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Novel visible light communication encryption technology uses chiral nanoparticles

										 by 										 Seoul National University College of Engineering									

									
										

    
        
            [image: SNU-KAIST researchers jointly develop a new visible light communication encryption technology using chiral nanoparticles]
             
                Conceptual diagram of the new polarization-based visible light communication encryption system using chiral nanoparticles. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-52358-7
            
        

    


A research team has developed a novel visible light communication encryption technology with high security using chiral nanoparticles.



										      
																																	Just as a lighthouse provides a guiding beam in the vast darkness of the sea, light-based information transmission has been a crucial means of communication throughout human history. Recently, next-generation communication technology based on visible light, which possesses high frequencies and linearity, has gained attention.

It offers advantages such as integration with lighting systems and is free from the electromagnetic interference associated with conventional communication networks. With high security and fast transmission speeds, visible light communication is particularly suitable for local communication systems, especially in military operations involving vehicles, drones, and personnel.

In addition to intensity and wavelength (color), light can carry a vast amount of information through polarization. For instance, 3D movies use polarized filters to deliver two different polarized images to the viewer's eyes, creating a sense of depth.

Recently, efforts have been made to improve the security and performance of visible light communication, including the incorporation of technologies related to polarization, such as quantum information communication based on the superposition of polarization.

The SNU-KAIST joint research team focused on how light polarization can be significantly modulated through interaction with nanomaterials. In this study, they developed an innovative visible light communication encryption technology based on new materials. The paper is published in the journal Nature Communications.


																																						
    
     




																																			The core of this technology lies in chiral nanomaterials, which exhibit a symmetric structure when viewed in a mirror but do not overlap. These materials can significantly adjust the tilt of the polarization axis or its rotational properties.

Having previously published two papers in 2018 and 2022 in the journal Nature on "the synthesis and optical device application of chiral nanoparticles with world-class polarization control performance," the research team has now introduced a visible light communication encryption technology that cannot be replicated or intercepted without detailed information about the nanoparticles.

The chiral nanoparticles used in this technology are created by twisting their crystal structure using biomolecules like proteins and DNA, which possess natural chirality. The optical properties of these nanoparticles cannot be replicated without complete sequence information of the biomolecules used in their synthesis.

Therefore, chiral nanoparticles function like fingerprints or unclonable keys in visible light communication, allowing only the receiver with the actual nanoparticles to correctly decode the information. This encryption technology is expected to have significant utility in secure point-to-point communication systems, such as those used in military operations involving drones.

Furthermore, the research team developed a spatiotemporal polarization control device capable of transmitting encrypted polarization information. By combining quantum nanorods, which efficiently emit polarized light, with nanowire materials that provide rotational properties to the light, they used 3D printing to fabricate a polarization control device with hundreds of micrometers of spatial resolution and nanoseconds of temporal resolution, allowing all polarization states to be represented without restriction.


																																			The transmitting unit can encrypt and transmit polarization information in a form suited to the polarization control properties of the nanoparticles using this device. This technology is expected to be the foundation for mass production of devices that can control spatiotemporal polarization without being constrained by form factor.

Professor Ki Tae Nam from SNU's Department of Materials Science and Engineering said, "This research, which actively combines new material technologies with communication technologies, played a crucial role in developing the world's first and only visible light communication encryption technology. We expect this technology to not only contribute to national defense but also be commercialized rapidly in industrial fields like display technology."

Professor Junil Choi from KAIST's School of Electrical Engineering added, "This outstanding research result was achieved through joint efforts between material science and electrical engineering experts. In the future, we aim to further develop visible light communication technology based on nanoparticles to create communication systems that are fundamentally impossible to eavesdrop on."

Co-first author Jeong Hyun Han also stated, "We anticipate that this encryption system will act as a platform with great scalability and impact in the field of optical information transmission based on polarization."

The team was led by Professor Nam from the Department of Materials Science and Engineering at SNU and Professor Choi from the Korea Advanced Institute of Science and Technology (KAIST).


																																																					
																				
																						More information:
												Jiawei Lv et al, Spatiotemporally modulated full-polarized light emission for multiplexed optical encryption, Nature Communications (2024). DOI: 10.1038/s41467-024-52358-7
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Making micelles more effective for dye and drug dispersion through well-defined core-shell structures

										

    
        
            [image: Breakthrough in micelle technology for effective dye and drug dispersion]
             
                Block copolymer micelles with well-defined core-shell structures significantly improve dye solubilization compared to random copolymers. This finding can lead to more efficient and cost-effective micelles for the ink and dye industries as well as drug delivery system in pharmaceutical industries. Credit: Reproduced from Masahiko Asada, Hidenori Otsuka et al. with permission from the Royal Society of Chemistry
            
        

    


Micelles are spherical molecular structures usually formed by amphiphilic molecules with block structure, which contain both hydrophilic and hydrophobic parts. The hydrophobic tails of these molecules cluster together to form a core, while the hydrophilic heads face outward, creating a protective shell. This structure allows micelles to encapsulate hydrophobic substances within their core and disperse them in a water-based environment.



										      
																																	An example of micelles in action is in soap, which traps dirt and oil, making them easy to rinse off with water. Micelles can be created using block copolymers, which have distinct hydrophilic and hydrophobic segments, or random copolymers with a mixed distribution of hydrophilic and hydrophobic segments. The former, used in the pharmaceutical industry, offers precise control over the micelle's properties but is more complex and expensive to produce, while the latter, used in the dye industry, is simpler and cheaper to produce.

Researchers led by Mr. Masahiko Asada and Professor Hidenori Otsuka from Tokyo University of Science (TUS) and DIC Corporation are investigating how to make micelles more effective at dissolving dyes. In a study featured on the cover of the journal Soft Matter, they compared the performance of block copolymers and random copolymers to determine the most optimal micelle for dye dispersion.

"There is a trade-off between utilizing random copolymers as dispersants for ink production and their inadequate dispersion performance. We investigated block copolymer micelles and compared their dispersion performance with those of random copolymers to determine the micelle structure required for adequate dye solubilization," says Prof. Otsuka, the lead author of the study.


																																						
    
     




																																			The researchers synthesized various block copolymers (BL01 to BL05) using different ratios of styrene (St), n-butylmethacrylate (BMA), and methacrylic acid (MA) as monomers. They compared the performance of these block copolymers with random copolymers (RD01, RD02, RD03, and RD04), which were made from styrene and either methacrylic acid or acrylic acid. The copolymers and random copolymers were dispersed in water at a 0.5% concentration, and the micelle structures were examined using small angle X-ray scattering (SAXS) analysis.

The SAXS results showed that micelles formed from block copolymers had a well-defined spherical structure with a clear core-shell boundary. Micelles from random copolymers were found to have a more diffuse and continuous structure, resembling a random-coil pattern with no distinct core-shell boundary. The absence of a clear core-shell structure in the micelles formed from random copolymers reduced their ability to hold hydrophobic dyes.

In critical micelle concentration (CMC) tests, the researchers measured the concentration at which micelles form by detecting changes in the polarity around a fluorescent pyrene probe. The results showed that block copolymer micelles had a much lower polarity, meaning the pyrene molecules were better protected inside the hydrophobic core of these micelles.

The researchers made similar observations on measuring the extent of solubilization of hydrophobic orange oil SS dye in the micelles. The micelles made using random copolymers were found to let the dye in easily. However, BL01, BL03, and BL05 prevented the dye from penetrating the core, resulting in a longer time to reach saturation (2 days compared to 10 hours for the random copolymers).


																																			Micelles (BL01, 03, and 05) with larger core volumes and more polymer molecules (higher aggregation numbers) were found to hold or solubilize more dye (0.2 to 2 dye molecules per micelle) than the smaller micelles (BL02, BL04).

While the larger micelles with well-defined core-shell structures took longer to become saturated with dye, they could hold a significantly higher amount of dye. The micelle with the highest dye solubilization was BL02. Its shell contained a random mixture of methacrylic acid (MA) and butyl methacrylate (BMA), resulting in a highly polydisperse or varied interface between the core-shell and shell-solvent boundaries, which allowed the dye to enter and be expelled from it quickly.

Prof. Otsuka explains, "The block copolymer micelles exhibited a higher dye solubilization capacity, which correlated with their core volume, clear core-shell contrast, and slow solubilization rate."

This finding could lead to more efficient and cost-effective micelles for the ink and dye industries as well as for the pharmaceutical industry.


																																																					
																				
																						More information:
												Masahiko Asada et al, Investigating the effect of the micelle structures of block and random copolymers on dye solubilization, Soft Matter (2024). DOI: 10.1039/D4SM00009A
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Novel etching technique enhances absorptivity of powders for metal 3D-printing

										

    
        
            [image: New technique enhances absorptivity of powders for metal 3D printing]
             
                A team from Lawrence Livermore National Laboratory, Stanford University and the University of Pennsylvania introduced a novel wet chemical etching process that modifies the surface of conventional metal powders used in 3D printing. By creating nanoscale grooves and textures, the researchers reportedly increased the absorptivity of these powders by up to 70%, allowing for more effective energy transfer during the laser melting 3D printing process. Credit: Brendan Thompson/LLNL
            
        

    


In a significant advancement for metal additive manufacturing, researchers at Lawrence Livermore National Laboratory (LLNL) and their academic partners have developed a technique that enhances the optical absorptivity of metal powders used in 3D printing.



										      
																																	The approach, which involves creating nanoscale surface features on metal powders, promises to improve the efficiency and quality of printed metal parts, particularly for challenging materials like copper and tungsten, according to researchers.

Additive manufacturing (AM)--more commonly known as 3D printing--has transformed the way products are designed and produced, allowing for the creation of complex geometries and customized components that traditional manufacturing methods struggle to achieve.

However, one of the persistent challenges in laser powder-bed fusion (LPBF) metal 3D printing is the high reflectivity of certain metals, which can lead to inefficient energy absorption during the printing process and can even damage some printing machines. This inefficiency often results in inadequate print quality and increased energy consumption, according to researchers.

Tackling this issue head-on in a study published as the September cover of the journal Science Advances, the team led by scientists from LLNL, Stanford University and the University of Pennsylvania has introduced a novel wet chemical etching process that modifies the surface of conventional metal powders. By creating nanoscale grooves and textures, the researchers reported they have increased the absorptivity of these powders by up to 70%, allowing for more effective energy transfer during the laser-melting process.


																																						
    
     




																																			"Currently, with standard commercial laser-based machines, high-quality pure copper metal AM is generally considered infeasible," said co-lead author and LLNL materials scientist Philip DePond. "Our method combines the effects of traditional surface treatments [that increase absorptivity] but doesn't compromise the purity or material properties of copper that make it desirable--namely its high thermal and electrical conductivity.

"More fundamentally, we showed that laser-powder interactions extend to regions beyond the melt pool. This has been shown in simulations, especially those of high-fidelity done at LLNL, but not really detailed experimentally. We demonstrated that those interactions exist and can be beneficial to the process."

The wet-etching technique is relatively simple, but highly effective, researchers said. The team immersed metal powders such as copper and tungsten in specially formulated solutions that selectively remove material from the surface.

This process results in the formation of intricate nanoscale features that enhance the powder's ability to absorb laser light. To characterize the surface features of the etched powders, the researchers employed advanced imaging techniques including synchrotron X-ray nanotomography, which provided detailed 3D representations of the powder particles, allowing the team to analyze and accurately model the electromagnetic influence of the nanoscale modifications.

The team conducted extensive experiments, to demonstrate and attribute the mechanism of increased absorptivity to the modified powders. Process optimization studies and eventually bulk and complex sample printing were performed using custom-built LPBF systems housed at LLNL's Advanced Manufacturing Laboratory and MIRILIS laser-material interaction laboratory.


																																			Researchers said the enhanced absorptivity of metal powders is a promising step forward for reducing energy consumption in manufacturing, particularly as the demand for more sustainable and efficient manufacturing processes continues to grow.

One of the team's key findings was that they could print high-purity copper and tungsten structures using lower energy input, less than 100 J/mm3 for copper, which is around the range for high density titanium and stainless-steel alloys, and ~700 J/mm3 for tungsten, around 1/3 less energy than is typically employed.

"In a broad sense, we are enabling the printing of copper without the risk of damaging the AM system itself," DePond explained. "The process parameter window becomes wider as well, which allows a wider variety of scanning conditions to be explored, which often are needed when printing complex geometries. Finally, a handful of machine manufacturers have even gone the great lengths of creating entirely new machines to process copper and other highly reflective materials. These turn out to be nearly double the cost of a traditional machine, so the barrier of entry to printing these materials is prohibitively high."

The potential applications of the findings could have an immediate impact on production. Researchers said the ability to print with less energy not only reduces operational costs but also minimizes the environmental impact of the manufacturing process and opens copper 3D printing up to a whole new contingent of producers.


																																						
    
     




																																			"This method enables even commercial machines of fairly low laser power output to print copper, thus democratizing the process and providing access to a wider community," Energy Security Program leader Dan Flowers said, adding that he hopes the work will allow industry to better utilize copper in advanced manufacturing.

"From heat exchange to catalysis, more efficient printing of copper supports the development of many clean energy and decarbonization technologies," Flowers said. "The LLNL community and our low-carbon energy mission stand to benefit from this capability."

The enhanced absorptivity and improved powder dynamics also could enable the production of high-quality printed parts with greater relative densities. In their experiments, the researchers achieved relative densities of up to 92% with half the energy input compared to other printed copper components, and over 99% with higher energies, indicating the potential for producing stronger and more durable metal parts.

The team is next looking to examine the effects of nanotexturing on elemental mixing of powders, such as materials that typically need drastically different energies to melt.


																																																					
																				
																						More information:
												Ottman A. Tertuliano et al, High absorptivity nanotextured powders for additive manufacturing, Science Advances (2024). DOI: 10.1126/sciadv.adp0003
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        World's highest-voltage gun accelerates electrons from zero to 80% the speed of light
        Scientists at the U.S. Department of Energy's (DOE) Brookhaven National Laboratory have designed and tested the world's highest voltage polarized electron gun, a key piece of technology needed for building the world's first fully polarized Electron-Ion Collider (EIC).

      

      
        Scientists accelerate uranium beam with record power
        Scientists and engineers at the Facility for Rare Isotope Beams (FRIB) have reached a new milestone in isotope studies. They accelerated a high-power beam of uranium ions and delivered a record 10.4 kilowatts of continuous beam power to a target. The work is published in the journal Physical Review Accelerators and Beams.

      

      
        Researchers discover new isotope plutonium-227
        A research team led by researchers at the Institute of Modern Physics (IMP) of the Chinese Academy of Sciences (CAS) has synthesized a new plutonium isotope, plutonium-227. Their study is published in Physical Review C.

      

      
        Theoretical study demonstrates existence of giant photocaloric effects in ferroelectric perovskites
        Solid-state cooling is a promising alternative cooling technique that does not rely on the use of gases or liquids, like conventional refrigeration systems, but instead utilizes the properties of solid materials to refrigerate. This alternative cooling approach could be highly energy-efficient and could help to refrigerate things without releasing greenhouse gases into the air.

      

      
        Hybrid fiber pump combiner could advance mid-IR laser systems
        In the last two decades, the rapid advancement in applications such as environmental monitoring, medical diagnostics, and global positioning has intensified the focus on developing novel mid-IR light sources. Fiber-based mid-IR lasers, which operate beyond 2.5 mm, have emerged as particularly promising high-brightness light sources. However, extending laser generation into the mid-IR wavelength range presents significant challenges, primarily due to the extreme absorption in silica fibers, which ...

      

      
        Scientists realize bulk high-temperature superconductivity in material under high pressure
        Recent findings of signatures of high-temperature superconductivity (HTSC) with Tc [?] 80K at pressures above 14GPa in the crystals of La3Ni2O7 have attracted tremendous research interest as a new family of HTSC.
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            [image: High-voltage gun accelerates electrons from zero to 80 ... percent the speed of light]
             
                Brookhaven National Laboratory physicist Erdong Wang in a basement lab at Stony Brook University (SBU) with the high-voltage polarized electron gun that will put the "e"--or electrons--in the future Electron-Ion Collider (EIC). Credit: Roger Stoutenburgh/Brookhaven National Laboratory
            
        

    


Scientists at the U.S. Department of Energy's (DOE) Brookhaven National Laboratory have designed and tested the world's highest voltage polarized electron gun, a key piece of technology needed for building the world's first fully polarized Electron-Ion Collider (EIC).



										      
																																	The work is published in the journal Applied Physics Letters.

The EIC, a state-of-the-art nuclear physics facility being built at Brookhaven in partnership with DOE's Thomas Jefferson National Accelerator Facility (Jefferson Lab), will accelerate and collide polarized electrons with polarized protons and ions--atoms stripped of their electrons--so scientists can investigate the innermost building blocks of visible matter.

"This gun not only exceeds the EIC requirements, but we also get world-leading results," said Brookhaven Lab physicist Erdong Wang, the chief architect and implementor of the device.

Wang proposed the electron gun as a research and development project back in 2017 and has been spearheading its design, engineering, assembly, and testing ever since. Much of the work and all the testing were done at Stony Brook University (SBU), a partner in Brookhaven Science Associates, the entity that manages Brookhaven Lab on behalf of DOE.

The project drew on the expertise of scientific and technical staff and graduate students there and at several EIC collaborating institutions, including Jefferson Lab, Old Dominion University, and others.

"Our team includes experts in beam dynamics, high voltage, materials science, lasers, engineering, and beam diagnostics," Wang said.

EIC Science Director Abhay Deshpande, a professor of physics at SBU who is also serving as Brookhaven Lab's interim associate laboratory director for Nuclear and Particle Physics, said, "This project is a great example of the strong collaboration between Brookhaven Lab and Stony Brook, particularly for research in nuclear physics and the development of technologies needed for the EIC."


																																						
    
     




																																			Key beam characteristics

Though nothing like the type of gun that signals the start of a race, this direct-current, laser-driven polarized electron gun will serve as a starting gun of sorts for one of the EIC's streams of colliding particles. It will produce and fire off the electrons that make their way into and around the 2.4-mile-circumference circular collider.

"We put the 'e' in the EIC," said John Skaritka, the Brookhaven Lab mechanical engineer who led the mechanical design and planning for the project.

Cars that boast acceleration rates of "zero to 60" in mere seconds have nothing on this gun's power. "We speed up the velocity of electrons to 80% the speed of light," Wang said. That's an acceleration of zero to more than 500 million miles per hour--over the span of just two inches inside the gun in about two ten-billionths of a second.

But speed isn't the only crucial characteristic of the EIC's electrons as they come out of the starting gate. In fact, they'll be brought much closer to the speed of light in subsequent stages of acceleration. The true success of the electron gun is in delivering electron beam characteristics that are essential to these particles' ability to peer inside the protons and atomic nuclei with which they will collide at the EIC.

Among the most important requirements: producing beams of electrons in short, tightly packed bunches where the particles' "spins" are mostly pointing in the same direction.

According to Wang, short, intermittent bunches of electrons can be easily accelerated to high energy by radiofrequency cavities. These cavities produce electric fields that give intermittent acceleration "kicks" to charged particles, pushing them faster and faster.


																																			Once the electrons are up to speed and ready for collisions, Wang said, "having many, many electrons in a single bunch gives you very high densities, so you have a high probability that they will collide with protons or ions in the beam traveling around the EIC in the opposite direction."

The polarization, or alignment of the particles' spins, is extremely important to the EIC's physics research goals. The collider is being built, in part, to explore the origins of spin, an intrinsic particle property that is somewhat analogous to the spin of a toy top on its axis.

Spin is responsible for the structure and order of all visible matter--governing, for example, the magnetic properties of protons that make magnetic resonance imaging (MRI) possible. But how proton spin is generated is still a mystery.

The EIC will be the world's first collider where the spins of both the electron and ion beams can be controlled and aligned. By colliding spin-polarized electrons with polarized protons, EIC scientists will tease apart how the proton's spin arises from the spins and motion of its internal building blocks, quarks and gluons.

EIC scientists will also use spin to establish a frame of reference for mapping out the distribution of quarks and gluons within protons and nuclei, allowing them to create detailed 3D images of the proton's internal structure. These studies will help scientists gain a deeper understanding of quark-gluon interactions governed by the strongest, least-understood force of nature.



    
        
            [image: High-voltage gun accelerates electrons from zero to 80 ... percent the speed of light]
             
                Part of the team that designed and tested the high-voltage polarized electron gun, left to right: Jyoti Biswas, accelerator physicist, Electron-Ion Collider (EIC); John Skaritka, mechanical engineer, Collider-Accelerator Department (C-AD); Ronald Napoli, Technician, C-AD; Omer Rahman, accelerator physicist, C-AD; Bob Lambiase, electrical engineer, C-AD; Christopher Degen, software engineer, C-AD; Erdong Wang, accelerator physicist, EIC, Patrick Inacker-Mix, laser engineer, C-AD; Matthew Paniccia, electrical engineer, C-AD. Credit: Kevin Coughlin/Brookhaven National Laboratory
            
        

    



"For the EIC, we need polarized electron bunches with spins oriented forward and backward simultaneously, so we need to generate a highly polarized electron beam from the source," Wang said.


																																						
    
     




																																			Maxing out photoelectric efficiency

The science behind generating these electron beams dates back to the discovery of the photoelectric effect, where a series of experiments in the late 1800s and early 1900s showed that light with sufficient energy could knock electrons free from a metal. Albert Einstein's explanation for why this happens earned him the 1921 Nobel Prize in Physics.

Technologies that harness this photoelectric phenomenon and materials that emit electrons with higher efficiency have advanced substantially over the past 100 years. Still, no existing electron gun could produce the high-voltage, high-intensity polarized beams the EIC requires.

So, Wang and a team of colleagues from Brookhaven's Collider-Accelerator Department, the EIC Directorate, SBU, and other collaborating institutions developed a unique photocathode structure and innovative approaches to achieve a superior performance.

"SBU students were involved in the foundational research from the beginning of the project," Wang said. "We learned a lot based on the last several decades of effort, but we pushed the development of novel concepts to produce a truly unique gun."

Nanostructured photocathode

Collaborators from Old Dominion University and Jefferson Lab in Virginia developed a new approach for making the gun's photocathode--the material that generates the photoelectric electrons. This material is a thin crystal of gallium arsenide, but the team tweaked the recipe and arranged the material in layers to give it a periodic structure.

"It's a very complex structure, a 100-nanometer layered superlattice wafer on top of a bulk material that's just 0.4 millimeters thick," Wang noted.

When a laser with certain properties strikes the layers, only electrons with their spins aligned a particular way get ejected from the material. The result: highly polarized beams.

The team also added a reflecting layer to enhance the laser light's interaction with the material and a surface coating that essentially repels electrons to help push them away as they skip from the cathode.

While the material has a very high "quantum efficiency," meaning it's good at emitting electrons when struck by light, "the energy of these emitted electrons is extremely low," Wang said. "Without applying voltage, the electrons would just stay at the surface of the material; they wouldn't move," he said.

So, the scientists mount the gallium arsenide photocathode opposite an anode and apply a very high voltage to get things moving.

"First, we apply the voltage to the cathode. Then, when we shine a laser on the gallium arsenide wafer, the electron beam comes out toward the anode. The electron energy goes from zero to 320 kiloelectron volts over the space of the gap--about two inches," Wang said.


																																			Laser-driven action

The light the scientists use to kick the electrons free comes from a laser. Lasers, where all the light waves are in sync and lined up in a very concentrated narrow beam, can generate very high-quality electron beams. The scientists figured out how to tune the laser wavelength to maximize the electron polarization and the photocathode's quantum efficiency.

"We discovered a small wavelength zone that can get both high polarization and long cathode lifetime," Wang said.

Lasers can also be generated in very fast pulses. That fast pulsing is perfect for producing short, intermittent, bunches of electrons amenable to acceleration, Wang said. The combination of pulsing with the high voltage of the gun ensures that each bunch contains a high "bunch charge"--meaning nearly 70 billion electrons per bunch.

In addition, the team uses a polarized laser where the "wave vectors" rotate around a circle, either clockwise or counterclockwise. "The direction of laser polarization determines the polarization of the emitted electrons," Wang said.

"By rapidly switching the laser from clockwise to counterclockwise polarization, we can switch the spin direction of the electrons very fast." That means scientists can compare collisions with electron spins pointing forward vs. backward during the same set of events while everything else remains the same.


																																						
    
     




																																			Delivering the high voltage--in a vacuum

One of the trickiest parts of using gallium arsenide photocathodes is that the material can be very easily damaged by residual gas.
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                EIC schematic: This graphic shows the location of the photocathode electron gun (Electron Source) that will produce the electron beam that enters the electron accelerator and storage rings for collisions with protons or ions traveling in the opposite direction. Credit: Valerie Lentz/Brookhaven National Laboratory
            
        

    



Jyoti Biswas, now an EIC staff physicist, investigated the gallium arsenide photocathode damage mechanism and systematically evaluated various activation methods as part of his Ph.D. thesis. He also studied the residual gas distributions inside the gun.

"These pioneering studies played a key role in guiding the gun design and commissioning," said Wang, who served as Biswas' graduate studies supervisor in the Brookhaven/SBU Center for Accelerator Science and Education.

To protect the precious photocathode material, the team placed the entire photocathode-anode-laser system within an extremely high vacuum environment. "It's even more of a vacuum than on the moon," Wang said.

But extremely high-vacuum systems are difficult to achieve on Earth, even with many expensive pumps. And while the vacuum makes it easier to maintain the high voltage necessary for generating high-intensity electron beams, it complicates the delivery of power to the gun.

"One challenge is how to get the high voltage to the cathode inside a vacuum," said Bob Lambiase, the lead electrical engineer on the project. "The high voltage has to be insulated from the gun and any conductive materials to prevent electrical arcs that could damage the whole system."

Many photocathode guns have their voltage delivered from a power supply to a connector outside the main gun chamber, with the whole gun system being housed in a vessel filled with an insulating gas. The gas is needed to keep the connecting cable from transferring voltage to any of the gun's metal components. But that insulating gas, sulfur hexafluoride, is a powerful atmospheric heat trapper.


																																			Wang, Lambiase, and Skaritka, a specialist in vacuum systems--along with their collaborators--figured out how to do away with the surrounding greenhouse-gas-filled chamber. Instead of connecting the power outside the gun and insulating the whole system, their setup plugs a high-voltage cord into a specialized connector inside the gun.

Lambiase, the electrical expert, developed the design. "Our connector is derived from the type used on standard X-ray machines, but we jazzed it up a bit to increase its capability and performance."

The cone-shaped connector gets plugged into a ceramic cone inside the gun, with the gap between the "plug" and "socket" filled with silicone grease and a "high dielectric strength" fluid--a substance that can withstand high voltages without breaking down. This fluid fills all possible voids to keep voltage from "leaking" out of the connection to the metal components of the gun.

The fluid also cools the cathode, which is located at the tip of the cone, to protect it from damage from both the laser and high voltage.

The cable that carries the voltage from the power supply also has a modified design. It's covered with a semiconductor coating, developed with industrial partners, to keep potentially dangerous charges from building up.

"This semiconductor coating is absolutely unique," Skaritka said. "It has just enough conduction to drain off the charge and absorb energy that could otherwise damage the gun."



    
        
            [image: High-voltage gun accelerates electrons from zero to 80 ... percent the speed of light]
             
                Polarized electron gun: The cone-shaped high-voltage (HV) feedthrough connector delivers current to gun. When laser photons strike the gallium-arsenide (GaAs) photocathode, emitted electrons flow from cathode to anode and out of the gun as a highly polarized electron beam (e-beam). Credit: Erdong Wang/Brookhaven National Laboratory
            
        

    



With the modified cable, the team was able to run a long enough cord to locate the power supply in a separate room, eliminating the need for surrounding the power supply with insulating sulfur hexafluoride.

"We are the first to develop a system where both the gun and power supply are free of this greenhouse gas," Wang said. The gas-free setup is also safer, he noted, because there's no danger of leaking gas causing oxygen deficiencies in the area.


																																						
    
     




																																			Making it shine

The team had other mundane challenges to face. For example, hydrogen gas that gets trapped within stainless steel during manufacturing could seep from the gun's metal components into the vacuum and mess up the precision electron beams.

To deal with this, the Brookhaven team used a procedure for baking out trapped gases prior to gun assembly. They started by placing the stainless-steel components in an oven fired up to more than 1,650 degrees Fahrenheit (900 degrees Celsius). "That releases all hydrogen trapped within the surface of the stainless steel and reduces the permeability of the material," Wang said.

Then, they used a procedure developed by colleagues at Jefferson Lab to polish all the stainless-steel components to a high mirror polish. The smooth finish is another enhancement essential for establishing and maintaining the high-voltage difference between the cathode and anode.

This polishing process uses "a tumbling machine like those people use to polish gemstones," Wang noted, "but we needed a very soft polish." Material derived from crushed corn cobs, followed by high-pressure rinsing learned from superconducting radiofrequency cavity experts, provided the perfect finish.

Once the components cooled, the team assembled the gun--all but the photocathode wafer. Then, they pumped out the air and put the completed gun back into an oven for a weeklong bake at a balmy 660 degrees Fahrenheit (350 Celsius) to remove any remaining surface contaminants.


																																			Finally, they connected another vacuum chamber containing the photocathode. "Using a precision cathode alignment assembly developed by Skarita with assistance from another SBU graduate student, the team set this crucial component in place."

Then it was off to the electron races.

In commissioning tests in a basement lab at SBU, ramping up the voltage to the goal of 350 kilovolts took about 23 hours. Then the gun operated maintenance free for six months. Quality tests showed the electrons have all the characteristics needed for the EIC's proton- and ion-probing electron beams.

"Over the last two years of operation, the high voltage is always very stable. This is the highest-voltage and highest-intensity polarized electron gun in the world," Wang said.

Wang and other members of the team are now focused on developing components for the electrons' next stage of acceleration, as well as an even higher-voltage and very-high-average-current gun that will produce another stream of electrons for cooling the ion beams at the EIC.


																																																					
																				
																						More information:
												Erdong Wang et al, High-intensity polarized electron gun featuring distributed Bragg reflector GaAs photocathode, Applied Physics Letters (2024). DOI: 10.1063/5.0216694
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Scientists accelerate uranium beam with record power

										

    
        
            [image: Scientists accelerate uranium beam with record power]
             
                Team members pose in the clean room (left). Thermal image of the 10.4 kW uranium-238 beam on the target (top right). Three never-before-seen isotopes, shown to the right of the red line on the particle identification plot (bottom right). Credit: Facility for Rare Isotope Beams
            
        

    


Scientists and engineers at the Facility for Rare Isotope Beams (FRIB) have reached a new milestone in isotope studies. They accelerated a high-power beam of uranium ions and delivered a record 10.4 kilowatts of continuous beam power to a target. The work is published in the journal Physical Review Accelerators and Beams.



										      
																																	Uranium is the most difficult element to accelerate. However, it is extremely important to scientific research. Of the more than 17 highest-priority scientific programs with rare isotope beams identified by the National Academy of Sciences and the Nuclear Science Advisory Committee, more than half require a uranium primary beam.

Researchers value uranium because it can produce a large variety of isotopes after fragmentation or fission.

Establishing the acceleration of a uranium beam with unprecedented power is a crucial milestone for FRIB. The achievement opens a new avenue of research with rare isotopes. Within the first eight hours of operation, the high-power uranium beam enabled FRIB scientists to produce and identify three new isotopes, gallium-88, arsenic-93, and selenium-96.

The high-power uranium beam required the stable operation of all accelerator devices at the highest accelerating gradients. This achievement creates a foundation for providing the heaviest ion beams for creating rare isotopes. It extends scientific reach into unexplored regions of the nuclear landscape.

According to the study, the accelerator facility at FRIB was able to produce the highest-power accelerated continuous wave uranium beam ever seen, leading to the separation and identification of three previously unknown isotopes.


																																						
    
     




																																			This achievement was possible thanks to the successful operation of FRIB, including a new superconducting linear accelerator composed of 324 resonators in 46 cryomodules, a newly developed liquid-lithium stripper, and novel technologies such as uranium production in the Electron Cyclotron Resonance (ECR) ion source, the unique heavy-ion Radio-Frequency Quadrupole (RFQ), the high-power target and beam dump.

Researchers developed new techniques to set up the simultaneous acceleration of three charge states of uranium after stripping with liquid-lithium film.

This approach achieved a record-high power for uranium. The three previously unobserved isotopes--gallium-88, arsenic-83, and selenium-96--were produced in a 1.2 mm graphite target, separated, and identified for the first time in the Advanced Rare Isotope Separator at FRIB. This work was performed in collaboration with scientists from the United States, Japan, and South Korea.


																																																					
																				
																						More information:
												P. N. Ostroumov et al, Acceleration of uranium beam to record power of 10.4 kW and observation of new isotopes at Facility for Rare Isotope Beams, Physical Review Accelerators and Beams (2024). DOI: 10.1103/PhysRevAccelBeams.27.060101
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Researchers discover new isotope plutonium-227

										

    
        
            [image: Researchers discover new isotope plutonium-227]
             
                The region of the nuclear chart 87[?]Z[?]97 and 112[?]N[?]136 shows the new isotope plutonium-227 (red star) and the 12 nuclides (blue star) that were discovered at IMP. Credit: Yang Huabin
            
        

    


A research team led by researchers at the Institute of Modern Physics (IMP) of the Chinese Academy of Sciences (CAS) has synthesized a new plutonium isotope, plutonium-227. Their study is published in Physical Review C.



										      
																					The magic numbers of protons and neutrons, such as 2, 8, 20, 28, 50, 82, or 126, are correlated with shell closures. In past studies, systematic analyses have revealed a persistent weakening of the neutron shell closure 126 up to uranium, which makes it fascinating to continue exploring whether the shell closure would fade in the transuranium region.

"We have discovered the presence of the shell closure in neptunium isotopes through a series of experiments. However, due to the absence of experimental data, the robustness of this closure in plutonium isotopes remains unknown," said Prof. Gan Zaiguo from IMP.

To probe the unknown plutonium isotopes, the researchers at IMP and their collaborators carried out an experiment at the gas-filled recoil separator, Spectrometer for Heavy Atoms and Nuclear Structure, at the Heavy Ion Research Facility in Lanzhou (HIRFL) in China.

Using the fusion evaporation reaction, the researchers synthesized plutonium-227, a very neutron-deficient plutonium isotope, for the first time. Plutonium-227 is the 39th new isotope discovered by IMP, and it is also the first plutonium isotope discovered by Chinese scientists.

From the nine observed decay chains, the researchers then measured the a-particle energy and half-life of plutonium-227 to be about 8191 keV and 0.78 s, respectively. The data fit quite well into the systematics of known plutonium isotopes.

The research team plans to investigate more plutonium isotopes, aiming to gain a deeper understanding of the shell evolution in plutonium.

"The newly discovered plutonium-227 is still seven neutrons away from the magic number of 126. To study the robustness of the shell closure in plutonium, it is necessary to continue research of even lighter plutonium isotopes, including plutonium-221 to plutonium-226," said Dr. Yang Huabin from IMP, the first author of this study.


																														
																				
																						More information:
												H. B. Yang et al, a decay of the new isotope Pu227, Physical Review C (2024). DOI: 10.1103/PhysRevC.110.044302
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Theoretical study demonstrates existence of giant photocaloric effects in ferroelectric perovskites

										 by Ingrid Fadelli										 										 , Phys.org
										 									

									
										

    
        
            [image: Theoretical study demonstrates the existence of giant photocaloric effects in a ferroelectric perovskite ]
             
                Sketch of the light-induced ferroelectric-to-paraelectric phase transition analyzed in our study, which we have shown it can be used for solid-state refrigeration purposes (e.g., the cooling of CPUs). Credit: Rurali et al.
            
        

    


Solid-state cooling is a promising alternative cooling technique that does not rely on the use of gases or liquids, like conventional refrigeration systems, but instead utilizes the properties of solid materials to refrigerate. This alternative cooling approach could be highly energy-efficient and could help to refrigerate things without releasing greenhouse gases into the air.



										      
																																	Despite their potential, conventional caloric effects have been found to be difficult to effectively implement in real-world refrigeration devices. This is because they are only considerable within a narrow range of temperatures and have specific requirements that limit the possibilities of the resulting cooling systems.

Researchers at Institut de Ciencia de Materials de Barcelona and Universitat Politecnica de Catalunya recently proposed a possible solution for overcoming the limitations of existing solid-state cooling systems. Their paper, published in Physical Review Letters, theoretically demonstrates that some ferroelectric perovskites could exhibit giant photocaloric (PC) effects, which persist across a far wider range of temperatures than conventional caloric effects.

"Our inspiration came from two different sources," Claudio Cazorla, co-author of the paper, told Phys.org. "On one hand, we were aware of the possibility of inducing phase transitions in ferroelectrics by shining light on them and had already explored this idea for proposing new thermal switch mechanisms. On the other hand, we had an interest in solid-state cooling and caloric materials, which are promising for substituting current refrigeration technologies based on compression/decompression cycles of environmentally harmful gases."


																																						
    
     




																																			Caloric materials typically used to realize solid-state cooling undergo phase transitions under external fields. These transitions change the entropy of these materials and can be leveraged to induce refrigeration and heat pumping.

Drawing from their interest in ferroelectric and caloric materials, Cazorla and his colleagues set out to explore the possible existence of PC effects in ferroelectric materials, which would essentially enable solid-state cooling via light irradiation. The primary objective of their recent study was to theoretically characterize these PC effects and determine whether they could be of practical interest for the development of refrigeration systems.

"Although the idea of inducing phase transitions in ferroelectrics with light has been around for some time, I randomly ran into it in a workshop in 2021," Riccardo Rurali, co-author of the paper, told Phys.org.

"It immediately captured my attention, because I thought it could be used to design a thermal switch (my main 'research business'), where by light absorption one could commute back and forth a high and a low thermal conductivity state, Luckily, Claudio Cazorla realized that the same light-induced phase transition was accompanied by a huge change in entropy and thus it could be used to design an extremely efficient PC cycle, which largely outperforms the thermal switch that we previously proposed."


																																			PC effects could have various advantages over other caloric effects, such as magnetocaloric, electrocaloric and mechanocaloric effects. The most notable is that PC effects are sizeable and can be exploited over a much wider temperature range.
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                Sketch of the physical mechanism underlying photocaloric effects. Upon the absorption of light, some electrons in the ferroelectric are promoted to the conduction band where they delocalize and screen the ferroelectric polarization, thus inducing the appearance of a nonpolar phase. Credit: Rurali et al.
            
        

    



In fact, the effects outlined in the team's paper have been theoretically demonstrated to remain large over vast temperature intervals, of the order of 100K. In contrast, conventional caloric effects are only active over narrow temperature intervals of the order of 10K.

"The condition for the light-induced PC effect to work is that the system changes from a ferroelectric to a paraelectric state, that is, it loses its spontaneous electric polarization, upon the absorption of light," explained Cazorla. "Therefore, the temperature interval in which PC effects can be observed matches the temperature range in which the material is ferroelectric, which may amount to several hundreds of degrees Kelvin."

In their paper, Cazorla, Rurali and their colleagues predict the existence of PC effects in some ferroelectric materials. Notably, these effects are hypothesized to occur in only a few polar materials, including the archetypal ferroelectrics BaTiO3 and KNbO3.

"The fact that the triggering field [for] PC effects is the absorption of light implies that there is no need for depositing electrodes on the surfaces of the ferroelectric material," said Cazorla. "This may greatly simplify the design and manufacture of the corresponding practical setup. In addition, PC effects are very well suited for miniaturization since the necessary source of light may be achieved with lasers."


																																						
    
     




																																			The PC effects theoretically demonstrated in this recent paper could soon be examined further and probed experimentally. Cazorla, Rurali and their colleagues suggest that these effects would be particularly well-suited for cooling applications at the micro-scale, such as the refrigeration of central processing units (CPUs) and other circuit components.

Moreover, as these effects are hypothesized to persist over vast temperature intervals, ranging from room temperature to absolute zero, they could also be leveraged to achieve cryogenic cooling (i.e., down to ultralow temperatures). Cryogenic cooling could in turn be highly valuable for the realization of quantum technologies.

"At the moment, we are exploring families of materials other than ferroelectrics that may also exhibit light-induced phase transitions with potential for solid-state cooling applications, said Cazorla. "In addition, we are considering the role of dimensionality for bringing PC effects into actual applications (e.g., two dimensional materials and thin films)."

Cazorla, Rurali and their colleagues are now conducting further studies aimed at further assessing the potential of the PC effects they theorized, while also considering potential strategies to leverage them in real-world applications. Their study could inspire other teams to also explore these effects and their potential for improving solid-state cooling.

"We realized that photoinduced charge can suppress other charge ordered states that couple with the lattice structure," added Rurali. "Currently, we are investigating 2D materials that feature charge density waves (CDW). They are especially promising because, due to their dimensionality, they seem to be better suited to efficiently absorb light."


																																																					
																				
																						More information:
												Riccardo Rurali et al, Giant Photocaloric Effects across a Vast Temperature Range in Ferroelectric Perovskites, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.116401. On arXiv: DOI: 10.48550/arxiv.2404.05562
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Hybrid fiber pump combiner could advance mid-IR laser systems

										 by 										 Light Publishing Center, Changchun Institute of Optics, Fine Mechanics And Physics, CAS									

									
										

    
        
            [image: Side-polished pump combiner: Building block for robust all-fiber mid-IR lasers]
             
                Hybrid Side-polished pump combiner as an integrated building block for robust all-fiber mid-IR lasers. a Schematic and operation principle of the side-polished pump combiner comprising silica and fluoride optical fibers; b Quality of polished fiber surfaces; c Schematic of the Mid-IR Er3+-doped fluoiride all-fiber laser with integrated side-polished pump combiner; d Output spectra and power of the Mid-IR fiber laser, showing 15.5% generation efficiency at 2.78 mm. Credit: by Boris Perminov, Kirill Grebnev, Uwe Hubner and Maria Chernysheva
            
        

    


In the last two decades, the rapid advancement in applications such as environmental monitoring, medical diagnostics, and global positioning has intensified the focus on developing novel mid-IR light sources. Fiber-based mid-IR lasers, which operate beyond 2.5 mm, have emerged as particularly promising high-brightness light sources. However, extending laser generation into the mid-IR wavelength range presents significant challenges, primarily due to the extreme absorption in silica fibers, which results from the high phonon energy of glass matrices.



										      
																																	To overcome this, researchers have had to turn to soft glass fibers, which require a complete re-evaluation of the fiber laser development process due to their high thermal expansion, low melting points, and fragility. Consequently, most mid-IR fiber laser setups to date have relied heavily on bulk components, with the gain medium being the only fiber section.

A recent paper published in Light: Advanced Manufacturing by a team of scientists led by Dr. Maria Chernysheva from the Leibniz Institute of Photonic Technology introduces an innovative solution to one of the critical challenges in this field. The researchers have developed a novel concept for a hybrid fiber pump combiner, which is a crucial component for all-fiber laser systems.

The authors note, "Currently, all pump lasers are equipped with silica fiber outputs. The main challenge in integrating these pump sources with mid-IR fiber laser systems lies in the incompatibility of silica fibers with soft glass fibers, such as fluoride glass. These fibers have nearly half the melting point and 30 times the thermal expansion coefficient of silica, making traditional splicing methods highly challenging. Consequently, creating fused hybrid fiber components has been nearly impossible."

To address this issue, the research team explored an alternative approach: side coupling based on the evanescent field. By polishing the fibers over a ~1 cm length and aligning them side by side, they were able to achieve over 80% coupling efficiency without the need for direct splicing. This innovative method leverages the evanescent field to transfer light from the silica pump-delivering fiber into the fluoride signal fiber, thereby overcoming the limitations imposed by the properties of soft glass fibers.


																																						
    
     




																																			Notably, this new design effectively distributes the heat load across the extended polished fiber area, enabling high-power, long-term stable operation with an RMS stability of 0.09%. The demonstrated excess losses are less than 0.9 dB, which is comparable to commercially available silica fiber-based wavelength division multiplexors (WDMs) operating at longer signal wavelength ranges. Furthermore, the design is versatile, not imposing limitations on the types of fibers used in the combiner--whether active or passive--and can be adapted to different glass materials or polymer-based optical fibers.

The researchers conclude, "This work opens new and exciting avenues for the development of mid-IR all-fiber lasers, offering significant advantages over existing butt-coupling techniques. The design allows for more sophisticated laser configurations with advanced functionality and generation regimes. Furthermore, it has the potential to be adapted for other components, including material saturable absorbers or sensors."


