

"They may not be perfect but they are beginning to provide realistic solutions to large scale biodiversity and sustainable resource use problems--addressing the data deficit problem that plagues many important decisions that are begging for data-based solutions."


																																																					
																				
																						More information:
												Timothy R. McClanahan et al, Comparing modeled predictions of coral reef diversity along a latitudinal gradient in Mozambique, Frontiers in Ecology and Evolution (2024). DOI: 10.3389/fevo.2024.1450383
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As temperatures rise, researchers identify mechanisms behind plant response to warming
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                With implications for agriculture and food production, biologists have mapped two paths that plants implement during elevated heat conditions. Credit: Nattiwong Pankasem, UC San Diego
            
        

    


Microscopic pores on the surface of leaves called stomata help plants "breathe" by controlling how much water they lose due to evaporation. These stomatal pores also enable and control carbon dioxide intake for photosynthesis and growth.



										      
																																	As far back as the 19th century, scientists have known that plants increase their stomatal pore openings to transpire, or "sweat," by sending water vapor through stomata to cool off. Today, with global temperatures and heat waves on the rise, widening stomatal pores are considered a key mechanism that can minimize heat damage to plants.

But for more than a century, plant biologists have lacked a full accounting of the genetic and molecular mechanisms behind increased stomatal "breathing" and transpiration processes in response to elevated temperatures.

University of California San Diego School of Biological Sciences Ph.D. student Nattiwong Pankasem and Professor Julian Schroeder have constructed a detailed picture of these mechanisms. Their findings, published in the journal New Phytologist, identify two paths that plants use to handle rising temperatures.

"With increasing global temperatures, there's obviously a threat to agriculture from the impact of heat waves," said Schroeder. "This research describes the discovery that rising temperatures cause stomatal opening by one genetic pathway (mechanism), but if the heat steps up even further, then there's another mechanism that kicks in to increase stomatal opening."


																																						
    
     




																																			For decades, scientists struggled to find a clear method to decipher the mechanisms underlying rising temperature-mediated stomatal openings due to the intricate measurement processes required. The difficulty is rooted in the complex mechanics involved in setting air humidity (also known as the vapor pressure difference, or VPD) to constant values while the temperature increases, and the trickiness of picking apart temperature and humidity responses.

Pankasem helped solve this problem by developing a novel approach for clamping the VPD of leaves to fixed values under increasing temperatures. He then teased out the genetic mechanisms of a range of stomatal temperature responses, including factors such as blue-light sensors, drought hormones, carbon dioxide sensors and temperature-sensitive proteins.

Important for this research was a new generation gas exchange analyzer that allows improved control of the VPD (clamping the VPD to fixed values). Researchers can now conduct experiments that elucidate the temperature effects on stomatal opening without the need to remove leaves from whole living plants.

The results revealed that the stomatal warming response is dictated by a mechanism found across plant lineages. In this study, Pankasem investigated the genetic mechanisms of two plant species, Arabidopsis thaliana, a well-studied weed species, and Brachypodium distachyon, a flowering plant that is related to major grain crops such as wheat, maize and rice, representing an opportune model for these crops.


																																			The researchers found that carbon dioxide sensors are a central player in the stomatal warming-cooling responses. Carbon dioxide sensors detect when leaves undergo rapid warming. This starts an increase in photosynthesis in the warming leaves, which results in a reduction in carbon dioxide. This then initiates the stomatal pores to open, allowing plants to benefit from the increase in carbon dioxide intake.

Interestingly, the study also found a second heat response pathway. Under extreme heat, photosynthesis in plants is stressed and declines and the stomatal heat response was found to bypass the carbon dioxide sensor system and disconnect from normal photosynthesis-driven responses. Instead, the stomata employ a second heat response pathway, not unlike gaining entry through a backdoor to a house, to "sweat" as a cooling mechanism.

"The impact of the second mechanism, in which plants open their stomata without gaining benefits from photosynthesis would result in a reduction in water use efficiency of crop plants," said Pankasem. "Based on our study, plants are likely to demand more water per unit of CO2 taken in. This may have direct implications on irrigation planning for crop production and large-scale effects of increased transpiration of plants in ecosystems on the hydrological cycle in response to global warming."

"This work shows the importance of curiosity-driven, fundamental research in helping to address societal challenges, build resiliency in key areas like agriculture, and, potentially, advance the bioeconomy," said Richard Cyr, a program director in the U.S. National Science Foundation Directorate for Biological Sciences. "Further understanding of the molecular complexities that control the basis of stomatal function at higher temperatures could lead to strategies to limit the amount of water needed for farming in the face of global increases in temperature."

With the new details in hand, Pankasem and Schroeder are now working to understand the molecular and genetic mechanisms behind the secondary heat response system.

The co-authors of the study are: Nattiwong Pankasem, Po-Kai Hsu, Bryn Lopez, Peter Franks and Julian Schroeder.


																																																					
																				
																						More information:
												Nattiwong Pankasem et al, Warming triggers stomatal opening by enhancement of photosynthesis and ensuing guard cell CO2 sensing, whereas higher temperatures induce a photosynthesis-uncoupled response, New Phytologist (2024). DOI: 10.1111/nph.20121
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Filament structure found to activate and regulate CRISPR-Cas 'protein scissors'
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                The cryogenic electron microscope structure of the A4p-activated (green) CalpL protein filament (violet) from Candidatus Cloacimonas acidaminovorans (PDB ID: 9EYJ). Credit: Dalia Smalakyte and Giedre Tamulaitiene
            
        

    


CRISPR-Cas systems help to protect bacteria from viruses. Several different types of CRISPR-Cas defense systems are found in bacteria, which differ in their composition and functions. Among them, the most studied proteins today are Cas9 and Cas12, also known as DNA or "gene scissors," which have revolutionized the field of genome editing, enabling scientists to edit genomes and correct disease-causing mutations precisely.



										      
																																	Researchers from the Institute of Biotechnology at the Life Sciences Center of Vilnius University--Dalia Smalakyte, Audrone Ruksenaite, Dr. Giedrius Sasnauskas, Dr. Giedre Tamulaitiene, and Dr. Gintautas Tamulaitis--have revealed the structure of the CRISPR-Cas protein scissors found in bacteria and provided mechanistic details on how they function. The results of their study have been published in Molecular Cell.

A team of researchers led by Dr. Tamulaitis is studying the bacterial defense system CRISPR-Cas10, which acts as a sensor. When a virus attacks the bacterium, it sends a "message" by synthesizing unique signal molecules called cyclic oligoadenylates.

These signaling molecules are recognized by different effectors, i.e. accessory proteins in the system that enhance the bacterial defense against viruses. A recent computational analysis predicted that CRISPR-Cas10 effectors may have diverse enzymatic activities, allowing bacteria to defend themselves against viruses in multiple ways.

"The discovery of cyclic oligoadenylates and the understanding of the mechanism of CRISPR-Cas10 have sparked great scientific interest and a breakthrough in signaling pathway research. Recently, a similar protection principle has been identified in other bacterial defense systems: CBASS, Pycsar, and Thoeris. In this study, we investigated the tripartite CalpL-CalpT-CalpS effector which is activated by CRISPR-Cas10 signaling molecules and we explained how this complex system works and how it is regulated," explains Dr. Tamulaitis.


																																						
    
     




																																			The CalpL-CalpT-CalpS effector consists of three key proteins: CalpL, which acts as a signal-recognizing protein scissors; CalpS, a protein that regulates gene expression; and CalpT, an inhibitor of the CalpS protein. The researchers used a combination of biochemical, biophysical, bacterial survivability assays, and cryogenic electron microscopy (cryo-EM) to study this system. They found that when CalpL binds a molecule that signals a viral infection, it forms a polymeric filament of variable composition.