																																																					
																				
																						More information:
												Boris Perminov et al, Side-polished silica-fluoride multimode fibre pump combiner for Mid-IR fibre lasers and amplifiers, Light: Advanced Manufacturing (2024). DOI: 10.37188/lam.2024.039
																						
																					


                               											
																					
												
													Provided by
																											Light Publishing Center, Changchun Institute of Optics, Fine Mechanics And Physics, CAS
																									

											

                              										                                        
										
										
											 
												Citation:
												Hybrid fiber pump combiner could advance mid-IR laser systems (2024, October 9)
												retrieved 10 October 2024
												from https://phys.org/news/2024-10-hybrid-fiber-combiner-advance-mid.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-hybrid-fiber-combiner-advance-mid.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists realize bulk high-temperature superconductivity in material under high pressure

										

    
        
            [image: Scientists Realize Bulk High-temperature Superconductivity in La2PrNi2O7 under High Pressure]
             
                Characterizations of the micro-structures of La3[?]xPrxNi2O7[?]d (x = 0, 1) samples. Credit: Nature (2024). DOI: 10.1038/s41586-024-07996-8
            
        

    


Recent findings of signatures of high-temperature superconductivity (HTSC) with Tc [?] 80K at pressures above 14GPa in the crystals of La3Ni2O7 have attracted tremendous research interest as a new family of HTSC.



										      
																																	However, subsequent studies have revealed that the La3Ni2O7 single crystals grown with the optical-image floating-zone method under moderate oxygen pressure present some sample-quality issues such as the chemical inhomogeneity, oxygen vacancy, and coexistence of the minority monolayer (n=1, 214) and trilayer (n=3, 4310) R-P phases.

These complications lead to significant sample-dependent behaviors of existing experiments and the absence of direct experimental evidence for bulk HTSC in the bilayer nickelate La3Ni2O7.

Now, a collaborative team led by Cheng Jinguang from the Institute of Physics of the Chinese Academy of Sciences has resorted to the polycrystalline samples of bilayer nickelates La3-xPrxNi2O7-d, which can be prepared in a relatively large quantity with better controlled quality and reproducibility via the wet-chemistry sol-gel method.

The research is published in the journal Nature.

La3Ni2O7 is the n = 2 member of the Ruddlesden-Popper (R-P) nickelate oxides denoted as Lan+1NinO3n+1 (n = 1, 2, 3, ...,[?]).

Cheng and his collaborators found that the sample-quality issues of La3Ni2O7 can be effectively resolved via substitution of smaller Pr ions for La, leading to the successful synthesis of high-purity La2Ni2O7 with an ideal bilayer R-P structure.


																																						
    
     




																																			This sample underwent a pressure-induced structural transition from orthorhombic Amam to tetragonal I4/mmm at Pc [?] 11GPa. Their combined resistivity and ac magnetic susceptibility measurements under hydrostatic pressures provided the key evidence of bulk HTSC, including the zero resistance with high Tconset = 82.5K and Tczero = 60K, and the clear diamagnetic response with a superconducting shielding volume fraction of 97%.

In addition, by employing a suite of experimental techniques, they demonstrated the structural disorders as unfavorable factors for HTSC of La3Ni2O7.

These results provide critical experimental evidence for bulk HTSC in the pressurized La2PrNi2O7, confirming the bilayer R-P phase as the source of HTSC and revealing the intergrowths of 327/4310 and 327/214 phases as detrimental factors for bulk HTSC in the La3Ni2O7-d.

This work not only resolves the existing controversies but also highlights pathways for further exploration of bulk HTSC in bilayer nickelates, providing valuable guidance for the optimization and synthesis of nickel-based high-temperature superconductors, according to Cheng.


																																																					
																				
																						More information:
												Ningning Wang et al, Bulk high-temperature superconductivity in pressurized tetragonal La2PrNi2O7, Nature (2024). DOI: 10.1038/s41586-024-07996-8
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        Nobel chemistry winner sees engineered proteins solving tough problems
        Whether it's battling tumors or breaking down plastic, American scientist David Baker, co-recipient of this year's Nobel Prize in Chemistry, has an answer: engineering proteins that don't naturally exist--a concept once dismissed as "crazy."

      

      
        Novel detection technology alerts health risks from TNT metabolites
        Recently, a research group from the Hefei lnstitutes of Physical Science (HFIPS) of the Chinese Academy of Sciences developed an approach that can facilitate rapid detection of both positive and negative ions of four toxic metabolites derived from 2,4,6-trinitrotoluene (TNT), allowing for the detection of residual metabolites in the human body and providing valuable health warnings.

      

      
        Unveiling a new technique for preparing ionic liquid-based membranes for mixture separation
        Separating mixtures into their constituent substances is essential in many fields. For example, mixture separation plays a key role in the petrochemical industry, as well as in chemical purification and synthesis plants. Moreover, separating mixtures is also important from a sustainability perspective. By selectively separating compounds from mixtures, we can recover and reutilize useful substances while capturing harmful gases from the output of industrial processes.

      

      
        Low-temperature synthesis technique uses upcycled textile waste to create green, safe waterproof coating
        A new technique could create waterproof coatings for clothes from discarded textiles--far safer for humans and the environment than current coatings, which are typically made with harsh chemicals and carcinogens.

      

      
        What are proteins again? Nobel-winning chemistry explained
        The Nobel Prize in Chemistry was awarded on Wednesday to three scientists who have help unravel some of the enduring secrets of proteins, the building blocks of life.

      

      
        Nobel winners hope protein work will spur 'incredible' breakthroughs
        The winners of the Nobel Prize in Chemistry for work revealing the secrets of proteins through artificial intelligence said Wednesday they hoped their research would "open the door to many incredible scientific breakthroughs".
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Whether it's battling tumors or breaking down plastic, American scientist David Baker, co-recipient of this year's Nobel Prize in Chemistry, has an answer: engineering proteins that don't naturally exist--a concept once dismissed as "crazy."



										      
																																	Today, proteins with novel functions are flowing steadily out of his lab, with an endless list of potential applications ranging from ultra-targeted therapies to the development of new vaccines.

"Across the range of problems that we face today in medicine and health, sustainability, energy, and technology, I think the potential for protein design is enormous," Baker told AFP via video call from Seattle, hours after learning of his Nobel win alongside two other laureates.

Proteins are organic molecules that play a fundamental role in almost every function of living organisms, from muscle contraction and food digestion to neuron activation and more.

"The ones in nature evolved to solve all the problems that were faced during natural selection," explained the 62-year-old University of Washington professor.

"But humans face new problems today," added the biochemist and computational biologist.

"We're heating up the planet, so we need new solutions in ecology and sustainability. We live longer, so there's new diseases which are relevant, like Alzheimer's disease. There's new pathogens like coronavirus."

Rather than leave these problems up to evolution--a "brutal" solution that would take a very, very long time--"with new proteins, we can solve those problems, but in a very short time," he said.


																																						
    
     




																																			From fringe to mainstream

All proteins are composed of chains of amino acids, whose sequence dictates their shape--and ultimately their function.

For decades, scientists have tried to determine protein structures based on these amino acid sequences.

In the late 1990s, Baker made strides towards solving this problem with a computer software he developed called Rosetta.

His success prompted a shift his focus to the reverse approach: starting with a desired shape and using Rosetta to identify the corresponding amino acid sequence. This sequence can then be introduced into bacteria, which synthesize the new protein that can be harvested and studied.

In 2003, he published his breakthrough finding--the creation of the first-ever protein not found in nature--though it still lacked a defined function.

"Then we started trying to design proteins that actually would do useful things," Baker recalled. "And that's when people, I think, really started thinking it was crazy."

But "for the last 20 years --- and really, most recently, the last five years --- we've been able to make proteins that do all kinds of amazing things," he said. Rosetta meanwhile has been progressively improved to incorporate artificial intelligence.

"I think what's kind of funny now is that the lunatic fringe, which pretty much no one was doing, has now entered the mainstream," he added with a laugh.


																																			Keys that fit locks

How do scientists decide what shape a new protein needs to achieve the desired function?

Baker gives the example of a tumor. "We know some protein that's on the surface of that tumor, and we know its shape. What we do is we design a protein that acts like a key fitting into a lock," he explained.

Another application: breaking down plastic. In this case, a protein is designed to attach itself to the plastic molecule, accompanied by chemical compounds to "cut" it.

In medicine, this technology has already been used in a COVID-19 vaccine approved in South Korea. Researchers are also exploring its potential to create new materials.

"In biology, we have tooth and bone, we have shells, which are made by proteins interacting with inorganic compounds like calcium carbonate or calcium phosphate," says Baker, envisioning proteins interacting with other compounds to create entirely new materials with unique properties.

Greenhouse gas capture, a universal flu vaccine, improved antivenom--Baker's wish list goes on and on.

"As protein design becomes more powerful, I'm incredibly excited about all the problems that we will be able to solve."
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Novel detection technology alerts health risks from TNT metabolites
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                Schematic diagram of DDT-IMS detection. Credit: Li Aiyue
            
        

    


Recently, a research group from the Hefei lnstitutes of Physical Science (HFIPS) of the Chinese Academy of Sciences developed an approach that can facilitate rapid detection of both positive and negative ions of four toxic metabolites derived from 2,4,6-trinitrotoluene (TNT), allowing for the detection of residual metabolites in the human body and providing valuable health warnings.



										    
																					The research is published in the journal Talanta.

TNT undergoes biodegradation under the influence of fungi and bacteria, producing hazardous metabolites such as 2-amino-4,6-dinitrotoluene (2-ADNT), 4-amino-2,6-dinitrotoluene (4-ADNT), 2,4-diamino-6-nitrotoluene (2,4-DANT), and 2,6-diamino-4-nitrotoluene (2,6-DANT).

These metabolites pose potential health risks, making their detection critical, especially among workers in TNT manufacturing facilities.

In this study, the HFIPS group led by Prof. Huang Chaoqun developed an innovative dual drift tube ion mobility spectrometry (DDT-IMS) technology, and used it for the rapid detection of these four metabolites.

Huang and his team conducted dual-mode detection, calculated the ion mobility of the metabolites and analyzed how drift tube temperature affected the results. They also evaluated the instrument response times for both detection modes.

By applying this technology to urine samples, the researchers demonstrated the feasibility and effectiveness of DDT-IMS in detecting TNT metabolites within complex biological matrices.

The technology harbors high potential in assessing the environmental and biological risks of TNT, according to Prof. Huang.


																														
																				
																						More information:
												Xu Zhang et al, A study on the determination of the metabolites of 2,4,6-Trinitrotoluene using a dual-drift tube ion mobility spectrometer, Talanta (2024). DOI: 10.1016/j.talanta.2024.126857
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Unveiling a new technique for preparing ionic liquid-based membranes for mixture separation
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Separating mixtures into their constituent substances is essential in many fields. For example, mixture separation plays a key role in the petrochemical industry, as well as in chemical purification and synthesis plants. Moreover, separating mixtures is also important from a sustainability perspective. By selectively separating compounds from mixtures, we can recover and reutilize useful substances while capturing harmful gases from the output of industrial processes.



										      
																																	Recently, ionic liquids (ILs), which are molten salts consisting of an organic cation and either an organic or inorganic anion, have attracted significant attention from materials scientists. These compounds offer unique and promising properties for membrane-based mixture separation. More specifically, by coating a supporting porous membrane with carefully chosen ILs, it is possible to selectively extract specific gases from a mixture by tuning the membrane's affinity to those gases.

Despite the potential of membranes with immobilized ILs for mixture separation, manufacturing them remains somewhat complex. In past studies, researchers first prepared siloxane compounds with an IL-type group via liquid-phase reactions, and then coated this material onto a nanoporous membrane using a well-known technique called sol-gel technique. This multistep process can be tedious, time-consuming, and somewhat inflexible.

To tackle these issues and make IL-based membranes easier to produce, a research team from Japan, led by Associate Professor Yuichiro Hirota from Nagoya Institute of Technology, has come up with an innovative solution. They developed a simpler, versatile, and straightforward method to produce IL-immobilized membranes through gas-phase reactions. This work was published in the Journal of Membrane Science. Professor Shunsuke Tanaka from Kansai University was also part of this research group.


																																						
    
     




																																			The proposed strategy begins with dip-coating nanoporous aluminum oxide tubes onto a solution containing polymerized (3-chloropropyl)diethoxy(methyl)silane (ClPDMS). This forms a thin polymeric membrane with exposed chloropropyl groups on the nanoporous tubes' surface.



    
    
    
        
        
    
         
             
         

          

Then, the researchers employed a technique dubbed vapor-phase transport (VPT) treatment, in which the ClPDMS membranes are placed in a closed vessel and exposed to 1-methylimidazole vapor at a controlled temperature. This treatment transforms nearly all the chloropropyl groups into an imidazolium-type IL structure with chlorine anions and imidazolium cations. Afterwards, simply immersing the membrane-coated tubes into an aqueous HN(SO2CF3)2 solution is enough to exchange anions from chlorine to (CF3SO2)2N[?].

To prove the effectiveness of the VPT strategy, the researchers thoroughly characterized the resulting membranes using X-ray photoelectron spectroscopy, scanning electron microscopy, and AgCl precipitation reactions. They also conducted permeability and permselectivity tests to measure how well different membranes could extract gases such as H2, H2O, and toluene from mixtures.

"Our paper is the first known instance of fabricating separation membranes using VPT and anion exchange in ionic liquid-based materials and evaluating the membranes' performance in terms of permeation and separation," says Hirota. Adding further, he says, "The developed techniques exhibit excellent potential for preparing various IL-immobilized siloxane membranes."

Overall, this study presents a convenient methodology to prepare tailored membranes for mixture separation. Making such membranes more versatile and accessible will likely increase their presence in industrial applications, which could be of great value towards sustainability.

"With membrane-based separation technology, processes for synthesizing the various products and fuels that surround us could save energy and thus help solve environmental problems such as global warming," comments Hirota. "This will contribute to our collective goal of achieving carbon neutrality by 2050."


																																																					
																				
																						More information:
												Yuichiro Hirota et al, Preparation of ionic liquid-immobilized siloxane membranes by vapor-phase transport and anion exchange, Journal of Membrane Science (2024). DOI: 10.1016/j.memsci.2024.123187
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Low-temperature synthesis technique uses upcycled textile waste to create green, safe waterproof coating
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                Droplets of (left-to-right) soda, water, orange juice, sports drink and milk are shown on a piece fabric with (top) and without (bottom) a UiO-66 metal-organic framework superhydrophobic coating, developed in the lab of Juan Hinestroza of the College of Human Ecology. Credit: Yelin Ko
            
        

    


A new technique could create waterproof coatings for clothes from discarded textiles--far safer for humans and the environment than current coatings, which are typically made with harsh chemicals and carcinogens.



										      
																																	A Cornell research group led by Juan Hinestroza, the Rebecca Q Morgan '60 Professor of Fiber Science and Apparel Design in the College of Human Ecology (CHE), developed the low-temperature technique for synthesis of superhydrophobic (waterproof) coatings.

"If we can save one piece of clothing from going into a landfill, then that will be success," said Hinestroza, noting that Americans throw away anywhere from 80 to 100 pounds of clothing per person annually.

The metal-organic framework (MOF) used in the group's coating can be synthesized at room temperature, using more environmentally friendly solvents (water and ethanol) and can be achieved without separation or purification of the discarded textiles, both energy-intensive processes.

Yelin Ko, a doctoral student in the field of fiber science, is the first author of "UiO-66 Inspired Superhydrophobic Coatings Fabricated from Discarded Polyester/Spandex Textiles," published in ACS Applied Materials and Interfaces. Hinestroza is senior author; Tamer Uyar, associate professor of fiber science in the Department of Human Centered Design (CHE), is the other co-author.

This research is an extension of work published in 2023 demonstrating that old clothing could be chemically broken down to reuse polyester compounds to create MOF particles with potential applications in fire resistance, anti-bacterial properties, or wrinkle resistance. The new work is taking this proof of concept and applying it in a direct way.



    
    
    
        
        
    
            
              

In this work, metal-organic frameworks--unique structures pioneered in the 1990s by chemist Omar Yaghi, with whom Hinestroza collaborated on a Department of Defense grant in the late 2000s--were synthesized by chemically decomposing discarded polyester textiles into a heterogenous soup containing molecules of polyester and its monomers, dyes, additives and dirt usually associated with used clothes.


																																						
    
     




																																			The researchers exposed discarded fabrics to an alkaline depolymerization process to produce disodium terephthalate, a known linker for synthesis of UiO-66, a popular MOF. They conducted experiments using different amounts of ethanol, and found that with a small amount of ethanol, UiO-66--assembled on top of a polyester and spandex substrate--exhibited superhydrophobic behavior.

The fragments of spandex, the group found, modified the otherwise hydrophilic MOF structure and made it hydrophobic. What's more, the UiO-66 material was subjected to repeated washing and abrasion, and maintained its water resistance.

The group said this technology is one way to reduce the world's reliance on harmful chemicals in textile manufacturing.

"We must find alternatives to fluorinated finishes, also known as 'forever chemicals,'" Uyar said. "This study demonstrates how we can achieve functional finishes, including water-repellent and self-cleaning properties, by upcycling textile waste instead of relying on 'forever chemicals.'"

The "upcycling" aspect of this work is what's most important, Hinestroza said.

"It's very easy to blame the brands or blame the producers, but in the end, they will not produce if you don't consume," he said. "And whatever is not being consumed is thrown away. And we want to believe that the problem ends in our garbage cans, but it doesn't."


																																																					
																				
																						More information:
												Yelin Ko et al, UiO-66 Inspired Superhydrophobic Coatings Fabricated from Discarded Polyester/Spandex Textiles, ACS Applied Materials & Interfaces (2024). DOI: 10.1021/acsami.4c10459
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The Nobel Prize in Chemistry was awarded on Wednesday to three scientists who have help unravel some of the enduring secrets of proteins, the building blocks of life.



										      
																																	While Demis Hassabis and John Jumper of Google's DeepMind lab used artificial intelligence techniques to predict the structure of proteins, biochemist David Baker managed to design totally new ones never seen in nature.

These breakthroughs are hoped to lead towards numerous advances, from discovering new drugs to enzymes that decompose pollutants.

Here is an explainer about the science behind the Nobel win.

What are proteins?

Proteins are molecules that serve as "the factories of everything that happens in our body," Davide Calebiro, a protein researcher at the UK's University of Birmingham, told AFP.

DNA provides the blueprint for every cell. Proteins then use this information to do the work of turning that cell into something specific--such as a brain cell or a muscle cell.

Proteins are made up of 20 different kinds of amino acid. The sequence that these acids start out in determines what 3D structure they will twist and fold into.

American Chemical Society president Mary Carroll compared how this works to an old-fashioned telephone cord.

"So you could stretch out that telephone cord, and then you would just have a one-dimensional structure," she told AFP.

"Then it would spring back" into the 3D shape, she added.

So if chemists wanted to master proteins, they needed to understand how the 2D sequences turned into these 3D structures.

"Nature already provides tens of thousands of different proteins, but sometimes we want them to do something they do not yet know how to do," said French biochemist Sophie Sacquin-Mora.


																																						
    
     




																																			What did AI do?

The work of previous Nobel winners had demonstrated that chemists should be able to look at amino acid sequences and predict the structure they would become.

But it was not so easy. Chemists struggled for 50 years--there was even a biannual competition called the "Protein Olympics" where many failed the prediction test.

Enter Hassabis and Jumper. They trained their artificial intelligence model AlphaFold on all the known amino acid sequences and corresponding structures.
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                The three-dimensional structure of proteins.
            
        

    



When given an unknown sequence, AlphaFold compares it with previous ones, gradually reconstructing the puzzle in three dimensions.

After the newer generation AlphaFold2 crushed the 2020 Protein Olympics, the organizers deemed the problem solved.

The model has now predicted the structure of almost all of the 200 million proteins known on Earth.

What about the new proteins?

US biochemist Baker started at the opposite end of the process.

First, he designed an entirely new protein structure never seen in nature.

Then, using a computer program called Rosetta that he had developed, he was able to work out the amino acid sequence that it started out as.

To achieve this, Rosetta trawled through all the known protein structures, searching for short protein fragments similar to the structure it wanted to build.

Rosetta then tweaked them and proposed a sequence that could end up as the structure.


																																			What is all this for?

Mastering such fundamental and important little machines as proteins could have a vast number of potential uses in the future.

"It allows us to better understand how life functions, including why some diseases develop, how antibiotic resistance occurs or why some microbes can decompose plastic," the Nobel website said.

Making all-new proteins could lead to new nanomaterials, targeted drugs and vaccines, or more climate-friendly chemicals, it added.

Asked to pick a favorite protein, Baker pointed to one he "designed during the pandemic that protects against the coronavirus".

"I've been very excited about the idea of a nasal spray of little design proteins that would protect against all possible pandemic viruses," he told the Nobel ceremony via videolink.

Calebiro emphasized how "transformative" this research would be.

"I think this is just the beginning of a completely new era."
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The winners of the Nobel Prize in Chemistry for work revealing the secrets of proteins through artificial intelligence said Wednesday they hoped their research would "open the door to many incredible scientific breakthroughs".



										      
																																	But they also warned of the dangers of AI, saying that while it had "extraordinary potential for good", it could also have negative effects if allowed to develop unchecked.

Americans David Baker and John Jumper, together with Briton Demis Hassabis, were honored for cracking the code behind the structure of proteins, the building blocks of life.

The jury hailed their work as holding "enormous potential" in a range of fields.

At a press conference in London following the announcement, Jumper said the prize "represents the promise of computational biology".

"We want to make the world a better place, and we have these incredibly powerful tools to do it. We're ultimately going to make people healthy because of the work we do with AI," he added.

"I hope this is just a sign that we have opened the door to many incredible scientific breakthroughs."

Their work could have particular importance in the field of drug discovery, noted Hassabis.

"We think there's a huge potential there to revolutionize the way drug discovery is done, and try and shorten it down from almost a decade or more of work to... maybe months," he said.

AI particularly lends itself to molecular biology because it is able to identify "patterns that we never see," said Jumper.

"Medicine is hard because we don't understand how the body works in its extraordinary complexity," he added, calling their work "a step towards doing that".


																																						
    
     




																																			Late call

Both Jumper and Hassabis said they had given up on getting the call, as the minutes ticked down to the announcement.

"I don't think they had either of our numbers, funnily enough," said Hassabis.

"So we got the call very late. We just thought 'it's not happening', or at least I did."

Jumper said that he was still waiting with only 30 minutes to go.

"I turned to my wife, and I said, 'Well, I guess it's not this year'.

"And then 30 seconds later, I got this phone call from Sweden, and I absolutely could not believe it."

Hassabis, 48, said his gaming background was the foundation of his computational expertise, and encouraged children to follow a similar path.

"I would actually encourage kids to play games, but not just to play them, but the most important thing is to try and make them.

"It's just a really fun way to get into the guts of how computers work," he added.

However, Hassabis sounded a note of caution about AI, which he called "one of the most transformative technologies in human history".

It has "the extraordinary potential for good... but also it can be used for harm," he said, warning "we have to really think very hard as these systems and techniques get more powerful".

"I'm a big believer in human ingenuity," Hassabis added, arguing "given enough time and enough resources and enough smart people", humanity can solve many of its most vexing problems.
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      Read the latest science news from Phys.org on biology, evolution, microbiology, biotechnology


      
        Yes, nature is complex--but saving our precious environment means finding ways to measure it
        Nature loss directly threatens half the global economy. The rapid destruction of biodiversity should alarm the many Australian businesses dependent on nature, such as those in agriculture, tourism, construction and food manufacturing. Yet nature considerations are often ignored in business decision-making.

      

      
        New discoveries: Three tiny species added to South Africa's spectacular marine life
        South Africa's marine realm is globally unique because of the two major ocean currents that meet here. The cold, slow-moving Benguela and the warm, fast-flowing Agulhas currents create a special environment that supports high levels of biodiversity. Over 13,000 marine species are currently known to live in these waters. About 30% of these are endemic, meaning they occur nowhere else.

      

      
        Scientists explore whether smaller chromosomes lead to more segregation errors during egg cell division
        Three RIKEN researchers have shed light on the cellular mechanisms underlying chromosomal abnormalities that can cause miscarriages and congenital disorders such as Down syndrome.

      

      
        Increasing plant diversity in agriculture can promote soil carbon sequestration
        A study carried out at the University of Helsinki demonstrates that boosting plant diversity in agriculture can increase plant biomass and improve plant-microbe interactions, both of which promote the storage of carbon in the soil.

      

      
        Fall is here: Why do some trees lose their leaves while others stay green?
        The autumn has arrived and northeastern North America's forests will soon grace us with a breathtaking palette of reds, yellows and golds. These vivid colors will then fade, giving way to bare branches, as the fallen leaves blanket the forest floor, thereby returning their nutrients to the soil. The spectacle is not as impressive a few degrees farther north, where deciduous trees give way to conifers, which keep their dark green needles through the winter.

      

      
        Trial results set benchmark for future clinical applications of lipidomic technologies
        Results of the first phase of the Ceramide Ring Trial have been published in Nature Communications, representing a significant landmark in the field of lipidomics.

      

      
        An independent panel reports findings into loss of marine life off the North East and Yorkshire coast
        An independent expert panel has today (20 January) published its findings into the loss of marine life off the North East and Yorkshire coast. It follows a series of mass mortalities of crabs and lobsters that were recorded along the Northeast and North Yorkshire coasts during the autumn and winter of 2021.

      

      
        Animal social interactions could speed up evolution
        Scientists typically predict how species evolve by looking at their genes and the environment they live in, but new research from the University of Aberdeen has highlighted a key factor that's often overlooked: social interactions, where the genes of others play a major role in shaping the environment in animal experiences. The work is published in the journal Evolution Letters.

      

      
        Study shows neonicotinoids are harmful to birds on all fronts
        Neonicotinoids are widely used insecticides in agriculture and horticulture. However, neonicotinoids usage is highly contentious because of their unintended harmful effects on various types of organisms.

      

      
        Biomolecular condensates can split membranes without the aid of proteins, study finds
        Researchers have found that cellular droplets function in more diverse ways than previously known. The ability to fission membranes in cells was previously attributed solely to certain proteins. In a new publication in Nature, an international research team now shows that small cellular droplets, so-called biomolecular condensates, can also split membranes without the help of proteins.

      

      
        Lighting the way with accurate and safe 3D embryo imaging
        The inability to accurately predict embryo viability prior to implantation is a key contributor to the low success rate of clinical in-vitro fertilization (IVF), but a team of experts is highlighting a safe way to study embryos using 3D optical imaging.

      

      
        Genetic mechanism unlocks a key secret behind disease infection in crops
        Researchers have unraveled a key genetic mechanism behind the way pathogens infect crops, leading to new strategies for breeding resistant crop varieties against other pathogens carrying the same genetic mechanism.

      

      
        Wildlife populations plunge 73% since 1970: WWF
        Wild populations of monitored animal species have plummeted over 70 percent in the last half-century, according to the latest edition of a landmark assessment by WWF published on Thursday.

      

      
        Researchers find dragonfly species with darker wings have evolved to withstand heat and attract partners
        Temperature determines where species can live and if they are threatened by a warming climate. So, for a long time, biologists studied how heat tolerance affects survival. Yet, less is known about how thermal traits influence reproduction, which is directly linked to extinction risk.

      

      
        Team uncovers the complex social life of rats, with potential implications for human psychiatry
        The social behaviors of the Rattus norvegicus, commonly known as the Norway rat, are far more complex than previously thought, according to a team of researchers from ELTE Eotvos Lorand University.

      

      
        Sludge sequencing: High-throughput single-cell method reveals novel species and genetic diversity
        Activated sludge is essential for removing contaminants from wastewater, and understanding the diverse microbial communities it harbors has been a significant task. Traditional methods fail to capture the full spectrum of microbial interactions. Due to these limitations, researchers recognized the need for single-cell level investigations to gain deeper insights into microbial heterogeneity.

      

      
        Using a unique combination of DNA techniques to authenticate ginseng supplements and combat adulteration
        Rosalee Hellberg, an associate professor in Chapman University's Food Science Program, and her research team have made a significant breakthrough in the fight against adulteration in dietary supplements. Effective methods for identifying adulteration and fraud have remained elusive. Now, a new study of 50 commercially available ginseng products has found surprising results.

      

      
        Detailed images of key protein complexes provide new insights into bacterial photosynthesis
        Researchers at the University of Liverpool and collaborators have arrived at a new understanding of bacterial photosynthesis. Using novel techniques, investigators have unveiled intricate detailed images of the key photosynthetic protein complexes of purple bacteria. These images shed new light on how these microorganisms harness solar energy.

      

      
        Microplastic-free carrier system for pesticides shows potential for sustainable agriculture
        Researchers from the University of Twente (Netherlands) and Bayreuth (Germany) have developed microplastic-free encapsulation for crop protection agents. They recently published their findings in Advanced Materials

      

      
        Dynamic environmental control for more efficient vertical farming
        Vertical farming is the practice of growing plants in vertically stacked layers in a building. This makes it possible to grow vegetables close to consumers, such as next to a supermarket. Since the conditions in a vertical farm are fully controlled, crops can also grow in extreme environments like deserts or cold, dark areas.

      

      
        Earliest known fossil examples of predatory birds discovered: New species may have hunted like modern hawks and owls
        The Hell Creek Formation in what's now the Dakotas, Montana, and Wyoming was once home to some of the world's most beloved dinosaurs, like Triceratops and Tyrannosaurus rex (including SUE, one of the largest, most complete, and best-preserved T. rex specimens ever found).

      

      
        Scientists recreate the head of this ancient 9-foot-long bug
        As if the largest bug to ever live--a monster nearly 9 feet long with several dozen legs--wasn't terrifying enough, scientists could only just imagine what the extinct beast's head looked like.

      

      
        Calcium-mediated effect plays key role in cell disposal, researchers discover
        A research team from Kyushu University in Japan has recently discovered a calcium-based mechanism that plays a key role in the disposal of dead cells, shedding light on how our bodies protect themselves from injury and disease. In their study, published in Current Biology, the team unveiled how calcium ion levels are essential for the efficient removal of dying or apoptotic cells from epithelial tissues (cells lining the body surface), using genetically engineered epithelial tissue cultures, mole...

      

      
        Symbiotic bacterium affects reproduction of pest-controlling insect, study reveals
        Many insects are naturally infected with symbiotic bacteria, which are typically transmitted vertically from mother to offspring but are not transmitted horizontally. Understanding the effects of these symbionts is important in terms of insect pest management as they can significantly affect the biology and reproduction of insects.

      

      
        Study shows early human species benefited from food diversity in steep mountainous terrain
        A study published in the journal Science Advances by researchers at the IBS Center for Climate Physics (ICCP) at Pusan National University in South Korea shows that the patchwork of different ecosystems found in mountainous regions played a key role in the evolution of humans.
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Nature loss directly threatens half the global economy. The rapid destruction of biodiversity should alarm the many Australian businesses dependent on nature, such as those in agriculture, tourism, construction and food manufacturing. Yet nature considerations are often ignored in business decision-making.



										      
																																	At the Global Nature Positive Summit in Sydney this week, scientists, politicians, conservationists and business leaders have gathered to discuss ways to help nature in Australia--not just by protecting it from damage, but improving it. Getting more businesses interested in--and taking positive action on--nature conservation is key to the talks.

Reducing the environmental impact of a business first requires measuring that impact. It might seem an impossibly difficult task. Nature is a diverse and intricate web of connections. How can we capture that in a number?

Nature is indeed complex--but measuring how a business intersects with it need not be.

Uncovering impacts on nature

The fishing industry depends directly on stocks of wild fish. And a housing developer has a direct impact on nature if they clear natural vegetation to build a new suburb.

Business interactions with nature can be indirect, too--for example, a margarine producer who uses canola oil from a grower who depends on bees for pollination. Builders might indirectly harm rainforests in Indonesia by buying timber grown there. A superannuation company investing in that developer is also having an indirect negative impact.

From next year, Australian companies will be required to measure and report their climate impacts. While businesses are not yet required to disclose their impacts on nature more broadly, many are moving in that direction--both in Australia and globally.


																																						
    
     




																																			For example in 2022, more than 400 of the world's largest corporations called for mandatory disclosure of nature impacts. They included Nestle, Rio Tinto, L'Oreal, Sony and Volvo. And many early-adopter businesses have begun voluntary disclosures.

Guidelines are available to help businesses understand and measure their impacts, however progress is slow. This is partly due to a perception from business that the task is too complex.

Nature assessment is challenging. Unlike identifying a company's contributions to climate change--by measuring tons of greenhouse gas emissions--there is no agreed single measure of impacts on nature.

What's more, different people ascribe different values to aspects of nature. Rightly or wrongly, for instance, most people would probably value a koala over a mosquito.

Drawing on the expertise of ecologists

Despite the difficulties, gauging the extent to which a business affects the environment can be done. Essentially, it involves three steps:


	understanding how a business broadly intersects with nature

	evaluating how specific business activities intersect with and put pressure on nature

	measuring and reporting the degree to which specific activities are impacting on the condition of nature. In other words, is the state of animals, plants and ecosystems improving or worsening?




																																			Online tools such as ENCORE can get businesses started on the first step--understanding a business' broad impacts and dependency on nature.

Many businesses are moving to the second stage--evaluating the specific business activities that put pressure on the environment, and determining the extent to which businesses depend on particular services ecosystems provide.

The pressure a business places on nature can be measured via specific metrics, such as the amount of water consumed, air pollutants emitted, waste generated or area of land changed. Again, a suite of online tools and metrics can help with this.

The next step is more complicated, yet essential. It requires businesses directly measuring their impacts on specific animals, plants and ecosystems. For this, we can turn to the expertise of ecologists.

Individuals of a species can be hard to count, and extinction risk can be hard to measure. So ecologists often describe and monitor a species' habitat--the environments in which a species can survive and reproduce--as a proxy for the fate of the species itself.

Ecosystems--such as a rainforest, wetland or desert--can be described as being in good or poor condition. The rating depends on whether all the ecosystem's plants, animals and other components are present, or whether unwanted components, such as weeds or invasive species, are found there.


																																						
    
     




																																			In addition, maps, showing ecosystem conditions and extent are available for much of Australia.

Habitat mapping is also available for most threatened animals and plants, and thousands of other species. And mapping exists for World Heritage areas, important wetlands, national parks, Indigenous Protected Areas and other environment types.

These resources are not difficult or expensive to access, and people and organizations with the skills to interpret and use such data are becoming more common.

Some businesses are attempting these measurements. For example, plantation forestry company Forico last year prepared a natural capital report on a range of nature metrics, including the extent of species habitats, and assessment of vegetation condition.

But many businesses are not yet grappling with this deeper nature analysis.

Looking ahead

We have the information and metrics to help businesses measure their impact on nature.

Collaboration is urgently needed between business and nature experts, so the data available can be tailored to the needs of businesses, and presented in a form they can use.

Governments can support this--for example by establishing accessible and practical online data platforms, and funding training for more nature experts who understand business.

A new federal government agency, Environment Information Australia, will also hopefully become an important hub for data and information.

By measuring what might seem immeasurable, businesses can become part of the solution to the nature crisis. There is cause for optimism--but no time to waste.
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South Africa's marine realm is globally unique because of the two major ocean currents that meet here. The cold, slow-moving Benguela and the warm, fast-flowing Agulhas currents create a special environment that supports high levels of biodiversity. Over 13,000 marine species are currently known to live in these waters. About 30% of these are endemic, meaning they occur nowhere else.



										      
																																	Biodiversity metrics (the number or abundance of species) are dominated by invertebrates such as sponges, bivalves and crustaceans. These are usually small, which makes them adaptable and versatile. In terms of numbers, invertebrates make up a vast majority of marine life.

I have been involved in marine biodiversity research for the last 10 years and have worked with teams of researchers, biology students and citizen scientists from across the country. I have also been involved in the naming and classification of organisms.

In South Africa, where there is still much to discover, one focus of my work is identifying new species.

Looking at subtle differences and finding similarities in how tiny organisms evolved in different regions is a global effort. In my own work, carried out together with many experts, there are three finds that have been particularly exciting--a "walking sponge" (Suberites ambulodomos), a tiny clam (Brachiomya ducentiunus) and a rare and miniature isopod (Pseudionella pumulaensis).

Long-term efforts to identify new species like these guide effective conservation. They help to ensure that critical habitats are protected.

These three newly described species may seem small and insignificant individually. However, small species make up the foundation of the food chain and play vital roles in nutrient cycling and in promoting biodiversity.


																																						
    
     




																																			The walking sponge

First, there's Suberites ambulodomos, or the "walking sponge." This animal forms a unique partnership with hermit crabs. It settles on the tiny shell of a very young hermit crab. As the sponge grows it overgrows the shell completely, many hundred times in size and volume.

As a result, the crab--which usually needs to search for a bigger shell as it grows--never outgrows its home. Instead, it carries the sponge with it.

This is the first symbiotic relationship of its kind recorded in South African waters. This hermit-crab associated sponge was described in a collaborative effort by South African researchers at several institutes including the universities of the Western Cape, Johannesburg and Cape Town.

The tiny clam

Next is Brachiomya ducentiunus, a small clam that lives in the spaces between the spines of a heart urchin. The heart urchin burrows into shallow gravel and spends its life largely hidden, feeding on food fragments trapped in the sand.

This tiny clam highlights the richness of life beyond what is easily visible to the human eye. It was discovered through the 1001 Seaforest Species project, a science and storytelling initiative in Cape Town by the Sea Change Project. It was described and named, meaning scientifically proven to be new, by local researchers from the universities of Stellenbosch and Cape Town, and experts from Santa Barbara Museum of Natural History and the University of Colorado Boulder.


																																			The rare and miniature isopod

Finally, the third new species is Pseudionella pumulaensis. This is a parasitic isopod--a tiny crustacean.

It was discovered in Pumula, KwaZulu-Natal, a region known for its high biodiversity. This isopod has a rather sinister survival strategy: it attaches to the gills of hermit crabs and feeds on their body fluids. Only two specimens have ever been found: a female measuring 2-3 millimeters and an even smaller male, so tiny it was almost missed entirely during the discovery process. I discovered it by chance during my Ph.D. research on hermit crabs, while photographing and zooming in to the smallest details to carry out this work.

Parasites tend to be small and hidden on, or inside, their hosts. They can be overlooked. However, they are vital to understanding biological processes as they regulate populations and are main drivers of evolution.

Pseudionella pumulaensis is the first of its genus in the entire Indian Ocean, a testament to how much more marine life we have yet to uncover. With my local support the isopod was described by an international expert at Hofstra University, New York, and published through the Senckenberg Ocean Species Alliance, a collaborative global initiative to advance marine taxonomy.


																																						
    
     




																																			Biodiversity knowlege can help save our heritage

The majority of species on Earth remain unidentified. Over 242,000 marine species have been described globally, but the actual number of living ocean species may exceed one million. Many species remain undiscovered, and a large proportion of those already identified are poorly understood. We're now racing against extinction to learn about and from them before it's too late.

There is a lack of funding and job opportunities in discovering new species. In fact, the field of taxonomic expertise may now be as endangered as many of the ecosystems and species it seeks to document.

There are no simple, fast-track solutions to the biodiversity crisis--the threat of species extinction combined with vast, unexplored diversity, and the lack of expertise and resources to address this at scale. However, biodiversity initiatives that work collaboratively locally and globally to share expertise offer hope.

Discoveries like these three new species from South Africa emphasize the need for continued exploration. Each species described brings us one step closer to understanding our oceans' rich biodiversity and finding new ways to protect it.

(Tatjana Baleta, a University of Exeter Wikimedia Fellow for Climate at the Global Systems Institute, was instrumental in producing the first draft submission of this article.)
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Scientists explore whether smaller chromosomes lead to more segregation errors during egg cell division
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Three RIKEN researchers have shed light on the cellular mechanisms underlying chromosomal abnormalities that can cause miscarriages and congenital disorders such as Down syndrome.



										      
																																	These abnormalities often arise when sex cells in humans--egg cells (oocytes) in women and sperm cells in men--don't divide properly and transfer too many or too few chromosomes to an embryo. Roughly a third of miscarriages occur for this reason.

Mistakes that cause this typically happen when chromosomes separate during cell division, so scientists call them chromosome segregation errors. But how these errors occur is still a mystery.

The likelihood of these errors increases with age, particularly in women. Tomoya Kitajima of the RIKEN Center for Biosystems Dynamics Research is interested in chromosome segregation errors associated with aging because Japan and other countries are grappling with declining birth rates.

"We should be able to have babies when we desire," he says. "But we lack the technology to overcome the problems of chromosome segregation errors."

In 2015, Kitajima's team found that the main reason for chromosome segregation errors is the tendency of some chromosomes to split up before the cell is ready for division.

Now, the trio has explored in mice whether smaller chromosomes are more likely to separate prematurely and cause segregation errors. The work is published in the journal Science.



    
    
    
        
        
    
            
            Identifying-and-tracking of chromosomes 2 and 17 in live mouse oocytes. Credit: Science (2024). DOI: 10.1126/science.adn5529
  

"We knew that smaller chromosomes were more prone to errors," notes Kitajima.

The researchers isolated oocytes from the ovaries of female mice and injected them with special RNA molecules, which ensured that fluorescent proteins are delivered to target chromosomes in the cell.


																																						
    
     




																																			When observed under powerful microscopes, the chromosomes glowed due to the fluorescent proteins, allowing the team to capture footage of chromosomes prancing around the cell.

Statistical analyses of the videos revealed that smaller chromosomes tended to huddle near the core of the spindle--a fibrous structure inside an oocyte that facilitates chromosome division--whereas the larger chromosomes enclosed them.

The spindle has push-and-pull forces that help line up chromosomes for division. These forces are particularly strong in the inner area of the spindle and can split up chromosomes too soon.

The glue that binds chromosomes tends to weaken in aging oocytes, rendering the smallest chromosomes particularly vulnerable in these cells.

This formation--smaller chromosomes surrounded by larger counterparts--is also seen in other cells when they are not dividing. But the researchers didn't expect to stumble upon it during this study. "It came as quite a surprise," recalls Kitajima.

The findings might help boost reproductive technologies in the future, potentially enabling healthy pregnancies in older women. "If we can manipulate such a spatial arrangement, we may be able to prevent errors," says Kitajima.


																																																					
																				
																						More information:
												Osamu Takenouchi et al, Live chromosome identifying and tracking reveals size-based spatial pathway of meiotic errors in oocytes, Science (2024). DOI: 10.1126/science.adn5529
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Increasing plant diversity in agriculture can promote soil carbon sequestration
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A study carried out at the University of Helsinki demonstrates that boosting plant diversity in agriculture can increase plant biomass and improve plant-microbe interactions, both of which promote the storage of carbon in the soil.



										      
																					The study, published in Nature Communications, investigated whether increasing plant diversity through the use of undersown species in field ecosystems can affect the structure and functioning of microbial communities to promote soil health and carbon sequestration. Specifically, the study examined how the growth, community structure, and carbon use efficiency of root microbes respond to plant species.

"Our findings indicate that promoting plant diversity in agriculture could be an effective strategy for improving carbon sequestration of agricultural soils. This finding provides much needed evidence-based support for developing sustainable agricultural policy in the European Union," says project lead and Professor Anna-Liisa Laine from the Faculty of Biological and Environmental Sciences of the University of Helsinki.

According to the researchers, the expansion of agricultural land has caused a reduction in soil carbon, a problem whose resolution is central to curbing climate change.

"In practice, even a small improvement in the carbon retention capacity of fields can be significant, as a large share of land area globally has been harnessed for food production," Laine says.

The study was carried out in an exceptionally extensive biodiversity experiment with barley as the experimental cereal. The researchers investigated how companion species to barley, such as red clover (Trifolium pratense), alfalfa (Medicago sativa) and chicory (Cichorium intybus), affect barley yields, as the crop must not be compromised at the expense of sustainability in agroecosystems. Barley was grown in test plots either on its own or with one, two, four or eight undersown species.

In ecology, a positive relationship has already been demonstrated experimentally between the number of plant species and ecosystem functions, such as soil carbon retention. However, field ecosystems differ considerably from experiments emulating wild plant communities, as the former contain a single dominant species. The researchers were surprised by how quickly soil microbes responded positively to plant diversity, even though barley was the dominant species in the test plots.


																														
																				
																						More information:
												Luiz A. Domeignoz-Horta et al, Plant diversity drives positive microbial associations in the rhizosphere enhancing carbon use efficiency in agricultural soils, Nature Communications (2024). DOI: 10.1038/s41467-024-52449-5
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The autumn has arrived and northeastern North America's forests will soon grace us with a breathtaking palette of reds, yellows and golds. These vivid colors will then fade, giving way to bare branches, as the fallen leaves blanket the forest floor, thereby returning their nutrients to the soil. The spectacle is not as impressive a few degrees farther north, where deciduous trees give way to conifers, which keep their dark green needles through the winter.