The filament structure allows the CalpT-CalpS heterodimer to attach, positioning the active center of the scissors CalpL near the inhibitor CalpT and enabling it to cleave it. Once CalpT has been cloven, CalpS is released from the heterodimer and can regulate gene expression to protect the bacterium from viral infection.

One of the authors, Dalia Smalakyte, points out that the activity of the CRISPR-Cas protein scissors is tightly regulated in time. The protein scissors have an internal timer mechanism that is activated upon the binding of signaling molecules and filament formation. This mechanism is unique compared to other similar signal-sensing effector proteins.

The newly discovered mechanism of the CRISPR-Cas10 system illustrates the complexity of the bacterial defense system. These studies pave the way for the practical application of the regulated CRISPR-Cas protein scissors as a molecular indicator of infection.


																																																					
																				
																						More information:
												Dalia Smalakyte et al, Filament formation activates protease and ring nuclease activities of CRISPR Lon-SAVED, Molecular Cell (2024). DOI: 10.1016/j.molcel.2024.09.002
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Bacteria-derived enzyme shows potential for polyethylene biodegradation
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                Surface images of polyethylene before and after enzyme treatment, captured using scanning electron microscopy. Credit: Korea Institute of Science and Technology
            
        

    


Every year, 400 million tons of plastic products are produced worldwide, half of which are single-use items discarded within a year. In particular, non-biodegradable plastic waste, which takes over 500 years to decompose naturally, is mostly treated through landfills. During this process, microplastics are formed, disrupting ecosystems or accumulating in organisms, increasing their harmful effects. With landfill sites worldwide reaching capacity, addressing this issue has become increasingly urgent.



										      
																																	Dr. Ahn, Jung Ho's research team at the Clean Energy Research Center of the Korea Institute of Science and Technology (KIST) has developed a technology that uses enzymes derived from microorganisms to biodegrade polyethylene.

Polyethylene accounts for 35% of the plastic produced annually and is widely used for various purposes, including packaging materials and plastic bags. Like other non-biodegradable plastics, polyethylene is often disposed in the ocean or soil, where it undergoes continuous oxidation due to air and sunlight.

A research team has successfully identified an enzyme capable of breaking down this oxidized polyethylene for the first time. The findings are published in the journal Bioresource Technology.

The research team focused on lipase, an enzyme that breaks down the natural polymer lipid, which has a chemically similar structure to polyethylene. They then developed a purification and production process for lipase based on synthetic biology and successfully discovered Pelosinus fermentans lipase 1 (PFL1).
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                A diagram illustrating the process in which plastic waste is oxidized by sunlight and then degraded by enzymes. Credit: Korea Institute of Science and Technology
            
        

    



When this lipase, derived from the anaerobic bacterium Pelosinus fermentans, was applied to polyethylene, the weight-average molecular weight decreased by 44.6% and the number-average molecular weight by 11.3%, both indicating the degree of biodegradation. Additionally, through electron microscopy, they observed tears and cracks on the surface of the degraded polyethylene, confirming the biodegradation process caused by the enzyme.


																																						
    
     




																																			The research team also used computer simulations to analyze the interaction between PFL1 and polyethylene, elucidating the biodegradation mechanism for the first time. They observed that the PFL1 enzyme binds strongly to the surface of polyethylene and then breaks it down into small segments.

These findings are expected to aid in enhancing the properties of the PFL1 enzyme and in the search for new plastic biodegrading enzymes.

Current methods for plastic waste disposal, such as incineration and chemical degradation, generate toxic substances during decomposition and require expensive catalysts.

However, the PFL1 enzyme can be mass-produced using renewable resources, and the process does not generate toxic substances, making it an environmentally friendly technology. Furthermore, the alcohols and carboxylic acids produced during the biodegradation process can be used for plastic re-synthesis or the production of chemical materials.

Dr. Ahn stated, "The newly discovered enzyme has shown the possibility of biodegrading non-degradable plastic waste, which was previously difficult to handle. We aim to commercialize the technology to solve the landfill saturation issue and achieve a sustainable circular economy for plastics."


																																																					
																				
																						More information:
												Do-Wook Kim et al, Biodegradation of oxidized low density polyethylene by Pelosinus fermentans lipase, Bioresource Technology (2024). DOI: 10.1016/j.biortech.2024.130871
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Plant pathologists spearhead Fusarium head blight research on hemp
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Extension faculty at the University of Kentucky (UK) Martin-Gatton College of Agriculture, Food and Environment are advancing the fight against Fusarium head blight (FHB) in hemp. This disease, caused by multiple species of the Fusarium fungus, threatens hemp crops nationwide. As hemp becomes increasingly important for grain, fiber and cannabinoid production, effective disease management has never been more critical.



										      
																																	FHB leads to the death of plant tissues in hemp seed heads and floral structures, significantly impacting crop quality and yield. With hemp's expanded use--particularly in animal feed--UK's research is essential for ensuring product quality and safety.

While research is still in progress, the team has uncovered that the Fusarium species affecting hemp are the same as those causing head blight in wheat, barley and other cereal crops. This raises concerns about potential cross-infection between hemp and cereal crops in regions where both are grown.

"Our preliminary findings suggest that crop rotations involving hemp and wheat need to be reconsidered," said Nicole Gauthier, hemp extension plant pathologist and Department of Plant Pathology extension professor. Gauthier is also a member of the UK Hemp Research, Extension, and Education program and editor of the Compendium of Cannabis Diseases. "The risk of Fusarium spreading between these crops could impact both yields and quality."

The team has also documented early infections in hemp, with some occurring months before visible symptoms develop. This poses a challenge for farmers, as the disease can go undetected until significant damage has occurred.

"Infections can begin long before symptoms are noticeable, which makes early detection difficult," Gauthier said. "But it also means there's a window for intervention that could prevent the disease from spreading further."


																																						
    
     




																																			One of the main concerns in this research is that the Fusarium fungi can produce harmful chemicals called mycotoxins, such as DON and T-2. These compounds pose risks to human and animal health, making their presence in hemp particularly concerning for producers in the animal feed market.

"As hemp becomes more widely used in animal feed, it's essential to ensure that crops are free from harmful mycotoxins," Gauthier said. "Our research confirms that mycotoxins are produced in Fusarium-infected hemp, and further work is needed to understand the full scope of the risk."

Beyond field infections, researchers believe that Fusarium contamination could persist in stored hemp. This raises questions about current storage practices and the risk of further contamination during processing.

"It's looking like Fusarium can survive in stored hemp, impacting product quality even after harvest," Gauthier said. "This highlights the importance of careful post-harvest management."

The research team's long-term goals include developing hemp cultivars resistant to Fusarium head blight and investigating potential fungicide treatments. Currently, no fungicides are approved for use on hemp for this disease, and resistant cultivars have yet to be developed. However, the UK Hemp Research, Extension and Education program's ongoing work is helping to lay the groundwork for these solutions.
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Protein involved in the early stages of age-related macular degeneration offers hope for prevention
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Age-related macular degeneration (AMD) is a leading cause of irreversible vision loss in the United States. Despite existing treatments, the underlying causes of this disease and effective therapies remain elusive. Research published in the journal Developmental Cell provides important insights into the cellular mechanisms behind AMD and offers potential avenues for new treatments.



										      
																					"Current treatments for AMD have limited efficacy and often come with significant side effects," said Ruchira Singh, Ph.D., with the University of Rochester Flaum Eye Institute and Center for Visual Sciences, and lead author of the study. "Our research aims to identify novel therapeutic targets that could potentially halt the progression of this disease."

The study utilized human stem cells to model AMD, overcoming the limitations of previous research using animal models. By examining genes associated with both AMD and rarer inherited forms of blindness called macular dystrophies, the researchers identified a key protein involved in the early stages of the disease.

The retinal pigment epithelium (RPE), a layer of cells at the back of the eye, plays a crucial role in AMD. Over time, deposits of lipids and proteins, known as drusen, accumulate in the RPE. These deposits are often an early indicator of AMD.

The researchers discovered that a protein called tissue inhibitor of metalloproteinases 3 (TIMP3) is overproduced in AMD. TIMP3 inhibits the activity of enzymes called matrix metalloproteinases (MMPs), which are essential for eye health. Impaired MMP activity leads to an increase in another enzyme which promotes inflammation and the formation of drusen.

By using a small molecule inhibitor to block the activity of the enzyme associated with inflammation, the researchers were able to reduce drusen formation in their model, suggesting that targeting this pathway could be a promising strategy for preventing AMD.

"Cellular pathways involved in drusen formation are key drivers of AMD progression," said Dr. Singh. "If we can halt the accumulation of drusen, we may be able to prevent the disease from progressing to a stage where vision loss occurs. This research offers hope for developing new treatments that could significantly improve the lives of millions of people affected by AMD."


																														
																				
																						More information:
												Human iPSC-based disease modeling studies identify a common mechanistic defect and potential therapies for AMD and related macular dystrophies., Developmental Cell (2024). DOI: 10.1016/j.devcel.2024.09.006
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      Technology

      Tech Xplore internet news portal provides the latest news on electronics, technology, and engineering.


      
        Meet Plantolin, the tree-planting robot pangolin built by student
        A robot pangolin designed to plant trees is the winner of the 2023 Natural Robotics Contest, which rewards robot designs inspired by nature. As the winning entry, the pangolin--dubbed "Plantolin"--has been brought to life by engineers at the University of Surrey in the United Kingdom.

      

      
        Balancing cost and reliability in autonomous machine design
        With millions of self-driving cars projected to be on the road in 2025 and autonomous drones generating billions in annual sales, safety and reliability are important considerations for consumers, manufacturers, and regulators. But solutions for protecting autonomous machine hardware and software from malfunctions, attacks, and other failures also increase costs. Those costs arise from performance features, energy consumption, weight, and the use of semiconductor chips.

      

      
        Google's search engine's latest AI injection will answer voiced questions about images
        Google is injecting its search engine with more artificial intelligence that will enable people to voice questions about images and occasionally organize an entire page of results, despite the technology's past offerings of misleading information.

      

      
        PFF adds an in-game grading feature to its NFL analysis
        Pro Football Focus changed how many fans followed the NFL by providing grades and advanced statistics to help quantify how every player performed on a play-by-play basis from high-profile quarterbacks like Patrick Mahomes to more anonymous guards and linebackers.

      

      
        Building deconstruction, reuse would benefit New York State jobs, climate
        Shifting from wasteful demolition practices to a circular construction economy in New York state could unlock unrealized economic activity, create thousands of green jobs and advance ambitious climate goals--while reducing pressure on landfills, Cornell experts report in a new white paper that aims to inform proposed state legislation.

      

      
        Augmented/virtual reality can help extend critical infrastructure lifespan
        University of Waterloo engineers are turning to augmented/virtual reality (AR/VR) to better understand--and maintain--the physical reality of Canada's critical infrastructure. Their research is published in the journal Automation in Construction.

      

      
        Research team develops hardware architecture for post-quantum cryptography
        Integrating post-quantum security algorithms into hardware has long been considered a challenge. But a research team at TU Graz has now developed hardware for NIST post-quantum cryptography standards with additional security measures for this purpose.

      

      
        Opinion: Data center emissions are soaring--it's AI or the climate
        Artificial intelligence (AI) is curating your social media feed and giving you directions to the train station. It's also throwing the fossil fuel industry a lifeline.

      

      
        Engineers teach a quadruped robot to climb standard ladders
        A team of robotics engineers at ETH Zurich, Robotics Systems Lab, has modified an ANYbotics ANYMal quadruped robot to allow it to easily and effectively climb a standard ladder. The group has written a paper describing their efforts and results and has posted it on the arXiv preprint server.

      

      
        A 5th recall for Tesla Cybertruck within a year, the latest due to rearview display
        Tesla is recalling more than 27,000 Cybertrucks because the rearview camera image may not activate immediately after shifting into reverse, the fifth recall for the vehicle since it went on sale late last year.

      

      
        Australian retailers urged to step into the future with smart technologies for customers
        While self-service technologies in the Australian retail space were initially brought on to create convenience, the self-checkout counters have become the bane of many shoppers' existence.

      

      
        Hurricane Helene shut down NC mine that is pivotal to world's semiconductor supply
        The remnants of Hurricane Helene ripped through the Western North Carolina mountain town of Spruce Pine last week, disrupting a quartz facility integral to the global production of solar panels and semiconductor chips.

      

      
        FTC antitrust lawsuit against Amazon will proceed, some claims dropped
        The Federal Trade Commission's antitrust lawsuit against Amazon will proceed, though some claims have been dropped, following a ruling from a federal district judge.

      

      
        Google is working on reasoning AI, chasing OpenAI's efforts
        Google is working on artificial intelligence software that resembles the human ability to reason, similar to OpenAI's o1, marking a new front in the rivalry between the tech giant and the fast-growing startup.
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Meet Plantolin, the tree-planting robot pangolin built by student
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                Plantolin the robot pangolin. Credit: University of Surrey
            
        

    


A robot pangolin designed to plant trees is the winner of the 2023 Natural Robotics Contest, which rewards robot designs inspired by nature. As the winning entry, the pangolin--dubbed "Plantolin"--has been brought to life by engineers at the University of Surrey in the United Kingdom.


                                        
                                              
                                        
                                                                                    Out of 184 entries, the winning design came from Dorothy, a high school student from California.

Dorothy said, "My entry was inspired by pangolins since they are fascinating creatures and have a very distinct armored and prehistoric appearance (like a walking pine cone). They're not very fast or ferocious but have an adorable waddle walk.

"In my high school classes, we learned about how deforestation contributes to climate change. The restoration of forests through planting more trees is essential for the sustainable development of our planet. Pangolins spend a lot of their time digging in the ground, so I thought a planter robot inspired by the pangolin's behavior would be very natural."



    
    
    
        
        
    
         
             
         

          

After Dorothy's design was chosen, a working version was built at the University of Surrey.

Plantolin roves on two wheels, with a long, movable tail for balance. Covered in plywood scales, it digs using its claws, depositing a yew "seed bomb" into the hole.

Dr. Rob Siddall, a roboticist at the University of Surrey who built Plantolin, said, "In the wild, large animals will cut paths through the overgrowth and move seeds. This doesn't happen nearly as much in urban areas like the South East of England--so there's definitely room for a robot to help fill that gap. Dorothy's brilliant design reminds us how we can solve some of our biggest challenges by looking to nature for inspiration."
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Balancing cost and reliability in autonomous machine design
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                Design landscape of different software and hardware-based protection techniques for resilient autonomous machines. Our proposed vulnerability-adaptive protection design paradigm co-optimizes performance, energy efficiency, and resilience. Credit: Communications of the ACM (2024). DOI: 10.1145/3647638
            
        

    


With millions of self-driving cars projected to be on the road in 2025 and autonomous drones generating billions in annual sales, safety and reliability are important considerations for consumers, manufacturers, and regulators. But solutions for protecting autonomous machine hardware and software from malfunctions, attacks, and other failures also increase costs. Those costs arise from performance features, energy consumption, weight, and the use of semiconductor chips.


                                        
                                              
                                        
                                                                                                                                    Researchers from the University of Rochester, Georgia Tech, and the Shenzen Institute of Artificial Intelligence and Robotics for Society say that the existing tradeoff between overhead and protecting machines against vulnerabilities is due to a "one-size-fits-all" approach to protection. In a paper published in Communications of the ACM, the authors propose a new approach that adapts to varying levels of vulnerabilities within an autonomous machine system to make them more reliable and control costs.