										      
																																	These contrasting landscapes are familiar to all of us, but have you ever wondered why some tree species shed their leaves in autumn, whereas others don't, remaining green throughout the year? Why do these two leaf habits co-exist? Do they reflect an adaptation to their environment? These questions have intrigued ecologists for a long time, but it's only in the past decades that a clear conceptual and theoretical framework has emerged allowing a better understanding of the ecological significance of this trait.

I am a forest ecologist working at Carbone boreal, a research project of the Universite du Quebec a Chicoutimi in Canada. Our team studies the role of the boreal forest in the global carbon cycle and the best management practices to mitigate climate change.

Different leaf habits for different habitats

Evergreen tree species are those bearing leaves throughout the year. In Canada, the most common evergreen trees are pines, firs and spruces. In contrast, deciduous tree species like maples, aspens and birches have a bare canopy for a period of the year.

At our latitudes, deciduous trees shed their leaves in the fall to avoid the cold winter, but in other regions of the world, such as in the Mediterranean biome, some deciduous species shed their leaves at the beginning of the summer, a way to avoid water stress. Typically, leaf longevity of deciduous species is only a few months whereas that of evergreen species is longer than a year, which allows the coexistence on the canopy of several cohorts. Black spruce's needles can, for instance, remain on branches for more than 20 years.

It is thought that the first plants that colonized lands about 400 million years ago were evergreens, and that leaf abscission evolved later under the influence of seasonal and biotic factors, especially in regions characterized by a strong seasonality. Today, evergreen trees are the most abundant in the tropics where there is little seasonality, and in the boreal forest, where, in contrast, the seasons are highly pronounced.

Isn't it paradoxical?

The explanation for this bimodal distribution of "evergreenness" can be understood through an economical perspective, in which carbon is the main currency.


																																						
    
     




																																			The carbon economics of plants

All trees, whether deciduous or evergreen, rely on leaves to capture carbon in the form of carbon dioxide (CO2) from the atmosphere through photosynthesis. As carbon is required in large amounts for growth and reproduction, leaves play a major role in plant survival in their respective habitats.

Therefore, trees have evolved leaves of different shapes and structures for capturing carbon as efficiently as possible according to local conditions. For instance, conifers have thick needle-shaped leaves whereas deciduous trees like maples have thin and flat leaves.

The cost of building leaves varies widely depending on the type of leaves. For a given surface, let's say 1 cm2, thick leaves are heavier and thus more "expensive" to build than thin leaves. Consequently, thick leaves need to live longer to "pay back" the carbon invested for their construction. In contrast, thinner--and therefore "cheaper"--leaves can capture enough carbon during the growing season to pay back the initial investment, and be free to fall.

This carbon economy paradigm is supported by the strong observed correlation worldwide between the leaf mass per area and leaf longevity. One question comes to mind though. While it is totally sensical that thick leaves must live longer to payback their high carbon cost, why don't thin leaves live longer to maximize CO2 acquisition?

The short answer is that thin leaves are more vulnerable to damage from herbivores, frost, drought, and wind. Thicker, more durable leaves are better protected against these hazards, but they cost more carbon to produce.


																																			Plant strategies behind leaf habits

In the past decades, scientists have found that leaf longevity is the cornerstone of two distinct strategies for plants: slow-return on investment strategy (or conservative strategy) versus fast-return on investment strategy (or acquisitive strategy).

Evergreen and deciduous species are the extreme ends of a leaf economic spectrum. The leaves of evergreen species acquire carbon over the long term and improve nutrient conservation, whereas short-lived leaves favor rapid carbon acquisition.

These two strategies are the results of trade-offs, whereby two or more traits or functions cannot be optimized simultaneously. Maximizing one function comes at the expense of another.

The distribution of leaf habits

The distribution of evergreen and deciduous species across the globe can be explained by the success of these two strategies depending on the environmental conditions.

In environments where resources like sunlight, water, and nutrients are plentiful, deciduous species generally outcompete evergreen species. Building thin leaves offers the advantage of creating a larger surface area for a given amount of biomass, which can collect a larger amount of solar energy, a resource that is necessary for carbon absorption. In these conditions, deciduous trees thrive, growing quickly and shedding their leaves once the growing season ends.


																																						
    
     




																																			In harsher environments, where nutrients are scarce and the growing season is short, being evergreen provides several advantages.

First, shedding leaves every year is costly both in carbon and in nutrients. Keeping leaves longer reduces annual nutrient losses to the soil and increases the mean residence time of these nutrients in the plant.

Second, their strategy of keeping leaves longer also allows them to capture carbon early in the spring as soon as conditions are favorable. Meanwhile, deciduous trees need time to grow new leaves, which will be able to absorb carbon only after a few weeks, putting them at a disadvantage.

While the carbon economy of plants can alone explain the dominance of evergreens in both the equatorial and the boreal zones, evergreens and deciduous often coexist in various ecosystems because both strategies are efficient enough to ensure the survival of the populations.

In ecology, as always, nothing is straightforward; plant communities are shaped by a multitude of known and hidden variables interacting with one another, making it a challenging task to explain or predict their composition.
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Trial results set benchmark for future clinical applications of lipidomic technologies
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Results of the first phase of the Ceramide Ring Trial have been published in Nature Communications, representing a significant landmark in the field of lipidomics.



										      
																																	This achievement, involving researchers at the University of Vienna and scientific teams in Singapore, Julich and Espoo, represents an advance in the establishment of ceramide reference values, plasma lipids involved in diseases such as cardiovascular diseases. The ring trial was performed under the umbrella of the International Lipidomics Society (ILS).

Lipidomics--the large-scale study of pathways and networks of cellular lipids in biological systems--aims to understand the roles of lipids in health and disease by analyzing their structures, functions, and interactions in cells. Understanding the upper and lower concentration boundaries of lipids is essential for scientific progress and the translation of technology within lipidomics.

To do this, the Ceramide Ring Trial was initiated as the first step in addressing technical replication across a global network of laboratories.

A ring trial is a method where multiple laboratories independently analyze the same samples using similar or different methods to compare their results. It helps assess the reliability and consistency of measurements across different labs, improving standardization and quality control in scientific testing.

After seven years of collaborative efforts, the results from 34 participating laboratories across 19 countries have been summarized in the Ceramide Ring Trial study.

To maintain a strict focus while reducing complexity, the Ceramide Ring Trial concentrated on human plasma/serum and aimed to investigate concentration levels and their variabilities of four distinct ceramide lipid species.


																																						
    
     




																																			Ceramides are players in multiple diseases and have been associated as biomarkers in cardiovascular diseases. Participants of the trial used a preferred analytical method and/or a standardized protocol to quantify ceramides in NIST1950 (a standard reference material of metabolites in human plasma provided by the National Institutes of Standards and Technology, NIST) and three additional NIST pooled plasma reference materials, by using specially formulated mixtures of ceramide standards from Avanti Polar Lipids.

"A number of valuable lessons can be learned from the results of our interlaboratory comparison," explains Robert Ahrends from the Department of Analytical Chemistry at the University of Vienna and corresponding author of the study.


	Standardizing is key to reduce variations in the test procedure and reach consensus in the concentrations of the analytes of interest.

	Obtaining mean absolute concentration levels of ceramides sets the baseline for future biological and medical studies relevant to ceramide-associated diseases.

	By comparing mixed plasma samples, the study estimates the biological differences between healthy people, those with high cholesterol, and different ethnic groups.



"This study, the largest and most targeted public inter-laboratory and cross-platform ring trial for distinct ceramides in human plasma, sets a new benchmark for future harmonization of lipidomics research and beyond. We extend our deepest gratitude and congratulations to all participants involved in this pioneering effort," Ahrends says.


																																																					
																				
																						More information:
												Federico Torta et al, Concordant inter-laboratory derived concentrations of ceramides in human plasma reference materials via authentic standards, Nature Communications (2024). DOI: 10.1038/s41467-024-52087-x
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An independent expert panel has today (20 January) published its findings into the loss of marine life off the North East and Yorkshire coast. It follows a series of mass mortalities of crabs and lobsters that were recorded along the Northeast and North Yorkshire coasts during the autumn and winter of 2021.



										      
																																	Overall, the panel was unable to identify a clear and convincing single cause for the unusual crustacean mortality. It concludes that "a novel pathogen is considered the most likely cause of mortality (despite the lack of direct evidence of such a pathogen), because it would explain these key observations."

Disputing the conclusion

The panel was convened following scientific evidence presented by Dr. Gary Caldwell, Senior Lecturer in Applied Marine Biology, to the EFRA Select Committee. Led by Dr. Caldwell, early research in the lab revealed high levels of pyridine, a chemical with a long history of release into the River Tees, in the tissues of the dead crabs.

In this research, edible crabs (Cancer pagurus) were exposed to a range of pyridine solutions, while their behavior, indicators of cellular stress, and survival over periods of up to three days were recorded. At the upper range of tested concentration which was comfortably within the pyridine levels found in the dead crabs, pyridine caused convulsive behaviors, paralysis and death within six hours. The onset of paralysis took longer as the pyridine concentrations were lowered, but mortalities remained high even at lower concentrations.

The research showed that pyridine is highly toxic to crabs--even below the levels recorded by the Environment Agency from the body of dead crabs.


																																						
    
     




																																			Further modeling showed that pyridine would be quickly transported along the coastline, with areas around Hartlepool and Redcar worst affected, with the potential to kill approximately half of the crab population after only 24 hours of exposure. Levels of pyridine sufficient to kill approximately 10% of the population within three days were predicted to reach as far south as Whitby and Robin Hood's Bay. The timeline of the transport of pyridine along the coast closely matched the timeline of mortalities reported by the fishing community and the general public.

The scientific work has been submitted for independent peer review and publication via normal academic channels, after which they will be openly accessible.

Dr. Gary Caldwell, senior lecturer in applied marine biology, said, "The report concludes that it is about as likely as not that a pathogen new to UK waters--a potential disease or parasite--caused the unusual crustacean mass die-offs, despite the fact that there was no direct evidence for the involvement of any pathogens, and that Cefas had previously dismissed the involvement of disease. The failure to evidence this conclusion is remarkably poor scientific practice.

"We agree with the Panel's conclusion that the involvement of a harmful algae bloom is unlikely. However, the dismissal of pyridine involvement also ignores the chemistry of the molecule, including its propensity to adsorb to sediment particles and its capacity to remain for many years in the environment if protected from oxygen.

"The report also overlooks the fact that we detected pyridine in surface sediment fully 7 months after the mass die-offs, and that we have been prevented from taking sediment core samples to quantify pyridine levels in the deeper sediment. The Panel also failed to recognize the virtual elimination of the barnacle population from the Staithes long term monitoring site, which is positioned midway along the modeled trajectory of the sediment plume. Pyridine is a well known and powerful antifouling agent that is used to kill barnacles."


																																			Scientists from Newcastle, Durham and York universities respond to the outcome of the expert panel

The team of scientists who conducted the research to determine the toxicity and potential for environmental transport of pyridine issued a joint statement following the Panel's findings:

"We acknowledge the conclusions of the Independent Expert Panel, convened by the Office of the Chief Scientific Advisor, Prof. Gideon Henderson, into the likely causes of the mass marine mortality events along the North East and Yorkshire coast, which resulted in the collapse of the inshore lobster and crab fishery.

"Researchers from Newcastle, Durham and York universities, commissioned by the North East Fishing Collective with funding from the Fishmongers' Company's Fisheries Charitable Trust, argued that the die-offs were unlikely to be the consequence of a naturally occurring algal bloom. We believe that the available evidence is more consistent with the involvement of some form of pollution, possibly involving the release of the industrial chemical pyridine from dredging activity.

"Given that the weight of evidence indicates an industrial source for the die-offs, it is disappointing to see that the Independent Expert Panel have reached the conclusion that the die-offs were likely caused by an unknown pathogen, despite there being no direct evidence for this. The academic team will continue to undertake research into these events."


																																																					
																				
																						More information:
												Independent Expert Assessment of Unusual Crustacean Mortality in the North-east of England in 2021 and 2022. assets.publishing.service.gov. ... in_2021_and_2022.pdf
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Animal social interactions could speed up evolution
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Scientists typically predict how species evolve by looking at their genes and the environment they live in, but new research from the University of Aberdeen has highlighted a key factor that's often overlooked: social interactions, where the genes of others play a major role in shaping the environment in animal experiences. The work is published in the journal Evolution Letters.



										      
																																	Researchers from the University, in collaboration with teams from the University of Exeter and Bielefeld University, analyzed 47 studies covering a wide range of animal species and found that while these "social genetic effects" are small on their own, when many interactions occur it can greatly increase the potential speed of evolution.

The most noticeable impact was on behaviors and reproductive traits, suggesting these characteristics could evolve much more rapidly compared to physical traits like body shape, or physiological traits like metabolic functions. This discovery could change the way scientists think about how certain traits evolve, especially in social species who regularly interact with each other.

Dr. David Fisher from the University of Aberdeen's School of Biological Sciences, said, "Evolution is the fundamental process underpinning the biodiversity of Earth, and so we need to understand how it works. While nearly all animals--whether they live in groups or alone--engage in social interactions at some point in their lives, the importance of these interactions for evolution has not been systematically measured before.

"For this study, we covered social interactions of all kinds--we were ultimately interested in the quantification of how much one individual is influenced by others. For instance, we looked at past work studying fighting in cattle and field crickets, pecking in captive chickens, interactions in breeding pairs of birds, mating interactions in fruit flies, and cooperative breeding in cichlid fish.


																																						
    
     




																																			"This provided us with a unique overview, as one study alone finding an interesting effect of social interactions is great, but it is so much more powerful that we can combine nearly 200 measures and show these effects are consistent in laboratory and field studies and across all kinds of animals. Our approach lets us make more general conclusions about how evolution works than is possible from any one study.

"By showing that most animals experience social interactions which contribute substantially to the potential for evolution, predominantly when it comes to behaviors and reproductive characteristics, we greatly revise our understanding of how evolution works.

"Going forward, this will influence our predictions for how animals evolve, both in captive settings, such as when trying to breed more productive livestock in captivity, to understanding how animals in the wild respond to new pressures in human-altered environments."


																																																					
																				
																						More information:
												Francesca Santostefano et al, Indirect genetic effects increase the heritable variation available to selection and are largest for behaviors: a meta-analysis, Evolution Letters (2024). DOI: 10.1093/evlett/qrae051
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Neonicotinoids are widely used insecticides in agriculture and horticulture. However, neonicotinoids usage is highly contentious because of their unintended harmful effects on various types of organisms.



										      
																																	Researcher Elke Molenaar of the Wageningen University & Research (WUR) says, "There have been concerns about the negative impact of neonicotinoids on insect populations for some time, but the general consensus for many years was that birds suffered relatively little from their toxicity.

"Direct effects through ingestion of food were thought to be minimal. A new study conducted by WUR in collaboration with Vogelbescherming Nederland (VBN, Birdlife Netherlands) shows that direct harmful effects do occur when birds eat food containing neonicotinoids. These effects should absolutely not be underestimated." The study is published in the journal Ecology Letters.

Global analysis: Effects on behavior, health, reproduction and survival

An analysis of global data from nearly 50 studies on 12 different bird species shows that neonicotinoids adversely affect all investigated aspects of bird life. In these studies, birds were exposed to neonicotinoids through their food or via direct administration, and more than a thousand effects were investigated, the vast majority being negative.

One example of such effects is reduced orientation, causing migrating birds to lose their course. Other effects include young chicks with birth defects, birds with abnormal blood levels and birds that lived shorter lives after exposure to these substances.


																																						
    
     




																																			The study examines the effects of five different types of neonicotinoids. Two of them, imidacloprid and thiamethoxam, have already been extensively studied scientifically, while the other three--acetamiprid, clothianidin and thiacloprid--have barely been studied. Yet, according to Molenaar, the results show that the effects of the substances hardly differ between them: "For all of them, we see negative effects."

Although neonicotinoids are mostly banned within the EU for use in open agriculture and horticulture, they are still used outside of the region. There are also exceptions within the EU, whereby farmers can still get permission to use neonicotinoids via "emergency licenses." Meanwhile, new insecticides that are chemically very similar to neonicotinoids are rapidly being developed and marketed.

VBN calls it worrying that these harmful agents still pass the authorization procedures and are wrongly labeled as safe for humans, animals and the environment. For example, pesticides are often used on a large scale for years, while subsequent research shows that it is not at all safe for birds and perhaps other organisms that ingest it.

Thorough and independent research, both into substances that have hardly been investigated yet and into recently developed agents, is therefore urgently needed before pesticides can be authorized.

Frans van Alebeek, senior policy officer at Vogelbescherming, added, "Pesticides should be tested much more extensively and rigorously for their possible side effects on humans, animals and the environment. If in doubt, pesticides should not be authorized. Things have gone wrong far too often in the past."


																																																					
																				
																						More information:
												Elke Molenaar et al, Neonicotinoids Impact All Aspects of Bird Life: A Meta-Analysis, Ecology Letters (2024). DOI: 10.1111/ele.14534
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Biomolecular condensates can split membranes without the aid of proteins, study finds
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Researchers have found that cellular droplets function in more diverse ways than previously known. The ability to fission membranes in cells was previously attributed solely to certain proteins. In a new publication in Nature, an international research team now shows that small cellular droplets, so-called biomolecular condensates, can also split membranes without the help of proteins.



										      
																																	Simulations by mathematician Prof Sebastian Aland of the TU Bergakademie Freiberg illustrate how the droplets exert capillary forces on membranes. These forces bend the membrane, whereby the droplet is trapped and ultimately split off. The findings could open up new possibilities for medical treatments in the future, as biomolecular condensates are associated with the development of diseases such as Alzheimer's or cancer.

"Because the existence of biomolecular condensates has only been known for a good decade, we still know little about how they work," says Professor Sebastian Aland from TU Bergakademie Freiberg. In contrast to other cellular components, such as classic organelles, condensates do not have a membrane. They consist of various molecules and form droplets with liquid-like properties that are important for stress reactions and the transmission of signals in cells.

The international research team, with researchers from Berlin, London, Beijing, Tokyo, Hong Kong and Freiberg, has now investigated how exactly these condensates interact with cell membranes. "After all, the droplets often encounter membrane-bound structures in the cells and can attach to them," says Prof Roland Knorr from HU Berlin and co-author of the study.

"The condensate settles on the membrane like a drop of water on a pane of glass. Since membranes, unlike glass, are very soft, the condensates and the membrane can deform each other. If the physical conditions are right, the droplet can be enclosed by the membrane and finally split off." Until now, it was assumed that special proteins were required for the final step in cells.


																																						
    
     




																																			"We have now been able to show that the condensates can divide membranes even without special proteins, simply through their surface tension and the effect of capillary forces," says Aland.

To do this, the mathematician at TU Bergakademie Freiberg developed a new simulation technique, which he used to confirm and visualize the results of the international team's experiments. "These first simulations of the process confirm that the last step of membrane constriction can also be accomplished by the droplet alone--in fractions of a second."

The mechanism that the team investigated in experiments with the plant species Arabidopsis thaliana, first on living and then on artificially generated cells in a test tube, is barely recognizable under the microscope. Only the simulation, which mimics the process rigorously, makes it possible to understand how precisely the condensates fission membranes.

"We are now working on better simulations and would also like to understand the conditions under which the process takes place. In biomedicine, this could be used to explain disorders of these processes that are associated with diseases such as Alzheimer's or cancer," says Aland.


																																																					
																				
																						More information:
												Yanning Wang et al, Biomolecular condensates mediate bending and scission of endosome membranes, Nature (2024). DOI: 10.1038/s41586-024-07990-0
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Lighting the way with accurate and safe 3D embryo imaging
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The inability to accurately predict embryo viability prior to implantation is a key contributor to the low success rate of clinical in-vitro fertilization (IVF), but a team of experts is highlighting a safe way to study embryos using 3D optical imaging.



										      
																					The team has found that the DNA damage to the embryo when using light sheet microscopy was less than when using confocal microscopy, previously considered the gold standard.

"3D imaging captures information in three dimensions: length, width, and height. To do this, microscopes will take individual images, or slices, through the embryo, which are then reconstructed," said the University of Adelaide's Associate Professor Kylie Dunning.

"At this early stage of development (this would be just prior to transfer into a patient in an IVF cycle), the embryo is made of two different types of cells (one that will form the fetus and the other, the placenta).

"3D imaging lets us 'see within' the embryo, capturing the health of all these cells."

Associate Professor Dunning, from the University of Adelaide's Robinson Research Institute and the Institute for Photonic and Advanced Sensing (IPAS), and Professor Kishan Dholakia, ARC Laureate Fellow and Director of the Center of Light for Life at the University of Adelaide and researcher at the University of St Andrews, published their findings in Scientific Reports.

Professor Dholakia said an image using light sheet microscopy was also acquired 10 times faster than a confocal shot.

"With confocal microscopy, for every image or slice, the entire embryo is illuminated whereas with light sheet, only the slice being imaged is illuminated," he said.

"Light sheet microscopy is a standout choice for 3D imaging of live embryos, eclipsing confocal microscopy with remarkable results. While it has long been believed light sheet microscopy is gentle on samples, we now have concrete evidence to support this claim for embryo imaging."

The other authors of this work were Darren JX Chow, Erik P Schartner, Stella Corsetti, Avinash Upadhya, Josephine Morizet and Frank J Gunn-Moore.

"We have conducted a robust comparison between light sheet and confocal microscopy, assessing the impact of volumetric imaging on photobleaching (cell autofluorescence) and phototoxicity (DNA damage)," said Professor Dholakia.

"Our next steps are to evaluate whether light sheet imaging can accurately predict embryo quality in a preclinical model."


																														
																				
																						More information:
												Darren J. X. Chow et al, Quantifying DNA damage following light sheet and confocal imaging of the mammalian embryo, Scientific Reports (2024). DOI: 10.1038/s41598-024-71443-x
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Genetic mechanism unlocks a key secret behind disease infection in crops
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Researchers have unraveled a key genetic mechanism behind the way pathogens infect crops, leading to new strategies for breeding resistant crop varieties against other pathogens carrying the same genetic mechanism.



										      
																																	Led by researchers from the Center for Crop and Disease Management (CCDM)--a national center co-supported by GRDC and Curtin University--along with collaborators from the Curtin Health Innovation Research Institute, CSIRO, the University of Nottingham (UK) and INRAe (France), the team identified and validated the function of a specific DNA sequence linked to genes that cause damage on wheat.

By studying the genetic mechanism in Parastagonospora nodorum, the fungus that causes septoria nodorum blotch (SNB) of wheat, the research team were able to confirm that a transcription factor called Pf2 binds to a specific DNA consensus sequence. By doing this, Pf2 activates adjacent genes to produce necrotrophic effectors--molecules responsible for inducing damage on wheat.

CCDM's former Ph.D. student Dr. Evan John and Associate Professor Kar-Chun Tan, along with their research team, are hoping to transfer this knowledge to other diseases to improve the identification of necrotrophic effectors and other virulence-associated genes. These findings are published in the journal PLOS Pathogens.

"This discovery of the DNA consensus sequence is a big deal for disease resistance breeding research, as it means we now know how the pathogen's effectors are activated to attack a plant," Dr. John said.


																																						
    
     




																																			"What's exciting about this research, is that it can be used as a regulatory model, because the same Pf2 transcription factor is found in other fungal pathogens that cause diseases such as yellow spot of wheat, blackleg and black spot of canola. Based on our current knowledge, it looks like Pf2 is operating by the same mechanism there."

Associate Professor Tan said for many years, researchers have been searching for effectors in pathogen genomes, however narrowing them down to a short candidate list can be difficult.

"Now, knowing the genetic code of the DNA sequence targeted by Pf2, we can narrow down potential effector genes that are associated with the specific DNA consensus sequence, and prioritize these genes for effector discovery," Associate Professor Tan said.

"Finding effectors is a big win, because it means we can then find the corresponding susceptible gene within the crop, and help breeders by using effector-assisted selection on crops, providing growers with varieties with improved disease resistance."
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CCDM Director Professor Mark Gibberd said he was proud of how far this CCDM research team had come in reaching such an important scientific outcome that will lead to better varieties for growers.

"This discovery was eight years in the making. A few years ago, the team had discovered the transcription factor and knew that it regulated effectors, but were unsure how it regulated them," Professor Gibberd said.

"By persisting through countless challenges, they have gotten to the bottom of the scientific mystery, and have reached a conclusion that will help improve disease resistance not only in wheat, but potentially against canola diseases too.

"This research is an example of CCDM's ability to work deeply and collaboratively on blue-sky research to ensure Australian agriculture is a global leader in research and innovation when it comes to grain production."


																																																					
																				
																						More information:
												Evan John et al, Regulatory insight for a Zn2Cys6 transcription factor controlling effector-mediated virulence in a fungal pathogen of wheat, PLOS Pathogens (2024). DOI: 10.1371/journal.ppat.1012536
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Wild populations of monitored animal species have plummeted over 70 percent in the last half-century, according to the latest edition of a landmark assessment by WWF published on Thursday.



										      
																																	Featuring data from 35,000 populations of more than 5,000 species of mammals, birds, amphibians, reptiles and fish, the WWF Living Planet Index shows accelerating declines across the globe.

In biodiversity-rich regions such as Latin America and the Caribbean, the figure for animal population loss is as high as 95 percent.

The report tracks trends in the abundance of a large number of species, not individual animal numbers.

It found that populations under review had fallen 73 percent since 1970, mostly due to human pressures.

The index has become an international reference and arrives just ahead of the next UN summit on biodiversity, which will spotlight the issue when it opens in Colombia later this month.

"The picture we are painting is incredibly concerning," said Kirsten Schuijt, Director General of WWF International, at a press briefing.

Tipping points

"This is not just about wildlife, it's about the essential ecosystems that sustain human life," said Daudi Sumba, chief conservation officer at WWF.

The report reiterates the need to simultaneously confront the "interconnected" crises of climate change and nature destruction, and warned of major "tipping points" approaching certain ecosystems.

"The changes could be irreversible, with devastating consequences for humanity," he said, using the example of deforestation in the Amazon, which could "shift this critical ecosystem from a carbon sink to a carbon source."

"Habitat degradation and loss, driven primarily by our food system, is the most reported threat in each region, followed by overexploitation, invasive species and disease," the report said.

Other threats include climate change, in particular in Latin America and the Caribbean, and pollution, notably in North America, Asia and the Pacific.


																																						
    
     




																																			'Incredibly concerning'

The biggest decline is found in populations of freshwater species, followed by terrestrial and marine vertebrates.

"We have emptied the oceans of 40 percent of their biomass," said Yann Laurans of WWF France.

Continent by continent, the average decline reached 95 percent in Latin America and the Caribbean, followed by Africa, down 76 percent, and then Asia and the Pacific, which declined 60 percent.

The reduction in populations is "less spectacular" in Europe, Central Asia and North America.

Some populations have stabilized or even expanded thanks to conservation efforts and the reintroduction of species, the report said.

The European bison, for example, disappeared in the wild in 1927 but in 2020 numbered 6,800 thanks to large-scale breeding and successful reintroduction, mainly in protected areas.

While calling the overall picture "incredibly concerning," Schuijt added, "The good news is that we're not yet past the point of no return."

She pointed to global efforts including a breakthrough pact landed at the last UN meeting on biodiversity in 2022 to protect 30 percent of the planet by 2030 from pollution, degradation and climate change.

But she warned, "all of these agreements have checkpoints in 2030 that are in danger of being missed."

Several scientific studies published by the journal Nature have accused WWF of methodological biases in its index that lead to an exaggerated extent of the decline of animals.

"We remain really confident of its robustness," said Andrew Terry of the Zoological Society of London at a press briefing, highlighting the use of a "range of indicators, looking at extinction risk, biodiversity and ecosystem health to really broaden that picture".
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            [image: Hot dragonfly summer: species with darker wings have evolved to withstand heat and attract partners]
             
                Infrared-spectrum image of an ornamented dragonfly from the genus Tramea. Lighter colors indicate hotter temperatures, ranging from 27 to 35 degrees Celsius across the image. Credit: Noah Leith
            
        

    


Temperature determines where species can live and if they are threatened by a warming climate. So, for a long time, biologists studied how heat tolerance affects survival. Yet, less is known about how thermal traits influence reproduction, which is directly linked to extinction risk.



										      
																																	Now, researchers in the US have examined if males of dragonfly species that produce sexual signals in the form of dark coloration on their wings are more resistant to heat. They published their results in Frontiers in Ethology.

"We show that dragonfly species that have evolved dark breeding coloration on their wings have also evolved the ability to tolerate high temperatures," said Dr. Noah Leith, a biologist at the University of Pittsburgh. "This finding paves the way for a whole new field of research exploring interactions between thermal traits and sexual signals."

Dark spots, hot dragonflies

In dragonflies--same as in many animals--sexual signals can help them effectively locate mates, identify the correct species to mate with, and decide when to back out of mating contests.

Producing extensive dark wing coloration, though, comes at a cost. Dark ornaments absorb extra heat, increasing dragonflies' body temperature. This can cause physiological stress or lead to males abandoning reproductive territories.

"We see time and time again that animals will put their lives on the line to reproduce, even if it means encountering potentially lethal temperatures," Leith said.

The researchers examined the wing coloration of 14 dragonfly species living in tropical climates and five species living in temperate climates. They found that species that possess dark, heat-absorbing wing coloration have evolved to be able to withstand higher heat stress before reaching critical thermal maxima.

"This enhanced ability to tolerate high body temperatures is likely crucial for shaping how dragonflies may respond to the changing climates of the future," Leith explained.


    
        
            [image: Hot dragonfly summer: species with darker wings have evolved to withstand heat and attract partners]
             
                Visible-spectrum image of a dragonfly with dark wing coloration form the genus Tramea. Credit: Noah Leith.
            
        

    





																																						
    
     




																																			Beat the heat

Dark wing ornaments cause additional heating of 1degC to 2degC, which roughly equals the increased thermal maxima of ornamented species. Of the species studied, the arch-tipped glider (Tauriphila argo), a tropical species with very dark wing color patches near their core body, could tolerate the highest temperatures. Generally, this pattern of co-evolution was even stronger in tropical species.

Previous research showed that due to rising temperatures worldwide, some ornamented dragonfly species are evolving reduced wing coloration. The present results, however, suggest that even if those species lose their coloration, they will still have a leg up on adaptation to climate change because they've already evolved to tolerate hotter temperatures, the researchers said.

Preventing extinction

The study is one of the first to test whether thermal tolerance co-evolves with reproductive traits. "Our finding is particularly exciting because dark sexual coloration has evolved over and over across the tree of life and causes a wide variety of other animals to absorb extra heat too--from reptiles, to lions, and fruit flies," Leith pointed out.

In a rapidly warming world, being able to predict which species are vulnerable to extinction is essential to preserving biodiversity, the researchers said.

"Looking at vulnerability in only one aspect of animals' lives is insufficient. We need a more nuanced understanding of how animals respond to changing environments as whole, complex organisms, in which their reproductive traits might influence their chances of surviving a heat wave, and vice versa," Leith said.

While the researchers noted that looking at 19 species was plenty for their analysis, they said that there are thousands of dragonfly species. Future research should examine if similar patterns exist in other species, as well as in different types of animals.

"It would be fantastic to someday test if heat tolerance co-evolves with sexual traits across life on Earth," Leith concluded.


																																																					
																				
																						More information:
												Heat-absorbing sexual coloration co-adapts with increased heat tolerance in dragonflies, Frontiers in Ethology (2024). DOI: 10.3389/fetho.2024.1447637
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Team uncovers the complex social life of rats, with potential implications for human psychiatry

										

    
        
            [image: The complex social life of rats uncovered with potential implications for human psychiatry]
             
                The researchers at ELTE observed varied patterns of dominance and coexistence, challenging preconceived notions about rats and potentially human social interactions. In some instances, hierarchies stabilized only after numerous conflicts, while peaceful cohabitation was the norm in other scenarios. These dynamics were influenced significantly by the composition and reorganization of the rat groups, showcasing the profound impact of the social environment on behavior. Credit: The Department of Biological Physics at ELTE Eotvos Lorand University
            
        

    


The social behaviors of the Rattus norvegicus, commonly known as the Norway rat, are far more complex than previously thought, according to a team of researchers from ELTE Eotvos Lorand University.



										    
																																	Their pioneering study is published in the journal Scientific Reports. This discovery not only deepens our understanding of rat social structures but also implies important lessons for developing psychiatric medications.

The biological properties of rats show much greater similarities to human cells and organs than most people would expect. In simplified terms, nearly 90% of the genes in humans and rats share significant similarities.

The rats were color-coded so that the automated system could track them 24 hours a day for eight months. The researchers at ELTE observed varied patterns of dominance and coexistence, challenging preconceived notions about rats and potentially human social interactions.



    
    
    
        
        
    
         
             
         

        A series of recordings from the experiment can be viewed in the following video (showing a week's worth of the four colonies' nights in fast-forward, as the rats are mostly inactive during the day, sleeping or huddling together) Credit: The Department of Biological Physics at ELTE   
  

In some instances, hierarchies stabilized only after numerous conflicts, while peaceful cohabitation was the norm in other scenarios. These dynamics were influenced significantly by the composition and reorganization of the rat groups, showcasing the profound impact of the social environment on behavior.

When rats from a hierarchical group were mixed with those from a non-hierarchical group, the outcome was sometimes a hierarchical group, and sometimes a peaceful one. Another unexpected result was that there was relatively little correlation between the "personality" traits defined in standard personality and social tests (commonly used in drug or behavioral research) and the actual behavior observed within the real groups.


																																						
    
     




																																			This suggests that rats' social lives, socialization, and relationship to their traits are far more complex than can be interpreted using any simple mechanism. One interesting aspect of this result is that when examining the effects of certain psychotropic drugs in animal experiments, researchers must be extremely cautious with their conclusions, as rat group behavior contains paradoxes.



    
        
            [image: The complex social life of rats uncovered with potential implications for human psychiatry]
             
                (A) Photo of the rats with color-codes for individual identification and tracking. (C) Continuous tracking allowed for the reconstruction of each individual's space use. The heatmap shows the space use of two rats during a 3-week period at the beginning of phase 3. Areas used only by a3 are shown with red, only by b1 with green, and areas visited by both (e.g. at the water and the feeder) are shown with yellow. For more information: https://www.nature.com/articles/s41598-024-72437-5/figures/1. Credit: The Department of Biological Physics at ELTE Eotvos Lorand University
            
        

    



The Department of Biological Physics at ELTE, in collaboration with Eniko Kubinyi at the Department of Ethology, conducted this gap-filling research.

The resulting publication is a unique work in its field, due to the enormous amount of data behind it, the design of the experiments, and the wide range of evaluation methods used. Mate Nagy played a key role in the design and execution, while Gabor Vasarhelyi developed highly innovative software solutions for processing visual data.

At the end of the experiment, the researchers made efforts to take care of the animals, and they were delighted that all of them found adoptive homes.


																																																					
																				
																						More information:
												Mate Nagy et al, Long-term tracking of social structure in groups of rats, Scientific Reports (2024). DOI: 10.1038/s41598-024-72437-5
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Sludge sequencing: High-throughput single-cell method reveals novel species and genetic diversity

										

    
        
            [image: Sludge sequencing surprise: high-throughput single-cell method reveals novel species and genetic diversity]
             
                Credit: Environmental Science and Ecotechnology (2024). DOI: 10.1016/j.ese.2024.100493
            
        

    


Activated sludge is essential for removing contaminants from wastewater, and understanding the diverse microbial communities it harbors has been a significant task. Traditional methods fail to capture the full spectrum of microbial interactions. Due to these limitations, researchers recognized the need for single-cell level investigations to gain deeper insights into microbial heterogeneity.



										      
																																	Led by the University of Hong Kong and published in Environmental Science and Ecotechnology on September 19, 2024, the study applied single-cell sequencing to samples from a Hong Kong wastewater plant. This method overcame the constraints of traditional metagenomics, revealing the intricate genetic networks within microbial communities and offering new perspectives on antibiotic resistance gene transfer.

The research team sequenced 15,110 individual microbial cells, classifying them into 2,454 single-amplified genome bins, and discovered that 27.5% represent previously unclassified species. The identification of 1,137 ARGs, along with numerous plasmids and phages, underscored the frequent horizontal gene transfer between species.

Plasmids were found to be instrumental in spreading ARGs, raising concerns over the potential spread of antibiotic resistance. The findings highlight the need for closer monitoring of wastewater systems to prevent public health risks.

This study marks the first application of high-throughput single-cell sequencing to analyze the activated sludge (AS) microbiome. The analysis detected 1,137 antibiotic resistance genes, 10,450 plasmid fragments, and 1,343 phage contigs. The shared relationships for plasmid (12,819) and phage (184) hosts indicate a high frequency of horizontal gene transfer. In addition, a set of 1,529 metagenome-assembled genomes was used to further classify 98 previously unclassified SAG bins.

Prof. Tong Zhang, the senior researcher, states, "Our research highlights the power of single-cell sequencing in revealing the hidden dynamics within wastewater treatment. These findings on antibiotic resistance gene transfer pave the way for improved monitoring and mitigation strategies, which are crucial for safeguarding public health under a One Health approach."

The research has wide-reaching implications, particularly in enhancing wastewater treatment processes and curbing the spread of antibiotic resistance. The ability to track ARGs at a single-cell level could influence future environmental policies and public health measures, while also opening new avenues for applications in other ecosystems, such as soil and the human gut.


																																																					
																				
																						More information:
												Yulin Zhang et al, High-throughput single-cell sequencing of activated sludge microbiome, Environmental Science and Ecotechnology (2024). DOI: 10.1016/j.ese.2024.100493
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Using a unique combination of DNA techniques to authenticate ginseng supplements and combat adulteration
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                Credit: Unsplash/CC0 Public Domain
            
        

    


Rosalee Hellberg, an associate professor in Chapman University's Food Science Program, and her research team have made a significant breakthrough in the fight against adulteration in dietary supplements. Effective methods for identifying adulteration and fraud have remained elusive. Now, a new study of 50 commercially available ginseng products has found surprising results.



										      
																																	The study, titled "Use of a Novel Combination of Multiplex PCR and DNA Barcoding in Assessing Authenticity of Ginseng Products," is published online in the journal Food Control.

Ginseng products are vulnerable to fraud, with cheaper plant materials substituted for genuine ingredients, posing risks to consumer health and safety. Using a novel combination of DNA testing techniques, the researchers detected undeclared plant species in nearly half of the 50 ginseng supplements tested.

The Chapman University research team detected DNA from undeclared species in 48% of samples, including rice, wheat, avocado and pumpkin. One in four products contained only the expected ginseng species, 16% of the samples contained both the expected ginseng species and other undeclared species, and another 32% of the samples contained only undeclared species.

The detection method used could help regulatory bodies and manufacturers improve quality control in the dietary supplement industry. The global market for ginseng supplements is projected to reach $17.9 billion by 2030.

Diane Kim, who led the study as part of her master's degree in food science, assessed a unique comparison of different genetic methods for authenticating ginseng supplements, ultimately pointing the way towards a more accurate method for identifying species and detecting adulterants in this rapidly growing market.


																																						
    
     




																																			Kim and her colleagues tested ginseng supplements for the presence of three common ginseng species used in therapeutic applications (Panax ginseng, Panax quinquefolius, and Panax notoginseng).

Authenticating herbal supplements like ginseng presents several challenges, including DNA degradation, natural variability in the amount of ginseng in the product, substitution of ginseng root with ginseng leaves or flowers, and cross-contamination during harvesting and processing. To overcome these challenges, the researchers chose to combine two distinct testing methods: DNA barcoding and multiplex PCR.

While the new approach is a significant step forward in the field of supplement authentication, 28% of the samples could not be identified using either method.

The failures in identification, along with the lack of ginseng species identification in numerous products, may be due to factors such as DNA degradation or interference from other compounds present in the supplements. Because of this, a negative test result does not prove the absence of a species in the product.

The team suggests that future research should focus on combining DNA-based methods with chemical-based approaches to further improve ginseng detection and enable the quantification of undeclared adulterants.

According to Rosalee Hellberg, who is senior author on the study and associate professor of food sciences, "We found that the use of a combination of genetic methods was more powerful than using either method alone, allowing us to detect plant species in the majority of products. While the detection of undeclared species is concerning, additional testing is needed to quantify the level of these potential adulterants."


																																																					
																				
																						More information:
												Diane Y. Kim et al, Use of a novel combination of multiplex PCR and DNA barcoding in assessing authenticity of ginseng products, Food Control (2024). DOI: 10.1016/j.foodcont.2024.110893
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Detailed images of key protein complexes provide new insights into bacterial photosynthesis

										

    
        
            [image: Researchers discover new insights into bacterial photosynthesis]
             
                A unique "flat" dimeric structure of bacterial photosynthetic reaction center-light harvesting membrane complexes discovered by state-of-the-art cryogenic electron microscopy. Credit: Professor Luning Liu, Chair of Microbial Bioenergetics and Bioengineering, University of Liverpool
            
        

    


Researchers at the University of Liverpool and collaborators have arrived at a new understanding of bacterial photosynthesis. Using novel techniques, investigators have unveiled intricate detailed images of the key photosynthetic protein complexes of purple bacteria. These images shed new light on how these microorganisms harness solar energy.



										      
																																	The work is published in the journal Science Advances.

The study not only advances scientists' understanding of bacterial photosynthesis, but also has potential applications in the development of artificial photosynthetic systems for clean energy production.

Like plants, many bacteria have evolved the remarkable ability to convert light into energy through a process called bacterial photosynthesis. This important biological reaction enables the microorganisms to play a crucial role in global nutrient cycles and energy flow in ecosystems and form the basis of aquatic food chains. Studying ancient bacterial photosynthesis also helps to understand the evolution of life on Earth.

This latest work presents high-resolution structures of photosynthetic reaction center[?]light-harvesting complexes (RC[?]LH1) from Rhodobacter blasticus, a model organism for understanding bacterial photosynthesis.

The research team of collaborators from the University of Liverpool, the Ocean University of China, Huazhong Agricultural University and Thermo Fisher Scientific captured detailed images of both monomeric and dimeric forms of the RC-LH1 membrane protein supercomplexes. These structures reveal unique features that distinguish R. blasticus from its close relatives, highlighting the remarkable variability in photosynthetic systems among purple bacteria.
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                Cryo-EM structures of the RC-LH1 supercomplexes from Rba. blasticus. Credit: Science Advances (2024). DOI: 10.1126/sciadv.adp6678
            
        

    



Professor Luning Liu, Chair of Microbial Bioenergetics and Bioengineering, University of Liverpool, said, "By revealing these natural photosynthetic mechanisms, we open new avenues for designing more efficient light-harvesting and energy transduction systems or cells. This study represents a significant step forward in our comprehension of how bacteria optimize their photosynthetic machinery, providing valuable insights that could inform future clean energy innovations."


																																						
    
     




																																			A unique feature of the RC-LH1 dimer of R. blasticus is its flatter conformation compared to its counterparts from other model species. This structure provides the foundation for specific membrane curvature and energy transfer efficiency in bacteria.

Unlike some related bacteria, R. blasticus lacks a protein component called PufY in the RC-LH1 structure. The study revealed that its absence compensates with additional light-harvesting subunits that create a more enclosed LH1 structure. This was determined to affect electron transport rates of the RC-LH1 structure.

This systematic study, integrating structural biology, in silico simulations, and spectroscopic studies, provides new insights into how bacterial photosynthetic complexes assemble and mediate electron transfer, crucial processes for energy production.

Lead researcher Liu added, "Our findings demonstrate the structural diversity of photosynthetic complexes, even among closely related bacterial species. This variability likely reflects different evolutionary adaptations to specific environmental conditions. We are thrilled that we can contribute such molecular details to the investigation of photosynthetic mechanisms and evolution."


																																																					
																				
																						More information:
												Peng Wang et al, Architectures of photosynthetic RC-LH1 supercomplexes from Rhodobacter blasticus, Science Advances (2024). DOI: 10.1126/sciadv.adp6678. www.science.org/doi/10.1126/sciadv.adp6678
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Microplastic-free carrier system for pesticides shows potential for sustainable agriculture

										

    
        
            [image: Innovative breakthrough in sustainable agriculture]
             
                Synthesis of PEEP-b-PLA with different weight fractions of PLA and the self-assembly of ELA 1-4. a) AROP of rac-lactide with PEEP26 as macroinitiator in the presence of DBU in THF at RT. b) SEC traces of PEEP26 and ELAs 1-4 (measured in DMAc with polymethylmethacrylates as standards). c) Schematic of nanoprecipitation. d-g) ELAs with different block ratios and SEM images: d) ELA 1 (83:17) assembled into mainly vesicular structures, e) ELA 2 (85:15) assembled into vesicles and sponge-like morphologies, f) ELA3 (87:13) yields cubosome-like particles, g) ELA 4 (89:11) results in highly ordered PCs. Credit: Advanced Materials (2024). DOI: 10.1002/adma.202406831
            
        

    


Researchers from the University of Twente (Netherlands) and Bayreuth (Germany) have developed microplastic-free encapsulation for crop protection agents. They recently published their findings in Advanced Materials



										      
																																	The sustainable application of crop protection agents such as pesticides is one of the greatest challenges in modern agriculture. A significant advancement has now been made by a team of researchers from the University of Twente and Bayreuth (Germany), who have developed a promising solution.

Under the leadership of Prof. Andre Groschel and Prof. Frederik Wurm, the researchers successfully synthesized fully degradable block copolymers, which are a type of polymer made up of different segments (the "blocks") of repeating units. From these polymers, based on polyphosphoesters, the researchers created so-called polymer cubosomes--microscopically small cubic particles with a high internal order and pores of approximately 20 nanometers in diameter.

"During the production process, we loaded these polymer cubosomes with fungicides," explains Prof. Groschel. "The loaded cubosomes exhibit high antifungal activity against gray mold, a common plant disease."

Gray mold, also known as Botrytis, is particularly damaging in strawberry and grape cultivation. Notably, the cubosomes remain adhered to grapevine leaves even after multiple simulated rain events and continuously release the fungicide over several days.

"For over 10 years, we have been using DNA-inspired polyphosphoesters for drug delivery in medicine, and now we have applied these biodegradable materials for plant protection for the first time. This allows us to avoid microplastics in the environment," explains Prof. Wurm.


																																						
    
     




																																			Suna Azhdari, whose doctoral research enabled this breakthrough, emphasizes, "Compared to conventional, solid particles without pores, our polymer cubosomes show a significantly faster release of the active substance. This suggests a more effective application of crop protection agents, while simultaneously reducing the leaching of unused substances into the soil."

A particularly important aspect of this innovation is the complete degradability of the cubosomes. "Our polymer cubosomes fully degrade into harmless lactic acid and phosphate derivatives," emphasizes Prof. Wurm. "This makes them a promising, microplastic-free carrier system for crop protection agents and highlights their potential for sustainable agriculture."

This development could make a significant contribution to more environmentally friendly and efficient agriculture, while also offering a solution to the problem of microplastic pollution in agricultural applications.


																																																					
																				
																						More information:
												Suna Azhdari et al, Fully Degradable Polyphosphoester Cubosomes for Sustainable Agrochemical Delivery, Advanced Materials (2024). DOI: 10.1002/adma.202406831
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                Credit: Wageningen University
            
        

    


Vertical farming is the practice of growing plants in vertically stacked layers in a building. This makes it possible to grow vegetables close to consumers, such as next to a supermarket. Since the conditions in a vertical farm are fully controlled, crops can also grow in extreme environments like deserts or cold, dark areas.



										      
																																	However, before vertical farming can be implemented on a large scale, several challenges need to be resolved, such as high energy consumption. Smarter use of artificial light can make significant savings, according to research conducted by Wageningen University & Research. And plant health improves too.

In a vertical farm, every detail of the growing conditions can be controlled. This is important for high yield, good quality and efficient use of resources such as water and plant nutrition. Creating optimal conditions for crops requires high levels of energy consumption. Moreover, constant environmental conditions are also a feature in many vertical growing systems.

For instance, the lamps required for plant growth give the same amount of light every day, and the thermostat always remains at the same setting. The researchers concluded that this is often unnecessary.

"Adopting a more dynamic approach can significantly reduce energy costs while plant development remains the same or even improves," says Leo Marcelis from Wageningen University & Research.

Variable 'lighting plan'

According to the researchers, lighting plays a key role: Plants need light for photosynthesis, and different light wavelengths, which we perceive as colors, affect plant growth in various ways. "Because plants do not always need the same light for optimal development, dynamic environmental control provides a better response to the specific needs of plants at different times. That results in better plant growth and quality," says Marcelis.

It also enables a smart response to fluctuations in energy prices by using more electricity when tariffs are low, thus saving costs. Dynamic environmental control enhances the efficiency of vertical farming, increasing the likelihood that this cultivation method will become a viable alternative to greenhouse farming in the future.


																																						
    
     




																																			Developing the model

The researchers developed a model using knowledge of plant physiology, combined with new sensors, and modeling techniques. In addition, plant species grown specifically for vertical farming were used. The computer model was designed to keep plant photosynthesis constant throughout the day while at the same time minimizing electricity costs. Just by varying light intensity within a day, it is possible to reduce costs by 12%, the research shows.

The researchers also studied the influence of variable light intensity on the growth of leafy vegetables like spinach, which are often grown in vertical cultivation systems. They found no negative effects, even when the plants were exposed to irregularly varying light intensity instead of a fixed pattern.

Opportunities for greenhouse horticulture

Growing factors such as light intensity and temperature can also be dynamically controlled in traditional greenhouses, where sustainable energy sources such as solar and wind energy are increasingly being used. The erratic availability of these energy sources causes large fluctuations in the supply and price of electricity. Both greenhouses and vertical cultivation systems can benefit by responding to these fluctuations.


																																			Developing new cultivars

New cultivars developed specifically for vertical growing systems can help make vertical farming more profitable. These cultivars can be specifically tailored to the conditions in controlled environments. Furthermore, this offers the opportunity, more so than with existing cultivars , to focus on improvements in flavor and nutritional value rather than on firmness and shelf life, which has often been the focus until now.

Before vertical farming can fully contribute to food production, other key obstacles must also be addressed, say the researchers. Many of the proposed solutions have not yet been widely tested, for example. Moreover, farmers using vertical growing systems need good sensors and models to optimally control environmental factors.

"If we dynamically control environmental factors in vertical farms, we can reduce both energy consumption and costs. In turn, that will increase the profitability and sustainability of these farms," Marcelis concludes.
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Earliest known fossil examples of predatory birds discovered: New species may have hunted like modern hawks and owls

										

    
        
            [image: Predatory birds from the same fossil formation as SUE the T. rex]
             
                The three fossil specimens (from left to right), Avisaurus darwini, Avisaurus sp., and Magnusavis ekalakaensis, all of which are represented by a tarsometatarsus. They are all shown to scale with one another. Credit: Alex Clark
            
        

    


The Hell Creek Formation in what's now the Dakotas, Montana, and Wyoming was once home to some of the world's most beloved dinosaurs, like Triceratops and Tyrannosaurus rex (including SUE, one of the largest, most complete, and best-preserved T. rex specimens ever found).



										      
																																	But these giant dinosaurs weren't alone in their ecosystem, and in a paper in the journal PLOS ONE, scientists describe two new species of birds that lived alongside these dinosaurs 68 million years ago. The researchers were able to name these new species from just one bone each: the powerful foot bone that suggests these birds could have captured and carried off prey.

"Based on clues in their foot bones, we think these birds would have been able to catch and carry prey, similar to what a modern hawk or owl does," says Alex Clark, a Ph.D. student at the Field Museum and the University of Chicago and the study's lead author.

"While they might not be the first birds of prey to ever evolve, their fossils are the earliest known examples of predatory birds."

The three fossils Clark studied in this paper had been collected in the past several years by researchers at other institutions, but there hadn't been much work done on them.

Clark recalls that when he first saw the fossils, they weren't especially dazzling-- they were all a foot bone that the toes attach to, called the tarsometatarsus, and they'd been found on their own, without other, flashier body parts like skulls and claws. And while the bones were large for bird tarsometatarsi, they were still only about the size of an adult human thumb. However, these isolated bones proved to be a treasure trove of information.


																																						
    
     




																																			"Every nook and cranny and bump that occurs on a bone can tell us something about where the muscles or tendons attached and how big they were," says Clark.

On these bones, there was an especially noteworthy bump-- a muscle attachment point called a tubercle. On each bone, it was larger and farther down than in most birds. "When we see tubercles this large and this far down in modern birds, they're in birds of prey like owls and hawks," says Clark.

"That's because when they hunt and pick up their prey with their feet, they're lifting proportionally heavy things and holding them close to their bodies to stay as aerodynamically efficient as possible. These fossil ankle bones look like they're built to do something similar."



            	
            
                [image: Predatory birds from the same fossil formation as SUE the T. rex]
                 
                    An illustration of the newly described Avisaurus darwini, whose unusual foot bones indicate that it was one of the earliest birds of prey known to science, shown here carrying a small mammal. Credit: Ville Sinkkonen
                
            

        

            	
            
                [image: Predatory birds from the same fossil formation as SUE the T. rex]
                 
                    Lead author Alex Clark with the fossil foot bone of Avisaurus darwini, with SUE the T. rex, a fellow Hell Creek fossil, in the background. Credit: Kate Golembiewski, Field Museum.
                
            

        

    

Clark and his colleagues conducted a series of biomechanical analyses comparing the fossil foot bones to those of a variety of modern birds.

"The muscles and bone of the ankle work like a lever, and by comparing how far down on the bone the muscle attaches, we can get a good idea of how it would have moved and how strong it would have been," says Clark.

The math corroborated the researchers' hypothesis that these feet would have been strong enough for these hawk-sized birds to pick up small mammals and even baby dinosaurs.

From the three foot bones, Clark and his team described two new species to science: Avisaurus darwini, after Charles Darwin, and Magnusavis ekalakaenis, in honor of the town of Ekalaka, Montana, where the fossil was found. (The third bone may be another new species, but the fossil's degraded condition made it difficult to tell for sure.)


																																			All of these birds are part of a group called the avisaurids. They belong to a larger group of birds called the enantiornithines, which went extinct with most of their fellow dinosaurs when the asteroid hit 66 million years ago.

"These discoveries have effectively doubled the number of bird species known from the Hell Creek Formation and will be critical for helping us to better understand why only some birds survived the mass extinction that wiped out T. rex and the avisaurids described here," Jingmai O'Connor, the Field Museum's associate curator of fossil reptiles in the Negaunee Integrative Research Center, Clark's advisor, and a co-author of the paper.

"'I'm really proud and very impressed with what Alex was able to do with these specimens. They're each just a single bone. But he brings his background as an ecologist into his paleontological work to tell more than the average paleontologist about what an animal's life would have been like," says O'Connor. "Alex has done a superb job with being able to extract so much incredible ecological information from just a single bone."


																																																					
																				
																						More information:
												Alexander D. Clark et al, New enantiornithine diversity in the Hell Creek Formation and the functional morphology of the avisaurid tarsometatarsus, PLOS ONE (2024). DOI: 10.1371/journal.pone.0310686
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Scientists recreate the head of this ancient 9-foot-long bug

										

    
        
            [image: Scientists now know what the head of the biggest bug to ever crawl the Earth looked like]
             
                This illustration provided by researchers in October 2024 depicts a juvenile Arthropleura insect reconstructed using fossils discovered in Montceau-les-Mines, France. Credit: Mickael Lheritier, Jean Vannier, Alexandra Giupponi via AP
            
        

    


As if the largest bug to ever live--a monster nearly 9 feet long with several dozen legs--wasn't terrifying enough, scientists could only just imagine what the extinct beast's head looked like.



										      
																																	That's because many of the fossils of these creatures are headless shells that were left behind when they molted, squirming out of their exoskeletons through the head opening as they grew ever bigger--up to 8 to 9 feet (2.6 meters) and more than 100 pounds (50 kilograms).

Now, scientists have produced a mug shot after studying fossils of juveniles that were complete and very well preserved, if not quite cute.

The giant bug's topper was a round bulb with two short bell-shaped antennae, two protruding eyes like a crab, and a rather small mouth adapted for grinding leaves and bark, according to new research published Wednesday in Science Advances.

Called Arthropleura, these were arthropods--the group that includes crabs, spiders and insects--with features of modern-day centipedes and millipedes. But some of them were much, much bigger, and this one was a surprising mix.

"We discovered that it had the body of a millipede, but head of a centipede," said study co-author and paleobiologist Mickael Lheritier at the University Claude Bernard Lyon in Villeurbanne, France.

The largest Arthropleura may have been the biggest bugs to ever live, although there is still a debate. They may be a close second to an extinct giant sea scorpion.

Researchers in Europe and North America have been collecting fragments and footprints of the huge bugs since the late 1800s.


																																						
    
     




																																			"We have been wanting to see what the head of this animal looked like for a really long time," said James Lamsdell, a paleobiologist at West Virginia University, who was not involved in the study.

To produce a model of the head, researchers first used CT scans to study fossil specimens of fully intact juveniles embedded in rocks found in a French coal field in the 1980s.

This technique allowed the researchers to scrutinize "hidden details like bits of the head that are still embedded in the rock" without marring the fossil, Lamsdell said.

"When you chip away at rock, you don't know what part of a delicate fossil may have been lost or damaged," he said.

The juvenile fossil specimens only measured about 2 inches (6 centimeters) and it's possible they were a type of Arthropleura that didn't grow to enormous sizes. But even if so, the researchers said they are close enough kin to provide a glimpse of what adults looked like--whether giant or of a less nightmarish size--when they were alive 300 million years ago.


																																																					
																				
																						More information:
												Mickael Lheritier et al, Head anatomy and phylogenomics show the Carboniferous giant Arthropleura belonged to a millipede-centipede group, Science Advances (2024). DOI: 10.1126/sciadv.adp6362
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Calcium-mediated effect plays key role in cell disposal, researchers discover

										

    
        
            [image: Keeping it together: How calcium signals help cells bury their dead neighbors]
             
                An apoptotic, or dying cell, characterized by its wavy membrane, lies within a cultured sheet of epithelial cells. Credit: Yuma Cho and Junichi Ikenouchi, Kyushu University
            
        

    


A research team from Kyushu University in Japan has recently discovered a calcium-based mechanism that plays a key role in the disposal of dead cells, shedding light on how our bodies protect themselves from injury and disease. In their study, published in Current Biology, the team unveiled how calcium ion levels are essential for the efficient removal of dying or apoptotic cells from epithelial tissues (cells lining the body surface), using genetically engineered epithelial tissue cultures, molecular markers, and advanced imaging techniques.



										      
																																	The surfaces of our bodies, including the skin and internal organs, are covered by sheets of epithelial cells that act as vital barriers. When these cells become damaged and die (apoptosis), neighboring cells quickly band together to push them out and seal any gaps through which foreign substances could enter and potentially lead to infections or inflammation. Although this complex process is essential for maintaining a healthy epithelial barrier, the exact mechanism underlying it has not been entirely clear--until now.

The study, led by Professor Junichi Ikenouchi and his colleagues, Dr. Kenji Matsuzawa and Mr. Yuma Cho, the first author, from Kyushu University, also included contributions from collaborators from the University of Tokyo and Health Sciences University of Hokkaido in Japan.

To begin with, the team induced apoptosis in individual epithelial cells using a focused laser and observed the response in the surrounding cells. They then observed how nearby cells reacted by modifying them to express special calcium ion probes called GCaMP6, which allowed them to visualize real-time calcium changes.

Interestingly, they found that the neighbors of the apoptotic cell showed a significant spike in calcium levels, particularly near the membrane regions interfacing with the dying cell. The researchers named this intriguing phenomenon the "calcium response in effectors of apical extrusion (CaRE)."



    
        
            [image: Keeping it together: How calcium signals help cells bury their dead neighbors]
             
                In this image, the cell marked with an asterisk was damaged using a focused laser, triggering apoptosis. After an initial increase in general calcium levels around the dying cell (calcium wave), a sustained increase in calcium levels was observed at the interface between the apoptotic cell and the surrounding cells (marked B and D). This new mechanism is essential for expelling the apoptotic cell and preserving the integrity of the epithelium. Credit: Junichi Ikenouchi, originally published in https://doi.org/10.1016/j.cub.2024.08.057
            
        

    



Probing deeper into this newly discovered mechanism, the team next examined the role of IP3 receptors, proteins present inside cells that help regulate calcium ion levels. They found that inhibiting the activity of IP3 receptors or removing their associated genes completely prevented the expulsion of apoptotic cells. Further analysis using advanced electron microscopy revealed that a specific subset of IP3 receptors, particularly those located near desmosomes, plays a key role in CaRE.


																																						
    
     




																																			Desmosomes are cell adhesion structures that form strong connections between cells, acting like buttons that hold them together. They are especially important in tissues like skin and organ linings, helping to keep everything intact and functioning properly.

By ensuring neighboring cells adhere tightly, desmosomes play a key role in maintaining the structure and stability of our body's tissues. The team found that the activation of IP3 receptors near desmosomes is necessary for triggering the contraction of a group of proteins known as actomyosin complex, which helps cells change shape and move, facilitating the removal of apoptotic cells.

"Our study sheds light on a newfound role of IP3 receptors in desmosomes, the latter of which were previously thought to be involved only in mechanical connections between epithelial cells," highlights Ikenouchi.

As this study was conducted on cultured cells, the team notes that further analysis of the CaRE mechanism is needed to determine whether the mechanism also functions in living organisms, whether it varies between different organ tissues, and whether other factors also play a role.

Overall, this study advances our understanding of how our bodies maintain a healthy epithelium--something many of us take for granted.

"Our findings provide valuable insights into understanding diseases caused by epithelial barrier disruption, such as atopic dermatitis and inflammatory bowel disease, and may contribute to the development of new preventive measures and treatments for chronic inflammation," concludes Ikenouchi.


																																																					
																				
																						More information:
												Yuma Cho et al, A sustained calcium response mediated by IP3 receptor anchoring to the desmosome is essential for apoptotic cell elimination, Current Biology (2024). DOI: 10.1016/j.cub.2024.08.057
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Symbiotic bacterium affects reproduction of pest-controlling insect, study reveals

										 by 										 National Agriculture and Food Research Organization									

									
										

    
        
            [image: Symbiotic bacterium Rickettsia affects the reproduction of a predatory insect, an effective biological control agent for agricultural pests]
             
                The predatory mirid bug, Nesidiocoris tenuis, which preys on agricultural pests, is used as a biological control agent. Credit: National Agriculture and Food Research Organization (NARO)
            
        

    


Many insects are naturally infected with symbiotic bacteria, which are typically transmitted vertically from mother to offspring but are not transmitted horizontally. Understanding the effects of these symbionts is important in terms of insect pest management as they can significantly affect the biology and reproduction of insects.



										      
																																	The predatory mirid bug, Nesidiocoris tenuis, which preys on agricultural pests such as whiteflies and thrips, is an important biological control agent. Although the symbiotic bacterium Rickettsia is often found in N. tenuis, its effects on the host have not been clarified.

A research team led by NARO and the University of Miyazaki has revealed that Rickettsia induces strong cytoplasmic incompatibility (CI) in N. tenuis. CI is a phenomenon where eggs laid by uninfected females fail to hatch when mated with infected males. The work is published in the journal Proceedings of the Royal Society B: Biological Sciences.

In this study, mating experiments using Rickettsia-infected insects and antibiotic-treated uninfected insects demonstrated that eggs did not hatch, specifically in the combination of CI. This study newly adds Rickettsia to the list of CI-inducing symbiotic bacteria.

The genome analysis revealed that the Rickettsia strain in N. tenuis is closely related to the Bellii group, a group of symbiotic Rickettsia commonly found in insects.

Notably, on the plasmids of this Rickettsia strain, there existed homologs of the CI factor gene (cif gene), which is known as the causal gene of CI in Wolbachia, another symbiotic bacterium known to induce CI.


																																						
    
     




																																			This suggests that the ability to induce CI may have been acquired through horizontal gene transfer between Wolbachia and Rickettsia, providing insights into the evolution of symbiont-induced reproductive manipulation in insects.



            	
            
                [image: Symbiotic bacterium Rickettsia affects the reproduction of a predatory insect, an effective biological control agent for agricultural pests]
                 
                    Mating experiments were conducted with insects infected with Rickettsia and those cured of Rickettsia infection by antibiotic treatment. Among the four possible mating combinations, only the pairing of uninfected females and infected males resulted in 0% egg hatch rate. Credit: National Agriculture and Food Research Organization (NARO)
                
            

        

            	
            
                [image: Symbiotic bacterium Rickettsia affects the reproduction of a predatory insect, an effective biological control agent for agricultural pests]
                 
                    Cytoplasmic incompatibility (CI) is a phenomenon where the offspring of insect species fail to develop properly when uninfected females mate with males infected with specific symbiotic bacteria. Credit: National Agriculture and Food Research Organization (NARO)
                
            

        

    

This discovery has significant implications for biological control, which involves the reproduction of predatory insects that are used for pest management. If predatory insects do not reproduce as expected, CI could be the cause. Therefore, managing the infection status of symbiotic bacteria in predatory insects could contribute to effective pest management in agriculture.

The research team highlighted the importance of assessing the frequency of CI in wild populations of N. tenuis. They also noted, "The wide distribution of N. tenuis and related species across Europe, Asia, and other regions offers potential for better use of predatory insects in agriculture and to explore the evolutionary origins of CI."

Future research will focus on the mechanism of Rickettsia-induced CI, which is important for the effective management of N. tenuis as a biological control agent, as well as for a better understanding of host manipulation by symbiotic bacteria.


																																																					
																				
																						More information:
												Yuta Owashi et al, Rickettsia induces strong cytoplasmic incompatibility in a predatory insect, Proceedings of the Royal Society B: Biological Sciences (2024). DOI: 10.1098/rspb.2024.0680
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Study shows early human species benefited from food diversity in steep mountainous terrain

										

    
        
            [image: Early human species benefited from food diversity in steep mountainous terrain]
             
                Map of Africa and Eurasia showing sites with evidence of human occupation. The inset shows a magnified view of Europe. Credit: Institute for Basic Science
            
        

    


A study published in the journal Science Advances by researchers at the IBS Center for Climate Physics (ICCP) at Pusan National University in South Korea shows that the patchwork of different ecosystems found in mountainous regions played a key role in the evolution of humans.



										      
																																	A notable feature of the archaeological sites of early humans, members of the genus Homo known as hominins, is that they are often found in and near mountain regions.

Using an extensive dataset of hominin fossils and artifacts, along with high-resolution landscape data and a 3-million-year-long simulation of Earth's climate, the team of scientists from ICCP have provided a clearer picture of how and why early humans adapted to such rugged landscapes. In other words, they have helped explain why so many of our evolutionary relatives preferred being "steeplanders" as opposed to "flatlanders."

Mountainous regions have enhanced biodiversity because the changes in elevation result in shifts of the climate, providing a range of environmental conditions under which different plant and animal species can thrive.

The authors showed that steep regions usually exhibit a larger variety and density of ecosystems and vegetation types, known as biomes. Such biome diversity was a draw for early humans, as it provided increased food resources and resilience to climate change, an idea known as the "Diversity Selection Hypothesis."

"When we analyzed the environmental factors that controlled where human species lived, we were surprised to see that terrain steepness was standing out as the dominant one, even more than local climate factors, such as temperature and precipitation," said Elke Zeller, Ph.D. student from the IBS Center for Climate Physics and lead author of the study.



    
        
            [image: Early human species benefited from food diversity in steep mountainous terrain]
             
                Top: Scatter plot showing time and latitude of sites with evidence of human occupation, middle: biome diversity associated with hominin sites, calculated using a moving average of 15 sites. Bottom: area roughness associated with hominin sites, calculated using a moving average of 15 sites. Gray shading shows the approximate timing of the Mid-Pleistocene Transition (MPT). Credit: Institute for Basic Science
            
        

    



On the other hand, steep regions are more difficult to navigate than flatter terrain and require more energy to traverse. Hominins needed to gradually adapt to the challenges of rougher terrain in order to take advantage of the increased resources. The ICCP researchers examined how, over time, human adaptations changed the cost-benefit balance of living in rugged environments.


																																						
    
     




																																			The adaptation towards steeper environments is visible for the earliest human species Homo habilis, Homo ergaster, and Homo erectus until about 1 million years ago, after which the topographic signal disappears for about 300,000 years.

It reemerges again around 700,000 years ago with the advent of better adapted and more culturally advanced species such as Homo heidelbergensis and Homo neanderthalensis. These groups, which were able to control fire, also exhibited a much higher tolerance for colder and wetter climates.

"The decrease in topographic adaptation around 1 million years ago roughly coincides with large-scale reorganizations in our climate system, known as the Mid-Pleistocene Transition. It also lines up with evolutionary events such as a recently discovered ancestral genetic bottleneck, which drastically reduced human diversity, and the timing of the chromosome 2 merger in hominins," said Axel Timmermann, Director of the IBS Center of Climate Physics and co-author of the study.

"Whether this is all a coincidence, or whether the intensifying glacial climate shifts contributed to the genetic transitions in early humans, remains an open question."

How humans have evolved over the past 3 million years and adapted to emerging environmental challenges is a hotly-debated research topic. The results of the South Korean research team provide a new piece in the puzzle of human evolution. Averaged over hundreds of thousands of years, across different species and continents, the data clearly show that our ancestors were "steeplanders."

"Our results clearly show that over time hominins adapted to steep terrain and that this trend was likely driven by the regionally increased biodiversity. Our analysis suggests that it was beneficial for early human groups to populate mountainous regions, despite the increased energy consumption needed to scale these environments," said Zeller.


																																																					
																				
																						More information:
												Elke Zeller et al, The evolving 3-dimensional landscape of human adaptation, Science Advances (2024). DOI: 10.1126/sciadv.adq3613. www.science.org/doi/10.1126/sciadv.adq3613
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      Technology

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


      
        Generator system set to transform offshore renewables
        A new type of generator developed by Edinburgh engineers could reduce the cost of electricity produced by offshore renewable technologies.

      

      
        AI was central to two of 2024's Nobel prize categories. It's a sign of things to come
        The 2024 Nobel Prizes in physics and chemistry have given us a glimpse of the future of science. Artificial intelligence (AI) was central to the discoveries honored by both awards. You have to wonder what Alfred Nobel, who founded the prizes, would think of it all.

      

      
        Going off grid is a financial win for some, but it's a threat for poorer families and the environment
        How would you like to never have another electric bill? Advances in technology have made it possible for some consumers to disconnect from the power grid--a move that was once only available to the ultra-wealthy who could afford the associated costs, or survivalists willing to trade convenience for freedom. This is no longer the case.

      

      
        Organic compound boosts solar cell stretchability without sacrificing power
        A solar cell developed by RIKEN physicists can be stretched without greatly affecting its ability to convert light into electricity. It is thus promising for powering the next generation of wearable electronics.

      

      
        Rebates for buying e-bikes and e-scooters are good but unlikely to greatly boost sustainable transport on their own
        Queensland has joined Tasmania as the second Australian state or territory to offer a A$500 rebate for buyers of new e-bikes. The pre-election announcement includes a smaller $200 rebate for e-scooters.

      

      
        The dangers of voice cloning and how to combat it
        The rapid development of artificial intelligence (AI) has brought both benefits and risk.

      

      
        By mimicking ironing, researchers perfect 3D printing control over color, texture, and shade
        Multimaterial 3D printing enables makers to fabricate customized devices with multiple colors and varied textures. But the process can be time-consuming and wasteful because existing 3D printers must switch between multiple nozzles, often discarding one material before they can start depositing another.

      

      
        New composite material uses ultra-thin rubber-like layers to combine stiffness with high damping capacity
        A compressor hums, an air conditioning system rattles, a railway carriage chassis clatters, sending reverberations through its passengers. Vibrations are not only annoying but can also be harmful. Over the long term, they can destroy materials and machines and shorten their service lives. What's more, the noise generated by vibrations is harmful to human health and well-being.

      

      
        The new fashion: Clothes that help combat rising temperatures
        A team of international researchers has developed a natural fabric that urban residents could wear to counter rising temperatures in cities worldwide, caused by buildings, asphalt, and concrete.

      

      
        Scientists develop a new electrolyte synthesis method for next-generation fuel cells
        A research team has developed a new synthesis method that can significantly reduce the sintering temperature required for the densification process of electrolytes in next-generation high-efficiency protonic ceramic cells. Their work is published in the journal Advanced Energy Materials.

      

      
        Apple unveils Depth Pro, an AI app that can map the depth of a 2D image
        A team of engineers at Apple has developed an AI-based model called Depth Pro that can map the depth of a 2D image. The team has written a paper describing the app and its capabilities and has posted it on the arXiv preprint server. They have also posted an announcement regarding the app on the company's Machine Learning Research page.

      

      
        Engineers develop a way to streamline solar cell testing, accelerating a process that can be slow and costly
        The process of testing new solar cell technologies has traditionally been slow and costly, requiring multiple steps. Led by a fifth-year Ph.D. student, a Johns Hopkins team has developed a machine learning method that promises to dramatically speed up this process, paving the way for more efficient and affordable renewable energy solutions.

      

      
        Legal system fails to protect people from malicious copyright cases at the cost of sexual privacy, study warns
        Changes need to be made to the UK legal system to protect people from exploitative litigation designed to prey on vulnerabilities, a new study warns.

      

      
        New technology converts wastewater to sustainable aviation fuel with potential 70% reduction in emissions
        Made from renewable materials like biomass and agricultural waste, sustainable aviation fuel has enormous potential to decarbonize the aviation industry. But widespread adoption has yet to take off.

      

      
        Ordered defects enhance solution-deposited semiconductors enabling larger high-performance displays
        Standard manufacturing techniques for semiconductor devices--the technologies that make electronics possible--involve processing raw materials at high temperatures in vacuum vessels. This fundamentally limits manufacturing efficiency and scalability.

      

      
        Could natural, underground hydrogen be a gusher of clean energy in Alaska?
        Alaska geologist Mark Myers hopes that underground reserves of hydrogen could fuel a new state energy industry.

      

      
        New data augmentation algorithm could facilitate the transfer of skills across robots
        In recent years, roboticists have developed a wide range of systems designed to tackle various real-world tasks, ranging from completing household chores to delivering packages or finding target objects in delineated environments.

      

      
        Tesla is unveiling its long-awaited robotaxi amid doubts about the technology it runs on
        Expectations are high for the long-awaited unveiling of Tesla's robotaxi at a Hollywood studio Thursday night. Too high for some analysts and investors.

      

      
        China's solar goes from supremacy to oversupply
        Strong state support and huge private investment have made China's solar industry a global powerhouse, but it faces new headwinds, from punitive tariffs abroad to a brutal price war at home.

      

      
        The status and trend of audible sound-based tool wear monitoring
        In general, tool failure contributes about 7% to the down time of machine centers. And more severely, tool failure will reduce the machining quality of parts, and even damage the machine. Therefore, Tool wear condition monitoring (TWCM) is an important part of intelligent manufacturing, and has been a research hotspot since 1968.

      

      
        Climate solution: Form Energy secures $405M to speed development of long-awaited 100-hour battery
        Form Energy, a company that is beginning to produce a longer-lasting alternative to lithium batteries, hit a milestone Wednesday with an announcement of $405 million in funding.

      

      
        Can advanced AI can solve visual puzzles and perform abstract reasoning?
        Artificial Intelligence has learned to master language, generate art, and even beat grandmasters at chess. But can it crack the code of abstract reasoning--those tricky visual puzzles that leave humans scratching their heads?

      

      
        How a subfield of physics led to breakthroughs in AI, and from there to this year's Nobel Prize
        John J. Hopfield and Geoffrey E. Hinton received the Nobel Prize in physics on Oct. 8, 2024, for their research on machine learning algorithms and neural networks that help computers learn. Their work has been fundamental in developing neural network theories that underpin generative artificial intelligence.

      

      
        An electronic tongue that detects subtle differences in liquids also provides a view into how AI makes decisions
        A recently developed electronic tongue is capable of identifying differences in similar liquids, such as milk with varying water content; diverse products, including soda types and coffee blends; signs of spoilage in fruit juices; and instances of food safety concerns.

      

      
        Overcoming 'catastrophic forgetting': Algorithm inspired by brain allows neural networks to retain knowledge
        Neural networks have a remarkable ability to learn specific tasks, such as identifying handwritten digits. However, these models often experience "catastrophic forgetting" when taught additional tasks: They can successfully learn the new assignments, but "forget" how to complete the original. For many artificial neural networks, like those that guide self-driving cars, learning additional tasks thus requires being fully reprogrammed.
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                The CGEN team on Mocean Energy's BlueX wave energy machine. Credit: Mocean Energy
            
        

    


A new type of generator developed by Edinburgh engineers could reduce the cost of electricity produced by offshore renewable technologies.


                                        
                                              
                                        
                                                                                                                                    The lightweight, stackable generator system--which converts mechanical energy produced by offshore wind, wave and tidal technologies into electricity--could also help extend the lifespan of renewable energy installations.

The modular system, developed by new spinout company CGEN Engineering, can be easily transported to renewable energy installations and assembled into a complete power system.

Unlike conventional systems, each module can be added, replaced or moved individually, meaning energy companies can keep operations running without long downtimes, the team says. The new technology also enables companies to upgrade their systems over time without major overhauls.

Edinburgh invention

The technology was invented by Professor Markus Mueller of the University's School of Engineering. It was developed further with Dr. Joseph Burchell, a Research Fellow in the School of Engineering and CGEN's Managing Director, and mechanical and manufacturing engineer Mike Galbraith.

The team has tested the technology at scales up to one megawatt--enough electricity to supply hundreds of homes.

Renewables installations

The technology could deliver a range of benefits for offshore renewables, including reducing the average cost of energy they produce by 10% to 15%.

It could also increase the operational life of installations by 30% to 40% compared to conventional generator systems, while reducing the lifetime operating and maintenance costs for generator installations by 50% to 70%.

The U.K. government has committed to doubling onshore wind and quadrupling offshore wind installations by 2030, which the team estimates will require more than 10,000 extra turbines.

"We believe our technology directly addresses critical gaps in the U.K.'s offshore renewable energy supply chain. We aim to collaborate closely with manufacturers and original equipment manufacturers to scale up the production of our technology, ultimately expanding the Scottish and U.K. supply chains to meet the growing needs of the sector," says Dr. Joseph Burchell.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Commercial venture

Supported by Edinburgh Innovations, the University of Edinburgh's commercialization service, the CGEN team has been working with various companies to design and test their technology.

These include University start-up Mocean Energy, which is using CGEN's generator technology in its BlueX wave energy machine.

"We are delighted to have supported the CGEN team through to company formation. CGEN's technology provides a solution to several 'pain points' for offshore renewables and we look forward to working with manufacturers and investors to reach full commercial scale. It is through innovation--translating cutting-edge research into solutions to global challenges--that we will make progress in tackling complex problems like climate change," says Dr. Andrea Taylor.
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AI was central to two of 2024's Nobel prize categories. It's a sign of things to come
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The 2024 Nobel Prizes in physics and chemistry have given us a glimpse of the future of science. Artificial intelligence (AI) was central to the discoveries honored by both awards. You have to wonder what Alfred Nobel, who founded the prizes, would think of it all.


                                        
                                              
                                        
                                                                                                                                    We are certain to see many more Nobel medals handed to researchers who made use of AI tools. As this happens, we may find the scientific methods honored by the Nobel committee depart from straightforward categories like "physics," "chemistry" and "physiology or medicine."

We may also see the scientific backgrounds of recipients retain a looser connection with these categories. This year's physics prize was awarded to the American John Hopfield, at Princeton University, and British-born Geoffrey Hinton, from the University of Toronto. While Hopfield is a physicist, Hinton studied experimental psychology before gravitating to AI.

The chemistry prize was shared between biochemist David Baker, from the University of Washington, and the computer scientists Demis Hassabis and John Jumper, who are both at Google DeepMind in the UK.

There is a close connection between the AI-based advances honored in the physics and chemistry categories. Hinton helped develop an approach used by DeepMind to make its breakthrough in predicting the shapes of proteins.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The physics laureates, Hinton in particular, laid the foundations of the powerful field known as machine learning. This is a subset of AI that's concerned with algorithms, sets of rules for performing specific computational tasks.

Hopfield's work is not particularly in use today, but the backpropagation algorithm (co-invented by Hinton) has had a tremendous impact on many different sciences and technologies. This is concerned with neural networks, a model of computing that mimics the human brain's structure and function to process data. Backpropagation allows scientists to "train" enormous neural networks. While the Nobel committee did its best to connect this influential algorithm to physics, it's fair to say that the link is not a direct one.

Training a machine-learning system involves exposing it to vast amounts of data, often from the internet. Hinton's advance ultimately enabled the training of systems such as GPT (the technology behind ChatGPT), and the AI algorithms AlphaGo and AlphaFold, developed by Google DeepMind. So, backpropagation's impact has been enormous.


                                                                                                                                            DeepMind's AlphaFold 2 solved a 50-year-old problem: predicting the complex structures of proteins from their molecular building blocks, amino acids.

Every two years, since 1994, scientists have been holding a contest to find the best ways to predict protein structures and shapes from the sequences of their amino acids. The competition is called Critical Assessment of Structure Prediction (CASP).

For the past few contests, CASP winners have used some version of DeepMind's AlphaFold. There is, therefore, a direct line to be drawn from Hinton's backpropagation to Google DeepMind's AlphaFold 2 breakthrough.

David Baker used a computer program called Rosetta to achieve the difficult feat of building new kinds of proteins. Both Baker's and DeepMind's approaches hold enormous potential for future applications.

Attributing credit has always been controversial aspect of the Nobel prizes. A maximum of three researchers can share a Nobel. But big advances in science are collaborative. Scientific papers may have 10, 20, 30 authors or more. More than one team might contribute to the discoveries honored by the Nobel committee.

This year we may have further discussions about the attribution of the research on backpropagation algorithm, which has been claimed by various researchers, as well as for the general attribution of a discovery to a field like physics.

We now have a new dimension to the attribution problem. It's increasingly unclear whether we will always be able to distinguish between the contributions of human scientists and those of their artificial collaborators--the AI tools that are already helping push forward the boundaries of our knowledge.

In the future, could we see machines take the place of scientists, with humans being consigned to a supporting role? If so, perhaps the AI tool will get the main Nobel prize with humans needing their own category.
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                Behind-the-meter rooftop solar system, a solar array on the roof produces direct current power when the sun is shining. The DC power runs through an inverter that converts it to alternating current (AC) electricity. In most systems, the AC power goes straight to the main utility breaker panel, providing power to the home. Extra solar energy is fed onto the grid. Credit: National Academies
            
        

    


How would you like to never have another electric bill? Advances in technology have made it possible for some consumers to disconnect from the power grid--a move that was once only available to the ultra-wealthy who could afford the associated costs, or survivalists willing to trade convenience for freedom. This is no longer the case.


                                        
                                              
                                        
                                                                                                                                    A recent study I coauthored with energy researcher Seyyed Ali Sadat reveals that the balance of economics has shifted and now many families may be better off financially by cutting ties to the grid. However, this might not be a good thing for everyone.

How did we get here?

Back in the 2000s, solar was costly. The solar industry's goal was to push the cost of solar panels below $3 per watt because that would produce solar electricity at a low enough cost to be economically competitive without subsidies. Over the year, the cost of solar plummeted.

By 2011, we showed for the first time in both the United States and Canada that the levelized cost of solar electricity had reached grid parity. This means people could have a net-metered, grid-connected solar system and pay the same for electricity as the grid costs.

Your utility meter would spin backward during the day as you amassed solar electric credits, then spin forward at night when you used grid electricity. If you sized your solar correctly, you would never pay an electric bill.

When I moved to Michigan in 2011, I installed solar, earning a return on investment of more than 10 percent. Many other faculty members at Michigan Tech did the same, and our area was the first to hit Michigan's arbitrarily mandated one percent distributed generation limit.

Solar costs kept dropping, and ten years later, I collaborated with an engineer from Sweden--where nearly every house has a heat pump--to show that solar costs were so low they could effectively subsidize heat pumps into profitability in both northern Michigan and Ontario. Although the return on investment was modest--only a few percent--it was enough to make solar-powered heating more viable than natural gas.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Concern among electric utilities

Today, more heat pumps are sold that normal furnaces in the U.S., but Canada is still warming up to them. The price of solar modules has since dropped well below $1 per watt.

This shift caused concern among some electric companies; under their traditional business models, every new solar customer reduces their profit. Forward-thinking companies embraced solar and funded it for their customers. Some even rented their customers' roofs for solar panel use.

Many electric companies, however, took a different path by trying to weaken net metering. Some manipulated the rate structure by increasing unavoidable charges for customers while decreasing the electric rate, making net-metered solar systems less appealing for customers. As off-grid systems are now more affordable, this strategy could push customers away.

Solar costs continued to drop and are now the lowest cost power in history. The costs of electric batteries also plummeted by over 50 percent just last year.


                                                                                                                                            Grid defection is a real option

Grid-tied residential solar systems currently dominate the market, primarily due to historical net metering. As utility rate structures shift away from real net metering, increase unavoidable fees or restrict grid access, solar consumers are finding that going off-grid is becoming more economically viable.

Our recent study shows that grid defection is economically advantageous for many families because of these rate structure changes.

Consider a typical family in San Diego, for example. After an initial investment of $20,000 on the off-grid system (solar, diesel generator and batteries), they could pay 45 percent less for electricity than if they remained connected to the grid.

The system would pay for itself in just six years, and even with a battery replacement, they would break even again in year eight. Over the lifespan of the system, these families could save over $40,000 in electricity costs.
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                The cash flow of off-grid projects in San Diego, Calif. The various colour bars show either cash in or out by the year and the black line shows the total money each year until lifetime savings in year 25. Credit: Sadat and Pearce, 2024
            
        

    



Since our analysis using data from one year ago, battery costs have dropped even further, increasing the return on investment. Locations that were previously on the borderline of economic viability are now clear opportunities for grid defection.

These trends, coupled with increasing grid electricity costs and decreases in both solar and battery costs, have made economic grid defection a salient issue.

But this also raises concerns about potential "utility death spirals," where as more customers leave the grid to save money, the ones who are left face higher electricity costs, prompting even more to leave until the utility is bankrupt.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Stay on the grid

This trend raises two major concerns. First, those who can't afford to leave the grid--often the poorest households--will end up paying the most for left-over fossil fuel electricity from the grid. Leaving the grid requires a hefty up-front cost, and not everyone can afford it.

Second, our research shows that the diesel generators used as back up for off-grid solar and battery systems will cause significant pollution--even more than the grid in some locations.

Our results show that regulators must consider mass economic grid defection of PV-diesel generator-battery systems as a very real possibility in the near future. To prevent utility death spirals and increased carbon emissions, it's imperative we have rate structures that encourage solar producers to remain on the grid.

The worst thing regulators can do is allow the electric utilities to increase unavoidable costs for their short-term profits. This can backfire, as utilities will lose customers entirely in the long run. With solar and battery costs continuing to decline, this problem is only becoming more urgent.
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Organic compound boosts solar cell stretchability without sacrificing power

									    

    
        
            [image: A solar cell that is stretchable without sacrificing power]
             
                A photograph showing the flexible solar cell being stretched by two tweezers. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-49352-4
            
        

    


A solar cell developed by RIKEN physicists can be stretched without greatly affecting its ability to convert light into electricity. It is thus promising for powering the next generation of wearable electronics.


                                        
                                              
                                        
                                                                                                                                    Today's smart watches can monitor an impressive array of health metrics, while more-specialist wearable devices are being developed for specific medical applications. But such devices need to be recharged periodically.

To eliminate this need, researchers are seeking to develop flexible, wearable solar cells. However, it is vital to ensure that the performance of these solar cells doesn't drop off when they are stretched by body movements during everyday life.

"We're focusing on making very thin, flexible devices. But such devices don't have intrinsic stretchability," explains Kenjiro Fukuda of the RIKEN Center for Emergent Matter Science. "Rather, they're similar to plastic wrap used to wrap food--you can maybe stretch them by 1% or 2%, but 10% is impossible since they tear easily."

Fukuda and his team are trying to overcome this problem by developing solar cells that are intrinsically stretchable.

"Our approach is very simple--we use stretchable materials for every functional layer in a device," says Fukuda. "But while the concept is simple, the method is highly challenging since we have to strike a balance between the stretchability of each layer and its performance."

Now, Fukuda and his co-workers have realized a high-performance flexible solar cell that exhibits exceptional stretchability. The research is published in the journal Nature Communications.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The cell's power conversion efficiency drops by only 20% when the solar cell is stretched by 50% (i.e., stretched to 1.5 times its original, unstretched length). Furthermore, it retains 95% of its initial power conversion efficiency after being stretched 100 times by 10%.

The key to realizing such device stretchability lay in the team incorporating an organic compound called ION E in the electrode layer of the solar cell. They added ION E to enhance the stretchability of the electrode, but they discovered that it had another, unexpected benefit--it enhanced the adhesion between the electrode and the layers above and below it.

"This came as a nice surprise for us," says Fukuda. "We hadn't anticipated that ION E would increase the adhesion between layers."

Thanks to these two effects, the electrode can take up some of the strain from the active layer above it (which converts light into electrons), improving the stretchability of the whole device.