Yuhao Zhu, an associate professor in Rochester's Department of Computer Science, says one example of a current "one-size-fits-all" approach is Tesla's use of two Full Self-Driving Chips (FSD Chips) in each vehicle--a redundancy that provides protection in case the first chip fails but doubles the cost of chips for the car. By contrast, Zhu says he and his students have taken a more comprehensive approach to protect against both hardware and software vulnerabilities and more wisely allocate protection.

"The basic idea is that you apply different protection strategies to different parts of the system," says Zhu. "You can refine the approach based on the inherent characteristics of the software and hardware. We need to develop different protection strategies for the front end versus the back end of the software stack."

For example, Zhu says the front end of an autonomous vehicle's software stack is focused on sensing the environment through devices such as cameras and light detection and ranging (LiDAR), while the back end processes that information, plans the route, and sends commands to the actuator.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "You don't have to spend a lot of the protection budget on the front end because it's inherently fault tolerant," says Zhu. "Meanwhile, the back end has few inherent protection strategies, but it's critical to secure because it directly interfaces with the mechanical components of the vehicle."

Zhu says examples of low-cost protection measures on the front end include software-based solutions such as filtering out anomalies in the data. For more heavy-duty protection schemes on the back end, he recommends things like checkpointing to periodically save the state of the entire machine or selectively making duplicates of critical modules on a chip.

Next Zhu says the team hopes to overcome vulnerabilities in the most recent autonomous machine software stacks, which are more heavily based on neural network artificial intelligence, often from end to end.

"Some of the most recent examples are one single, giant neural network deep learning model that takes sensing inputs, does a bunch of computation that nobody fully understands, and generates commands to the actuator," says Zhu. "The advantage is that it greatly improves the average performance, but when it fails, you can't pinpoint the failure to a particular module. It makes the common case better but the worst case worse, which we want to mitigate."
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												Zishen Wan et al, The Vulnerability-Adaptive Protection Paradigm, Communications of the ACM (2024). DOI: 10.1145/3647638
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Google's search engine's latest AI injection will answer voiced questions about images

                                        by Michael Liedtke                                                                                                                    
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                Alphabet CEO Sundar Pichai speaks at a Google I/O event in Mountain View, Calif., May 14, 2024. Credit: AP Photo/Jeff Chiu, File
            
        

    


Google is injecting its search engine with more artificial intelligence that will enable people to voice questions about images and occasionally organize an entire page of results, despite the technology's past offerings of misleading information.


                                        
                                              
                                        
                                                                                                                                    The latest changes announced Thursday herald the next step in an AI-driven makeover that Google launched in mid-May when it began responding to some queries with summaries written by the technology at the top of its influential results page. Those summaries, dubbed "AI Overviews," raised fears among publishers that fewer people would click on search links to their websites and undercut the traffic needed to sell digital ads that help finance their operations.

Google is addressing some of those ongoing worries by inserting even more links to other websites within the AI Overviews, which already have been reducing the visits to general news publishers such as The New York Times and technology review specialists such as TomsGuide.com, according to an analysis released last month by search traffic specialist BrightEdge.

But Google's decision to pump even more AI into the search engine that remains the crown jewel of its $2 trillion empire leaves little doubt that the Mountain View, California, company is tethering its future to a technology propelling the biggest industry shift since Apple unveiled the first iPhone 17 years ago.

The next phase of Google's AI evolution builds upon its 7-year-old Lens feature that processes queries about objects in a picture. The Lens option is now generates more than 20 billion queries per month, and is particularly popular among users from 18 to 24 years old. That's a younger demographic that Google is trying to cultivate as it faces competition from AI alternatives powered by ChatGPT and Perplexity that are positioning themselves as answer engines.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Now, people will be able to use Lens to ask a question in English about something they are viewing through a camera lens--as if they were talking about it with a friend--and get search results. Users signed up for tests of the new voice-activated search features in Google Labs will also be able to take video of moving objects, such as fish swimming around aquarium, while posing a conversational question and be presented an answer through an AI Overview.

"The whole goal is can we make search simpler to use for people, more effortless to use and make it more available so people can search any way, anywhere they are," said Rajan Patel, Google's vice president of search engineering and a co-founder of the Lens feature.

Although advances in AI offer the potential of making search more convenient, the technology also sometimes spits out bad information--a risk that threatens to damage the credibility of Google's search engine if the inaccuracies become too frequent. Google has already had some embarrassing episodes with its AI Overviews, including advising people to put glue on pizza and to eat rocks. The company blamed those missteps on data voids and online troublemakers deliberately trying to steer its AI technology in a wrong direction.

Google is now so confident that it has fixed some of its AI's blind spots that it will rely on the technology to decide what types of information to feature on the results page. Despite its previous bad culinary advice about pizza and rocks, AI will initially be used for the presentation of the results for queries in English about recipes and meal ideas entered on mobile devices. The AI-organized results are supposed to be broken down into different groups of clusters consisting of photos, videos and articles about the subject.
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PFF adds an in-game grading feature to its NFL analysis

                                        by Josh Dubow                                                                                                                    
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                Kansas City Chiefs quarterback Patrick Mahomes throws during the second half of an NFL football game against the Los Angeles Chargers Sunday, Sept. 29, 2024, in Inglewood, Calif. Credit: AP Photo/Marcio Jose Sanchez
            
        

    


Pro Football Focus changed how many fans followed the NFL by providing grades and advanced statistics to help quantify how every player performed on a play-by-play basis from high-profile quarterbacks like Patrick Mahomes to more anonymous guards and linebackers.


                                        
                                              
                                        
                                                                                                                                    Now instead of waiting until the next day, PFF will provide grades during the game with a slight delay in hopes that rabid fans will use it as a complement to the television broadcast to get a better idea of what's happening in every aspect of a game. The new service will begin with Thursday night's game between Tampa Bay and Atlanta.

"It was always something that we wanted to do," said Khaled Elsayed, vice president of data at PFF. "What we realized from ourselves from using it, is it's a tremendous second screen experience to be able to watch the grades grow as the game is going along as well."

PFF began in 2007 and has grown significantly over the last decade. All 32 teams and more than 200 college teams subscribe to the service, which grades every player on every play and is viewed by many as one of the better ways to evaluate players.

The new feature comes with challenges as the grades are being given based on the television view of the game instead of the all-22 film that has every player in view on every play.

It's also takes significant manpower to get it done in real time with PFF using one analyst to grade the home team and another for the road team with others tracking snap counts for every player and other facets of the game. In all, PFF says data from each game is collected by an average of 30 analysts spending a combined average of about 90 hours for every game.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The final grades and stats will still be produced the same way after a thorough watching of the all-22 film with cross checking to make sure it is as accurate as possible. But tests done on practice runs revealed a 93% accuracy in the live grading compared to the more complete process.

"You get to see how your favorite players are doing and how your least favorite players are doing," Elsayed said. "We had that experience for ourselves as PFFers. Now we want to share that experience for everyone else because this has definitely enhanced our view of the game."

Elsayed said the accuracy varies by position with coverage by defensive backs that often isn't shown live in the television broadcast and run blocking that requires a deeper study of angles have a little less accuracy.

The live grades will be available with a delay of about 15 to 30 minutes, with the goal to reduce that time lag in the future. They will be available to fans for about 90 minutes after the game ends. After that, they will be locked from view until the final process is done the following day.
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Building deconstruction, reuse would benefit New York State jobs, climate
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Shifting from wasteful demolition practices to a circular construction economy in New York state could unlock unrealized economic activity, create thousands of green jobs and advance ambitious climate goals--while reducing pressure on landfills, Cornell experts report in a new white paper that aims to inform proposed state legislation.