The long-term goal is to create a stretchable organic solar cell that has a large area, Fukuda notes. "One obstacle to achieving this is the low conductivity of the polymer used to convey the generated electricity," he says. "We're now looking into ways to overcome this bottleneck."
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Queensland has joined Tasmania as the second Australian state or territory to offer a A$500 rebate for buyers of new e-bikes. The pre-election announcement includes a smaller $200 rebate for e-scooters.


                                        
                                              
                                        
                                                                                                                                    The Queensland e-mobility rebate scheme is first come, first served, until its $2 million budget ($1 million was added last week) is used up. The Tasmanian scheme has closed for this reason.

These schemes follow a trend of government incentives to buy e-bikes in North America and Europe. The Australian schemes differ from most schemes overseas by including e-scooters too.

It's a welcome move to promote sustainable transport. These personal transport devices have smaller environmental footprints to produce and operate than electric cars. Owning e-bikes or e-scooters can enable people to drive less--reducing congestion and emissions--and avoid high fuel costs.

However, my research and other studies suggest ownership doesn't guarantee much greater use. Additional measures will be needed to boost use of these sustainable transport modes.

Why own e-bikes or e-scooters when you can share?

The rebate is likely to boost retailers' sales. More than 860 rebate applications were received within three days of the scheme starting on September 23.

And existing owners now have an incentive to upgrade or replace models. They might then sell their pre-loved e-bikes or e-scooters on the second-hand market. This means others could get them more cheaply.

Queensland was the first Australian state to legalize the use of e-scooters in 2018, when Brisbane introduced shared e-scooter operations. Regional cities such as Townsville and Cairns launched similar schemes. Dockless e-bikes later replaced Brisbane's initial CityCycle bike-sharing scheme.

I recently conducted research to understand why South-East Queensland residents want to own e-scooters. The study methods were comparable to an earlier e-bike user survey.

Both sets of owners cite replacing car use as their top reason for ownership. However, their motivations differ.

E-scooter owners are mainly driven by the lower price and the fun factor of riding. E-bike owners focus more on fitness and the health benefits of getting some exercise when riding. Australian regulations require e-bikes to be pedal-assisted.


                                                                                                        
    
        
        
        
    

                                                                                                                                            But does this mean people will ride more?

Since 2022, the Queensland government has offered a rebate of up to $6,000 for buying full-sized electric vehicles (that scheme closed last month). It now appears to have responded to calls to do the same for e-bikes and e-scooters.

Buyers certainly won't mind freebies and rebates, but rebate-induced ownership might not increase overall use by much.

An Australia-wide survey in 2023 found 57% of respondents had access to at least one working bicycle at home and this proportion has been increasing. However, only 15% reported riding in the previous week. Only 36.7% had ridden in the past year.

Overall cycling participation has declined over the past decade, except during the COVID pandemic when work and travel patterns were more local. For all periods, men are significantly more likely to cycle than women.



    
        
            [image: Rebates for buying e-bikes and e-scooters are good but unlikely to greatly boost sustainable transport on their own]
             
                Credit: The Conversation
            
        

    



The same 2023 survey revealed only about 2.1% own e-bikes. The rebate will likely increase this rate in Queensland.

Some preliminary evidence suggests e-bike users ride more often and further than those riding non-electric bikes. It also helps older people get into cycling. And it has the potential to replace car use even in rural areas.

Despite e-bikes offering advantages over traditional bikes, riders of both face obstacles to greater use, such as road safety and poor cycling infrastructure.


                                                                                                                                            What kinds of incentives do other countries offer?

Australian policymakers should consider offering incentives to ensure the new purchases are well used, not sitting idle most of the time.

The United Kingdom has a long-standing cycle-to-work scheme that offers commuters a tax exemption for buying bicycles or e-bikes.

In the Netherlands, incentive schemes have used smartphone technology to track their mileage. For example, in the B-Riders scheme, riders earn EU0.08-0.15 (A$0.13-0.21) per kilometer. There was a 68% increase in e-bike use by former car commuters after one month and 73% increase after six months of participation.

Schemes in North America tend to be aimed at lower-income households. They are more likely to be involuntarily carless, so e-bikes can improve their access to jobs, goods and services.

There are alternatives to rebates. North Vancouver, for example, is trialing e-cargo bike lending to replace car shopping trips, as these bulky bikes are not practical for every household to own.

In France, residents can claim a bike or e-bike subsidy of up to EU2,000 (A$3,210). Second-hand devices sold by approved repairers are covered too, which is likely to help reduce e-waste. Australian schemes so far only cover new purchases.


                                                                                                        
    
        
        
        
    

                                                                                                                                            What more can be done?

For e-bike and e-scooter owners, the main barrier to riding more is the lack of safe and well-connected infrastructure. Numerous studies have connected rates of riding to the quality and quantity of infrastructure. Extensive, high-quality and safe cycling networks can deliver lasting shifts towards sustainable transport.

When the Spanish city of Seville built such networks, cycling rates surged 11-fold in a few years.

In the Netherlands, this infrastructure is so well-funded and extensive that it's no surprise cycling is popular there.

Riders don't just need bikeways. They also need end-of-trip facilities with secure parking (and maybe free charging too).

In Australia, cycling gets only around 2% of transport funding.

In Brisbane, despite not being anywhere close to the European level of cycling infrastructure, new "green bridges" and bikeways will be expanded to more areas of the city (and other Queensland venues). It's part of preparations to host "climate-positive" Olympic and Paralympic Games in 2032. This year's games host, Paris, successfully upgraded infrastructure and boosted cycling rates.

Another benefit of more riders on the streets is that it creates "safety in numbers." Greater numbers would also help attract more funding for infrastructure that makes cycling and scooting safer and more attractive.

Both e-bikes and e-scooters are already worthwhile investments. Using them often would free yourself from car dependence--and that's good for the planet and your wallet.
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The rapid development of artificial intelligence (AI) has brought both benefits and risk.


                                        
                                              
                                        
                                                                                                                                    One concerning trend is the misuse of voice cloning. In seconds, scammers can clone a voice and trick people into thinking a friend or a family member urgently needs money.

News outlets, including CNN, warn these types of scams have the potential to impact millions of people.

As technology makes it easier for criminals to invade our personal spaces, staying cautious about its use is more important than ever.

What is voice cloning?

The rise of AI has created possibilities for image, text, voice generation and machine learning.

While AI offers many benefits, it also provides fraudsters new methods to exploit individuals for money.

You may have heard of "deepfakes," where AI is used to create fake images, videos and even audio, often involving celebrities or politicians.

Voice cloning, a type of deepfake technology, creates a digital replica of a person's voice by capturing their speech patterns, accent and breathing from brief audio samples.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Once the speech pattern is captured, an AI voice generator can convert text input into highly realistic speech resembling the targeted person's voice.

With advancing technology, voice cloning can be accomplished with just a three-second audio sample.

While a simple phrase like "hello, is anyone there?" can lead to a voice cloning scam, a longer conversation helps scammers capture more vocal details. It is therefore best to keep calls brief until you are sure of the caller's identity.

Voice cloning has valuable applications in entertainment and health care--enabling remote voice work for artists (even posthumously) and assisting people with speech disabilities.

However, it raises serious privacy and security concerns, underscoring the need for safeguards.

How it's being exploited by criminals

Cybercriminals exploit voice cloning technology to impersonate celebrities, authorities or ordinary people for fraud.


                                                                                                                                            They create urgency, gain the victim's trust and request money via gift cards, wire transfers or cryptocurrency.

The process begins by collecting audio samples from sources like YouTube and TikTok.

Next, the technology analyses the audio to generate new recordings.

Once the voice is cloned, it can be used in deceptive communications, often accompanied by spoofing Caller ID to appear trustworthy.

Many voice cloning scam cases have made headlines.

For example, criminals cloned the voice of a company director in the United Arab Emirates to orchestrate a $A51 million heist.

A businessman in Mumbai fell victim to a voice cloning scam involving a fake call from the Indian Embassy in Dubai.

In Australia recently, scammers employed a voice clone of Queensland Premier Steven Miles to attempt to trick people to invest in Bitcoin.

Teenagers and children are also targeted. In a kidnapping scam in the United States, a teenager's voice was cloned and her parents manipulated into complying with demands.


    
    
    
        
        
    
         
             
         

        It only takes a few seconds of audio for AI to clone someone's voice.
  



                                                                                                        
    
        
        
        
    

                                                                                                                                            How widespread is it?

Recent research shows 28% of adults in the United Kingdom faced voice cloning scams last year, with 46% unaware of the existence of this type of scam.

It highlights a significant knowledge gap, leaving millions at risk of fraud.

In 2022, almost 240,000 Australians reported being victims of voice cloning scams, leading to a financial loss of $A568 million.

How people and organizations can safeguard against it

The risks posed by voice cloning require a multidisciplinary response.

People and organizations can implement several measures to safeguard against the misuse of voice cloning technology.

First, public awareness campaigns and education can help protect people and organizations and mitigate these types of fraud.

Public-private collaboration can provide clear information and consent options for voice cloning.

Second, people and organizations should look to use biometric security with liveness detection, which is new technology that can recognize and verify a live voice as opposed to a fake. And organizations using voice recognition should consider adopting multi-factor authentication.


                                                                                                                                            Third, enhancing investigative capability against voice cloning is another crucial measure for law enforcement.

Finally, accurate and updated regulations for countries are needed for managing associated risks.

Australian law enforcement recognizes the potential benefits of AI.

Yet, concerns about the "dark side" of this technology have prompted calls for research into the criminal use of "artificial intelligence for victim targeting."

There are also calls for possible intervention strategies that law enforcement could use to combat this problem.

Such efforts should connect with the overall National Plan to Combat Cybercrime, which focuses on proactive, reactive and restorative strategies.

That national plan stipulates a duty of care for service providers, reflected in the Australian government's new legislation to safeguard the public and small businesses.

The legislation aims for new obligations to prevent, detect, report and disrupt scams.

This will apply to regulated organizations such as telcos, banks and digital platform providers. The goal is to protect customers by preventing, detecting, reporting, and disrupting cyber scams involving deception.

Reducing the risk

As cybercrime costs the Australian economy an estimated A$42 billion, public awareness and strong safeguards are essential.

Countries like Australia are recognizing the growing risk. The effectiveness of measures against voice cloning and other frauds depends on their adaptability, cost, feasibility and regulatory compliance.

All stakeholders--government, citizens, and law enforcement--must stay vigilant and raise public awareness to reduce the risk of victimization.
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            [image: New 3D printing technique creates unique objects quickly and with less waste]
             
                Speed-modulated ironing enables makers to fabricate objects with varied colors and textures, like the owls pictured here, using only one material with high precision. The technique is faster and produces less waste than other methods. Credit: Massachusetts Institute of Technology
            
        

    


Multimaterial 3D printing enables makers to fabricate customized devices with multiple colors and varied textures. But the process can be time-consuming and wasteful because existing 3D printers must switch between multiple nozzles, often discarding one material before they can start depositing another.


                                        
                                              
                                        
                                                                                                                                    Researchers from MIT and Delft University of Technology have now introduced a more efficient, less wasteful, and higher-precision technique that leverages heat-responsive materials to print objects that have multiple colors, shades, and textures in one step.

Their method, called speed-modulated ironing, utilizes a dual-nozzle 3D printer. The first nozzle deposits a heat-responsive filament and the second nozzle passes over the printed material to activate certain responses, such as changes in opacity or coarseness, using heat.

By controlling the speed of the second nozzle, the researchers can heat the material to specific temperatures, finely tuning the color, shade, and roughness of the heat-responsive filaments. Importantly, this method does not require any hardware modifications.

The researchers developed a model that predicts the amount of heat the "ironing" nozzle will transfer to the material based on its speed. They used this model as the foundation for a user interface that automatically generates printing instructions which achieve color, shade, and texture specifications.

One could use speed-modulated ironing to create artistic effects by varying the color on a printed object. The technique could also produce textured handles that would be easier to grasp for individuals with weakness in their hands.

"Today, we have desktop printers that use a smart combination of a few inks to generate a range of shades and textures. We want to be able to do the same thing with a 3D printer--use a limited set of materials to create a much more diverse set of characteristics for 3D-printed objects," says Mustafa Doga Dogan Ph.D. '24, co-author of a paper on speed-modulated ironing.

This project is a collaboration between the research groups of Zjenja Doubrovski, assistant professor at TU Delft, and Stefanie Mueller, the TIBCO Career Development Professor in the Department of Electrical Engineering and Computer Science (EECS) at MIT and a member of the MIT Computer Science and Artificial Intelligence Laboratory (CSAIL).

Dogan worked closely with lead author Mehmet Ozdemir of TU Delft; Marwa AlAlawi, a mechanical engineering graduate student at MIT; and Jose Martinez Castro of TU Delft. The research will be presented at the ACM Symposium on User Interface Software and Technology (UIST 2024) held in Pittsburgh October 13-16.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Modulating speed to control temperature

The researchers launched the project to explore better ways to achieve multiproperty 3D printing with a single material. The use of heat-responsive filaments was promising, but most existing methods use a single nozzle to do printing and heating. The printer always needs to first heat the nozzle to the desired target temperature before depositing the material.

However, heating and cooling the nozzle takes a long time, and there is a danger that the filament in the nozzle might degrade as it reaches higher temperatures.

To prevent these problems, the team developed an ironing technique where material is printed using one nozzle, then activated by a second, empty nozzle which only reheats it. Instead of adjusting the temperature to trigger the material response, the researchers keep the temperature of the second nozzle constant and vary the speed at which it moves over the printed material, slightly touching the top of the layer.

"As we modulate the speed, that allows the printed layer we are ironing to reach different temperatures. It is similar to what happens if you move your finger over a flame. If you move it quickly, you might not be burned, but if you drag it across the flame slowly, your finger will reach a higher temperature," AlAlawi says.

The MIT team collaborated with the TU Delft researchers to develop the theoretical model that predicts how fast the second nozzle must move to heat the material to a specific temperature.

The model correlates a material's output temperature with its heat-responsive properties to determine the exact nozzle speed which will achieve certain colors, shades, or textures in the printed object.

"There are a lot of inputs that can affect the results we get. We are modeling something that is very complicated, but we also want to make sure the results are fine-grained," AlAlawi says.

The team dug into scientific literature to determine proper heat transfer coefficients for a set of unique materials, which they built into their model. They also had to contend with an array of unpredictable variables, such as heat that may be dissipated by fans and the air temperature in the room where the object is being printed.

They incorporated the model into a user-friendly interface that simplifies the scientific process, automatically translating the pixels in a maker's 3D model into a set of machine instructions that control the speed at which the object is printed and ironed by the dual nozzles.


                                                                                                                                            Faster, finer fabrication

They tested their approach with three heat-responsive filaments. The first, a foaming polymer with particles that expand as they are heated, yields different shades, translucencies, and textures. They also experimented with a filament filled with wood fibers and one with cork fibers, both of which can be charred to produce increasingly darker shades.

The researchers demonstrated how their method could produce objects like water bottles that are partially translucent. To make the water bottles, they ironed the foaming polymer at low speeds to create opaque regions and higher speeds to create translucent ones. They also utilized the foaming polymer to fabricate a bike handle with varied roughness to improve a rider's grip.

Trying to produce similar objects using traditional multimaterial 3D printing took far more time, sometimes adding hours to the printing process, and consumed more energy and material. In addition, speed-modulated ironing could produce fine-grained shade and texture gradients that other methods could not achieve.

In the future, the researchers want to experiment with other thermally responsive materials, such as plastics. They also hope to explore the use of speed-modulated ironing to modify the mechanical and acoustic properties of certain materials.


                                                                                                                                                                            
                                        											
																								More information:
												Speed-Modulated Ironing: High-Resolution Shade and Texture Gradients in Single-Material 3D Printing. zjenjad.github.io/speed-modula ... esources/ironing.pdf
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            [image: A stiff material that stops vibrations and noise]
             
                Ioanna Tsimouri has invented a damping yet rigid laminate that she drops for testing. Credit: Michel Buchel / ETH Zurich
            
        

    


A compressor hums, an air conditioning system rattles, a railway carriage chassis clatters, sending reverberations through its passengers. Vibrations are not only annoying but can also be harmful. Over the long term, they can destroy materials and machines and shorten their service lives. What's more, the noise generated by vibrations is harmful to human health and well-being.


                                        
                                              
                                        
                                                                                                                                    To mitigate vibrations and noise, engineers use damping materials such as foams, rubber and mechanical elements in the form of springs or shock absorbers in many technical applications. This often makes these applications bulkier, heavier and more expensive, however. Moreover, it is not always possible to effectively suppress vibrations using retrofitted damping elements.

This is the reason for the high worldwide demand for materials that are rigid, load-bearing and have effective internal damping capabilities. Creating such a material is not easy, however, as the two properties are usually mutually exclusive.

ETH materials researchers have now developed a material that combines these supposedly incompatible properties. Ioanna Tsimouri achieved this feat in her doctoral thesis with the assistance of Andrei Gusev and Walter Caseri, both professors at the Department of Materials.

Her work has given rise to the creation of materials that comprise layers of stiff materials connected by ultra-thin rubber-like layers formed by crosslinking a polydimethylsiloxane (PDMS) mixture.

The first prototypes involved the use of silicon and glass plates that are 0.2-0.3 mm in thickness connected by rubber-like layers with a thickness of a mere few hundred nanometers. Various tests have revealed that these new composite materials do indeed have the properties the researchers had hoped for.

The researchers had their invention patented in the early summer of this year and have now published it in the journal Composites Part B: Engineering.


    
    
    
        
        
    
         
             
         

        Drop test with pure glass (first sequence) and with the new laminate (second sequence): The glass platelet rebounds on impact and makes a loud noise, whereas the laminate does not. Credit: Tsimouri I, et al. Composites Part B: Engineering, 2024
  



                                                                                                        
    
        
        
        
    

                                                                                                                                            Theoretically derived

Working with materials physicist Gusev, the researcher first used computer models to calculate how thick the connecting rubber-like layers had to be to simultaneously achieve high stiffness and damping of the composite material.

These calculations revealed that the layer thickness had to be a specific ratio to display the desired material properties. According to the calculations, the damping polymer layers need to make up less than 1% of the total material volume, while the rigid glass or silicon layers need to account for at least 99%. "There is very little of a damping effect if the polymer layer is too thin. If it is too thick, the material is not stiff enough," Tsimouri explains.

Implemented in the laboratory

In a next step, she and Caseri verified the calculations experimentally and produced several variants of the composite material in the laboratory.

The material Tsimouri used for the rigid layers included glass of the type used in smartphones. The polymer is obtained using a mixture of commercially available PDMS-based polymers that contain chemically reactive sites. When a catalyst is added, these sites combine to form a polymer network, i.e., a rubber-like polymer that connects the stiff plates like a two-component sealing.

With the aid of UK associate Peter Hine, the materials researcher went on to test the frequency- and temperature-dependent mechanical properties of the layered materials (laminates) using a three-point bending test.

She also used a simple but meaningful practical test: She dropped the laminate plates from a height of 25 centimeters onto a table and compared the acoustic and mechanical damping with that of a plate of the same size made of pure glass.

The laminate revealed excellent damping properties, yet also stability. It had a much quieter impact on the table and did not bounce. The pure glass, on the other hand, hit the table with a loud crash, bounced and flipped over. "Using this test, I was able to show that the laminate is excellent at damping vibrations and noise," says Tsimouri.


    
        
            [image: Materials researchers create new composite material that combines stiffness with a high damping capacity]
             
                Credit: Composites Part B: Engineering (2024). DOI: 10.1016/j.compositesb.2024.111717
            
        

    





                                                                                                                                            Time-consuming examinations

"After finding a mixture of PDMS polymers that results in a rubber-like polymer with enhanced damping performance over a broad range of temperatures, the next biggest difficulty was creating the rubber-like layer in the desired thickness," she says.

Because the polymers react rapidly after the addition of the catalyst, she had to develop a special process to apply the solutions to the glass or silicon disks. She also spent a lot of time checking the thickness of the layers. To do this, she had to produce cross-sections of the laminate and examine them under a scanning electron microscope. "This was extremely time-consuming," she recalls.

According to the researchers, the laminate could be used in many applications--from window glass and machine housing to car parts. It could find application in aerospace and sensor technology, where advanced damping materials are in very high demand. "The global market for damping materials is huge," the researchers emphasize.

The laminate has another advantage: The polymer used is temperature-resistant and can withstand a wide range of temperatures without any change in its damping properties. The polymer only becomes glassy and loses its damping capacity below a temperature of -125degC.

Ultimately, such a laminate would also be sustainable and conserve resources. Glass and silicon can be recycled easily. When melted down, the small amounts of polymer would decompose to glass and not affect the recycling process.

Caseri believes the technology is easily scalable. "Manufacturers with the right machines can also produce the laminate in panels of dimensions of several square meters. The manufacturing process is not that complicated."


                                                                                                                                                                            
                                        											
																								More information:
												Ioanna Ch. Tsimouri et al, Lightweight silicon and glass composites with submicron viscoelastic interlayers and unconventional combinations of stiffness and damping, Composites Part B: Engineering (2024). DOI: 10.1016/j.compositesb.2024.111717
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The new fashion: Clothes that help combat rising temperatures

									    

    
        
            [image: high temperatures]
             
                Credit: Pixabay/CC0 Public Domain
            
        

    


A team of international researchers has developed a natural fabric that urban residents could wear to counter rising temperatures in cities worldwide, caused by buildings, asphalt, and concrete.


                                        
                                              
                                        
                                                                                                                                    As heat waves become more prominent, cooling textiles that can be incorporated into clothes, hats, shoes and even building surfaces provide a glimpse into a future where greenhouse gas-emitting air conditioners may no longer be needed in our cities.

Engineers from Zhengzhou University and the University of South Australia say the wearable fabric is designed to reflect sunlight and allow heat to escape, while blocking the sun's rays and lowering the temperature. They have described the textiles in Science Bulletin.

The fabric promises to bring relief to millions of city dwellers experiencing warmer and more uncomfortable temperatures caused by global climate change and fewer green spaces.

UniSA visiting researcher Yangzhe Hou says the fabric leverages the principle of radiative cooling, a natural process where materials emit heat into the atmosphere, and ultimately into space.

"Unlike conventional fabrics that retain heat, these textiles are made of three layers that are engineered to optimize cooling," Hou says.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The upper layer, made of polymethyl pentene fibers, allows heat to radiate effectively. The middle layer, composed of silver nanowires, enhances the fabric's reflectivity, preventing additional heat from reaching the body. The bottom layer, made of wool, directs heat away from the skin, ensuring that wearers remain cool, even in the hottest urban environments.

"In our experiment, when placed vertically, the fabric was found to be 2.3degC cooler than traditional textiles, and up to 6.2degC cooler than the surrounding environment when used as a horizontal surface covering.

"The fabric's ability to passively reduce temperatures offers a sustainable alternative to conventional air conditioning, providing energy savings and reducing the strain on power grids during heat waves."

Zhengzhou University researchers Jingna Zhang and Professor Xianhu Liu say the technology not only addresses the immediate problem of urban heat islands, but also contributes to broader efforts to mitigate climate change and move towards more sustainable urban living.

It is hoped the technology could be adapted for even broader applications, including construction materials, outdoor furniture and urban planning.

While the fabric holds significant promise, researchers say the current production process is costly, and the long-term durability of the textiles needs further investigation and government support before it can be commercialized.

"Whether consumers are willing to pay more for wearable fabrics depends on the cooling effect, durability, comfort and their environmental awareness," the researchers say.


                                                                                                                                                                            
                                        											
																								More information:
												Xianhu Liu et al, Radiation cooling textiles countering urban heat islands, Science Bulletin (2024). DOI: 10.1016/j.scib.2024.09.008
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Scientists develop a new electrolyte synthesis method for next-generation fuel cells

									    

    
        
            [image: Development of a new electrolyte synthesis method for next-generation fuel cells: a step closer to green hydrogen production]
             
                (A) Single-phase electrolyte powder material exhibits grain growth according to its inherent sintering properties as the temperature increases. (B) The dual-phase electrolyte powder, composed of two phases with high and low sintering properties, accelerates the initial sintering properties as one phase determines the initial sintering, while the remaining refractory phase undergoes grain growth via the Ostwald ripening phenomenon, ultimately forming a single-phase. Credit: Korea Institute of Science and Technology
            
        

    


A research team has developed a new synthesis method that can significantly reduce the sintering temperature required for the densification process of electrolytes in next-generation high-efficiency protonic ceramic cells. Their work is published in the journal Advanced Energy Materials.


                                        
                                              
                                        
                                                                                                                                    Existing solid oxide cells (SOC) can produce electricity in fuel cell operation and hydrogen in electrolysis operation. Notably, they operate at high temperatures above 600degC, offering higher power conversion efficiency compared to other fuel cells. However, the downside is the high production cost due to the need for materials that can withstand high temperatures, as well as performance degradation over time due to thermal deterioration.

Recently, protonic ceramic cells (PCCs), which utilize proton (hydrogen ion) transport instead of oxygen ions, have emerged as next-generation energy conversion devices such as fuel cells and electrolyzers. Unlike conventional oxygen ion-conducting electrolytes, PCCs transport the smaller hydrogen ions, enabling higher ionic conductivity.

However, to produce the electrolyte for PCCs, sintering at temperatures above 1,500degC is required. During this process, component evaporation or precipitation occurs, degrading the electrolyte's ion-conducting properties, which has been a major obstacle to the commercialization of PCCs.



    
        
            [image: Development of a new electrolyte synthesis method for next-generation fuel cells: a step closer to green hydrogen production]
             
                The dual-phase proton ceramic electrolyte produced by the low-temperature synthesis process exhibits enhanced sintering characteristics, enabling a reduction in the sintering temperature of conventional processes. As a result, the intrinsic properties of the electrolyte can be realized in the device, improving cell performance. Credit: Korea Institute of Science and Technology
            
        

    



To lower the sintering temperature, the research team developed a new process for synthesizing electrolyte materials. Typically, the electrolyte for proton ceramic cells is produced by sintering a powder composed of a single compound. However, when additives are used to lower the sintering temperature, residual additives can remain in the electrolyte, reducing the cell's power density.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The research team discovered that, by synthesizing a powder containing two different compounds through low-temperature synthesis, a single compound with excellent sintering properties forms during the sintering process accompanying the reaction to single phase. This allows the sintering temperature to drop to 1,400degC without the need for additives.



    
        
            [image: Development of a new electrolyte synthesis method for next-generation fuel cells: a step closer to green hydrogen production]
             
                The new process, which does not use sintering aids or special sintering methods, achieved the lowest sintering temperature for electrolyte membranes. Credit: Korea Institute of Science and Technology
            
        

    



The proton ceramic electrolyte synthesized through this new process forms a dense membrane even at lower temperatures, enhancing the electrochemical properties of the cell. When applied to actual proton ceramic cells, this electrolyte demonstrated superior proton conductance, achieving a power density of 950mW/cm2 at 600degC--approximately double that of existing cells.

This is expected to reduce process time and simultaneously improve thermal stability and the performance of ceramic electrolytes. The research team plans to apply this new process, which utilizes the accelerated sintering between the two compounds, to the production of large-area cells for the commercialization of proton ceramic cells.

The researchers included Dr. Ho-Il Ji from the Hydrogen Energy Materials Research Center at the Korea Institute of Science and Technology (KIST), along with Professor Sihyuk Choi's team from Kumoh National Institute of Technology.

Dr. Ji of KIST stated, "This research has resolved the chronic sintering issues in the production of proton ceramic cells. If large-area technology is successfully developed, it will enable efficient energy management through green hydrogen production via electrolysis and pink hydrogen production by utilizing waste heat from nuclear power plants."
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												Junseok Kim et al, Dual-Phase Reaction Sintering for Overcoming the Inherent Sintering Ability of Refractory Electrolytes in Protonic Ceramic Cells, Advanced Energy Materials (2024). DOI: 10.1002/aenm.202400787
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Apple unveils Depth Pro, an AI app that can map the depth of a 2D image

                                        by Bob Yirka                                                                                , Tech Xplore
                                                                            

                                    
									    

    
        
            [image: Apple unveils Depth Pro, an AI app that can map the depth of a 2D image]
             
                Credit: Apple Depth Pro
            
        

    


A team of engineers at Apple has developed an AI-based model called Depth Pro that can map the depth of a 2D image. The team has written a paper describing the app and its capabilities and has posted it on the arXiv preprint server. They have also posted an announcement regarding the app on the company's Machine Learning Research page.


                                        
                                              
                                        
                                                                                    Humans and other animals are able to perceive depth because the brain is able to take two images, one from each eye, and use the differences between them to figure out which parts of the images are closer and which are more distant. Some video cameras have done something similar to create 3D videos.

Smartphones, because they rely on just one camera for picture taking and video creation, have various hardware and software additions that allow for adding some degree of depth. In this new effort, the engineers at Apple have created an entire depth map using data from the original image without resorting to use of metadata such as camera intrinsics.

A depth map is a map that is created using all the pixels in an original image. Each data-point on the map represents a single pixel and corresponds to the distance between the part of the picture represented by the pixel and the corresponding part of the object that was imaged.

Such a map allows for the addition of another dimension to a flat picture, giving it 3D effects. Creating a depth map, the team suggests, can generate 3D effects that are sharper than those made using standard smartphone techniques.



    
        
            [image: Apple unveils Depth Pro, an AI app that can map the depth of a 2D image]
             
                Overview of the network architecture. Credit: arXiv (2024). DOI: 10.48550/arxiv.2410.02073
            
        

    



In their announcement, the team at Apple claims that apps using the model are capable of producing a depth map in just 0.3 seconds when run on a computer with a standard GPU--and it can do so without the types of camera data that are usually needed to generate 3D effects.

By creating a model that operates so speedily, Apple has opened the door to creating 3D imagery from a single lens camera in real time. And this, the team notes, could have major implications for robots and other real-time mapping applications, such as those used on autonomous vehicles.


                                                                                
                                        											
																								More information:
												Aleksei Bochkovskii et al, Depth Pro: Sharp Monocular Metric Depth in Less Than a Second, arXiv (2024). DOI: 10.48550/arxiv.2410.02073

Depth Pro: github.com/apple/ml-depth-pro

machinelearning.apple.com/research/depth-pro
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Engineers develop a way to streamline solar cell testing, accelerating a process that can be slow and costly

									    

    
        
            [image: Machine learning method could speed path to cleaner energy solutions]
             
                In this new method, the scanning instrument (right) is used to measure current and optical maps (lower left) of solar cell arrays (top left). Credit: Advanced Intelligent Systems (2024). DOI: 10.1002/aisy.202400310
            
        

    


The process of testing new solar cell technologies has traditionally been slow and costly, requiring multiple steps. Led by a fifth-year Ph.D. student, a Johns Hopkins team has developed a machine learning method that promises to dramatically speed up this process, paving the way for more efficient and affordable renewable energy solutions.


                                        
                                              
                                        
                                                                                                                                    "Our work shows that machine learning can streamline the solar cell testing process," said team leader Kevin Lee, who worked with fellow electrical and computer engineering graduate students Arlene Chiu, Yida Lin, Sreyas Chintapalli, and Serene Kamal, and undergraduate Eric Ji, on the project. "This not only saves time and resources but opens new possibilities for clean energy technology development."

The team's results appear in Advanced Intelligent Systems.

A major hurdle in commercializing new solar materials and devices is the lengthy fabrication-testing-iteration cycle. Optimizing a new solar cell material for the market is an arduous process. After a device is made, multiple time-consuming measurements are needed to understand its material properties. This data is then used to adjust the fabrication process, repeating the cycle.

The new method drastically reduces this time by extracting all the materials' important characteristics from a single measurement. Unlike other methods trained on computer-simulated data--which often produce inaccurate results--the Hopkins team's approach uses real-world data.

Their neural network collects thousands of data points from one solar cell, capturing complex properties and variations caused by defects, such as spin-casting streaks, cracks, and contaminants, and eliminating the need to fabricate thousands of solar cells.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "Kevin's method has the potential to speed up photovoltaic development times," said Lee's adviser and study co-author Susanna Thon, an associate professor of electrical and computer engineering at JHU's Whiting School of Engineering and associate director of the university's Ralph O'Connor Sustainable Energy Institute.

"Instead of laboriously making multiple measurements on many devices to learn what you need to know about device behavior, Kevin, thanks to his [machine learning] algorithm, can now tell you everything you'd want to know about a device and its properties from a single measurement that takes about 30 seconds."

The other novel feature of Lee's system is that it takes spatial maps of data from solar cells and converts them into images.

"Normally one of the most common measurements you get after creating a new solar cell is called a JV curve, and what it does is measure the cell's response to light," Lee said.

"We had the idea of converting these JV curve maps into images so we could take advantage of advanced machine learning models developed for applications not in materials science, but in computer vision, to learn patterns in solar cell behavior."

Another benefit of the new method is its applicability to various materials and devices beyond solar cells, potentially accelerating the timeline from material discovery to market adoption.

"In theory, the system we developed could be used to measure other devices, such as transistors and light sensors," Lee said. "The time saved, and the accuracy of this system could lead to a wide array of new technologies being created much more quickly, which I am excited to see happen."


                                                                                                                                                                            
                                        											
																								More information:
												Hoon Jeong Lee et al, Predicting PbS Colloidal Quantum Dot Solar Cell Parameters Using Neural Networks Trained on Experimental Data, Advanced Intelligent Systems (2024). DOI: 10.1002/aisy.202400310
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Legal system fails to protect people from malicious copyright cases at the cost of sexual privacy, study warns
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Changes need to be made to the UK legal system to protect people from exploitative litigation designed to prey on vulnerabilities, a new study warns.


                                        
                                              
                                        
                                                                                                                                    Reforms need to be made to protect adults from unfairness during copyright enforcement legal proceedings. This would also help to prevent children being exposed to adult pornography online.

The malicious litigation typically involves copyright holders or their agents of online pornographic works obtaining contact details of internet users via a court order to engage in mass letter writing campaigns demanding payment with the threat of potential court action.

The mere threat of litigation has forced some individuals to settle to avoid the intrusion into their sexual privacy, whether or not they have a legal case to answer.

The research says copyright infringement actions in pornographic works should be subject to more rigorous checks and balances. Sexual privacy should be protected by the courts for adults consuming lawful pornography. This will allow genuine copyright holders to enforce their copyright interest through bona fide actions, while deterring unscrupulous claimants.

The study by Professor Abhilash Nair and Professor James Griffin from the University of Exeter Law School, calls for a fundamental "reconceptualization" of the right to privacy. The study is published in the journal Computer Law & Security Review.


                                                                                                        
    
        
        
        
    

                                                                                                                                            During cases, courts should do more to recognize and balance the sexual privacy rights of the alleged infringers of copyright in pornographic works with the interests of the right holders to ensure fair and equitable outcomes.

Professor Nair said, "My intention is not to prevent the enforcement of copyright altogether in pornographic works or to deter bona fide claims. There is a need to address the practice of speculative legal actions that target the embarrassment and sexual privacy of individuals to extract settlement.

"A fundamental lack of appreciation of sexual privacy at a conceptual level in the context of consumption of legal pornography is one of the main reasons why exploitative practices like speculative invoicing models continue to exist."

"The current position is no longer tenable. Privacy generally, and sexual privacy in particular, deserves more recognition and consideration in court during copyright enforcement actions for pornographic works on the internet to ensure that the administration of the copyright balance remains in the hands of the legislature and courts, rather than in the hands of the speculative invoicer."

The study says copyright should remain the appropriate regime for protecting pornographic works. However, the current enforcement regime for copyright is heavily imbalanced to the detriment of consumers of pornographic material online. Maintaining the status quo in this regard is no longer tenable.

The study recommends a new Practice Direction that clearly requires the consideration of sexual privacy in certain third-party disclosure applications for copyright infringement cases.


                                                                                                                                            The Practice Direction should require that the interest of the copyright holder (or other interested third party) is to be balanced with the sexual privacy of the alleged infringer, where infringement is alleged of a pornographic work. In order that the process is meaningful and efficient, this should be carried out during third-party disclosure order proceedings before claimants are allowed to obtain the identity of the alleged infringers.

Section 171 of the CPDA 1988 should be amended to deter copyright enforcement of pornographic works that are unlawful to publish in the UK.

The current copyright regime allows right holders to enforce copyright for pornography published in the UK without measures such as age verification in place to prevent children's access, thereby rendering it obscene with respect to children and therefore unlawful to publish in the first instance. Only pornography that is both lawful to publish and for adults to consume should be eligible for copyright enforcement.


                                                                                                                                                                            
                                        											
																								More information:
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Made from renewable materials like biomass and agricultural waste, sustainable aviation fuel has enormous potential to decarbonize the aviation industry. But widespread adoption has yet to take off.


                                        
                                              
                                        
                                                                                                                                    Sustainable aviation fuel (SAF) makes up less than 1% of the fuel used in the aviation industry, while aviation fuel contributes about 3% of global greenhouse gas (GHG) emissions. Producing SAF that is more energy efficient, cheaper and cost-competitive with fossil-based jet fuel is critical to widespread commercial use.

Now scientists at the Argonne National Laboratory have developed a novel technology that creates a cost-competitive SAF that could reduce GHG emissions in the aviation industry by up to 70%. Argonne's life cycle and techno-economic models were used to analyze the environmental impacts and economic viability of the SAF.

The research in ACS Sustainable Chemistry & Engineering shows that novel methane arrested anaerobic digestion (MAAD) technology converts high-strength organic wastewater into volatile fatty acids, which can be upgraded to SAF.

As key precursors for SAF production, volatile fatty acids can play a critical role in decarbonizing the aviation industry, said Haoran Wu, an Argonne postdoctoral researcher.

"Volatile fatty acids from waste streams can make biofuel production more cost-effective and sustainable," said Wu. "Argonne's novel technology uses a membrane-assisted bioreactor to enhance the production of volatile fatty acids."

The research advances goals outlined in the DOE's Sustainable Aviation Fuel Grand Challenge which aims to increase the production of SAF to three billion gallons by 2030. The goal is to produce enough fuel to meet 100% of commercial jet fuel demand by 2050.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Converting waste streams to biofuel

Biofuel is in demand to decarbonize hard-to-electrify sectors like aviation. Converting biomass to biofuel is a complex process involving variables in organic materials used as feedstock, as well as conversion, separation and purification technologies to meet fuel specifications.

Instead of relying on more conventional resources like fat, oil and grease, scientists used carbon-rich wastewater from breweries and dairy farms as a feedstock for their innovative technology. In a key advancement, the technology strips organic carbon from these high-strength waste streams that are otherwise difficult to treat cost-effectively.

"Both wastewater streams are rich in organics, and it is carbon-intensive to treat them using traditional wastewater treatment methods," said study author Taemin Kim, an Argonne energy systems analyst. "By using our technology, we are not only treating these waste streams but making low-carbon sustainable fuel for the aviation industry."

Argonne's technology also breaks new ground in converting these waste streams to SAF.

Anaerobic digestion is an established technology for converting biomass to methane and then to biofuel. Developed by Meltem Urgun Demirtas, department manager of Sustainable Materials and Processes at Argonne, the MAAD technology instead focuses on the production of volatile fatty acids (such as butyric acid) and lactic acid.

However, lactic acids limit the production of SAF from volatile fatty acids. The Argonne MAAD technology overcomes that limitation to increase volatile fatty acid yield.

"Lactic acid lowers the carbon efficiency when converting volatile fatty acids to SAF," Wu said. "Therefore, shifting conversion away from lactic acid toward volatile fatty acid production is key."

In another novel innovation, scientists developed an electrochemical separation method to enhance the membrane-assisted MAAD technology.

"We developed an in-situ product recovery process to increase retention time in the membrane-assisted digesters, which allowed resilient microbial communities with abundant butyric acid producers and increasing acid productivity and concentration, hence decreasing acid production cost and acid toxicity," said Urgun Demirtas, a principal investigator on the research.


                                                                                                                                            Analyzing economic and environmental impacts

With the experimental data, scientists used Argonne's advanced simulation and modeling tools to design three possible waste-to-SAF pathways and compared them to conventional jet fuel produced from fossil fuel.

Using the process models, scientists conducted a techno-economic and life cycle analysis of the pathways. The life cycle analysis was conducted using Argonne's R&D Greenhouse gases, Regulated Emissions, and Energy use in Technologies (R&D GREET) model to evaluate GHG impacts from production to end use.

Scientists say the waste-to-aviation fuel pathway significantly cut carbon emissions compared to conventional jet fuel. The study also expands the use of lesser-used waste materials at a time when demand for typical bio-feedstock for SAF results in a shortage.

While research will continue, ultimately, scientists hope to commercialize the patent-pending process and scale the technology for widespread use.

"Designing a membrane-assisted technology that achieves a 70% reduction in greenhouse gases at a cost comparable with conventional jet fuel is a significant advancement," Wu said.

"We will continue working to enhance sustainability and begin exploring other feedstock materials to use with our technology."

Pahola Thathiana Benavides Gallego, an Argonne principal energy systems analyst, also served as a principal investigator on the research.
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                The semiconductor CuIn5Se8 is processed into large sheets by solution deposition, in which the material is dissolved in solution then spread over a large area. The process is far more efficient and scalable than standard vapor deposition techniques. Credit: University of Illinois Grainger College of Engineering
            
        

    


Standard manufacturing techniques for semiconductor devices--the technologies that make electronics possible--involve processing raw materials at high temperatures in vacuum vessels. This fundamentally limits manufacturing efficiency and scalability.


                                        
                                              
                                        
                                                                                                                                    Processes based on deposition from chemical solutions at lower temperatures and ambient pressure have long been pursued as a more efficient and scalable alternative, but such processes usually result in materials with large numbers of structural defects leading to inferior device performance.

The laboratory of Qing Cao, professor of materials science & engineering in The Grainger College of Engineering, University of Illinois Urbana-Champaign, has developed a process yielding the highest performing transistors from solution-deposited semiconductors to date. However, the research team was surprised to learn that the best semiconductor for this process has higher defect concentrations than its parent material.

"It's remarkable that even though there are more defects, their organization into ordered defect pairs are the reason our materials have the record-high performances for those made with a solution deposition process," Cao said.

"We went further than fundamental materials science and showed that functional circuits and systems like displays can be constructed, paving the road toward their adoption in many emerging applications requiring high-performance electronics covering large areas."

The study, published in the journal Science Advances, outlines a procedure for fabricating devices from the ordered defect compound semiconductor CuIn5Se8 prepared by solution deposition.

They were used to form high-speed logic circuits operating in megahertz and a micro-display with a resolution of 508 pixels per inch. The transistors in the display drove inorganic micro-LEDs, a brighter and more durable alternative to the current standard of organic LEDs but requiring much more powerful transistors to drive each pixel.

Cao believes that the new material and process could scale to support next-generation inorganic micro-LED displays and high-speed printable electronics for health care, smart packaging, and internet of things.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The promise of solution deposition

The extreme conditions required for standard semiconductor manufacturing limit the surface areas of the processed materials. While this is acceptable for chips and microelectronics, it is economically prohibitive for applications requiring many devices coordinated and distributed over a large area, such as electronic displays.

Solution deposition, in which the semiconductors are dissolved in liquid and spread over a target substrate, would not only enable large-area applications but could also make processing more efficient.

"The fact that solution deposition can occur at atmospheric pressure and much lower temperatures alone makes it a desirable alternative to standard vapor deposition in terms of manufacturing throughput, cost and substrate compatibility," Cao said.

However, vapor deposition techniques have been developed to the point where the processed materials have very few defects, leading to high-performance devices. Before solution deposition is used in commercial processing, it must be developed to the point where the materials it creates have the same performance levels.

A better semiconductor

Cao recalls that copper-indium-selenium materials first drew the attention of his lab for their tunability. Changing the exact proportions of each element in the material allowed a vast material design space for them to realize effective solar cells with a copper-indium-selenium ratio of 0.9:1:2.


                                                                                                                                            "The thought was, 'We have control over the material proportions, so can we adjust them to make good semiconductors for electronics instead of good solar cells?'" Cao said.

"We developed a solution deposition process for these materials, and we experimented with the proportions until we found a material good for electronics purposes, which has a copper-indium-selenium ratio of 1:5:8. In fact, the combination we found outperformed not only other solution processable semiconductors, but also most semiconductors currently used in displays."

Semiconductor performance is often quantified with charge mobility, a measure of how easily electrons move through the material when voltage is applied. Compared to amorphous silicon semiconductors used in large LCD displays, the researchers' material CuIn5Se8 has a mobility 500-times greater. Compared to metal oxide semiconductors used in state-of-the-art organic LED displays, the new material's mobility is four times greater.

The mobility of CuIn5Se8 is comparable to low-temperature polycrystalline silicon which is used in smartphone displays. However, polycrystalline silicon processing requires laser annealing, making it difficult to scale up and include in larger devices. Solution-deposited CuIn5Se8 could facilitate larger high-performance displays.


                                                                                                        
    
        
        
        
    

                                                                                                                                            More defects, surprisingly

The researchers' next step was figuring out why CuIn5Se8 performs so well. They consulted Jian-Min Zuo, professor of materials science & engineering in Grainger Engineering and an expert in material characterization.

"Generally, as material scientists, we think that better performing materials have fewer defects, and that's what we expected initially," Cao said.

"But then, professor Zuo got back to us after using transmission electron microscopy to observe the microscopic structure. It turned out that there were not only more defects than the parent compound, but likely two types of defects co-existing."

To resolve the apparent contradiction, the researchers turned to theorist Andre Schleife, professor of materials science & engineering in Grainger Engineering.

By simulating the new copper-indium-selenium material, Schleife's group found that the two types of defects in CuIn5Se8 can combine to form a material system called an ordered defect compound. In such systems, different types of material defects organize into a regular pattern and "cancel out," leading to an improved charge mobility.

A path to printing high-speed electronics and higher-performance displays

The researchers demonstrated the capabilities of their process by using their new defect-tolerant copper-indium-selenium semiconductors to construct a display together with gallium nitride-based micro-LEDs. The CuIn5Se8 material formed the basis of high-performance transistors which operated 8-by-8-micron LED pixels, closely packed to a resolution of 508 pixels per inch.


                                                                                                                                            "While Organic LEDs are the standard in high-performance displays, LEDs based on inorganic substances such as gallium nitride are emerging as a faster, higher-brightness, and more energy efficient alternative," Cao explained.

"However, since they are brighter, they require high-power electronics to operate and it is especially challenging if we would like to squeeze them within a smaller footprint for high resolution. We demonstrated that our new semiconductor is up to the task, and we've shown that it can be efficiently manufactured with solution deposition."

In addition to driving LEDs, these transistors can be integrated to form logic circuits, again offering much better performance compared to what is constructed on other solution processable semiconductors. These circuits can operate at megahertz with delay down to 75 nanoseconds.

The compatibility with low-cost solution deposition processes without sacrificing performance is promising for future printable electronics. They could find use in continuous wellness monitoring, smart packing with integrated sensing and computing, and affordable internet of things devices.

Cao notes that while the process is sufficiently developed that it could be commercialized, they are holding off until it can be made more environmentally friendly.

"The process is currently based on hydrazine, which is used as rocket fuel," he said. "It could be used in an industrial setting, but we first want to modify the process to use chemicals that are safer to work with and leave a smaller environmental footprint."
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Could natural, underground hydrogen be a gusher of clean energy in Alaska?

                                        by Hal Bernton, The Seattle Times                                                                                                                    
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Alaska geologist Mark Myers hopes that underground reserves of hydrogen could fuel a new state energy industry.


                                        
                                              
                                        
                                                                                                                                    His dreams were launched by a well drilled in the African country of Mali that yields enough hydrogen to fuel a village electric power plant.

Myers is hopeful that hydrogen deposits also exist in Alaska in a metamorphic rock called serpentinite, which is often found in subduction zones where one plate of the Earth's crust is pushed underneath another.

"Do we have those source rocks?" Myers asked. "The answer is all over the place. But the big question is how much of this hydrogen gets created--and preserved. We don't know."

Myers' push to find hydrogen reservoirs is driven by his concerns about climate change spurred by fossil fuel combustion. He is convinced that scientific models of a warming Earth are accurate, and justify a concerted effort to move off coal, oil and gas.

"How is Alaska going to make the energy transition?" he asked. "What is it going to look like in the post-fossil fuel world?"

This is blunt talk from a man who spent more than four decades in Alaska's oil industry and state government, where his resume included service as the chief of the Division of Oil and Gas and a stint as the Department of Natural Resources commissioner. He also, under the administration of President George W. Bush, headed up the U.S. Geological Survey and has been active in academia as a vice chancellor of research at the University of Alaska Fairbanks.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Myers, who currently serves as a presidential appointee to the U.S. Arctic Research Commission, said he gravitated to hydrogen as an energy source that could generate electricity, help the power industry and make transportation fuels.

So far, much of the federal research has focused on ways to make green hydrogen, which can be extracted from water in a process that requires lots of electricity from clean power sources that do not release greenhouse gases. But a potentially cheaper alternative would be reservoirs of naturally forming hydrogen that could be big storehouses of energy. In the U.S. and elsewhere, exploration is now underway to try to find some of those potentially large sources of energy.

The subsurface hydrogen in Mali was discovered in 1987 by well drillers looking for water. Later, more than two dozen boreholes helped to define the boundaries of these reservoirs, which keep recharging with hydrogen. Since 2012, wells producing 98% hydrogen gas have provided fuel for the power plant serving the village of Bourakebougou, according to a study of the reservoirs published in 2023 in Nature.

A model developed by the U.S. Geological Survey suggests that underground reservoirs of hydrogen exist in other places, and a company drilling in South Australia has reported significant hydrogen concentrations of more than 90% as well as helium in the gases brought to the surface.

Technologies also may evolve to harvest hydrogen as it migrates through rock. Another possibility would be injections of water that could stimulate hydrogen production from some formations.


                                                                                                                                            Most of these hydrogen resources are likely to be in areas too deep, too inaccessible or in quantities too small to profitably extract, according to Geoffrey Ellis, a U.S. Geological Survey research geologist who helped to develop the model. And in some prospective hydrogen reservoirs, the gas may have leaked out or been consumed by microbes.

Still, if a small fraction of these reserves could be tapped, a major new source of carbon-free energy could be developed.

Ellis is now leading an effort to develop maps of the areas in the continental U.S. most likely to contain hydrogen. So far, the top prospects appear to be in the Great Plains and the Atlantic coastal plain.

Myers is eager for the U.S. Geological Survey to develop a similar model that could guide hydrogen exploration in Alaska. In October, he will be joined by Ellis at a three-day hydrogen workshop in Fairbanks jointly sponsored by the Arctic Research Commission and the university's Geophysical Institute.

"The effort now is to pinpoint where it could be," Myers said. "Then, we need to do basic geologic fieldwork. So, start looking at the rocks."
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New data augmentation algorithm could facilitate the transfer of skills across robots

                                        by Ingrid Fadelli                                                                                , Tech Xplore
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                Given robot images, RoVi-Aug uses state-of-the-art diffusion models to augment the data and generate synthetic images with different robots and viewpoints. Policy trained on the augmented dataset can be deployed on the target robots zero-shot or further finetuned, exhibiting robustness to camera pose changes. Credit: Chen et al.
            
        

    


In recent years, roboticists have developed a wide range of systems designed to tackle various real-world tasks, ranging from completing household chores to delivering packages or finding target objects in delineated environments.


                                        
                                              
                                        
                                                                                                                                    A key objective in the field has been to develop algorithms that allow the reliable transfer of specific skills across robots with different bodies and characteristics, which would help to rapidly train robots on new tasks, broadening their capabilities.

Researchers at UC Berkeley have developed RoVi-Aug, a new computational framework designed to augment robotic data and facilitate the transfer of skills across different robots. Their proposed approach, outlined in a paper pre-published on arXiv and set to be presented at the 2024 Conference on Robot Learning (CoRL), utilizes state-of-the-art generative models to augment image data and create synthesized visual task demonstrations with varying camera views for distinct robots.

"The success of modern machine learning systems, particularly generative models, demonstrates impressive generalizability and motivated robotics researchers to explore how to achieve similar generalizability in robotics," Lawrence Chen (Ph.D. Candidate, AUTOLab, EECS & IEOR, BAIR, UC Berkeley) and Chenfeng Xu (Ph.D. Candidate, Pallas Lab & MSC Lab, EECS & ME, BAIR, UC Berkeley), told Tech Xplore.

"We have been investigating the problem of cross-viewpoint and cross-robot generalization since the start of this year."

When conducting their previous research, Chen, Xu and their colleagues identified some of the challenges to the generalization of learning across different robots. Specifically, they found that when the scenes included in robotics datasets are unevenly distributed, for instance, containing a predominance of specific robot visuals and camera angles over others, this makes them less effective for teaching different robots the same skills.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Interestingly, the researchers found that many existing robot training datasets are unbalanced, including some of the most well-established. For instance, even the Open-X Embodiment (OXE) dataset, a dataset that is widely used for training robotics algorithms and contains demonstrations of different robots completing varying tasks, contains more data for some robots, such as the Franka and xArm manipulators.

"Such biases in the dataset make the robot policy model tend to overfit to specific robot types and viewpoints," said Chen and Xu.

"To mitigate this issue, in February 2024, we proposed a test-time adaptation algorithm, Mirage, that uses 'cross-painting' to transform an unseen target robot into the source robot seen during training, creating the illusion that the source robot is performing the task at test time."

Mirage, the algorithm that the researchers introduced in their previous paper, was found to attain the zero-shot transfer of skills to unseen target robots. Nonetheless, the model was found to come with various limitations.

Firstly, to work well, Mirage requires precise robot models and camera matrices. In addition, the algorithm does not support the fine-tuning of robot policies and is limited to processing images with few changes in camera pose, as it is prone to commit errors in the reprojection of image depth.


                                                                                                                                            "In our latest work we present an alternative algorithm called RoVi-Aug," said Chen and Xu. "The aim of this algorithm is to overcome the limitations of Mirage by enhancing the robustness and generalizability of policies during training, focusing on handling diverse robot visuals and camera poses, rather than relying on the test-time cross-painting approach with stringent assumptions on the known camera poses and robot URDFs (unified robot description formats)."

RoVi-Aug, the new robot data augmentation framework introduced by the researchers, is based on state-of-the-art diffusion models. These are computational models that can augment images of a robot's trajectories, generating synthetic images showing different robots completing tasks, viewed from varying viewpoints.
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The researchers used their framework to compile a dataset containing a wide range of synthetic robot demonstrations and then trained robot policies on this dataset. This in turn allows the transfer of skills to new robots that have not been previously exposed to the task included in the demonstration, which is known as zero-shot learning.

Notably, the robot policies can also be fine-tuned to achieve increasingly better performances at a given task. In addition, contrarily to the Mirage model introduced in the team's previous paper, their new algorithm can support drastic changes in camera angles.

"Unlike test-time adaptation methods like Mirage, RoVi-Aug doesn't require any extra processing during deployment, doesn't rely on knowing camera angles in advance, and supports policy fine-tuning," explained Chen and Xu. "It also goes beyond traditional co-training on multi-robot, multi-task datasets by actively encouraging the model to learn the full range of robots and skills across the datasets."


                                                                                                        
    
        
        
        
    

                                                                                                                                            The RoVi-Aug model has two distinct components, namely the robot augmentation (Ro-Aug) and the viewpoint augmentation (Vi-Aug) modules. The first of these components is designed to synthesize demonstration data featuring different robotic systems, while the second can produce demonstrations viewed from different angles.

"Ro-Aug has two key features: a fine-tuned SAM model to segment the robot and a fine-tuned ControlNet to replace the original robot with a different one," said Chen and Xu. "Meanwhile, Vi-Aug leverages ZeroNVS, a state-of-the-art novel view synthesis model, to generate new perspectives of the scene, making the model adaptable to various camera viewpoints."

As part of their study, the researchers used their model to produce an augmented robot dataset and then tested the effectiveness of this dataset for training policies and transferring skills across different robots. Their initial findings highlight the potential of Rovi-Aug, as the algorithm was found to enable the training of policies that generalize well across different robots and camera set-ups.

"Its key innovation lies in applying generative models--such as image-to-image generation and novel view synthesis--to the challenge of cross-embodiment robot learning," explained Chen and Xu.

"While previous work has used generative augmentation to improve policy robustness in the face of distracting objects and backgrounds, RoVi-Aug is the first to show how this approach can facilitate skill transfer between different robots."


                                                                                                                                            This recent work by Chen and Xu could contribute to the advancement of robots, by helping robotics researchers to easily broaden their systems' skill set. In the future, it could be used by other teams to transfer skills between different robots or develop more effective general-purpose robotic policies.

"For instance, imagine a scenario where a researcher has spent significant effort collecting data and training a policy on a Franka robot to perform a task, but you only have a UR5 robot," said Chen and Xu.

"RoVi-Aug allows you to repurpose the Franka data and deploy the policy on the UR5 robot without additional training. This is particularly useful because robot policies are often sensitive to camera viewpoint changes, and setting up identical camera angles across different robots is challenging. RoVi-Aug eliminates the need for such precise setups."

As collecting large amounts of robot demonstrations in the real world can be very expensive and time-consuming, RoVi-Aug could be a cost-effective alternative for easily compiling reliable robot training datasets.

While the images in these datasets would be synthetic (i.e., generated by AI), they could still prove useful for producing reliable robot policies. The researchers are currently working with colleagues at Toyota Research Labs and other institutes on applying and extending their approach to other robot datasets.

"We now aim to further refine RoVi-Aug by incorporating recent developments in generative modeling techniques, such as video generation in place of image generation," added Chen and Xu.

"We also plan to apply RoVi-Aug to existing datasets like the Open-X Embodiment (OXE) dataset, and we are excited about the potential to enhance the performance of generalist robot policies trained on this data. Expanding RoVi-Aug's capabilities could significantly improve the flexibility and robustness of these policies across a wider range of robots and tasks."
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Tesla is unveiling its long-awaited robotaxi amid doubts about the technology it runs on

                                        by Tom Krisher                                                                                                                    
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Expectations are high for the long-awaited unveiling of Tesla's robotaxi at a Hollywood studio Thursday night. Too high for some analysts and investors.


                                        
                                              
                                        
                                                                                                                                    The company, which began selling software it calls "Full Self-Driving" nine years ago that still can't drive itself, is expected to show off the so-called "Cybercab" vehicle, which may not have a steering wheel and pedals.

The unveiling comes as CEO Elon Musk tries to persuade investors that his company is more about artificial intelligence and robotics as it struggles to sell its core products, an aging lineup of electric vehicles.

Some analysts are predicting that it will be a historic day for the Austin, Texas, company as it takes a huge step toward a long-awaited robotaxi service powered by AI.

But others who track self-driving vehicles say Musk has yet to demonstrate Tesla's system can travel safely without a human driver ready to step in to prevent crashes.

"I don't know why the headlines continue to be 'What will Tesla announce?' rather than 'Why does Tesla think we're so stupid?'" said Bryant Walker Smith, a University of South Carolina law professor who studies autonomous vehicles.

He doesn't see Tesla having the ability to show off software and hardware that can work without human supervision, even in a limited area that's well-known to the driving system.

"We just haven't seen any indication that that is what Tesla is working toward," Walker Smith said. "If they were, they would be showcasing this not on a closed lot, but in an actual city or on an actual freeway."


                                                                                                        
    
        
        
        
    

                                                                                                                                            Without a clear breakthrough in autonomous technology, Tesla will just show off a vehicle with no pedals or steering wheel, which already has been done by numerous other companies, he said.

"The challenge is developing a combination of hardware and software plus the human and digital infrastructure to actually safely drive a vehicle even without a steering wheel on public roads in any conditions," Walker Smith said. "Tesla has been giving us that demo every year, and it's not reassuring us."

Many industry analysts aren't expecting much from the event either. While TD Cowen's Jeff Osborne expects Musk to reveal the Cybercab and perhaps the Model 2, a lower-cost electric vehicle, he said he doesn't expect much of a change on self-driving technology.

"We expect the event to be light on details and appeal to the true long-term believers in Tesla," Osborne wrote in a note. Musk's claims on the readiness of Full Self Driving, though, will be crucial "given past delays and ongoing scrutiny" of the system and of Tesla's less-sophisticated Autopilot driver-assist software.

Tesla's model lineup is struggling and isn't likely to be refreshed until late next year at the earliest, Osborne wrote. Plus, he wrote that in TD Cowen's view the "politicization of Elon" is tarnishing the Tesla brand among Democrat buyers in the U.S.

Musk has endorsed Republican presidential candidate Donald Trump and has pushed many conservative causes. Last weekend he joined Trump at a Pennsylvania rally.


                                                                                                                                            Musk has been saying for more than five years that a fleet of robotaxis is near, allowing Tesla owners to make money by having their cars carry passengers while they're not in use by the owners.

But he has acknowledged that past predictions for the use of autonomous driving proved too optimistic. In 2019, he promised the fleet of autonomous vehicles by the end of 2020.

However, Wedbush analyst Dan Ives, who is bullish on Tesla stock, wrote in an investor note that robotaxi event, dubbed "We, Robot," by the company, will be a new chapter of growth for Tesla.

Ives expects many updates and details from Tesla on the robotaxi, plus breakthroughs in Full Self Driving and artificial intelligence. He also is looking for a phased-in strategy for rolling out the robotaxis within the next year, as well as a Tesla ride-sharing app, and demonstrations of technology "designed to revolutionize urban transportation."

Ives, whose organization will attend the invitation-only event at the Warner Bros. studio, wrote that he also expects updates on Tesla's Optimus humanoid robot, which the company plans to start selling in 2026.

"We believe this is a pivotal time for Tesla as the company prepares to release its years of Robotaxi R&D shadowed behind the curtains, while Musk & Co. lay out the company's vision for the future," Ives wrote.

The announcement comes as U.S. safety regulators are investigating Full Self Driving and Autopilot based on evidence that it has a weak system for making sure human drivers pay attention.


                                                                                                        
    
        
        
        
    

                                                                                                                                            In addition, the U.S. National Highway Traffic Safety Administration forced Tesla to recall Full Self-Driving in February because it allowed speeding and violated other traffic laws, especially near intersections. Tesla was to fix the problems with an online software update.

Last April in Snohomish County, Washington, near Seattle, a Tesla using Full Self-Driving hit and killed a motorcyclist, authorities said. The Tesla driver told authorities that he was using the system while looking at his phone when the car rear-ended the motorcyclist. The motorcyclist was pronounced dead at the scene, authorities said.

NHTSA says it's evaluating information on the fatal crash from Tesla and law enforcement officials.

The Justice Department also has sought information from Tesla about Full Self-Driving and Autopilot, as well as other items.
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Strong state support and huge private investment have made China's solar industry a global powerhouse, but it faces new headwinds, from punitive tariffs abroad to a brutal price war at home.


                                        
                                              
                                        
                                                                                                                                    Officials meeting in Baku next month for the COP29 summit hope to agree on new finance targets to help developing countries respond to climate change, including ditching fossil fuels.

Last year, countries agreed to triple global installed renewable energy capacity by 2030.

China is installing almost twice as much solar and wind power as every other country combined.

And it dominates the market.

It makes eight out of every 10 solar panels and controls 80 percent of every stage of the manufacturing process.

It is also home to the world's top 10 suppliers of solar panel manufacturing equipment, and its related exports hit a record $49 billion last year, according to Wood Mackenzie.

That supremacy is not accidental: Chinese state support has been key, analysts say.

Beijing invested over $50 billion in new solar supply capacity from 2011 to 2022, according to the International Energy Agency.

The industry has also benefited from access to cheap raw materials, readily available capital from state-owned banks, and huge engineering manpower.
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"Chinese producers were ahead of everyone else on cost," said Lauri Myllyvirta, co-founder of the Centre for Research on Energy and Clean Air, a climate think tank.

"That meant new investment takes place in China, because that's where it's most competitive," he told AFP.

The focus has driven a "steep learning curve... both in solar cell technology and manufacturing know-how", added Johannes Bernreuter, a longtime solar industry analyst.

That in turn has created "an efficient industry ecosystem", he said.


                                                                                                        
    
        
        
        
    

                                                                                                                                            'Overcapacity'-

As countries around the world race to convert their power systems, China's solar supremacy has become a growing concern.

The United States and other Western countries have accused Beijing of deliberate "overcapacity" and flooding global markets with cut-price solar exports intended to undercut competition.

Washington has doubled tariffs on Chinese panels to 50 percent, part of a broader package targeting $18 billion worth of Chinese imports in strategic sectors including electric vehicles, batteries, critical minerals and medical products.

The European Union is also probing Chinese-owned solar panel manufacturers for allegedly receiving unfair subsidies.

Most US solar panel imports now come from Southeast Asia, but Washington says Chinese manufacturers have relocated operations there to circumvent barriers.
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China also accounts for almost all of Europe's imports of solar panels from outside the bloc.

That means many markets will struggle to catch up "with two decades of very forceful and very successful industrial policy in China", said Myllyvirta.

China's solar industry faces its own struggles though, beyond trade barriers in the West.

The sector's supersonic expansion has overleveraged the domestic industry, overloaded China's grid and sparked a brutal price war, experts say.

Industry leaders have reportedly warned of an "ice age" and urged government intervention to stem slumping prices, but there has been little sign of relief.

This year saw a wave of bankruptcies, and new solar projects fell by over 75 percent in the first half of 2024, an industry group said in July.


                                                                                                                                            'Lots of companies will fail'

The price wars, which are so fierce that solar export earnings fell last year despite volumes hitting a new high, are like a "snake eating its own tail", warned analyst David Fishman.

Companies get stuck "in this circle of competition where whoever is able to endure the pain for longest comes out as the victor," said Fishman, a senior manager at the Lantau Group specializing in China's power sector.

"Lots of companies will fail along the way."



    
        
            [image: Experts say the supersonic expansion of China's solar sector has overleveraged the domestic industry, leading to a wave of bankruptcies]
             
                Experts say the supersonic expansion of China's solar sector has overleveraged the domestic industry, leading to a wave of bankruptcies.
            
        

    



And while the manufacturing glut has helped China hit a wind and solar installation target nearly six years ahead of schedule, the country's grid is struggling to keep up.

Increasingly, renewable supply is being blocked to prevent the grid from becoming overwhelmed, a process known as curtailment.

Solar curtailment rose four percent in the first quarter of 2024 from a year earlier, according to Fitch Ratings.

Authorities will soon be forced to "stop approving new projects or allowing projects to connect to the grid if it means curtailment rates are at risk of going higher", Fishman said.

"They've got to build," he added. "They have to catch up."

Blocked in the West and running out of track at home, China's solar is seeking new markets, and this year, Europe was overtaken by Asia as the biggest export market for solar products, according to an industry body.

Exports to Africa also soared 187 percent year-on-year in 2023, though the continent still buys a small fraction compared to Europe, according to energy think tank Ember.

The industry is now in a "restructuring and shakeout phase", said Bernreuter.

After that, "the Chinese solar industry will march on with unperturbed pace and a more global manufacturing footprint".
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The status and trend of audible sound-based tool wear monitoring

                                        by                                         Tsinghua University Press                                    
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In general, tool failure contributes about 7% to the down time of machine centers. And more severely, tool failure will reduce the machining quality of parts, and even damage the machine. Therefore, Tool wear condition monitoring (TWCM) is an important part of intelligent manufacturing, and has been a research hotspot since 1968.


                                        
                                              
                                        
                                                                                                                                    TWCM can be divided into two methods according to the sensor types: direct method and indirect method. The direct method employs vision or laser sensors. Despite its superior precision and reliability, achieving online real-time monitoring is challenging, as the sensors are easily interfered with by cutting fluid, chips and other elements inherent to the processing environment. Conversely, the indirect method holds promise for online real-time monitoring capabilities, yet its practical application remains limited despite an abundance of academic publications.

A key obstacle is the selection of suitable monitoring sensors, such as those that measure force, vibration, temperature, and acoustic emissions, which can inevitably disrupt the natural processing conditions. The microphone sensor, which captures audible sound signals, has emerged as a promising strategy. Its potential is contingent upon enhancing its accuracy through initiatives denoising system and the development of interpretable decision-making algorithms.

Recently, a team of intelligent manufacturing scientists led by Guochao Li from Jiangsu University of Science and Technology in China conducted the first systematic review of the status and trend of audible sound-based tool wear monitoring. This comprehensive work not only serves as a valuable resource for researchers and manufacturers by summarizing recent trends, but also highlights four promising research directions: the development of datasets, initiative denoising system, specialized feature extraction techniques, and the creation of interpretable decision-making algorithms.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The team published their work in Journal of Advanced Manufacturing Science and Technology.

"In this report, we've conducted a review of the current state and future direction of tool wear monitoring focused on audible sound, spanning a decade of scholarly publications," said Guochao Li, Associate Professor at the School of Mechanical Engineering at Jiangsu University of Science and Technology in China, who is a seasoned expert in the field of tool wear condition monitoring.

"This includes an in-depth analysis of the physical properties and characteristics of machining audible sound, the generation mechanisms of milling audible sound, and advancements in key technologies such as signal acquisition, noise reduction, feature extraction, and decision-making algorithms, along with potential areas for future research."

"We believe that our work could significantly promote the practical application of tool wear monitoring," noted Li Sun, a Lecturer at the same institution, who also specializes in machining process monitoring. "The use of microphone sensors to collect audible sound signals presents a promising strategy due to their close correlation with tool wear, eliminating the need for additional sensors, ease of installation, adaptability in measurement, and non-interference with the processing environment.

"However, the accuracy of tool wear condition monitoring based on audible sound signals is currently insufficient. Our study offers valuable insights and the latest trends to researchers and manufacturers, potentially facilitating the broader application of tool wear monitoring in practical scenarios."

The research team also includes notable contributions from Xinhang Shang, Lei Yang, and Honggen Zhou from the School of Mechanical Engineering at Jiangsu University of Science and Technology in Zhenjiang, China, as well as Bofeng Fu from Shanxi Diesel Engine Heavy Industry Co., Ltd. in Xingping, China.
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Climate solution: Form Energy secures $405M to speed development of long-awaited 100-hour battery

                                        by Isabella O'malley                                                                                                                    
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Form Energy, a company that is beginning to produce a longer-lasting alternative to lithium batteries, hit a milestone Wednesday with an announcement of $405 million in funding.


                                        
                                              
                                        
                                                                                    The money will allow Form to speed up manufacturing at its first factory in Weirton, West Virginia and continue research and development.

Manufacturing long-duration energy storage at a commercial scale is seen as essential for lowering carbon emissions that are causing climate change, because it makes clean energy available when the sun isn't shining or the wind isn't blowing.

"I'm incredibly proud of how far our team has come in scaling our iron-air battery technology," Mateo Jaramillo, CEO of Form Energy, said via email.

Investment company T. Rowe Price led the funding. GE Vernova, a spin-off of General Electric's energy businesses, and several venture capital firms were also involved.

"With this new funding ... we're ready to accelerate multi-day battery deployments to meet the rising demand for a cleaner, and more reliable grid. I'm grateful for our team's hard work and the trust our partners have placed in us as we push toward our mission of building energy storage for a better world."

Lithium batteries typically last four hours. Form is one of many companies pursuing entirely different chemistries. Its batteries use iron, water and air and are able to store energy for 100 hours, meaning if they work at scale, they could bridge a period of several days without sunlight or wind. Iron is also one of the most abundant elements on Earth, which the company says helps make this technology affordable and scalable.

In collaboration with Great River Energy, the company broke ground on its first commercial battery installation in Cambridge, Minnesota in August. It's expected to come online in 2025 and will store extra energy that can be used during times of higher electricity demand.

Other Form Energy batteries in Minnesota, Colorado and California are expected to come online next year. There are projects in New York, Georgia and Virginia set for 2026.

To date, Form Energy has raised more than $1.2 billion from investors.

_____

The last line of this story has been corrected to reflect that the $1.2 billion raised so far is only from investors, not from any government entities.
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Artificial Intelligence has learned to master language, generate art, and even beat grandmasters at chess. But can it crack the code of abstract reasoning--those tricky visual puzzles that leave humans scratching their heads?


                                        
                                              
                                        
                                                                                                                                    Researchers at USC Viterbi School of Engineering Information Sciences Institute (ISI) are putting AI's cognitive abilities to the test, pushing the multi-modal large language models (MLLMs) to solve visual problems once reserved for human IQ tests. The result? A glimpse into how far AI has come--and where it still stumbles.

USC Viterbi ISI Research Assistants Kian Ahrabian and Zhivar Sourati recently investigated whether MLLMs can perform nonverbal abstract reasoning, tasks that require both visual perception and logical reasoning, and presented their findings at the Conference on Language Modeling (COLM 2024) in Philadelphia, PA October 7-9, 2024. The work is also available on the arXiv preprint server.

Jay Pujara, research associate professor of computer science at the USC Viterbi School of Engineering and an author on the paper said, "Every day we're bombarded with new headlines about what AI can (and can't) do, which are often very surprising. We still have such a limited understanding of what new AI models can do, and until we understand these limitations we can't make AI better, safer, and more useful. This paper helps fill in a missing piece of the story of where AI struggles."


                                                                                                        
    
        
        
        
    

                                                                                                                                            The challenge: Can AI see and think?

"We wanted to see if this new generation of large models, which are able to process images, can reason on their own," Ahrabian explained. "For example, if you see a yellow circle turning into a blue triangle, can the model apply the same pattern in a different scenario?"

To answer this question, the team tested 24 different MLLMs on puzzles based on Raven's Progressive Matrices, a well-known test of abstract reasoning. They found that open-source models struggled significantly. "They were really bad. They couldn't get anything out of it," Ahrabian said plainly.

In contrast, closed-source models, such as GPT-4V--models developed by private companies and not publicly available for modification--performed better. These models are typically trained with more advanced resources, including larger datasets and more powerful computing systems, giving them a noticeable edge. "We saw some nontrivial results with closed-source models," Ahrabian added, "Specifically, GPT-4V was relatively good at reasoning, but it's far from perfect."

Where the AI stumbles

A critical part of the study involved dissecting where these models were failing. One key issue was the AI's ability to accurately process visual information. "We wanted to know if the models could see the details--like colors or lines colliding--and whether that was where they were going wrong," Ahrabian said.

To isolate the problem, the researchers provided detailed textual descriptions of the images, ensuring the models had all the necessary information in a different format "Even when we removed the visual element and just gave them text, many models still couldn't reason effectively," Sourati explained.

This revealed a crucial insight: the issue wasn't just with visual processing--it was with the reasoning itself. Now, the team had a clearer picture of what wasn't working, which allowed them to refine their focus and guide future improvements.

The path forward: Improving AI's reasoning

One promising method the researchers explored was "Chain of Thought prompting," where the AI is prompted to think step by step through reasoning tasks. This approach led to significant improvements in some cases. "By guiding the models with hints, we were able to see up to 100% improvement in performance," Ahrabian noted.

Despite the remaining challenges, the researchers are optimistic. The study's findings highlight both the current limitations of AI and the exciting possibilities for future advancements. As these models continue to develop, USC's research could pave the way for AI that not only understands but reasons--blurring the line between machine intelligence and human cognition.


                                                                                                                                                                            
                                        											
																								More information:
												Kian Ahrabian et al, The Curious Case of Nonverbal Abstract Reasoning with Multi-Modal Large Language Models, arXiv (2024). DOI: 10.48550/arxiv.2401.12117
																								
																								

													Journal information:
																											arXiv
                                                        
															
																
															
														 
																									

																							

                                        											
										                                            
                                                                                                                        
                                        
                                        
                                            
                                                Citation:
                                                Can advanced AI can solve visual puzzles and perform abstract reasoning? (2024, October 9)
                                                retrieved 10 October 2024
                                                from https://techxplore.com/news/2024-10-advanced-ai-visual-puzzles-abstract.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-advanced-ai-visual-puzzles-abstract.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




									    

    
        
            [image: networks]
             
                Credit: Pixabay/CC0 Public Domain
            
        

    


John J. Hopfield and Geoffrey E. Hinton received the Nobel Prize in physics on Oct. 8, 2024, for their research on machine learning algorithms and neural networks that help computers learn. Their work has been fundamental in developing neural network theories that underpin generative artificial intelligence.


                                        
                                              
                                        
                                                                                                                                    A neural network is a computational model consisting of layers of interconnected neurons. Like the neurons in your brain, these neurons process and send along a piece of information. Each neural layer receives a piece of data, processes it and passes the result to the next layer. By the end of the sequence, the network has processed and refined the data into something more useful.

While it might seem surprising that Hopfield and Hinton received the physics prize for their contributions to neural networks, used in computer science, their work is deeply rooted in the principles of physics, particularly a subfield called statistical mechanics.

As a computational materials scientist, I was excited to see this area of research recognized with the prize. Hopfield and Hinton's work has allowed my colleagues and me to study a process called generative learning for materials sciences, a method that is behind many popular technologies like ChatGPT.


                                                                                                        
    
        
        
        
    

                                                                                                                                            What is statistical mechanics?

Statistical mechanics is a branch of physics that uses statistical methods to explain the behavior of systems made up of a large number of particles.

Instead of focusing on individual particles, researchers using statistical mechanics look at the collective behavior of many particles. Seeing how they all act together helps researchers understand the system's large-scale macroscopic properties like temperature, pressure and magnetization.

For example, physicist Ernst Ising developed a statistical mechanics model for magnetism in the 1920s. Ising imagined magnetism as the collective behavior of atomic spins interacting with their neighbors.

In Ising's model, there are higher and lower energy states for the system, and the material is more likely to exist in the lowest energy state.

One key idea in statistical mechanics is the Boltzmann distribution, which quantifies how likely a given state is. This distribution describes the probability of a system being in a particular state--like solid, liquid or gas--based on its energy and temperature.

Ising exactly predicted the phase transition of a magnet using the Boltzmann distribution. He figured out the temperature at which the material changed from being magnetic to nonmagnetic.

Phase changes happen at predictable temperatures. Ice melts to water at a specific temperature because the Boltzmann distribution predicts that when it gets warm, the water molecules are more likely to take on a disordered--or liquid--state.

In materials, atoms arrange themselves into specific crystal structures that use the lowest amount of energy. When it's cold, water molecules freeze into ice crystals with low energy states.

Similarly, in biology, proteins fold into low energy shapes, which allow them to function as specific antibodies--like a lock and key--targeting a virus.


                                                                                                                                            Neural networks and statistical mechanics

Fundamentally, all neural networks work on a similar principle--to minimize energy. Neural networks use this principle to solve computing problems.

For example, imagine an image made up of pixels where you only can see a part of the picture. Some pixels are visible, while the rest are hidden. To determine what the image is, you consider all possible ways the hidden pixels could fit together with the visible pieces. From there, you would choose from among what statistical mechanics would say are the most likely states out of all the possible options.

Hopfield and Hinton developed a theory for neural networks based on the idea of statistical mechanics. Just like Ising before them, who modeled the collective interaction of atomic spins to solve the photo problem with a neural network, Hopfield and Hinton imagined collective interactions of pixels. They represented these pixels as neurons.

Just as in statistical physics, the energy of an image refers to how likely a particular configuration of pixels is. A Hopfield network would solve this problem by finding the lowest energy arrangements of hidden pixels.

However, unlike in statistical mechanics--where the energy is determined by known atomic interactions--neural networks learn these energies from data.

Hinton popularized the development of a technique called backpropagation. This technique helps the model figure out the interaction energies between these neurons, and this algorithm underpins much of modern AI learning.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The Boltzmann machine

Building upon Hopfield's work, Hinton imagined another neural network, called the Boltzmann machine. It consists of visible neurons, which we can observe, and hidden neurons, which help the network learn complex patterns.

In a Boltzmann machine, you can determine the probability that the picture looks a certain way. To figure out this probability, you can sum up all the possible states the hidden pixels could be in. This gives you the total probability of the visible pixels being in a specific arrangement.

My group has worked on implementing Boltzmann machines in quantum computers for generative learning.

In generative learning, the network learns to generate new data samples that resemble the data the researchers fed the network to train it. For example, it might generate new images of handwritten numbers after being trained on similar images. The network can generate these by sampling from the learned probability distribution.

Generative learning underpins modern AI--it's what allows the generation of AI art, videos and text.

Hopfield and Hinton have significantly influenced AI research by leveraging tools from statistical physics. Their work draws parallels between how nature determines the physical states of a material and how neural networks predict the likelihood of solutions to complex computer science problems.
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An electronic tongue that detects subtle differences in liquids also provides a view into how AI makes decisions

									    

    
        
            [image: A matter of taste: Electronic tongue reveals AI inner thoughts]
             
                Researchers developed an electronic tongue that can identify various liquid samples using artificial intelligence. When asked to define its own assessment parameters, the AI could more accurately interpret the data generated by the electronic tongue. Credit: Saptarshi Das Lab/Penn State
            
        

    


A recently developed electronic tongue is capable of identifying differences in similar liquids, such as milk with varying water content; diverse products, including soda types and coffee blends; signs of spoilage in fruit juices; and instances of food safety concerns.


                                        
                                              
                                        
                                                                                                                                    The team, led by researchers at Penn State, also found that results were even more accurate when artificial intelligence (AI) used its own assessment parameters to interpret the data generated by the electronic tongue.

The researchers published their results Oct. 9 in Nature.

According to the researchers, the electronic tongue can be useful for food safety and production, as well as for medical diagnostics. The sensor and its AI can broadly detect and classify various substances while collectively assessing their respective quality, authenticity and freshness. This assessment has also provided the researchers with a view into how AI makes decisions, which could lead to better AI development and applications, they said.

"We're trying to make an artificial tongue, but the process of how we experience different foods involves more than just the tongue," said corresponding author Saptarshi Das, Ackley Professor of Engineering and professor of engineering science and mechanics. "We have the tongue itself, consisting of taste receptors that interact with food species and send their information to the gustatory cortex--a biological neural network."


                                                                                                        
    
        
        
        
    

                                                                                                                                            The gustatory cortex is the region of the brain that perceives and interprets various tastes beyond what can be sensed by taste receptors, which primarily categorize foods via the five broad categories of sweet, sour, bitter, salty and savory. As the brain learns the nuances of the tastes, it can better differentiate the subtlety of flavors. To artificially imitate the gustatory cortex, the researchers developed a neural network, which is a machine learning algorithm that mimics the human brain in assessing and understanding data.

"Previously, we investigated how the brain reacts to different tastes and mimicked this process by integrating different 2D materials to develop a kind of blueprint as to how AI can process information more like a human being," said co-author Harikrishnan Ravichandran, a doctoral student in engineering science and mechanics advised by Das.

"Now, in this work, we're considering several chemicals to see if the sensors can accurately detect them, and furthermore, whether they can detect minute differences between similar foods and discern instances of food safety concerns."

The tongue comprises a graphene-based ion-sensitive field-effect transistor, or a conductive device that can detect chemical ions, linked to an artificial neural network, trained on various datasets. Critically, Das noted, the sensors are non-functionalized, meaning that one sensor can detect different types of chemicals, rather than having a specific sensor dedicated to each potential chemical. The researchers provided the neural network with 20 specific parameters to assess, all of which are related to how a sample liquid interacts with the sensor's electrical properties.


                                                                                                                                            Based on these researcher-specified parameters, the AI could accurately detect samples--including watered-down milks, different types of sodas, blends of coffee and multiple fruit juices at several levels of freshness--and report on their content with greater than 80% accuracy in about a minute.

"After achieving a reasonable accuracy with human-selected parameters, we decided to let the neural network define its own figures of merit by providing it with the raw sensor data. We found that the neural network reached a near ideal inference accuracy of more than 95% when utilizing the machine-derived figures of merit rather than the ones provided by humans," said co-author Andrew Pannone, a doctoral student in engineering science and mechanics advised by Das.

"So, we used a method called Shapley additive explanations, which allows us to ask the neural network what it was thinking after it makes a decision."
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                The electronic tongue comprises a graphene-based ion-sensitive field-effect transistor, or a conductive device that can detect chemical ions, linked to an artificial neural network, trained on various datasets. This is located in the top right of the device. Credit: Saptarshi Das Lab/Penn State
            
        

    



This approach uses game theory, a decision-making process that considers the choices of others to predict the outcome of a single participant, to assign values to the data under consideration. With these explanations, the researchers could reverse engineer an understanding of how the neural network weighed various components of the sample to make a final determination--giving the team a glimpse into the neural network's decision-making process, which has remained largely opaque in the field of AI, according to the researchers.

They found that, instead of simply assessing individual human-assigned parameters, the neural network considered the data it determined were most important together, with the Shapley additive explanations revealing how important the neural network considered each input data.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The researchers explained that this assessment could be compared to two people drinking milk. They can both identify that it is milk, but one person may think it is skim that has gone off while the other thinks it is 2% that is still fresh. The nuances of why are not easily explained even by the individual making the assessment.

"We found that the network looked at more subtle characteristics in the data--things we, as humans, struggle to define properly," Das said.

"And because the neural network considers the sensor characteristics holistically, it mitigates variations that might occur day-to-day. In terms of the milk, the neural network can determine the varying water content of the milk and, in that context, determine if any indicators of degradation are meaningful enough to be considered a food safety issue."

According to Das, the tongue's capabilities are limited only by the data on which it is trained, meaning that while the focus of this study was on food assessment, it could be applied to medical diagnostics, too. And while sensitivity is important no matter where the sensor is applied, their sensors' robustness provides a path forward for broad deployment in different industries, the researchers said.

Das explained that the sensors don't need to be precisely identical because machine learning algorithms can look at all information together and still produce the right answer. This makes for a more practical--and less expensive--manufacturing process.

"We figured out that we can live with imperfection," Das said. "And that's what nature is--it's full of imperfections, but it can still make robust decisions, just like our electronic tongue."


                                                                                                                                                                            
                                        											
																								More information:
												Andrew Pannone et al, Robust chemical analysis with graphene chemosensors and machine learning, Nature (2024). DOI: 10.1038/s41586-024-08003-w
																								
																								

																							

                                        											
										                                            
                                                                                                                        
                                        
                                        
                                            
                                                Citation:
                                                An electronic tongue that detects subtle differences in liquids also provides a view into how AI makes decisions (2024, October 9)
                                                retrieved 10 October 2024
                                                from https://techxplore.com/news/2024-10-electronic-tongue-subtle-differences-liquids.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-electronic-tongue-subtle-differences-liquids.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Overcoming 'catastrophic forgetting': Algorithm inspired by brain allows neural networks to retain knowledge

									    

    
        
            [image: New algorithm enables neural networks to learn continuously]
             
                Differential geometric framework for constructing FIPs in weight space. a, Left: conventional training on a task finds a single trained network (wt) solution. Right: the FIP strategy discovers a submanifold of isoperformance networks (w1, w2...wN) for a task of interest, enabling the efficient search for networks endowed with adversarial robustness (w2), sparse networks with high task performance (w3) and for learning multiple tasks without forgetting (w4). b, Top: a trained CNN with weight configuration (wt), represented by lines connecting different layers of the network, accepts an input image x and produces a ten-element output vector, f(x, wt). Bottom: perturbation of network weights by dw results in a new network with weight configuration wt + dw with an altered output vector, f(x, wt + dw), for the same input, x. c, The FIP algorithm identifies weight perturbations th* that minimize the distance moved in output space and maximize alignment with the gradient of a secondary objective function ([?]wL). The light-blue arrow indicates an e-norm weight perturbation that minimizes distance moved in output space and the dark-blue arrow indicates an e-norm weight perturbation that maximizes alignment with the gradient of the objective function, L(x, w). The secondary objective function L(x, w) is varied to solve distinct machine learning challenges. d, Path sampling algorithm defines FIPs, g(t), through the iterative identification of e-norm perturbations (th*(t)) in the weight space. Credit: Nature Machine Intelligence (2024). DOI: 10.1038/s42256-024-00902-x
            
        

    


Neural networks have a remarkable ability to learn specific tasks, such as identifying handwritten digits. However, these models often experience "catastrophic forgetting" when taught additional tasks: They can successfully learn the new assignments, but "forget" how to complete the original. For many artificial neural networks, like those that guide self-driving cars, learning additional tasks thus requires being fully reprogrammed.


                                        
                                              
                                        
                                                                                                                                    Biological brains, on the other hand, are remarkably flexible. Humans and animals can easily learn how to play a new game, for instance, without having to re-learn how to walk and talk.

Inspired by the flexibility of human and animal brains, Caltech researchers have now developed a new type of algorithm that enables neural networks to be continuously updated with new data that they are able to learn from without having to start from scratch. The algorithm, called a functionally invariant path (FIP) algorithm, has wide-ranging applications from improving recommendations on online stores to fine-tuning self-driving cars.

The algorithm was developed in the laboratory of Matt Thomson, assistant professor of computational biology and a Heritage Medical Research Institute (HMRI) Investigator. The research is described in a new study appearing in the journal Nature Machine Intelligence.

Thomson and former graduate student Guru Raghavan, Ph.D. were inspired by neuroscience research at Caltech, particularly in the laboratory of Carlos Lois, Research Professor of Biology. Lois studies how birds can rewire their brains to learn how to sing again after a brain injury. Humans can do this too; people who have experienced brain damage from a stroke, for instance, can often forge new neural connections to learn everyday functions again.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "This was a yearslong project that started with the basic science of how brains flexibly learn," says Thomson. "How do we give this capability to artificial neural networks?"

The team developed the FIP algorithm using a mathematical technique called differential geometry. The framework allows a neural network to be modified without losing previously encoded information.