                                        
                                              
                                        
                                                                                                                                    Published Oct. 3, "Constructing a Circular Economy in New York State: Deconstruction and Building Material Reuse" provides policymakers, state agencies and local governments with a roadmap for transitioning from today's "take-make-waste" linear construction paradigm to one that prioritizes the systematic deconstruction of buildings and the reuse of materials that retain substantial value, along with their embodied carbon.

According to the researchers' analysis, converting half to three-quarters of residential building demolitions to deconstructions would have a direct economic impact of $872 million to $1.4 billion; create between 8,130 and 12,630 jobs; and reclaim 270,000 to 420,000 tons of materials for reuse--"all of which could foundationally reshape an entire sector of the New York state economy," they write.

Reviewing data and best practices from across the country, the white paper offers 19 policy and practice recommendations for developing the workforce, market and infrastructure needed to establish New York as a circular economy leader.

"Relative to demolition and landfilling, deconstruction and reuse create considerably more economic, environmental and social value, and can be instrumental in achieving New York state's economic and climate goals," said Felix Heisel, assistant professor of architecture and director of the Circular Construction Lab in the College of Architecture, Art and Planning (AAP).


                                                                                                        
    
        
        
        
    

                                                                                                                                            "A shift to a circular construction economy is not only a matter of environmental sustainability, it is an economic and social imperative for New York state," added Jennifer Minner, associate professor of city and regional planning and director of the Just Places Lab in AAP.

Wyeth Augustine-Marceil, MRP '23, a research associate in the Circular Construction and Just Places labs, acted as project lead for the white paper.

A focus on the built environment is essential to achieving New York state's climate goals, outlined in the 2019 Climate Leadership and Community Protection Act; the 2022 executive order, "Leading by Example: Directing State Agencies to Adopt a Sustainability and Decarbonization Program"; and the Department of Environmental Conservation's 2023 solid waste management plan, according to the researchers.

Buildings and waste are the first- and fourth-largest greenhouse gas-emitting sectors in New York state, responsible for 43% of annual emissions, according to the authors. Of the more than 18 million tons of construction and demolition (C&D) debris the state produces annually--nearly half of all waste generated--7.7 million tons comes from buildings, of which nearly 60% is landfilled, burned or exported. That volume will soon pose an even greater challenge with the two largest C&D landfills--in Brookhaven, on Long Island, and upstate in Seneca Falls--scheduled to close or stop accepting C&D by the end of 2025.

Demolition and landfilling have benefited from low upfront costs that do not account for the long-term costs of landfills, emissions and health impacts that disproportionately affect vulnerable communities. But up to 90% of building materials can be reused or recycled, and 80% of what is landfilled--from wooden and steel structural beams to floorboards or fixtures--still holds economic value, representing a "massive untapped opportunity," according to the white paper.


                                                                                                                                            To realize that potential, the experts' recommendations seek to improve data collection; foster a robust market for reused materials; leverage the state's purchasing power; and encourage local policy adoption and targeted workforce development.

New York State Assemblymember Anna Kelles (D-125th District) said there is urgency to act with the state's municipal solid waste landfills nearing capacity within a quarter-century, and to help mitigate supply chain disruptions like those experienced during the pandemic.

Kelles said the independent, comprehensive white paper would help her draft related legislation, including proposing templates and incentives for local deconstruction ordinances and resolutions, like one adopted recently by the City of Auburn; workforce training; infrastructure for storing reusable building materials; and an online materials marketplace.

"This white paper both provides a strategic blueprint and highlights existing legislation across the country that, when adopted concurrently in New York, will establish a sufficient quality building supply, an accessible marketplace, a trained workforce and supportive policies to establish a robust circular economy," Kelles said.

"Given the state of climate change and instability in global supply chains that it can and will cause, we need to move quickly, and this is too important not to get right."


                                                                                                                                                                            
                                        											
																								More information:
												Constructing a Circular Economy in NYS: Deconstruction and Building Material Reuse, labs.aap.cornell.edu/ccl/whitepaper
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Augmented/virtual reality can help extend critical infrastructure lifespan

									    

    
        
            [image: AR/VR can help extend critical infrastructure lifespan]
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University of Waterloo engineers are turning to augmented/virtual reality (AR/VR) to better understand--and maintain--the physical reality of Canada's critical infrastructure. Their research is published in the journal Automation in Construction.


                                        
                                              
                                        
                                                                                                                                    On-site inspectors are typically limited in what they can observe when inspecting bridges, roads, towers, pipelines, and other structures because they can't always see or detect every potential problem within large infrastructure

To help fix this issue, Waterloo professor Dr. Chul Min Yeum and his colleagues have developed a cutting-edge system called the Smart Infrastructure Metaverse that uses AR/VR to allow on-site and off-site inspectors to interact with each other as they view both the real structure, and a 3D scanned replica model at the same time.

Not only does their system produce more rapid, comprehensive, and complete results than traditional on-site visual examinations, but it also provides a greater context for problems within the entire structure.



    
    
    
        
        
    
         
             
         

          

Their innovative work meets an urgent need. Much of Canada's vital infrastructure was constructed in the mid-20th century and is now nearing or exceeding its lifespan, a situation that poses serious public safety risks. Yet replacing these structures would cost a staggering $264.7 billion, according to Canada's Core Public Infrastructure Survey. Yeum's solution combines several advanced technologies so problems can be addressed quickly and the life expectancy of infrastructure extended.

"The Smart Infrastructure Metaverse is all about making it easier for on-site and off-site inspectors to work together on structural inspections," Yeum said. "We're using AR/VR headsets to give them a shared view so they can see exactly where they are and what they're looking at during the inspection, no matter where they're located."


                                                                                                        
    
        
        
        
    

                                                                                                                                            The research team included Yeum and Dr. Zaid Abbas Al-Sabbag, both in Waterloo's Department of Civil and Environmental Engineering, as well as Dr. Sriram Narasimhan, of the Department of Civil and Environmental Engineering, University of California Los Angeles.

In a key experiment focused on a railway bridge in Kitchener, Ontario, Yeum and his colleagues created a three-dimensional model of the structure using 3D scanners and a panorama camera. This model allowed the accurate tracking of the location and head position of both the on-site and off-site inspectors within the 3D map.

Next, an off-site engineer wearing a VR headset explored the 3D model of the bridge the way someone would navigate a VR game. While this was happening, on-site inspectors wearing AR headsets could, through a holographic display, see the actual bridge, the VR user, and additional information within the digital map.

Since everyone in this examination was connected to the digital map, the off-site inspector saw the exact locations of the on-site users along with the areas of the structure they were inspecting. That meant the remote inspector could ensure the data collected was accurate. To back up the human inspectors, the research team used artificial intelligence to analyze the images sent from the on-site inspectors' AR headsets to further identify any structural damage.


                                                                                                                                                                            
                                        											
																								More information:
												Zaid Abbas Al-Sabbag et al, Distributed collaborative inspections through smart infrastructure metaverse, Automation in Construction (2024). DOI: 10.1016/j.autcon.2024.105503
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Integrating post-quantum security algorithms into hardware has long been considered a challenge. But a research team at TU Graz has now developed hardware for NIST post-quantum cryptography standards with additional security measures for this purpose.


                                        
                                              
                                        
                                                                                                                                    They are not yet a reality, but in the not-too-distant future, sophisticated, high-performance quantum computers will be available. They will revolutionize fields like artificial intelligence, financial modeling, drug development, weather forecasting, and traffic optimization, but they also pose a significant risk to cybersecurity.

A powerful quantum computer will break a subset of widely used cryptographic algorithms that are important in securing the digital world. This is why several quantum-safe, more commonly known as "post-quantum cryptography" (PQC) algorithms, are already being developed. Implementing them into hardware has proven difficult so far, though.

In the PQC-SRC project, a team led by Sujoy Sinha Roy from the Institute of Applied Information Processing (IAIK) and Communications at Graz University of Technology (TU Graz) has developed hardware for these PQC algorithms and implemented additional security measures. During the research, the team was also in contact with companies such as Intel and AMD.