In 2022, with guidance from Julie Schoenfeld, Caltech Entrepreneur In Residence, Raghavan and Thomson started a company called Yurts to further develop the FIP algorithm and deploy machine learning systems at scale to address many different problems. Raghavan co-founded Yurts with industry professionals Ben Van Roo and Jason Schnitzer.

Raghavan is the study's first author. In addition to Raghavan and Thomson, Caltech co-authors are graduate students Surya Narayanan Hari and Shichen Rex Liu, and collaborator Dhruvil Satani. Bahey Tharwat of Alexandria University in Egypt is also a co-author. Thomson is an affiliated faculty member with the Tianqiao and Chrissy Chen Institute for Neuroscience at Caltech.
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      The latest science news on archaeology, fossils, mathematics, and science technology from Phys.org


      
        Assessment of damaged archaeological sites suggests they require individual protection concepts
        An analysis of the damage to archaeological sites documented after a heavy rainfall event in July 2021 in parts of Germany shows that several factors increase the risk of damage to archaeological sites due to heavy rainfall and flooding events. For example, the age of the site, the current utilization of the terrain or the respective slope inclination influence the risk. However, the development of damage cannot be predicted, as the processes involved are too complex: Customized solutions are req...

      

      
        'Cajun Navy' hurricane search-and-rescue volunteers are forming long-lasting organizations
        The volunteers who take part in search-and-rescue operations and then support disaster survivors belong to organizations that have become more formal and established over the past decade. That's what we found after spending more than four years volunteering alongside eight of these groups to better understand their role and the motivations of the people who participate in these efforts.

      

      
        'Overwhelmed, hopeless, crushed': Australian report reveals how housing crisis is reshaping young people's lives
        Australia's housing crisis is severely impacting young people's safety, relationships, health and well-being, education, employment, and ability to plan for the future, according to new report launched in Canberra as part of World Homeless Day.

      

      
        Earning an associate degree has varying value for workers based on demographics, researchers find
        New research from Virginia Commonwealth University confirms the economic value of completing an associate degree but also unmasks the disparate labor market outcomes for workers of diverse races/ethnicities, sexes and nationalities.

      

      
        Rental crisis in regional cities prompts rethinking of moves
        James Cook University researchers say Cairns is a prime example of a regional city where the rental housing crisis is making people who have moved to the city rethink their choice--and they say city planners must act if regional areas want such people to stay.

      

      
        Male CEOs viewed positively for assertive activism stances, study reveals
        Investors view CEOs more favorably when they respond to shareholder activism in ways that conform to gender stereotypes, according to new Cornell research.

      

      
        The unintended consequences of brick-and-mortar's decline
        Lately, many big retail brands have been closing physical locations, in what has become known as the "retail apocalypse." Whether the stated reason is declining revenue, or concerns related to "shrinkage" and employee safety in some cities, the impact of store closure on consumers and their communities threatens to be seriously negative.

      

      
        Transnational grief: Adding depth to Day of the Dead
        Restricted by immigration laws, unauthorized immigrants in the United States face severe challenges, including the inability to visit family members left behind.

      

      
        Rage clicks: Study shows how political outrage fuels social media engagement
        A Tulane University study explains why politically-charged content gets more engagement from those who disagree. Researchers found a "confrontation effect," where people are more likely to interact with content that challenges their views than those that align with them.

      

      
        Archive tells of cracking ancient Greek language
        A retired Classics professor from Texas has donated a collection of papers to the University of Cincinnati detailing the deciphering of an ancient Greek language that baffled generations of scholars.

      

      
        Poverty-level wages pose urgent problem for US childcare, study finds
        A new report from the Center for the Study of Child Care Employment (CSCCE) at UC Berkeley finds that child care workers in every state struggle with poverty-level wages, even as they nurture and educate our children in the most important years of development.

      

      
        Advanced technology discovered under Neolithic dwelling in Denmark
        Railroad construction through a farm on the Danish island of Falster has revealed a 5,000-year-old Neolithic site hiding an advanced technology--a stone paved root cellar.

      

      
        Three reasons why teachers should learn to meditate, and it's not (just) about well-being
        There is growing evidence that mindfulness-based training programs may support teacher well-being and resilience. This clearly sounds like a good idea, in the current context of alarmingly high rates of teacher stress and burnout.

      

      
        Non-Indigenous businesses struggling to boost Indigenous staff numbers
        Indigenous-owned businesses in Australia employ Indigenous staff at a rate 12 times higher than non-Indigenous-owned businesses, a new study from The Australian National University (ANU) has found.

      

      
        Carefully exposing children to more misinformation can make them better fact-checkers, study suggests
        In an era when online misinformation is seemingly everywhere and objective facts are often in dispute, UC Berkeley psychologists in a new study have presented a somewhat paradoxical partial solution: Expose young children to more misinformation online--not less.

      

      
        Fossils and fires: Insights into early modern human activity in the jungles of Southeast Asia
        Studying microscopic layers of dirt dug from the Tam Pa Ling cave site in northeastern Laos has provided a team of Flinders University archaeologists and their international colleagues with further insights into some of the earliest evidence of Homo sapiens in mainland Southeast Asia.

      

      
        New research highlights the overlooked dangers of subtle and covert abuse in intimate relationships
        New research from the University of East Anglia has uncovered a significant gap in understanding of a harmful form of domestic abuse known as subtle or covert abuse.

      

      
        Consumer food insights report highlights increasing use of food-ordering apps
        Around two-thirds of consumers have used a food-ordering app at least once for takeout, delivery or both, according to the September 2024 Consumer Food Insights Report (CFI). Over half have used an app for a delivery order. Of those who say they have used an app to order food, nearly half report using one for either delivery or takeout at least once a week.

      

      
        Children pay more attention to art when descriptions are playful and interactive, eye-tracking study finds
        The description of a painting directly affects how children look at that artwork. This was discovered by psychologist Francesco Walker in the Rijksmuseum. Another finding of the study is that giving children information intended for adults has the same effect as giving them no information at all.

      

      
        In double breakthrough, mathematician helps solve two long-standing problems
        A Rutgers University-New Brunswick professor who has devoted his career to resolving the mysteries of higher mathematics has solved two separate, fundamental problems that have perplexed mathematicians for decades.

      

      
        Microscopic study of milk teeth reveals mystery of Iberian culture newborns buried inside homes
        A UAB study in collaboration with the UVic-UCC and the ALBA synchrotron concludes that the Iberian culture newborns buried within domestic spaces died of natural causes, such as complications during labor or premature births, and not due to ritual practices.

      

      
        Review of English-language textbooks from 34 countries reveals persistent pattern of stereotypical gender roles
        Gender biases around male and female roles and under-representation of female characters appeared in textbooks from around the world, with male-coded words appearing twice as often as female-coded words on average, according to a study published October 9, 2024 in the open-access journal PLOS ONE by Lee Crawfurd from the Center for Global Development, United Kingdom, and colleagues.

      

      
        Study proposes a new bias: The tendency to assume one has adequate information to make a decision
        New experimental data support the idea that people tend to assume the information they have is adequate to comprehend a given situation, without considering that they might be lacking key information. Hunter Gehlbach of Johns Hopkins University and colleagues present these findings in the open-access journal PLOS ONE on October 9, 2024.

      

      
        Underwater caves yield clues that may help explain early expansion of Homo sapiens into Mediterranean islands
        Archaeological surveys led by scientists at Washington University in St. Louis suggest that coastal and underwater cave sites in southern Sicily contain important new clues about the path and fate of early human migrants to the island.

      

      
        Satellite data show massive bombs dropped in dangerous proximity to Gaza Strip hospitals in 2023
        Satellite data on the proximity of hundreds of M-84 bomb craters to hospitals in the Gaza Strip suggest that, as of November 2023, hospitals were not being given special protection from indiscriminate bombing, as mandated by international humanitarian law. That is one finding of a study published in PLOS Global Public Health by Dennis Kunichoff of Harvard University, and colleagues.
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Assessment of damaged archaeological sites suggests they require individual protection concepts

										

    
        
            [image: Archaeological sites require individual protection concepts]
             
                The reconstructed walls of the small fort in Nettersheim on the Steinrutsch were unable to withstand the water. In addition, one of the reconstructed gate areas was underwashed and partially sagged, leading to settlement cracks. Credit: University of Cologne
            
        

    


An analysis of the damage to archaeological sites documented after a heavy rainfall event in July 2021 in parts of Germany shows that several factors increase the risk of damage to archaeological sites due to heavy rainfall and flooding events. For example, the age of the site, the current utilization of the terrain or the respective slope inclination influence the risk. However, the development of damage cannot be predicted, as the processes involved are too complex: Customized solutions are required for future protective measures.



										      
																																	This is one of the conclusions reached by an interdisciplinary team of researchers from the University of Cologne, the LVR Office for the Preservation of Archaeological Monuments in the Rhineland (LVR-ABR) and RWTH Aachen University. The results are presented under the title "Assessing the impact of the 2021 flood event on the archaeological heritage of the Rhineland (Germany)" in the journal Environmental Sciences Europe.

In addition to the question of whether damage to archaeological sites caused by heavy rainfall and flooding can be predicted, the researchers wanted to find out whether and how such damage can be assessed more quickly in the future.

The study was based on data collected from 2022 to 2023 in areas of the areas Eifel, Voreifel and Bergisches Land as part of the LVR-ABR's "Flood damage cadastre 2021" project. The heavy rainfall and flooding event on 14 and 15 July 2021 had catastrophic consequences for people, nature and infrastructure that continue to have an impact to this day. Archaeological sites, such as parts of former hydropower plants, were also affected.

The project examined 538 archaeological sites in flood-prone areas for damage. The analysis of the data shows that 19% of the investigated sites exhibited flood damage. Most of the damaged sites are more recent and are related to the use of hydropower in the Middle Ages and modern times.


																																						
    
     




																																			The damage was mainly caused by erosion, floating debris or washouts in the foundations and masonry. The relevant damage data and recommendations were sent to the respective municipalities; these reports can serve as a basis for applying for aid funds for reconstruction and protective measures.

An essential part of the published study involves analyzing which factors increased the risk of damage to the sites. The team used statistical methods to test the archaeological and newly generated geographical data for correlations between the damage and individual or multiple factors.



    
        
            [image: Archaeological sites require individual protection concepts]
             
                In the newly created bank profiles of the Orbach near Euskirchen, following a report from the local population, remains of a Roman site previously only known from the surface were discovered. Credit: University of Cologne
            
        

    



This showed that individual factors correlate statistically with the occurrence of damage, such as the age of the site, the current utilization of the terrain or the prevailing slope inclination. However, a combination of meaningful parameters would be necessary for a reliable prediction of cases of damage, for example in areas that have not yet been investigated or affected.

The analysis which included several factors showed that although the regional topography plays a very important role in the occurrence of damage, the causes of damage across the area under investigation were so complex that it was not possible to derive such a set of parameters. Still, the results provided indications that larger samples from topographically more uniform areas or a focus on individual, particularly frequently affected ground monument types could provide further insights.


																																			Researchers from RWTH Aachen University also see potential in integrating hydrological modeling of individual river situations to improve the prediction of damage to ground monuments in the future.

Another aspect of the study is dedicated to the potential of airborne laser scanning (ALS) data for detecting flood damage. The elevation data of the ground surface before and after the flood event are compared in order to identify changes. This methodological approach, which has already been tried and tested at other sites, has clear advantages in areas that are difficult to access.

However, this method cannot replace extensive and often time-consuming field work on site. This is because the ALS method does not allow, for example, the identification of very minor damage or damage repaired shortly after the flood event. Only around 50% of the cases of damage observed in the study can be identified using the remote sensing method employed here, which is based on the ALS data from the national survey.

"The results of the project illustrate both the advantages and potential as well as the limits of geostatistical data analysis and the use of ALS data in the context of heavy rainfall and flood disasters," said Dr. Isabell Schmidt from the University of Cologne.

"In particular, the diversity of archaeological sites and the variety of natural conditions in the Rhineland pose a challenge for the development of uniform damage forecasts and guidelines for the protection of archaeological sites."

According to the researchers, the empirical data obtained is nevertheless suitable for deciding on individual protective measures on site. In view of climate change and potentially more frequent heavy rainfall events, this information will be important for the development of prevention and disaster protection plans.


																																																					
																				
																						More information:
												Isabell Schmidt et al, Assessing the impact of the 2021 flood event on the archaeological heritage of the Rhineland (Germany), Environmental Sciences Europe (2024). DOI: 10.1186/s12302-024-00991-w
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The volunteers who take part in search-and-rescue operations and then support disaster survivors belong to organizations that have become more formal and established over the past decade. That's what we found after spending more than four years volunteering alongside eight of these groups to better understand their role and the motivations of the people who participate in these efforts.



										      
																																	We did this research as part of a larger team of sociologists, an urban planning scholar and emergency management specialists. All of us worked alongside civilian volunteer search-and-rescue groups from Louisiana and Texas between 2017 and 2022 during and after many hurricanes, including Harvey and Laura, the winter storm known as Uri and other major disasters.

While we volunteered with these organizations, we observed them in action and interviewed their leaders and volunteers to learn why they were making the time and taking personal risks to save others. Many cited their personal values, expressed their need to belong to a group, and said it had helped them find a sense of purpose. Others shared that they were motivated by their personal circumstances and experiences or feelings of guilt, or that this kind of volunteering gave them a deep sense of satisfaction.

"I lost everything I owned in Katrina. They deemed my family's property uninhabitable," said a boater we'll call Dylan to protect his anonymity. "I can't sit here after knowing what it is to lose everything."

Some volunteers said that one reason why they have repeatedly done this work is to counter stereotypes about people who engage in these efforts. When he's heard people say, "Oh you're just out there, doing it for the spotlight," said Roger, he told us he wants to respond by saying, "Yeah, dude. If you flood, call me, I'll come get you."

While the organizations we researched were based in Louisiana and Texas, the volunteers who participate in these efforts come from across the U.S. and, in some cases, other countries. One volunteer we met was from the United Kingdom.
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Since Hurricane Katrina struck the Gulf Coast in 2005, volunteers have been participating in search-and-rescue efforts after big disasters--especially in that region. But these volunteers come from all over.

Many of these groups are known as "Cajun Navy" organizations. Whether or not these organizations use the Cajun Navy branding in their names they share, a common mission of helping others in emergencies.

These volunteers aren't just operating boats and helicopters. Others serve as dispatchers, handle logistics, and run social media operations.

Over time, some of the organizations have begun to team up with local emergency responders, signing memorandums of understanding with them. They partner with government agencies while assisting in disaster response and relief efforts, but they primarily operate with autonomy and are able to travel where they perceive the need is greatest.

This kind of group tends to dissolve after a disaster is over, instead of evolving into an established nonprofit.

But many of the eight groups we studied have become nonprofits or are in the process of doing so.

How we do our work

We were able to do this research by becoming volunteers ourselves. We took part in dispatch operations on the ground and remotely, and we supported logistics planning. We also observed and, in some cases, participated in search-and-rescue training and operations in the water and on land.


																																																					
																					
																					
                              																					 
												  This article is republished from The Conversation under a Creative Commons license. Read the original article.[image: The Conversation]
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'Overwhelmed, hopeless, crushed': Australian report reveals how housing crisis is reshaping young people's lives
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Australia's housing crisis is severely impacting young people's safety, relationships, health and well-being, education, employment, and ability to plan for the future, according to new report launched in Canberra as part of World Homeless Day.



										      
																																	The research developed by Swinburne University of Technology, in partnership with YWCA Australia, details how current housing dynamics are dramatically reshaping the lives and hopes of young women and gender-diverse people across the country.

"Young people described feeling overwhelmed, hopeless, trapped, and crushed by their housing situations. For some, this stems from the daily challenge of simply making ends meet," says lead author of the report, Swinburne's Professor Wendy Stone.

A common theme in the report is that many young women or gender-diverse people who are living with family as adults to save on rent are experiencing poor health and well-being.

"The notion of saving money on rent by living at home, but paying with your mental health was common," says Professor Stone. "For others, the fear that they will never own a home--or if they do, it will require major sacrifice--had a negative impact on their mental health and well-being."

Swinburne's team of Professor Wendy Stone, Dr. Sal Clark, Zoe Goodall and Dr. Catherine Hartung interviewed young women and gender-diverse people aged 18- to 30-years-old, nationally.

Young people reported unsafe living conditions, challenging household dynamics, having to move away for affordable housing, and difficulties with dating or romantic relationships.


																																						
    
     




																																			They found that housing barriers are changing the traditional life course that many young people expected to follow, undermining their sense of what it means to be an "adult."

Numerous young people feel that buying a home is out of reach or impossible. For women and gender-diverse people, there are more gendered implications. Buying or even renting is seen as unattainable without a partner who can earn more, potentially leading to disadvantage, particularly when considering future children.

"Young people are making huge trade-offs in what they want, just to be able to get by. This isn't just among those in more vulnerable population groups, it's widespread around Australia."

Swinburne's research team and those impacted have clear ideas about what policy changes are needed and suggest several solutions, including:


	Further investment in social housing,

	Stronger rental regulation,

	Women-specific and LGBTQI-specific housing support, and

	Widely available information about housing, including education in high school.



"Young people urgently need a seat at the table when it comes to decisions about housing," says Professor Stone.

"Action is urgently needed from our nation's leaders. We must ensure young women, young gender-diverse people and young men, have access to affordable and safe housing."


																																																					
																				
																						More information:
												Wendy Stone et al, 'We've been robbed': Young women and gender diverse people's housing experiences and solutions, (2024). DOI: 10.25916/sut.27108301
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Earning an associate degree has varying value for workers based on demographics, researchers find
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New research from Virginia Commonwealth University confirms the economic value of completing an associate degree but also unmasks the disparate labor market outcomes for workers of diverse races/ethnicities, sexes and nationalities.



										      
																																	Katybeth Lee, Ph.D., of the VCU School of Business and Hayley Cleary, Ph.D., of the L. Douglas Wilder School of Government and Public Affairs explored whether the economic benefits of higher education differ between individuals whose highest level of attainment is some college coursework but no degree compared with individuals who earned an associate degree.

In the article "Are the Tickets for Everyone? Heterogeneity of Economic Rewards for Associate's Degree Completion," published in The Review of Black Political Economy, the team reported that the economic returns for associate degree completion could differ based on identity.

On average, workers with an associate degree reaped more economic rewards than workers with some college education but no degree. However, in almost every category, the advantage of completing the degree was lost when the worker held at least one socially disadvantaged identity, such as race/ethnicity, sex, citizenship or nativity. That economic disadvantage was multiplied for workers who had more than one disadvantaged identity.

The authors said their findings suggest that, with an increasingly diverse workforce, more funding should be allocated to support women and non-white workers in pursuing associate degrees, particularly in high demand, high-wage fields such as nursing, information technology and management.


																																						
    
     




																																			"Women and non-white workers have been undercompensated for many decades," said Lee, who is executive director of Business Career Services. "By seeking ways to increase educational funding for women and non-white workers, institutions can begin to lessen the longstanding differences in economic returns for workers of disadvantaged social standings."

College degree completion is one of the greatest avenues for social mobility and economic growth.

"Individuals from the bottom of the income distribution who gain a college degree have greater social mobility, and parents pass on their educational advantages to the next generation, impacting intergenerational social mobility," Lee said.

Workers with some college education but no degree have unemployment and earnings closer to high school graduates than college graduates.

"This study suggests that the completion of an associate degree propels upward each population studied here, but it also brings to light how different the starting places are for each population," said Cleary, an associate professor of criminal justice and public policy whose research interests link social science, law and policy.

"While women and non-white workers realize greater gains from completing associate degrees than their majority counterparts, the labor market continues to reward white men with much greater economic returns than any other population. Analyses that stop at the aggregate level obscure the differential experiences of the diverse workforce."


																																																					
																				
																						More information:
												Kathleen E. Lee et al, Are the Tickets for Everyone? Heterogeneity of Economic Rewards for Associate's Degree Completion, The Review of Black Political Economy (2023). DOI: 10.1177/00346446231190657
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Rental crisis in regional cities prompts rethinking of moves
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James Cook University researchers say Cairns is a prime example of a regional city where the rental housing crisis is making people who have moved to the city rethink their choice--and they say city planners must act if regional areas want such people to stay.



										      
																					Rana Dadpour is a Research Fellow at JCU's Cairns Institute. She led a study now published in Australian Planner in which she interviewed people who moved to Cairns between 2016 and 2021.

"The group we looked at were 'amenity migrants.' Unlike economic migrants, amenity migrants are often driven by non-economic factors, including the desire for a better lifestyle. They are typically well-educated, mobile individuals who have the flexibility to choose where they live," said Dr. Dadpour.

She said Cairns exemplifies a prime destination for amenity migrants, but many reported struggles with rental housing affordability, suitability and availability.

"We found many amenity migrants in Cairns face problems in the rental market, often leading to compromises in their living conditions and a sense of frustration and uncertainty. This negatively impacts their sense of belonging and overall life satisfaction," said Dr. Dadpour.

She said the study reveals housing insecurity can prompt amenity migrants to consider moving again, as they seek more stable and affordable housing options elsewhere.

"We need a holistic understanding of the housing needs of amenity migrants and the development of a different approach by town planners," said Dr. Dadpour.

She said planners should consider implementing a range of policy measures beyond traditional zoning and land-use planning--for example, incentivizing the development of diverse housing types and tenures, such as density bonuses, co-housing and adaptive reuse of existing buildings.

"Streamlining planning approval processes for innovative housing models can encourage their development. Planners should also work in collaboration with other stakeholders, such as community organizations and social service providers.

"By adopting a proactive and inclusive approach, grounded in practical examples and informed by research, planners can contribute to the development of more sustainable and equitable communities in regional cities like Cairns," said Dr. Dadpour.


																														
																				
																						More information:
												Rana Dadpour et al, Paradise lost? Rental housing insecurity and the lived experiences of amenity migrants in Cairns, Australia, Australian Planner (2024). DOI: 10.1080/07293682.2024.2405673
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Male CEOs viewed positively for assertive activism stances, study reveals
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Investors view CEOs more favorably when they respond to shareholder activism in ways that conform to gender stereotypes, according to new Cornell research.



										      
																																	Female CEOs were held in higher regard when they reacted to shareholder activism--attempts by shareholders, often hedge funds, to wield their influence as partial owners to bring about change in a corporation--using cooperative approaches. Similarly, the study found that male CEOs were regarded more highly when they used dominant or assertive stances, and less highly when they were communal.

"I think one of the most eye-opening aspects of the study was that both male and female leaders were evaluated negatively when their behavior deviated from investors' gender-based expectations," said Kristina M. Rennekamp, professor of accounting in the Samuel Curtis Johnson Graduate School of Management, part of the Cornell SC Johnson College of Business.

"This suggests that investors' evaluations weren't based on whether they believed that cooperating or not was the overall right approach to activists, but rather the perceived 'right approach' varied based on the gender of the firm's leader."

Rennekamp is co-author of "CEO Gender and Responses to Shareholder Activism," published June 11 in Contemporary Accounting Research, which used experiments and interviews to uncover attitudes about CEO gender, responses to activism and investor behavior. Co-authors include Blake A. Steenhoven, Ph.D. '21, assistant professor at the Smith School of Business at Queen's University; and Scott C. Jackson, assistant professor at the Lee Business School at the University of Nevada, Las Vegas.


																																						
    
     




																																			Shareholder activism has become a powerful force. Activist hedge funds manage more than $200 billion in assets worldwide. Between 2017 and 2020, they initiated more than 2,800 campaigns--efforts to mobilize investors to force their agenda--and a large portion ended in success or settlement, according to an activist investor report on the Harvard Law School blog, "Forum on Public Governance."

The first experiment's results surprised the researchers, Rennekamp said. Female CEOs using uncooperative responses were viewed less positively than those using cooperative approaches, which are stereotypically associated with women. Male CEOs employing cooperative strategies were perceived less favorably than those adopting "agentic"--dominant or assertive--stances, which are stereotypically associated with men.

In a second experiment focusing on female CEOs, the researchers discovered that explanations of responses can lessen negative perceptions. When female CEOs provided a communal explanation for an uncooperative response (e.g., responding to activism uncooperatively out of care for investors), investors reacted more positively than when an agentic explanation was given.

The researchers also conducted interviews with six CEOs and CFOs, and found that executives are acutely aware of potential investor biases and the importance of messaging when responding to activism.

"Our research has far-reaching implications for corporate governance and shareholder relations," Rennekamp said. "It suggests that the higher likelihood of female CEOs cooperating with activists may not stem from inherent differences in management styles. Instead, it could be a strategic response to anticipated investor reactions based on gender stereotypes."


																																			The findings also highlight the critical role of communication in managing investor perceptions. Female CEOs may benefit from carefully crafting their messages when responding to activism, especially if taking an uncooperative stance.

These results complement recent research showing that nonprofessional investors may rely on CEO gender when making investment decisions, particularly in ambiguous situations like shareholder activism.

The study also offers a potential explanation for the observed phenomenon of female CEOs being more frequently targeted by activist shareholders. Rather than reflecting inherent gender biases or differences in management styles, this trend could be driven by the anticipation of more cooperative responses from female leaders--a strategy adopted to avoid negative investor reactions.

For female CEOs in particular, the study suggests that providing communal explanations for decisions--even when taking uncooperative stances--may help maintain positive investor sentiment. This offers a valuable tool for navigating the complex dynamics of shareholder activism while challenging gender-based expectations.

"Our research not only advances our understanding of gender dynamics in shareholder activism but also provides practical insights for corporate leaders navigating these complex waters," Rennekamp said. "As the landscape of corporate governance evolves, recognizing and addressing these subtle yet powerful biases will be crucial for fostering fair, effective and successful business practices."


																																																					
																				
																						More information:
												Scott C. Jackson et al, CEO gender and responses to shareholder activism, Contemporary Accounting Research (2024). DOI: 10.1111/1911-3846.12962
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The unintended consequences of brick-and-mortar's decline
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Lately, many big retail brands have been closing physical locations, in what has become known as the "retail apocalypse." Whether the stated reason is declining revenue, or concerns related to "shrinkage" and employee safety in some cities, the impact of store closure on consumers and their communities threatens to be seriously negative.



										      
																																	The financial spillover for the retailers themselves, though, may be an equally valid concern. Yet few observers ask questions such as, What happens to shoppers when stores close? What about sales? Are firms better off with their decisions to close shop?

Taotao Ye, assistant professor of marketing at the Donald G. Costello College of Business at George Mason University, addresses this glaring gap in the research literature in a research paper forthcoming in Marketing Science (co-authored by Venkatesh Shankar of Southern Methodist University).

The researchers obtained comprehensive online and offline transaction data for a major video game and electronics retailer, spanning July 2015-July 2017. "We have detailed records of every transaction" in addition to the locations of these transactions, Ye says.

Over the two-year period, the retailer closed more than two hundred stores, a figure representing more than 5% of its brick-and-mortar presence. The researchers analyzed the effects of each store closure at the per-county and per-customer levels.

The results were clear and startling. Net losses to the retailer well exceeded the average sales of the shuttered location. In other words, not only were brands totally failing to retain and redirect consumer activity to remaining locations or digital buying options, but they also suffered additional losses stemming from the fact of the closure itself.


																																						
    
     




																																			Overall, the retailer experienced an average net monthly sales loss of approximately $209,317 for each shuttered location--or 18% of the average monthly per-county sales total.

Without extensive interaction with customers, it's impossible to know for sure why a single store closure could be so detrimental. But Ye speculates that it is about more than the inconvenience of having to drive to another location. Although the data shows that sales losses were greater in counties where stores were farther apart, Ye also found that customers with a preferred location close to home frequented that location less often (and made fewer purchases) following the closure of another, farther-away store from the same retail chain.

The shuttering of a store, then, seems to send a negative signal about the brand to consumers, who may start to transfer their loyalties to competitors that appear to be doing better. It may be a form of stability-seeking on the part of consumers.

Meanwhile, brands have generally not been effective at redirecting "orphaned" consumers toward e-commerce options. "The onboarding process is not easy for consumers. In store, they can get help from in-person employees, but online, they have to register everything, give out all their information and then navigate the website and mobile app," says Ye.

Ye's first piece of advice for retailers, based on this study, is to focus on making the pathway between in-person and online channels as smooth as possible for the customer. "They need to simplify their onboarding and get people into the online ecosystem and communicate more with customers to get them used to engaging with the brand through the app," Ye says. This would help with customer retention by decoupling brand loyalty from the presence of any one location.


																																			Also, retailers can consider alternatives to store closure that may alter their brick-and-mortar footprint. For example, Ye mentions the trend toward small-format stores that has seen retailers such as Macy's, Nordstrom, Best Buy and IKEA opening more cost-effective and curated locations in suburban areas. Localized use of customer data would enable retailers to scale down while still meeting the needs of brick-and-mortar shoppers in the community.

"The main message from our research is that retail chains should thoroughly analyze the total impact of closing a store before making such a decision. Retailers can consider factors to mitigate these losses when analyzing which store to close.

"Mitigating factors might include short distance to another store location, a high percentage of in-store discounts in that county (an index of brand loyalty among price-sensitive customers), and low value of product returns (which implies less disruption to consumers visiting physical stores for returns and exchanges)," Ye says.
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Transnational grief: Adding depth to Day of the Dead
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Restricted by immigration laws, unauthorized immigrants in the United States face severe challenges, including the inability to visit family members left behind.



										      
																																	This "slow violence" becomes most painful during times of death, causing "transnational grief" as families are permanently separated and unable to reunite, mourn and bury their dead.

"Under the current system, unauthorized immigrants are denied freedom of mobility," said Kristina Fullerton Rico, lead author of a recent study on transnational grief and a postdoctoral fellow at the Center for Racial Justice at the University of Michigan's Ford School of Public Policy.

"For immigrants in this position, transnational death is the worst-case scenario because it means permanent separation. Unauthorized status not only complicates the grieving process but also exacerbates feelings of powerlessness, guilt and isolation among transnational mourners."

The six-year study, now published in the journal Social Problems, involving in-depth interviews with 20 participants, reveals the emotional and social toll of these restrictions on undocumented immigrants and their families. The study primarily focuses on Mexican families but is relevant to all individuals with undocumented status.

For more than two decades, Veronica has lived in the same small apartment in New York City, working tirelessly to send money back to her mother in Mexico. But when her mother's health began to fail a few years ago, Veronica faced a harsh reality--her undocumented immigration status meant she could not travel to be by her mother's side or attend her funeral.


																																						
    
     




																																			Reflecting on her mother's death, Veronica recalled how video calls with her mother left her feeling helpless. "I could see she was in pain, and there was nothing I could do to help," she said.

An estimated 11 million undocumented immigrants in the U.S. face the anguish of "transnational grief"--the experience of mourning a loved one's death from afar due to their immigration status. As this population ages and their networks of family and friends in their home countries diminish through death, their undocumented status has become a "golden cage," restricting their ability to travel for funerals and final goodbyes.

"I could easily get on a plane. The problem is how to get back," Veronica said of her undocumented status, sobbing in frustration.

Using a comprehensive ethnographic approach, Fullerton Rico identified several key repercussions of transnational grief:


	The specter of transnational death: Unauthorized immigrants live in constant fear of not being able to see their loved ones again, impacting their emotional well-being years before they experience this type of grief.

	Heightened grief and guilt: The inability to attend funerals leads to deep feelings of powerlessness and guilt. Participants described their experiences using metaphors of incarceration, highlighting the emotional toll of not being able to be with their families in times of loss.

	Mourning strategies: Immigrants adopt various methods to cope with their loss, such as mourning by proxy, providing financial support for funeral expenses, and participating in rituals virtually. Despite these efforts, many reported that these methods offered limited comfort and sometimes intensified feelings of isolation.

	Additional losses: The death of a transnational family member can trigger further hardships, such as losing a caretaker for children or facing challenges in managing financial affairs. Participants emphasized the compounded difficulties following the death of a loved one, leaving them anxious about the well-being of young family members and future handling of family assets and responsibilities.




																																			Florencia, another longtime undocumented immigrant from Mexico, recalled her powerlessness as her mother's health failed.

"It was something that was impossible to fix. Your only option is to accept that you can't do anything," said Florencia, reflecting on the challenging reality and emotional cost faced by undocumented immigrants living in the United States.

Participants also reported intense feelings of guilt that their absence had caused their loved one additional suffering, even as they recognized systemic barriers had prevented them from returning.

"Being here, I can't do anything, not even give her a hug," said Diana, speaking of her inability to comfort her mother after her father's recent death.

Unable to attend funerals, undocumented immigrants develop strategies to mourn: sending documented relatives as "proxy" mourners, providing financial support or using technology to attend virtually. However, virtual experiences may not provide the same benefits and may make the experience more traumatic.

The study underscores the urgent need for policy reforms that promote greater mobility for migrant families, allowing them to reunite and participate in vital end-of-life rituals. Addressing these issues can have significant benefits for the emotional and social well-being of transnational families.

"To more fully understand undocumented status, it is critical to consider transnational grief, which exacerbates the sense of being trapped within the United States due to immigration policies and leads to additional losses for transnational families," Fullerton Rico said.

"Restrictive immigration laws deny unauthorized immigrants and their loved ones the opportunity for reunification, highlighting the need for policy reforms that address these emotional penalties."


																																																					
																				
																						More information:
												Kristina Fullerton Rico, Grieving in the "Golden Cage": How Unauthorized Immigrants Contend with Death and Mourn from Afar, Social Problems (2023). DOI: 10.1093/socpro/spad023
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Rage clicks: Study shows how political outrage fuels social media engagement
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A Tulane University study explains why politically-charged content gets more engagement from those who disagree. Researchers found a "confrontation effect," where people are more likely to interact with content that challenges their views than those that align with them.



										      
																																	The study analyzed data from Twitter, Facebook, and online experiments over time, including during the 2020 U.S. presidential election, and found that users frequently react to opposing viewpoints with heightened engagement, often driven by outrage.

"The research helps explain the large amount of toxic discourse we observe online. Our results reveal that individuals are strongly driven to voice their outrage toward those with whom they disagree," said study lead author Daniel Mochon, the Edward H. Austin Jr. Professor of Business Administration and an associate professor of marketing at Tulane University's A. B. Freeman School of Business.

"While previous studies show that people avoid content inconsistent with their beliefs, we found that counter-ideological content actually drives higher engagement."

The study was published in the journal Organizational Behavior and Human Decision Processes.

Researchers exposed more than 500,000 Americans to political posts on Facebook, including those for and against then-President Donald Trump, to observe how users responded based on their political affiliations. The results showed that users were far more likely to comment on or react to posts that contradicted their beliefs, especially when they felt their core values were challenged.


																																						
    
     




																																			Mochon noted that some social media platforms and users exploit anger to drive engagement. "Platforms benefit from keeping users active, regardless of whether the interaction is positive or negative," he said.

The study found that engagement isn't always an accurate indicator of user preferences. While engagement in areas like sports or fashion reflects interest, political engagement often stems from anger, creating a vicious cycle.

For example, many comments on Vice President Kamala Harris' X account appear to be from people with opposing political views, despite their likely preference not to follow her account.

The research provides insights that could inform strategies for political campaigns, media organizations and social media platforms aiming to manage divisive content. For policymakers, understanding this dynamic can help in regulating online discourse and mitigating the rise of toxic discussions.

"We hope our findings provide a more balanced perspective on the interplay between ideology and online engagement," Mochon said.


																																																					
																				
																						More information:
												Daniel Mochon et al, The confrontation effect: When users engage more with ideology-inconsistent content online, Organizational Behavior and Human Decision Processes (2024). DOI: 10.1016/j.obhdp.2024.104366
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Rage clicks: Study shows how political outrage fuels social media engagement (2024, October 10)
												retrieved 10 October 2024
												from https://phys.org/news/2024-10-rage-clicks-political-outrage-fuels.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-rage-clicks-political-outrage-fuels.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: Archive tells of cracking ancient Greek language]
             
                The script Linear B appears on a clay tablet, one of more than 600 that University of Cincinnati Classics Professor Carl Blegen discovered in 1939 while working on excavations at Pylos, Greece. Credit: UC Classics
            
        

    


A retired Classics professor from Texas has donated a collection of papers to the University of Cincinnati detailing the deciphering of an ancient Greek language that baffled generations of scholars.



										      
																																	University of Texas at Austin Professor Emeritus Thomas Palaima donated boxes of documents, correspondence, files and photos chronicling the coordinated effort to translate the script called Linear B used in the Mycenaean language.

"I'm delighted these invaluable materials have found a home in the UC Classics," said Sean Gurd, chairman of the Department of Classics at the University of Texas at Austin. "UC's Classics archive may actually be the best classics-specific research library in the world, and I've worked in most of them."

Linear B dates back to 1400 B.C. and predates Greek by several centuries. Scholars for decades were stymied in understanding and translating its symbols.

"Deciphering Linear B has been called the Mount Everest of Greek archaeology. It was an enigma that captured the imaginations of many scholars," said Jeff Kramer, a junior research associate and archivist in UC's Department of Classics.

Archaeologists found the first inscriptions for Linear B at Crete in 1900. Famed UC Classics Professor Carl Blegen added to this foundation when he discovered more than 600 tablets inscribed with Linear B while excavating at Pylos, Greece, in 1939.
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Blegen is best known for his excavations at the ancient city of Troy and his work in Greece unearthing the Palace of Nestor, the center of Mycenaean culture in the Bronze Age. But his discovery of the tablets proved invaluable in understanding Linear B.

"It was really with Blegen's finding so many tablets that they were able to decipher the language," Kramer said.


																																						
    
     




																																			The international translation effort began in earnest with Brooklyn College Professor Alice Kober, who for years worked with UC Classics graduate Emmett Bennett Jr., a student of Blegen's, in a bid to understand the language.

Their work coincided with a world fascination with codes and code-breaking during World War II. Bennett worked as a cryptographer for the Allies, tasked with translating coded messages from Japan.

"Right after World War II, you had a lot of code-breakers who had training relevant to this task," Kramer said.

Decoding a 3,500-year-old language using written symbols alone was a challenge worthy of any linguist or academic. There is an earlier version of this Greek script called Linear A that is still undeciphered largely because of how few examples of that text remain.
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In the days long before spreadsheet software, Brooklyn College's Kober worked to catalog the symbols individually by their frequency and juxtaposition to other characters on index cards she kept in dozens of old cigarette boxes. She amassed 180,000 such records now on file in UC's Classics archives.

Through her painstaking analysis, she discovered that the endings of lines of Linear B were consistently different, suggesting a change in the form of a word as many languages today do with plurals or vowels that reflect gender. Kramer said these are called declensions.

Meanwhile, Kober and Bennett also corresponded with an English architect who had both a knack for languages and an obsession with cracking Linear B. Like Kober, architect Michael Ventris spoke numerous languages and in his spare time put together a grid associating the symbols with consonants and vowels.

Sadly, Kober's work was cut short by her untimely death from illness in 1950. But both Palaima and Kramer are convinced she was close to making a critical breakthrough on Linear B.

Instead, it was Ventris and his research partner John Chadwick, another former code-breaker at England's top-secret Bletchley Park, who discovered in 1952 that Linear B is a form of Greek and provided the first published translation.

"Kober and Bennett built the staircase that Ventris ascended," UC's Kramer said. "He didn't build any of the risers or steps, but he did take the final steps that Kober may have taken if she had lived."
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Ventris also died an untimely death in a car accident in 1956. He was just 34.


																																			So what do the tablets say?

Palaima said they were mostly business records on international trade networks, imports and exports and other goods and services.

"They don't write histories or poetry. They don't send letters," Palaima said.

"These are records that keep track of who's doing what, where and how they're doing it," Palaima said. "We see a lot of feasting texts for gods and lots of names for chariots, armor and animals. How many sheep. Who owns the flocks. What shepherds are on duty. And how many are available for the next feast."

Palaima said he is pleased that his collection will provide future scholars with the records and letters that help tell this important story at a place that contributed so much to its discovery.

"It's sort of like this stuff is coming home. UC Classics is the greatest program to study the Mediterranean Bronze Age," Palaima said.
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A new report from the Center for the Study of Child Care Employment (CSCCE) at UC Berkeley finds that child care workers in every state struggle with poverty-level wages, even as they nurture and educate our children in the most important years of development.



										      
																																	The 2024 Early Childhood Workforce Index shows that nationally:


	Early childhood educators are paid a median wage of $13.07/hour, from $10.60 in Louisiana to $18.23 in the District of Columbia;

	Those hourly rates are not a living wage for a single adult in any state;

	Nearly half (43%) of childcare workers' families survive on public assistance like food stamps and Medicaid.



The financial struggles of child care providers and their teachers have gotten worse as federal COVID-era subsidies have expired. "We're at a crossroads," said report lead author Caitlin McLean, CSCCE Director of Multistate and International Programs.

"Federal relief funding for child care is gone, and November elections will bring new leadership in 2025 and beyond. This is a critical time to step up, not back for these skilled educators whose support is so crucial for children, families, and the economy."

"Imagine the impact of public investment that fairly compensates early educators for the important work they do," said Lea Austin, CSCCE Executive Director and co-author of the report. "We'd see a more stable workforce, and families could find quality, affordable care."

The report offers guidance to advocates, states, and the federal government on the policies requiring attention. Interactive maps enable you to view and compare workforce demographics and state policies on compensation. Easily see which states are leaders in supporting early educators--and which ones are falling behind.


																																						
    
     




																																			Economic insecurity remains rampant

The report affirms that early educators have one of the worst-paid jobs in the nation. They earn less than 97% of all other occupations. As difficult as it is for anyone to be an early educator in America, conditions are even more severe for Black and Latina women who, on average, are paid up to $8,000 less than their peers each year, even when they hold equivalent educational degrees.

Pandemic relief and a return of cuts

The essential role early childhood educators play in supporting families and the economy was recognized through the American Rescue Plan Act (ARPA). ARPA and other COVID-19 relief funding provided a lifeline when the pandemic forced many programs to close and at least 100,000 child care jobs were lost.

"Federal emergency funding made my family's finances the most stable they have ever been," said Corrine Hendrickson, a home-based child care provider in Wisconsin.

The Index details ARPA-funded initiatives across the states. In Utah, for example, programs paying at least half their staff a minimum of $15 per hour were offered additional public funding.

Now, these cuts are forcing many programs to close or increase costs to parents. "Because our state refuses to invest in child care, I've been forced to raise rates $70 a week over the last year," said Hendrickson, who operates a five-star accredited program. "Yet I'm earning $12 an hour."


																																			Policies created this mess and policies can fix it

The Index also highlights promising state initiatives. "The Early Childhood Workforce Index shows that early educators' poor working conditions are not inevitable, but a product of policy choices," said McLean. "States as varied as Illinois, Kentucky, and Vermont are showing that state and local leaders have the power and authority to advance policies to support the early childhood workforce, with or without federal funding."

Recommended policies include:

Invest in direct public funding to provide early educators with a living wage, health care, and safe, supportive work environments. For an estimate of a values-based budget for each state, see Financing Early Educator Quality.

Prioritize compensation standards and a wage floor across all settings so no one working in early care and education earns less than a regionally assessed living wage. Create a wage/salary scale that sets minimum standards for pay, accounting for job role, experience, and education levels.

Adopt system-level workplace standards such as guidance on appropriate levels of paid time off for vacation and sick leave, paid planning and professional development time, and mental health and teaching supports.


																																																					
																				
																						More information:
												Early Childhood Workforce Index 2024: cscce.berkeley.edu/workforce-index-2024/
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Advanced technology discovered under Neolithic dwelling in Denmark

										 by Justin Jackson										 										 , Phys.org
										 									

									
										

    
        
            [image: Advanced technology discovered under Neolithic dwelling in Denmark]
             
                (a) Reconstruction drawing of the house. (b) Overview photo of the cellar feature (seen from the east, about the same orientation as the reconstruction drawing). (c) Detail photo of the cellar wall, marked by red lines, seen from the west. Drawing and photos: Museum Lolland-Falster. Credit: Radiocarbon (2024). DOI: 10.1017/RDC.2024.79
            
        

    


Railroad construction through a farm on the Danish island of Falster has revealed a 5,000-year-old Neolithic site hiding an advanced technology--a stone paved root cellar.



										      
																																	Archaeology researchers from the Museum Lolland-Falster, along with Aarhus University, Denmark, have analyzed the site in a paper, "Stone-Paved Cellars in the Stone Age? Archaeological Evidence for a Neolithic Subterranean Construction from Nygardsvej 3, Falster, Denmark," published online in the journal Radiocarbon.

The emergence of the Funnel Beaker Culture around 6,000 years ago brought the Scandinavian region's first switch to agriculture and domesticated animals (sheep, goats, cattle), leading to a more sedentary lifestyle. With the new way of life came the region's first construction of houses, megalithic tombs (dolmens), and landscape-altering structures, a huge shift away from the highly mobile hunter-gatherer strategy of the Late Mesolithic.