The work is published in the journal IEEE Transactions on Computers.

Among the algorithms, those based on computational problems involving mathematical lattice structures are particularly promising. Solving these computational problems is considered an infeasible task even for quantum computers.

In the process of standardizing PQC, the American National Institute for Standards and Technology (NIST) selected one key encapsulation mechanism (KEM) algorithm, namely Kyber, and three digital signature algorithms, namely Dilithium, Falcon, and SPHINCS+, which was partly developed at IAIK, for standardization.

KEM algorithms enable communicating parties to agree on the same encryption key securely, while digital signature algorithms allow a receiver to verify the authenticity of received messages.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Need for secure and efficient design

Following the publication of standardized PQC algorithms, organizations and industry are gearing up for a transition to quantum-safe cryptography. All devices need to switch from classical KEM and signature algorithms to quantum-safe PQC algorithms. It becomes imperative that the newly standardized PQC algorithms be realizable on a wide range of electronic devices.

There is an urgent need for secure and efficient design and implementation methodologies to enable a smooth transition to quantum-safe cryptography. Researchers of the Cryptographic Engineering team, led by Sujoy Sinha Roy, have been researching such methodologies, especially targeting low-resource electronic devices. The PQC-SRC project has resulted in the development of several new methodologies.

Development of hardware-based coprocessor for standardized PQC

One research result is the construction of a unified cryptographic coprocessor named KaLi, which supports both Kyber KEM and Dilithium digital signature algorithms. Such a unified design is essential in real-life secure communication protocols, such as the widely used Transport Layer Security (TLS), where both KEM and signature operations are performed.

One main research challenge was how to make the unified design very compact. The new PQC algorithms require much larger memory and processing units to store and process the keys compared to the present-day ones. If the design is not compact, a lot of low-resource computers used in IOT, and smart-card applications will be rendered inoperable.

Another important aspect is the agility or flexibility of architecture--minor changes to the cryptographic algorithms due to potential future threats can be accepted without replacing the hardware resources.

Besides efficiency and compactness, a cryptographic implementation's physical security is important. Although the mathematics behind a cryptographic algorithm may resist known mathematical attacks, the physics of a computing device might leak sensitive information in the form of variations in heat, radiation or energy consumption.

An attacker can try to guess what is happening within an electronic device using an antenna. The researchers investigated techniques to make cryptographic implementations of emerging PQC algorithms resistant to such attacks. They invented a data randomization technique named "Kavach."

The technique optimizes the computation overhead, taking special properties of numbers used in the polynomial operations of PQC algorithms. The results will help cryptographers construct PQC KEM and signature algorithms that are more friendly to countermeasures against physics-based attacks.

Important step for companies and organizations

"We have seen great leaps in the field of quantum processors over the past five years," says Sujoy Sinha Roy.

"When powerful quantum computers are fully developed, they will be able to break encryptions in a few seconds, for which conventional computers would take years. This would be dangerous for banking transactions, state defense systems and other things. This is often referred to as the quantum apocalypse and we want to prevent it.

"As companies and organizations prepare to move to post-quantum cryptography, our research findings provide an important step towards this transition."


                                                                                                                                                                            
                                        											
																								More information:
												Aikata Aikata et al, A Unified Cryptoprocessor for Lattice-Based Signature and Key-Exchange, IEEE Transactions on Computers (2022). DOI: 10.1109/TC.2022.3215064
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Artificial intelligence (AI) is curating your social media feed and giving you directions to the train station. It's also throwing the fossil fuel industry a lifeline.


                                        
                                              
                                        
                                                                                                                                    Three of the biggest tech companies, Microsoft, Google and Meta, have reported ballooning greenhouse gas emissions since 2020. Data centers packed with servers running AI programs day and night are largely to blame.

AI models consume a lot of electricity, and the World Economic Forum estimated in April that the computer power dedicated to AI is doubling every 100 days. Powering this boom in the US, where many AI tech pioneers are based, have been revitalized gas power plants once slated for closure.

First, what actually is AI?


                                                                                                        
    
        
        
        
    

                                                                                                                                            AI sucks (power and water)

"At its core, the kind of AI we are seeing in consumer products today identifies patterns," say Sandra Peter and Kai Riemer, computing experts at the University of Sydney.

"Unlike traditional coding, where developers explicitly program how a system works, AI 'learns' these patterns from vast datasets, enabling it to perform tasks."

While AI programs are being "trained" and fed huge sums of data over several weeks and months, data processors run 24/7. Once up to speed, an AI can use 33 times more energy to complete a function than traditional software.

In fact, a single query to an AI-powered chatbot can consume 10 times as much energy as a traditional Google search according to Gordon Noble and Fiona Berry, sustainability researchers at the University of Technology Sydney.

"This enormous demand for energy translates into surges in carbon emissions and water use, and may place further stress on electricity grids already strained by climate change," they say.

Data centers are thirsty as well as power-hungry: millions of liters of water have to be pumped to keep them cool.

These enormous server warehouses are vying with people for an increasing share of power and water, a situation which could prove deadly during a heat wave or drought.


                                                                                                                                            A dubious solution

Experts only have a partial picture of AI's resource diet, Noble and Berry argue. One survey showed that just 5% of sustainability professionals in Australia believed data center operators provided detailed information about their environmental impact.

Its fierce appetite aside, AI is feted as a Swiss army knife of fixes for our ailing planet.

AI's ability to process mountains of data means it could spot the warning signs of a building storm or flood and track how the environment is changing say Ehsan Noroozinejad and Seyedali Mirjalili, AI experts at Western Sydney University and Torrens University Australia respectively.

"For example, it can reportedly measure changes in icebergs 10,000 times faster than a human can," they add.

Kirk Chang and Alina Vaduva, management experts at the University of East London, highlight hopes that AI might make simulations of Earth's climate more accurate.

AI could closely monitor an entire electricity grid and coordinate generators so that they waste less energy while meeting demand. AI models could identify materials for sorting in a recycling facility and analyze air pollution to pinpoint its sources. On farms, AI systems could track weather and soil conditions to ensure crops receive only as much water as they need.


                                                                                                        
    
        
        
        
    

                                                                                                                                            However, AI's claims to efficiency are sadly undermined by a well-worn problem. When humanity makes an activity more efficient through innovation, the energy or resource savings are generally plowed into expanding that activity or others.

"The convenience of an autonomous vehicle may increase people's travel and in a worst-case scenario, double the amount of energy used for transport," says Felippa Amanta, a Ph.D. candidate in digital technologies and climate change.

And while there is value in imagining what AI might help us do, it is important to recognize what it is already doing. An investigation by Scientific American found AI was deployed in oil extraction in 2019 to substantially increase production. Elsewhere, targeted advertising that uses AI creates demand for material goods. More mass-produced stuff, more emissions.

Does our answer to climate change need to be high-tech?

During a climate disaster like Hurricane Helene, which claimed more than 150 lives in the south-eastern US over the weekend, a reliable power supply is often the first thing to go. AI can be of little help in these circumstances.

Low-tech solutions to life's problems are generally more resilient and low carbon. Indeed, most of them--like fruit walls, that used renewable energy to grow Mediterranean produce in England as early as the Middle Ages--have been around for a very long time.

"'Low-tech' does not mean a return to medieval ways of living. But it does demand more discernment in our choice of technologies--and consideration of their disadvantages," says Chris McMahon, an engineering expert at the University of Bristol.

"What's more, low-tech solutions often focus on conviviality. This involves encouraging social connections, for example through communal music or dance, rather than fostering the hyper-individualism encouraged by resource-hungry digital devices."


                                                                                                                                                                            
                                        											
										                                            
                                                                                                                            
                                                This article is republished from The Conversation under a Creative Commons license. Read the original article.[image: The Conversation]
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Engineers teach a quadruped robot to climb standard ladders

                                        by Bob Yirka                                                                                , Tech Xplore
                                                                            

                                    
									    

    
        
            [image: A quadruped robot that can easily climb a standard ladder]
             
                Composite image of a quadrupedal robot equipped with hooked end-effectors, ascending a ladder in 4 s with a reinforcement learning-based control policy. Ladder shown has parameters 90degincline, 1.8 m length, 0.3 m inter-rung spacing, 2.5 cm rung radius, and 1 m width. Credit: arXiv (2024). DOI: 10.48550/arxiv.2409.17731
            
        

    


A team of robotics engineers at ETH Zurich, Robotics Systems Lab, has modified an ANYbotics ANYMal quadruped robot to allow it to easily and effectively climb a standard ladder. The group has written a paper describing their efforts and results and has posted it on the arXiv preprint server.


                                        
                                              
                                        
                                                                                                                                    For many years, manufacturers who have deployed robots in their facilities have noted that while robots have come a long way in replacing human laborers, one area where they fall short is climbing simple ladders. In response, engineers from several companies have attempted to give robots such an ability, almost all of which have been humanoid bipedal type robots.

Such robots are typically very slow and tentative and not very useful in a real-world environment. In this new effort, the research team has modified a standard working quadruped robot known as ANYMal in a way that allows it to very quickly and nimbly climb standard ladders.



    
    
    
        
        
    
         
             
         

          

The team noted that most robot "hands" or "paws" are not very conducive to ladder climbing. Humans, they note, form their hands into a hook and then grip each rung as they proceed upward. Therefore, the research team started by designing a custom paw with a hook-like gripping ability--one that allowed for clenching once a hook was made. They then used reinforcement learning to teach the robot how to use its hooks to climb a ladder.

To speed up the training, the researchers used a simulation where a privileged teacher-student approach was employed, where the teacher was given access to observational videos of simulated robots climbing ladders in a variety of environments and where problems were encountered, such as a jiggling ladder or a missed step. Such training allowed for learning robust climbing skills. Multiple student robots were then taught by allowing them to mimic the teacher.

Once they had a test robot thoroughly trained, the research team set it loose in a real-world environment where it was asked to climb a variety of ladders. The researchers found it to be successful approximately 90% of the time. They also found their modified robot greatly outperformed the same type of robot without the hooked feet.

The research team plans to continue their work with ladder climbing, hoping to add more features such as the ability to traverse ladders in unstructured environments without the need for motion capture equipment.


                                                                                                                                                                            
                                        											
																								More information:
												Dylan Vogel et al, Robust Ladder Climbing with a Quadrupedal Robot, arXiv (2024). DOI: 10.48550/arxiv.2409.17731
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A 5th recall for Tesla Cybertruck within a year, the latest due to rearview display

                                                                                                                    

                                    
									    

    
        
            [image: Tesla issues 5th recall for the new Cybertruck within a year, the latest due to rearview camera]
             
                Visitors look over a 2024 Cybertruck in the Tesla display at the Electrify Expo, July 14, 2024, in north Denver. Credit: AP Photo/David Zalubowski, File
            
        

    


Tesla is recalling more than 27,000 Cybertrucks because the rearview camera image may not activate immediately after shifting into reverse, the fifth recall for the vehicle since it went on sale late last year.


                                        
                                              
                                        
                                                                                    Tesla has released a free software upgrade to address the issue and owner notification letters are expected to be mailed Nov. 25.

Cybertruck owners have had to deal with a series of recalls since the vehicle went on sale in November. In June, there was a recall to fix problems with trim pieces that can come loose and front windshield wipers that can fail. Two months before that, some Cybertrucks were recalled because the accelerator pedal could stick.

In the most recent recall, the company notified the National Highway Traffic Safety Administration that the display screens in effected trucks may remain blank for up to 8 seconds after a driver shifts to reverse. The U.S. requires those screens to activate with a rearview within 2 seconds of shifting into reverse.

Elon Musk's Tesla delivered the first dozen or so of its futuristic Cybertruck pickups to customers in November, two years behind the original schedule.

Owners may contact Tesla customer service at 1-877-798-3752 or the National Highway Traffic Safety Administration Vehicle Safety Hotline at 1-888-327-4236 or go to www.nhtsa.gov.


                                                                                
                                        											
										                                                                                    
                                                (c) 2024 The Associated Press. All rights reserved. This material may not be published, broadcast, rewritten or redistributed without permission.
                                            

                                                                                
                                        
                                        
                                            
                                                Citation:
                                                A 5th recall for Tesla Cybertruck within a year, the latest due to rearview display (2024, October 3)
                                                retrieved 3 October 2024
                                                from https://techxplore.com/news/2024-10-tesla-issues-5th-recall-cybertruck.html
                                            

                                            
                                            This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
                                            part may be reproduced without the written permission. The content is provided for information purposes only.
                                            

                                        

                                        
									

								



This article was downloaded by calibre from https://techxplore.com/news/2024-10-tesla-issues-5th-recall-cybertruck.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Australian retailers urged to step into the future with smart technologies for customers
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While self-service technologies in the Australian retail space were initially brought on to create convenience, the self-checkout counters have become the bane of many shoppers' existence.


                                        
                                              
                                        
                                                                                                                                    Researchers from Edith Cowan University (ECU) have found that for Australian retailers to create actual convenience for shoppers, corporations would need to make use of smart technologies instead. The research was published in Technovation in September.

"Most of Australia's retail stores are not making use of the very advanced forms of smart technology but are relying on rudimentary self-service technologies like the self-checkout counters. These rudimentary technologies often require human intervention, which inconveniences shoppers and is counter-productive to the aim of a more convenient shopping experience," ECU Professor of Marketing and Service Science, Professor Sanjit Roy said.

Professor Roy's research has found that a number of technologies already exist that can make the shopping experience more enjoyable and convenient, including smart trolleys that potentially allow shoppers to bypass the long checkout lines, and smart mirrors that will allow shoppers to engage with virtual try-ons for clothing and make-up.

Internationally, retailers like 7-Eleven, H&M, Aldi and Amazon are already making use of smart technologies, including offering cashierless stores, app-based retailing, and fully automated shopping baskets and automated self-checkouts.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "Since 2016, Amazon has been offering a frictionless shopping experience to customers in the US through their Amazon Go stores. Customers scan a barcode as they enter a store, pick what they need off the shelves and walk out of the store.

"Smart technology, driven by Artificial Intelligence, monitors what the customers purchase and tracks the stock levels in store, and customers are then billed through their Amazon accounts," Professor Roy added..

He noted that in addition to the novelty of the experience, smart technology also offered consumers the opportunity to personalize their shopping experience, add enjoyment to their day and could actually add to the quality of their life.

Professor Roy's research investigated smart service value (SSV) in the retailing context, exploring the impact of smart technologies on customers engagement and trust.

"The findings from our research suggest that SSV significantly impacts the quality of life, suggesting that in-store smart service applications can contribute to customer well-being. We are hoping that the findings from this research could help retailers to strategically position smart service technologies in their stores, based on customer perceived SSV."

While the benefit of smart technology is obvious, Professor Roy said there is likely to be a cost associated with the use of this type of technology.

"In addition to the capital outlay from the retailers, SSV costs from a customer perspective would include privacy and security risks, perceived effort, and performance risk. It is ultimately up to the retailers to adopt favorably perceived in-store smart service applications and avoid those that may lower customer's quality of life."
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												Sanjit K. Roy et al, Smart service value: Conceptualization, scale development, and validation in the retailing context, Technovation (2024). DOI: 10.1016/j.technovation.2024.103097
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The remnants of Hurricane Helene ripped through the Western North Carolina mountain town of Spruce Pine last week, disrupting a quartz facility integral to the global production of solar panels and semiconductor chips.


                                        
                                              
                                        
                                                                                                                                    The largest Spruce Pine mine is owned by Sibelco, a private Belgium-based mineral company that is Mitchell County's top employer. Sibelco told The News & Observer that the company has "temporarily halted operations at the Spruce Pine facilities" since Sept. 26.

"The hurricane has caused widespread flooding, power outages, communication disruptions, and damage to critical infrastructure in the area," the emailed statement said. "Many people in the area, including our employees and their families, are facing displacement and significant disruptions."

As of Saturday morning, the storm had dumped more than 2 feet of rain on the town, submerging its downtown buildings and overwhelming area roads, railways, utilities, and homes.

Sibelco's mines are north of downtown in an area called the Spruce Pine Mining District. From above, they look like giant white sandy beaches. The area is set back from the local North Toe River, which flooded.

But news reports indicate surrounding Mitchell County has experienced extensive damage to roads and rail lines, which could impact workers' ability to get to the site and the company's ability to transport materials.

The town is home to the purest quartz on the planet, a byproduct of continental formations that occurred more than 380 million years ago. High-purity quartz is essential to making the silicon wafers that get cut into chips. While there are other sources of quartz, the purity many producers demand is only found around the mines of Spruce Pine.

"It is rare, unheard of almost, for a single site to control the global supply of a crucial material," wrote Ed Conway in his 2023 book "Material World." "Yet if you want to get high-purity quartz--the kind you need to make those crucibles without which you can't make silicon wafers--it has to come from Spruce Pine."


                                                                                                        
    
        
        
        
    

                                                                                                                                            Nowhere else matches the purity

Facility issues have hindered the global supply chain of quartz before. In 2008, a fire at a Spruce Pine quartz refinery "temporarily brought production to a halt and impacted the market," reported Global Risk Intel, a Washington D.C.-based consulting firm.

Throughout the 20th century, local miners extracted mica and feldspar from the Mitchell County sites, yet, in the past 30 years, escalating demand for newer technologies has made high-purity quartz one of North Carolina's most important exports. Last year, Sibelco announced it would invest $200 million into the site by 2025 to double production. The company sells its quartz under the brand name IOTA.

"I've been sent to Brazil, I've been sent to Australia, and nothing matches the final purity of the Spruce Pine quartz," local geologist Alex Glover said during an interview last March.

More recently, a second company named The Quartz Corp has invested in mines around Spruce Pine. On Tuesday, the company announced it too had stopped operations on Sept. 26, adding "we have no visibility on when they will restart."

"This is second order of priority," The Quartz Corp said in an online post. "Our top priority remains the health and safety of our employees and their families."

Compared to Sibelco's sites, The Quartz Corp location is closer to the North Toe River, aerial images on Google Maps show.


                                                                                                                                                                            
                                        											
										                                                                                    
                                                2024 The Charlotte Observer. Distributed by Tribune Content Agency, LLC.
                                            

                                                                                
                                        
                                        
                                            
                                                Citation:
                                                Hurricane Helene shut down NC mine that is pivotal to world's semiconductor supply (2024, October 3)
                                                retrieved 3 October 2024
                                                from https://techxplore.com/news/2024-10-hurricane-helene-nc-pivotal-world.html
                                            

                                            
                                            This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
                                            part may be reproduced without the written permission. The content is provided for information purposes only.
                                            

                                        

                                        
									

								



This article was downloaded by calibre from https://techxplore.com/news/2024-10-hurricane-helene-nc-pivotal-world.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



FTC antitrust lawsuit against Amazon will proceed, some claims dropped

                                        by Lauren Rosenblatt, The Seattle Times                                                                                                                    
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The Federal Trade Commission's antitrust lawsuit against Amazon will proceed, though some claims have been dropped, following a ruling from a federal district judge.


                                        
                                              
                                        
                                                                                    Judge John Chun, from the U.S. District Court in the western district of Washington, partially granted and partially denied Amazon's motion to dismiss the lawsuit entirely, according to a summary of the filing.

The order is under seal so it's unclear which parts of the lawsuit will proceed. The FTC has until the end of the month to file a second amended complaint regarding any claims Judge Chun dismissed without prejudice, meaning the claims could resurface.

The FTC and 17 state attorneys general sued Amazon in September 2023, arguing the company unfairly used its position as an ecommerce superstore and fulfillment network provider to keep its rivals from gaining a foothold.

In the sprawling lawsuit, the FTC accused Amazon of promoting its own brands over competitors, preventing third-party sellers from setting discounted prices and forcing merchants to pay steep fees to Amazon itself. For consumers, that meant higher prices, fewer options and a degraded shopping experience, the FTC alleged.

Amazon has denied the allegations, maintaining that the business practices under scrutiny are common across the retail industry and have helped to lower prices for consumers. In a motion asking Chun to dismiss the case in December, Amazon described the lawsuit as an "attack" and an "effort to hobble one of America's most consumer-focused businesses."
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Google is working on reasoning AI, chasing OpenAI's efforts

                                        by Julia Love and Rachel Metz, Bloomberg News                                                                                                                    
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Google is working on artificial intelligence software that resembles the human ability to reason, similar to OpenAI's o1, marking a new front in the rivalry between the tech giant and the fast-growing startup.


                                        
                                              
                                        
                                                                                                                                    In recent months, multiple teams at Alphabet Inc.'s Google have been making progress on AI reasoning software, according to people with knowledge of the matter, who asked not to be identified because the information is private. Such software programs are more adept at solving multistep problems in fields such as math and computer programming.

AI researchers are pursuing reasoning models as they search for the next significant step forward in the technology. Like OpenAI, Google is trying to approximate human reasoning using a technique known as chain-of-thought prompting, according to two of the people.

In this technique, which Google pioneered, the software pauses for a matter of seconds before responding to a written prompt while, behind the scenes and invisible to the user, it considers a number of related prompts and then summarizes what appears to be the best response.

Google declined to comment on the effort.

Google and OpenAI have been locked in an intense fight for dominance in AI, particularly since the release of OpenAI's ChatGPT, a popular chatbot that some investors worry will eventually obviate the need for Google search.

Google has taken various steps to regain its lead, including merging its premier research labs to form the Google DeepMind unit and fortifying relationships between researchers and product teams.

Yet the search giant continues to move more slowly when it comes to releasing AI products, pausing to consider ethical problems, the need to live up to the public's expectations of trust in its brand, and the competing interests of multiple similar efforts in the vast organization.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Since OpenAI unveiled its o1 model, known internally as Strawberry, in mid-September, some in DeepMind have fretted that the company had fallen behind, according to another person with knowledge of the matter. But employees are no longer as concerned as they were following the launch of ChatGPT, now that Google has debuted some of its own work, the person said.

Despite the slower pace of Google's product rollouts, it remains a formidable player, said Oren Etzioni, a veteran AI researcher who founded TrueMedia.org, a nonprofit dedicated to combating political disinformation.

"Technically it's always been the case that Google's capabilities were top notch. They were just more conservative in rolling things out," Etzioni said. "It's a marathon, and it's anybody's race to win."

In July, Google showcased AlphaProof, which specializes in math reasoning, and AlphaGeometry 2, an updated version of a model focused on geometry that the company debuted earlier this year. The programs aced four of the six problems featured in the International Mathematical Olympiad, an annual competition in which students tackle topics such as algebra and geometry, Google said in a blog post.

At its developer conference in May, Google offered a glimpse of an AI assistant, Astra, which can use a phone's camera to see the world around it and answer questions, such as telling a user where she had left her glasses. Google said some features of assistant may come to its flagship AI model, Gemini, toward the end of this year.

"Advanced mathematical reasoning is a critical capability for modern AI," Google DeepMind CEO Demis Hassabis wrote in a post on social network X in July.
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