Excavations at the site, Nygardsvej 3, uncovered two phases of house construction. Both structures were built using a common Funnel Beaker Culture design (the Mossby-type), where interior posts provide support for a large double-span roof. Phase one included 38 post holes, while phase two had 35, indicating that a significant amount of architectural planning was involved.

The floors within the structures were made of compacted loam, a soil mixture of sand and clay. Loam floors date back much further in some parts of the world but would be a cutting-edge technology to these Neolithic Danes. Globally, loam only went out of fashion for factory floors in the mid-20th century, and more than a billion people still use it in homes today.


																																						
    
     




																																			The location is well chosen as it sits on a slight elevation, providing both a strategic view of the surrounding area and keeping it above the flood zone of nearby bogs and streams.

More than 1,000 artifacts, including flint tools, pottery pieces, and two fossilized sea urchins, were recovered from the site. These items are concentrated in and around a sunken stone-paved feature. It was not possible to determine if the items were placed there intentionally or simply ended up in the depression over time.

The most intriguing discovery at the site was the sunken feature itself. The feature included carefully placed stones that the researchers, ruling out other options, describe as being like a cellar. If the cellar interpretation stands, it could represent a remarkable technological leap in resource preservation.

Temperatures underground are much more stable, insulated from the large swings of seasonal climate. When used to store food, cellars keep things cool in the summer and prevent them from freezing in winter. This would provide a tremendous benefit to an agricultural society by prolonging their ability to survive between harvests and through harsh winters.

Radiocarbon dating indicates that the cellar and the first house phase were constructed between 3080 and 2780 BC, with the second phase being established sometime after 2800 BC.

In addition to the houses and cellar, seven rows of post holes were found, possibly the remnants of an exterior fence. The fencing could have been used in domestic animal farming, landscape manipulation, or a fortified defense from hostile humans or predatory animals.


																																			While the extent and function of the fence remains unclear from the current round of excavation, the dating of the holes provided an entirely new puzzle. Radiocarbon dating places the fence construction much earlier, between 3600 and 3500 BC.

As the exterior post holes predate the houses by several hundred years, the purpose is unrelated to the houses themselves. Still, it reinforces the location as having a long-standing strategic value for the inhabitants of ancient Falster.

Surprise findings, like a root cellar in a Neolithic home, are an exciting element of any archaeological dig as they tend to generate more questions than answers. Future excavations at the site will seek to answer the questions raised from the Nygardsvej cellar and give us a clearer picture of early Funnel Beaker Culture life in Denmark.


																																																					
																				
																						More information:
												Marie Brinch et al, Stone-paved cellars in the stone age? Archaeological evidence for a neolithic subterranean construction from NygaRdsvej 3, Falster, Denmark, Radiocarbon (2024). DOI: 10.1017/RDC.2024.79
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There is growing evidence that mindfulness-based training programs may support teacher well-being and resilience. This clearly sounds like a good idea, in the current context of alarmingly high rates of teacher stress and burnout.



										      
																																	However, as critics have pointed out, a narrow focus on using mindfulness to address teacher burnout could potentially obscure the systemic and structural causes of stress in the teacher workforce.

These causes include excessive workload, increasingly complex and diverse classrooms, insecure employment and ongoing inequities in both funding and student outcomes.

Furthermore, the well-being focus fails to capture what may be the most educationally interesting, and indeed powerful, impacts of meditation practices for teachers.

Our work, as well as a long history of philosophical thinking about contemplative approaches to education, shows how meditation practices can:


	Strengthen interpersonal care and connection

	Enhance classroom presence and responsiveness

	Bring deeper meaning and purpose to teachers' work



Given how essential these attributes are to good teaching, and not just "surviving" the stress of teaching, we think there is a strong case for greater integration of meditation practices into pre-service and in-service teacher education.

Contemplative practices enable teachers to identify why they teach and who they are as a teacher. This aspect of professional formation goes to the heart of teaching practice.


																																						
    
     




																																			Strengthening care and connection

We know that positive relationships are the bedrock of strong classroom cultures that support high-quality academic learning.

A recent analysis by Professor Pasi Sahlberg from the Faculty of Education demonstrates how positive student-teacher relationships are associated with a 60-point improvement in mathematics in the PISA assessments.

A teacher's ability to create classrooms where learners feel safe and can thrive enables greater student curiosity (81 point increase), perseverance (61 points) and a sense of belonging (26 points).

Beyond merely learning to focus attention on the breath, mindfulness-based training supports teachers to actively cultivate compassion towards self and others.

A compassionate orientation can provide a window to viewing all students, even those with the most challenging and complex circumstances, with unconditional positive regard.

Practices of bodily awareness including the body scan technique support enhanced awareness and insight into teachers' own emotional states and patterns. This, in turn, supports teachers to self-regulate, and co-regulate with students, during the natural ups and downs of school life.

How the teacher comes into the classroom and how they connect with their subject matter and their students, is enriched by their ability to intentionally create space for curiosity about themselves and the work they do.


																																			Enhanced presence and responsiveness

In one study, we worked closely with seven beginning teachers, each of whom had a significant commitment to meditation practice.

Through the cultivation of present-moment, non-judgmental, embodied awareness, meditation practices supported these teachers to gain insight into their own practice in a way that went beyond familiar practices of professional reflection.

Mindful awareness of thoughts and embodied emotions, from moment to moment during teaching can also help teachers to "get out of their own way" or "put the ego aside."

This provides an opportunity for a person to notice when their habits, attachments or reactions might be obstacles to a clear perception of what is really going on right in front of them. This way of seeing and being in the classroom can help the teacher to make wiser decisions.

Robust, ethically grounded contextual judgment is enhanced by staying in touch with the lived moment of teaching, rather than being distracted by frustration, preconceptions or past habits.

As one of our research participants put it, it's about "being with the students, not with the plan." Combined with a compassionate orientation, this approach can lead to a greater sense of joy, spontaneity and presence in teaching.


																																						
    
     




																																			An anchor for meaning and purpose

Meaning and purpose in teachers' work are so often deferred, especially in the context of a crowded curriculum and heavy reporting and accountability demands.

It's too often about "getting through" the curriculum, about ensuring students meet desired outcomes or about planning for the next unit. The present-moment focus of meditation practice supports teachers to keep their focus on the richness of the present moment as a source of connection and fulfillment.

Additionally, traditions of meditation often come with teachings that encourage a distinctly holistic and egalitarian vision of human flourishing.

This orientation helps to provide a rich sense of educational purpose that is holistic, and not limited to narrow concerns with academic excellence.

In our research, it was this anchoring sense of purpose, and the possibility of seeing teaching work itself as a kind of contemplative practice, that helped the beginning teachers navigate some of the highly challenging early experiences of teaching with clarity and resilience.

Deep, transformative reflective practice requires self-awareness, courage, honesty and a willingness to be vulnerable.

Meditation practices create space for this curiosity and inquiry, through which teachers can reflect on their developing practice and professional identity.

They can set meaningful goals that keep them connected to their purpose, and manage the many complex demands placed on them in their day-to-day work.


																																			The case for teacher meditation: Looking beyond well-being

Mindfulness is now a school-based well-being practice for Australian school students, but it's time the attention was turned towards our hard-working teachers.

Meditation and mindfulness practices for teachers can help to infuse care and compassion into their work, enhance presence and responsiveness as well as bring important clarity, meaning and purpose to daily classroom life.

Practically, this all means that there is a strong case for designing some form of meditation training, at least as an option, into pre-service teacher education and ongoing professional development.

This case is quite separate from any arguments about whether mindfulness practices may reduce rates of teacher burnout.

The attempt to address teacher well-being via individualized interventions like lunchtime yoga or meditation sessions should come with a strong warning.

Offering these activities to teachers, without addressing the systemic, governance or cultural issues that may be contributing to poor well-being may have unintended consequences, including cynicism and alienation if teachers perceive that leadership is not addressing their real, underlying concerns.

However, combined with honest efforts to address structural causes of stress, developing a contemplative practice could build greater resilience, self-awareness and agency--core aspects of leadership literacy--that will guide teacher career development and the choices of where they work.

Of course, any meditation training for teachers needs to be done with the guidance of experienced teachers and facilitators, using principles and practices with a strong research base.
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Non-Indigenous businesses struggling to boost Indigenous staff numbers
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Indigenous-owned businesses in Australia employ Indigenous staff at a rate 12 times higher than non-Indigenous-owned businesses, a new study from The Australian National University (ANU) has found.



										      
																																	According to lead researcher and Ph.D. candidate Christian Eva, the findings demonstrate that non-Indigenous-owned businesses must do more to better integrate Indigenous knowledge and cultural practices into the workplace and boost the number of Indigenous staff.

Eva said non-Indigenous-owned businesses should also acknowledge Indigenous peoples' broader responsibilities within their communities by offering flexible working arrangements and cultural leave entitlements.

"The unique workplace practices of Indigenous businesses may explain their strong Indigenous employment rates. Our paper demonstrates it's more likely workplace practices driving divergent Indigenous employment outcomes, rather than just local labor market conditions," Eva said.

"This disparity is of national importance as Indigenous employment is part of Australia's Closing the Gap framework. However, as with many Closing the Gap outcomes, the gap between Indigenous and non-Indigenous employment is failing to close. It's evident we must do more."

The researchers analyzed Supply Nation data of 2,291 Indigenous-owned businesses and compared it to a dataset of 680 non-Indigenous-owned businesses in Australia.

They asked non-Indigenous business owners whether they had a Reconciliation Action Plan (RAP) or if they offered cultural competence training to staff. Businesses were also asked whether they had other forms of Indigenous-focused workplace policies and practices.


																																						
    
     




																																			"Despite an increased focus on Indigenous employment, the national Indigenous employment rate is failing to increase substantially, and many Australian businesses are still struggling to reach their Indigenous employment targets," Eva said.

"The findings highlight the crucial need for Australian businesses to incorporate Indigenous-led approaches to things such as organizational governance, human resource management and recruitment within Australian businesses."

The recently published paper in The Economic and Labour Relations Review, also led by Eva, found that businesses with Indigenous staff in management positions had more than three times the number of Indigenous workers compared to businesses with no Indigenous management.

"It's therefore key for non-Indigenous-owned businesses to identify how they can create those pathways for Indigenous employees to progress into senior management roles and ensure there are equitable opportunities for progression within organizations for all employees," Eva said.

"Managers from an Indigenous background are also better placed to understand the unique cultural and personal tendencies of their Indigenous colleagues."


																																																					
																				
																						More information:
												Christian Eva et al, Closing the employment gap: Estimations of Indigenous employment in Indigenous- and non-Indigenous-owned businesses in Australia, The Economic and Labour Relations Review (2024). DOI: 10.1017/elr.2024.37
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Carefully exposing children to more misinformation can make them better fact-checkers, study suggests
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In an era when online misinformation is seemingly everywhere and objective facts are often in dispute, UC Berkeley psychologists in a new study have presented a somewhat paradoxical partial solution: Expose young children to more misinformation online--not less.



										      
																																	Doing so in limited circumstances, and with careful oversight and education, can help children gain the tools they'll need to sort fact from fiction online, said Evan Orticio, a Ph.D. student in UC Berkeley's Department of Psychology and lead author of a paper published Oct. 10 in the journal Nature Human Behaviour.

Orticio argues that, given children's natural skepticism and early exposure to the internet's boundless misinformation, it is crucial for adults to teach them practical fact-checking skills. Instead of attempting to completely sanitize their online environment, he said adults should focus on equipping children with tools to critically assess the information they encounter.

"We need to give children experience flexing these skepticism muscles and using these critical thinking skills within this online context in order to set them up for their future, where they're going to be in these contexts close to 24/7," Orticio said.

Orticio and his colleagues used a pair of experiments involving 122 children ages 4 to 7 to test how their level of skepticism changed in different online environments.

The first study exposed them to an e-book with varying degrees of true and false statements about animals. Next to a picture of a zebra, for example, some children were shown truths, like that zebras had black and white stripes. Others were shown falsehoods about zebras being red and green.

Based on that information, they indicated whether the claims were true or false. A second study simulated search engine results and posed similar animal facts and fictions.


																																						
    
     




																																			Next, children evaluated the veracity of a new claim within that same digital context, this time about an alien species called Zorpies. On a screen were images of 20 so-called Zorpies. One of the alien's faces showed that it had three eyes; the rest of the Zorpies wore dark sunglasses that obscured their eyes.

Children were then asked to decide whether all Zorpies had three eyes. But before making their final decision, participants were allowed to fact-check the claim by tapping any number of the aliens, removing their sunglasses and revealing their eyes. Since children knew nothing about the aliens, their skepticism could only come from their assessment of how reliable this digital platform was.

Researchers found that the children who were the most diligent about fact-checking the Zorpies claims were also the ones who saw more false claims about animals earlier in the study. Meanwhile, those who had more reliable environments with fewer false claims earlier in the study did almost no fact-checking. A computer simulation confirmed that the children in the more unreliable environments were more likely to debunk potential misinformation.

"Children can adapt their level of skepticism according to the quality of information they've seen before in a digital context," Orticio said. "They can leverage their expectations of how this digital environment works to make reasonable adjustments to how much they trust or distrust information at face value--even if they know next to nothing about the content itself."


																																			The project was born from an urgent need to understand how children are faring in an increasingly online world. Previous research has found that an estimated one-third of children have used social media by age 9, and that minors encounter health misinformation within minutes of creating a TikTok account.

Even platforms that are purportedly curated for young audiences, like YouTube Kids, have become spaces for toxic content and misinformation. That's a particular problem, Orticio stressed, because parents may have the impression that these are safe places their kids can explore.

But as the new research shows, that may give a false sense of security and allow falsehoods and problematic content to go unchecked and be taken as true and acceptable.

"Our work suggests that if children have some experience working in controlled, but imperfect, environments where they have experience encountering things that aren't quite right, and we show them the process for figuring out what is actually true and not, that will set them up with the expectation to be more vigilant," Orticio said.

Orticio knows that not every parent has time to constantly monitor a child's media habits. Rather than trying to create the most sanitized corner of the internet, he said parents should have discussions with their children about how to check claims and to talk about what they're seeing.

Having clear expectations about what a platform can and can't deliver is also important.

"It's not that we need to enhance skepticism, per se. It's that we need to give them the ability to use that skepticism to their advantage," Orticio said. "In our experiments, fact-checking was very simple. In real life, fact-checking is actually very hard. We need to bridge that gap."


																																																					
																				
																						More information:
												Exposure to detectable inaccuracies makes children more diligent fact-checkers of novel claims, Nature Human Behaviour (2024).
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Fossils and fires: Insights into early modern human activity in the jungles of Southeast Asia
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Studying microscopic layers of dirt dug from the Tam Pa Ling cave site in northeastern Laos has provided a team of Flinders University archaeologists and their international colleagues with further insights into some of the earliest evidence of Homo sapiens in mainland Southeast Asia.



										      
																																	The site, which has been studied for the past 14 years by a team of Laotian, French, American and Australian scientists, has produced some of the earliest fossil evidence of our direct ancestors in Southeast Asia.

Now a new study, led by Ph.D. candidate Vito Hernandez and Associate Professor Mike Morley from the College of Humanities, Arts and Social Sciences, has reconstructed the ground conditions in the cave between 52,000 and 10,000 years ago. The work appears in Quaternary Science Reviews.

"Using a technique known as microstratigraphy at the Flinders Microarchaeology Laboratory, we were able to reconstruct the cave conditions in the past and identify traces of human activities in and around Tam Pa Ling," says Hernandez. "This also helped us to determine the precise circumstances by which some of the earliest modern human fossils found in Southeast Asia were deposited deep inside."

Microstratigraphy allows scientists to study dirt in its smallest detail, enabling them to observe structures and features that preserve information about past environments, and even traces of human and animal activity that may have been overlooked during the excavation process due to their minuscule size.



    
        
            [image: Fossils and fires: Insights into early modern human activity in the jungles of Southeast Asia]
             
                Author Associate Professor Mike Morley. Credit: Flinders University
            
        

    



The human fossils discovered at Tam Pa Ling were deposited in the cave between 86,000-30,000 years ago, but until now, researchers had not conducted a detailed analysis of the sediments surrounding these fossils to gain an understanding of how they were deposited in the cave or the environmental conditions at the time.


																																						
    
     




																																			The findings reveal that conditions in the cave fluctuated dramatically, going from a temperate climate with frequent wet ground conditions to becoming seasonally dry.

"This change in environment influenced the cave's interior topography and would have impacted how sediments, including human fossils, were deposited within the cave," says Associate Professor Morley.

"How early Homo sapiens came to be buried deep within the cave has long been debated, but our sediment analysis indicates that the fossils were washed into the cave as loose sediments and debris accumulating over time, likely carried by water from surrounding hillsides during periods of heavy rainfall."
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The team also identified preserved micro-traces of charcoal and ash in the cave sediments, suggesting that either forest fires occurred in the region during the drier periods, or that humans visiting the cave may have used fire, either in the cave or near the entrance.

"This research has allowed our team to develop unprecedented insights into the dynamics of our ancestors as they dispersed through the ever-changing forest covers of Southeast Asia, and during periods of variable regional climate instability," says study co-author Assistant Professor Fabrice Demeter, paleoanthropologist from the University of Copenhagen, who has been leading the team of international researchers studying Tam Pan Ling since 2009.


																																																					
																				
																						More information:
												Late Pleistocene-Holocene (52-10 ka) microstratigraphy, fossil taphonomy and depositional environments from Tam Pa Ling cave (northeastern Laos), Quaternary Science Reviews (2024).
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New research highlights the overlooked dangers of subtle and covert abuse in intimate relationships
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New research from the University of East Anglia has uncovered a significant gap in understanding of a harmful form of domestic abuse known as subtle or covert abuse.



										      
																																	Unlike more obvious forms of physical or verbal abuse, subtle abuse is less visible but can be just as damaging to victims. The review found that current research on this topic is limited, despite its potentially widespread impact. The findings suggest that subtle abuse is often driven by the perpetrator's sense of entitlement, which leads to long-term emotional and psychological harm for victims.

The work appears in Trauma Violence & Abuse.

Lead author Rosemary Parkinson, of UEA's School of Health Sciences, has worked as a psychotherapist for nearly 30 years, and is particularly interested in researching the subtle abuse of heterosexual women of high educational and socio-economic status in intimate relationships, a population group with which she has worked closely.

She said, "My work aims to define this kind of abuse. I am also interested in how therapists can be trained to recognize women clients who have experienced or are experiencing subtle abuse. The women themselves present in therapy not knowing they were or are being abused, and instead think there is something wrong with them which they need to change."

A particular concern raised in the research is that therapists do not currently have the knowledge and training to recognize this form of abuse, as abusive partners can present themselves as helpful and concerned when dealing with health care professionals.


																																						
    
     




																																			However, due to the paucity of literature and training in this area, therapists lack the knowledge to identify experiences of subtle or covert abuse in intimate relationships.

Abusive relationships can therefore be missed, and in some cases therapeutic work may even allow them to continue. The abuse is often conducted in an indirect way, and can be mixed with positive behaviors or performed in a positive way, and is therefore easily excused and becomes the norm in a relationship.

Key behaviors of this type of abuser include:


	Undermining--Denying the victim's perception of things, disapproving through sighing or questioning, expressing disappointment, lying and gaslighting, being condescending, blaming, playing mindgames and demonstrating double standards.




	Limiting--Turning the victim's attention from their needs to the perpetrator's, guilt-tripping, violation of boundaries, making partners focus on them and preventing partners from developing themselves or their interests.




	Withholding--Avoiding communication, physical and emotional withdrawal, being moody, sulky and passive aggressive and having lack of concern, attention or affection, with no support, understanding, companionship and appreciation.



Ms. Parkinson, who is studying for her Professional Doctorate in Health and Social Care, said, "Changes in women victims can include self-doubt, a loss of self-worth, negative mood changes and a limiting of themselves. These in turn lead victims to focus on the perpetrators' needs and ignore their own.

"Subtle or covert abuse has the potential to be one of the most damaging of all abuses, and there are no studies solely exploring this kind of abuse. It shows that we know very little about a type of abuse that is damaging victims and may be pervasive."

The review highlights an urgent need for more research on subtle abuse to better understand how to recognize its signs, offer effective support to victims, and to train therapists to spot the signs.


																																																					
																				
																						More information:
												Subtle or Covert Abuse within Intimate Partner Relationships: A Scoping Review, Trauma Violence & Abuse (2024).
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Consumer food insights report highlights increasing use of food-ordering apps
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Around two-thirds of consumers have used a food-ordering app at least once for takeout, delivery or both, according to the September 2024 Consumer Food Insights Report (CFI). Over half have used an app for a delivery order. Of those who say they have used an app to order food, nearly half report using one for either delivery or takeout at least once a week.



										      
																																	The survey-based report out of Purdue University's Center for Food Demand Analysis and Sustainability (CFDAS) assesses food spending, consumer satisfaction and values, support of agricultural and food policies, and trust in information sources. Purdue experts conducted and evaluated the survey, which included 1,200 consumers across the U.S.

"The COVID-19 pandemic changed the economy in many ways, particularly in the service economy," said the report's lead author, Joseph Balagtas, professor of agricultural economics at Purdue and director of CFDAS.

Earlier this year, the U.S. Department of Agriculture (USDA) reported that spending on food-ordering apps for deliveries from full-service restaurants quadrupled between prepandemic months and 2022. The trend prompted the CFDAS team to partner with Valerie Kilders, assistant professor of agribusiness marketing at Purdue, to measure and evaluate consumer usage of the apps.

When ordering food online, 68% of consumers say they "sometimes," "often" or "always" use discounts or promo codes.

Food purchased away from home is typically more costly than food prepared at home with groceries. Understandably, many consumers seek cost reductions when paying for the convenience of a prepared meal, Balagtas said. This is particularly true for consumers who spend the least on food. Half of them used discounts and promo codes "often" or "always" when ordering food online.


																																						
    
     




																																			The report breaks down per-person weekly food expenditure into three groups: thrifty (less than $50 a week), moderate ($50 to $85 a week) and liberal (more than $85 a week) spenders. "Consumers who spend the most on food tend to seek out discounts less frequently," Balagtas said.

The CFI survey also asked consumers about the additional fees associated with many food-ordering apps. Many attribute the fee to operating expenses of the service, whether it's to cover fuel and time for delivery services or administration and maintenance of the app itself.

The survey further revealed that on average, consumers say they tip between 10% and 19% for a food delivery order.

"Interestingly, 15% say they tip less than 10% of the total order, and 14% say they do not tip at all for this service," Balagtas said. "We see little difference in the tipping percentages when disaggregating the responses by per-person weekly food spending."

The sustainable food purchasing index remained unchanged from the CFI survey's last assessment in June 2024.

"Consumers continue to purchase food that they feel is safe and fits their tastes, budgets and nutritional needs," said Elijah Bryant, a survey research analyst at CFDAS and a co-author of the report. Fewer consumers currently buy or plan to buy foods with environmental and social sustainability in mind.

"Even though consumers may value the environmental impact and social responsibility of their food, when it comes to purchasing factors, more immediate priorities like food security, taste, economic factors and nutrition drive their decisions," he said.


																																			Since its inception in January 2022, the CFI survey has documented a gradual positive trend in per-person weekly food expenditures. In January 2022, the figure was around $72. Last month, consumers reported an average per-person weekly spending total of $83, a 15% increase.

"Consumers are having to adjust their budgets to accommodate higher food prices to purchase the same groceries," Bryant said. "Wage growth will be a key determinant in food purchasing behavior changes as food prices remain higher after inflation spiked in 2022."

Based on the USDA's questionnaire for measuring food insecurity, the CFDAS researchers estimate the national food insecurity rate to be 13%, unchanged from last month. The rate of food insecurity is highest among households that spend less than $50 on food per person per week.

"We have seen a clear correlation between income and food security in the past and see that many households that spend less on food are likely doing so due to income constraints," Bryant said. Around 29% said they use free food resources, such as food banks, to supplement their diets. This shows the importance of these resources for people who struggle with food insecurity due to a lower food budget, he said.

Around 14% of thrifty food spenders adhere to either a vegetarian or vegan diet, relative to just 6% of moderate and liberal food spenders. Thrifty spenders also report growing their own food in either a home or community garden at a higher rate (32%) than moderate (24%) and liberal (21%) food spenders.

"We do not observe many substantial differences in the frequency of a variety of surveyed food behaviors between the spending groups," Bryant said. "However, we do observe thrifty food spenders choosing generic foods over brand-name foods more frequently than moderate and liberal spenders."

In line with the larger share of vegans and vegetarians in the thrifty group, they are also more likely to choose plant-based proteins over animal proteins.
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The description of a painting directly affects how children look at that artwork. This was discovered by psychologist Francesco Walker in the Rijksmuseum. Another finding of the study is that giving children information intended for adults has the same effect as giving them no information at all.



										      
																																	Many museums offer educational programs for children, says Leiden University psychologist Francesco Walker. But the descriptions of artworks available in the gallery are nearly always written for an adult audience. This is presumably why so many children simply "zap through" the artworks, without really looking at them attentively. Would it make a difference if the information available in the gallery was more accessible?

Walker collaborated with the Rijksmuseum to investigate the effect of different types of information. The research team also included students from Leiden University and researchers from VU Amsterdam, the University of British Columbia and Attention Architects.

The children wear an eye tracker, which is like a pair of glasses that records all their eye movements. This is one of the first studies to investigate children's looking behavior in a museum, says Walker. The researchers published their article on 9 October 2024 in Scientific Reports.

Research design

The participants in the research were 62 children aged from 10 to 12 years, who had never previously visited the Rijksmuseum. They looked at three 17th-century paintings that were unknown to them: a banquet of the Amsterdam Civic Guard, a banquet still life and a winter landscape. The first group was given only the standard information that is available in the gallery, which is mainly factual and is written for adults.

The second group was given information that was written specially for children by educational staff of the Rijksmuseum. This described the paintings from the perspective of people in the artworks, such as a skater and a member of the Civic Guard. The children were also given search questions, such as "Where is the skater?" The third group of children received no information and were simply asked to look at the artworks.


    
    
    
        
        
    
         
             
         

          



																																						
    
     




																																			Mapping the looking behavior

The eye tracker made it possible for the team to precisely map the children's looking behavior. Participants who were given more appealing information were more focused and attentive, reports Walker. They directed their gaze to interesting and eye-catching elements in the painting, which had been emphasized in the descriptions.

However, another result was perhaps even more remarkable, he says. "When children were given information intended for adults, this had the same effect as giving them no information at all." Both groups displayed a more random pattern of eye movements and spent less time looking at distinctive elements. Afterward, the two groups were also less able to name the various elements of the artworks.

"Looking at art is obviously a very personal experience," says Walker. "But it's really a pity if young art viewers find it difficult to concentrate on a painting and don't see what makes it special. A well-designed museum experience can help them to discover paintings in a new way."

Rijksmuseum's response

The Rijksmuseum is very interested in the results of the study, says Pauline Kintz, head of the museum's Public & Education department. "This research gives us clear insight into how you can direct children's eyes, and that they will look in a focused way if you tell them something engaging about a specific detail.

"We want our visitors, which naturally means children as well, to make contact with what they look at; to feel attracted to it, instead of just walking past without feeling anything. We're certainly going to include this insight in our policy for this young target group."


																																																					
																				
																						More information:
												Francesco Walker et al, Age-adapted painting descriptions change the viewing behavior of young visitors to the Rijksmuseum, Scientific Reports (2024). DOI: 10.1038/s41598-024-73963-y
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In double breakthrough, mathematician helps solve two long-standing problems
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A Rutgers University-New Brunswick professor who has devoted his career to resolving the mysteries of higher mathematics has solved two separate, fundamental problems that have perplexed mathematicians for decades.



										      
																																	The solutions to these long-standing problems could further enhance our understanding of symmetries of structures and objects in nature and science, and of long-term behavior of various random processes arising in fields ranging from chemistry and physics to engineering, computer science and economics.

Pham Tiep, the Joshua Barlaz Distinguished Professor of Mathematics in the Rutgers School of Arts and Science's Department of Mathematics, has completed a proof of the 1955 Height Zero Conjecture posed by Richard Brauer, a leading German-American mathematician who died in 1977.

Join our new WhatsApp channel! Stay up-to-date on the latest science news from Science X.

Proof of the conjecture--commonly viewed as one of the most outstanding challenges in a field of math known as the representation theory of finite groups--is published in the Annals of Mathematics.

"A conjecture is an idea that you believe has some validity," said Tiep, who has thought about the Brauer problem for most of his career and worked on it intensively for the past 10 years. "But conjectures have to be proven. I was hoping to advance the field. I never expected to be able to solve this one."

In a sense, Tiep and his colleagues have been following a blueprint of challenges Brauer laid out for them in a series of mathematical conjectures posed and published in the 1950-60s.


																																						
    
     




																																			"Some mathematicians have this rare intellect," Tiep said of Brauer. "It's as though they came from another planet or from another world. They are capable of seeing hidden phenomena that others can't."

In the second advance, Tiep solved a difficult problem in what is known as the Deligne-Lusztig theory, part of the foundational machinery of representation theory. The breakthrough touches on traces, an important feature of a rectangular array known as a matrix. The trace of a matrix is the sum of its diagonal elements. The work is detailed in two papers. One was published in Inventiones mathematicae, the second in Annals of Mathematics.

"Tiep's high-quality work and expertise on finite groups has allowed Rutgers to maintain its status as a top world-wide center in the subject," said Stephen Miller, a Distinguished Professor and Chair of the Department of Mathematics.

"One of the great accomplishments in 20th century mathematics was the classification of the so-called but perhaps misleadingly named 'simple' finite groups, and it is synonymous with Rutgers--it was led from here and many of the most interesting examples were discovered here. Through his amazing stretch of strong work, Tiep brings international visibility to our department."

Insights from the solution are likely to greatly enhance mathematicians' understanding of traces, Tiep said. The solution also provides insights that could lead to breakthroughs in other important problems in mathematics, including conjectures posed by the University of Florida mathematician John Thompson and the Israeli mathematician Alexander Lubotzky, he added.


																																			Both breakthroughs are advances in the field of representation theory of finite groups, a subset of algebra. Representation theory is an important tool in many areas of math, including number theory and algebraic geometry, as well as in the physical sciences, including particle physics. Through mathematical objects known as groups, representation theory has also been used to study symmetry in molecules, encrypt messages and produce error-correcting codes.

Following the principles of representation theory, mathematicians take abstract shapes that exist in Euclidean geometry--some of them extremely complex--and transform them into arrays of numbers. This can be achieved by identifying certain points that exist in each three- or higher-dimensional shape and converting them to numbers placed in rows and columns.

The reverse operation must work, too, Tiep said. One needs to be able to reconstitute the shape from the sequence of numbers.

Unlike many of his colleagues in the physical sciences who often employ complex devices to advance their work, Tiep said he uses only a pen and paper to conduct his research, which so far has resulted in five books and more than 200 papers in leading mathematical journals.

He jots down math formulas or sentences indicating chains of logic. He also engages in continual conversations--in person or on Zoom--with colleagues as they proceed step by step through a proof.


																																						
    
     




																																			But progress can come from internal reflection, Tiep said, and ideas burst forth when he is least expecting it.

"Maybe I'm walking with our children or doing some gardening with my wife or just doing something in the kitchen," he said. "My wife says she always knows when I'm thinking about math."

On the first proof, Tiep collaborated with Gunter Malle of Technische Universitat Kaiserslautern in Germany, Gabriel Navarro of Universitat de Valencia in Spain and Amanda Schaeffer Fry, a former graduate student of Tiep who is now at the University of Denver.

For the second breakthrough, Tiep worked with Robert Guralnick of the University of Southern California and Michael Larsen of Indiana University. On the first of two papers that tackle the mathematical problems on traces and solve them, Tiep worked with Guralnick and Larsen. Tiep and Larsen are co-authors of the second paper.

"Tiep and co-authors have obtained bounds on traces that are about as good as we could ever expect to obtain," Miller said. "It's a mature subject which is important from many angles, so progress is hard--and applications are many."


																																																					
																				
																						More information:
												Gunter Malle et al, Brauer's Height Zero Conjecture, Annals of Mathematics (2024). DOI: 10.4007/annals.2024.200.2.4

Robert M. Guralnick et al, Character levels and character bounds for finite classical groups, Inventiones mathematicae (2023). DOI: 10.1007/s00222-023-01221-5

Michael Larsen et al, Uniform character bounds for finite classical groups, Annals of Mathematics (2024). DOI: 10.4007/annals.2024.200.1.1
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                Neonatal line of a baby's central incisor from the Olerdola (Alt Penedes) site. Credit: Biological Anthropology Unit, UAB
            
        

    


A UAB study in collaboration with the UVic-UCC and the ALBA synchrotron concludes that the Iberian culture newborns buried within domestic spaces died of natural causes, such as complications during labor or premature births, and not due to ritual practices.



										      
																																	Researchers applied an innovative methodology, based on the study of the neonatal line of baby teeth using optic microscopy and microflourescence with synchrotron light, to analyze the teeth from 45 infant skeletal remains and precisely identified the moments of both birth and death.

The Iberian culture inhabited the eastern and southern coastal regions of the Iberian Peninsula during the Iron Age (8th to 1st centuries BCE). The most common funeral ritual of the Iberians was the cremation of the deceased and subsequent disposal of the remains in urns that were buried in necropolises.

However, archaeologists have also discovered burials with remains of newborns who had not been cremated, but were rather located in areas used for housing or production purposes. These burials have generated controversy among experts. Hypotheses suggested that they could have died of natural causes, be proof of infanticide, or even of ritual sacrifices.

The study, published in the Journal of Archaeological Science, now provides very precise evidence in favor of the hypothesis that these newborn infants died mainly from natural causes and that, therefore, are a reflection of the high infant mortality during the first year of life in the period studied.


																																						
    
     




																																			Researchers reached this conclusion after studying 45 infant skeletal remains from five Catalan archaeological sites from the Iberian period: Camp de les Lloses (Osona), Olerdola (Alt Penedes), Puig de Sant Andreu and Illa d'en Reixac (Baix Emporda), and Fortalesa dels Vilars d'Arbeca (Lleida).

The study was led by researchers from the Biological Anthropology Research Group (GREAB) of the Universitat Autonoma de Barcelona (UAB) and the MECAMAT Research Group of the University of Vic-Central University of Catalonia (UVic-UCC). Also participating in the study were members of the University of Granada, the Archaeology Museum of Catalonia (MAC), the El Camp de les Lloses Interpretation Center, the University of Lleida and the TR2Lab Research Group of UVic-UCC.

Researchers have applied an innovative methodology based on the histological and elemental analysis (tissue and chemical composition) of the deciduous or primary teeth present in the infant skeletal remains.

By means of optical microscopy, researchers were able to visualize the growth lines of the dental crown generated in the formation of teeth during intrauterine life and until shortly after birth. This led them to identify the presence of the neonatal line that is produced at the moment of birth.

The analysis allowed them to identify the moment of birth of the individuals and their survival, as well as to determine very precisely the chronological age at the moment of death. The chronological age takes into account the time elapsed since birth and not the biological development of the skeleton.

Almost half of the infants died during the perinatal period, specifically between the 27th week of gestation and the first week of life. The vast majority of perinatal deaths did not survive the moment of birth, and many of these infants died due to premature births.
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                Burial of a perinatal individual from the Fortalesa dels Vilars (Arbeca, Lleida) site. Credit: ARQHISTEC-GIP, UdL
            
        

    



"These data reinforce the hypothesis that the majority of perinatal deaths were caused by natural factors, such as birth complications or health problems associated with prematurity, and not by cultural practices such as infanticide or ritual sacrifice, as some hypotheses have suggested," says Xavier Jordana, Associate Professor in the Biological Anthropology Unit of the Department of Animal Biology, Plant Biology and Ecology at the UAB.

Researchers also observed that of the 20 or so infants that survived beyond the first week of life, the longest lived 67 days. "In the sites studied, no burial of an infant beyond two months of life has been identified. This leads us to think that it could probably have been due to a cultural practice of burying in domestic spaces the infants who died in the earliest stages," says Assumpcio Malgosa, researcher at the UAB and co-author of the study.


																																			Technique specifies time of birth and death

The histological analysis researchers applied in this study is an important innovation to calculate very accurately the age of individuals at death based on the study of the crown of their teeth. Primary teeth begin to form during intrauterine life and finish forming in the postnatal stage, around birth, a period in which they register their growth due to the unique property of forming growth lines.

These lines can form on a daily basis, but thicker lines can also form due to a punctual and stressful event. One such punctual line that can be visualized with optical microscopy in the teeth of infants who have survived birth is the neonatal line, which is formed by the physiological stress caused by the abrupt change from intrauterine to extrauterine life.

"The technique we used is unique, because it allows us to identify the moment of birth and calculate the chronological age in the skeletal remains. Conventional techniques estimate the biological age of the individual based on skeletal growth and development, so they have a great variability when determining age, and do not allow us to identify the moment of birth," says Ani Martirosyan, predoctoral researcher at the UAB and first author of the article.

The methodological innovation allowed them to differentiate the individuals who died at birth from those who were born alive and survived. Of those who died at birth, they identified those who died at full term (between the 37th and 42nd week of gestation) and those who died prematurely (before the 37th week). They were also able to determine the chronological age of the surviving infants.


																																						
    
     




																																			Researchers confirmed the accuracy of their technique with contemporary teeth in which the chronological age of death of the individual is known. In addition, they also undertook X-ray microfluorescence from synchrotron light at the ALBA Synchrotron (Cerdanyola del Valles), particularly at the Xaloc beamline, to analyze the elemental composition of the neonatal line, and in particular the quantification of zinc in cases where the histological visualization of the line was uncertain.

"Zinc is an important element at birth, particularly related to the onset of breastfeeding, but due to its low content, it is not possible to detect concentration variations in enamel and dentin using electron microscopy. The synchrotron light allows us to apply an X-ray beam of only 10 microns to analyze different elements in the enamel and dentin at extremely low concentrations," says Judit Molera, researcher at the UVIC-UCC and co-author of the research.

The results of the experiment show an increase in the amount of zinc and a decrease in calcium, a main element of dental enamel, coinciding with the presence of the neonatal line, which helped researchers corroborate the histological results.

"The data from our study provide much more detailed and concrete information than we have had so far to establish the pattern of infant mortality in Iberian populations, and help to unravel important aspects of their life history and cultural practices. We trust that the methodology we applied will serve to continue to unveil other mysteries yet to be discovered about ancient populations," concluded Jordana.

The study forms part of the research project titled "Reevaluation of Infanticide and Sex Selection in the Iberian Period," directed by GREAB researchers.


																																																					
																				
																						More information:
												Ani Martirosyan et al, Reconstructing infant mortality in Iberian Iron Age populations from tooth histology, Journal of Archaeological Science (2024). DOI: 10.1016/j.jas.2024.106088
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Review of English-language textbooks from 34 countries reveals persistent pattern of stereotypical gender roles
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                Gender biases around male and female roles and under-representation of female characters appeared in textbooks from around the world. Credit: Jessica Ruscello, Unsplash, CC0 (creativecommons.org/publicdomain/zero/1.0/)
            
        

    


Gender biases around male and female roles and under-representation of female characters appeared in textbooks from around the world, with male-coded words appearing twice as often as female-coded words on average, according to a study published October 9, 2024 in the open-access journal PLOS ONE by Lee Crawfurd from the Center for Global Development, United Kingdom, and colleagues.



										      
																																	School textbooks play an important role in shaping norms and attitudes in students--one reason why controversy over textbook content is high in many countries today. In this study, Crawfurd and colleagues investigated how gender norms are depicted in textbooks around the world.

The authors used a particularly large corpus of textbooks to conduct their analysis: 1,255 publicly available online English-language school textbooks spanning subjects and grade levels from grades 4-13 from 34 countries downloaded over 2020-2022.

They compared textbook content with predefined lists of gendered nouns and pronouns (e.g. "Auntie/she/her/woman") and investigated how often these gendered words were associated with key words used in previous studies relating to achievement, appearance, family, home, and work (e.g. "powerful/gorgeous/household/executive") within the textbook. Finally, the authors compared their text analysis results with other measures of gender equality at the country level.

They found that on average, across the full sample of textbooks, there were more than twice as many occurrences of male words (178,142) as female words (82,113), though there was considerable variation between countries. After adjusting for book length, grade, and subject, the countries with the lowest representation of women and girls were Afghanistan, Pakistan, Sri Lanka, and South Sudan, where fewer than one in three gendered words were female.

Across all countries, the adjectives most likely to describe only female and not male characters included "married," "beautiful," "aged," and "quiet." Verbs for only female characters included "bake," "cook," and "sang." The adjectives most likely to describe male and not female characters included "powerful," "rich," "wise," "certain," and "unable." Verbs for only male characters included "rule," "guide," "sign," and "order."


																																						
    
     




																																			Almost all of the individual achievement- and work-themed words showed a stronger association with male words than female words, and the individual appearance- and home-themed words showed a stronger association with female words than male words.

The authors note that countries with textbooks containing a greater number of female characters also had stronger GDPs and more legal rights for women compared to countries with less female representation, though this is only correlation and cannot speak to causation.

The authors also note there are several limitations to this work--their tool was not able to assess non-text items (such as images) and was not always correct at parsing names (though the authors used manual validation where possible), and the analysis reflects a binary view of gender illustrated in the textbooks.

Furthermore, this analysis is restricted to English language literature and therefore may not be generalizable to languages beyond English. However, the results suggest that combating gender biases in textbooks could potentially lead to real-world effects.

The authors add, "Our findings reveal a troubling reality: school books are perpetuating outdated gender stereotypes. Schools should broaden horizons not limit children's potential. It's crucial for policymakers and educators to address these disparities."


																																																					
																				
																						More information:
												Sexist textbooks: Automated analysis of gender bias in 1,255 books from 34 countries, PLoS ONE (2024). DOI: 10.1371/journal.pone.0310366
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Study proposes a new bias: The tendency to assume one has adequate information to make a decision
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                The authors suggest that the ability to navigate other perspectives might be improved by encouraging people to consider whether they may be lacking key information. Credit: geralt, Pixabay, CC0 (creativecommons.org/publicdomain/zero/1.0/)
            
        

    


New experimental data support the idea that people tend to assume the information they have is adequate to comprehend a given situation, without considering that they might be lacking key information. Hunter Gehlbach of Johns Hopkins University and colleagues present these findings in the open-access journal PLOS ONE on October 9, 2024.



										      
																																	When navigating alternative perspectives, people may demonstrate psychological biases that influence their ability to understand others' viewpoints. For instance, in the bias of naive realism, people presume their own subjective perspective is objective truth.

Gehlbach and colleagues now propose the existence of a related bias, which they call the illusion of information adequacy: the failure to consider the possibility that one might be missing key information. For instance, one driver might honk at a car stopped in front of them, only to then see a pedestrian crossing the road--a possibility they hadn't considered.

To demonstrate the illusion of information adequacy, the researchers presented 1,261 study participants with a hypothetical scenario in which they had to recommend whether two schools should be merged or not, as well as answer questions about their perceptions. Some participants received information about the benefits of merging, some about the benefits of staying separate, and some about both.

In line with the illusion of information adequacy, participants who--unbeknownst to them--lacked either the pro-merge or the pro-separate information tended to assume that the information they had was just as adequate as others' information, that they were just as well equipped to make a thoughtful recommendation, and that most others would make a similar decision. Indeed, people lacking pro-merge information tended to recommend the schools remain separate, and vice versa.


																																						
    
     




																																			Notably, a subgroup of participants who later received the information they initially lacked tended to stick with their original decisions. However, this subgroup's combined final recommendations did mirror the recommendations of the subgroup that initially received all the information.

The authors suggest that the ability to navigate other perspectives might be improved by encouraging people to consider whether they may be lacking key information. Meanwhile, additional research could deepen understanding of this type of bias.

The authors add, "A major source of misunderstanding and conflict in our daily lives arises from this paradox: We know that, in theory, there are plenty of things that we don't know we don't know. Yet, in practice, we almost always behave as though we have adequate information to voice our opinions, make good decisions, and pass judgment on others. A little more intellectual humility about what we do and don't know would serve us well."


																																																					
																				
																						More information:
												The illusion of information adequacy, PLoS ONE (2024). DOI: 10.1371/journal.pone.0310216
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                WashU archaeologists are investigating coastal and underwater caves in southeastern Sicily, tracing early human dispersal onto the island. Credit: Ilaria Patania
            
        

    


Archaeological surveys led by scientists at Washington University in St. Louis suggest that coastal and underwater cave sites in southern Sicily contain important new clues about the path and fate of early human migrants to the island.



										      
																																	A study in PLOS ONE reports and assesses the contents of 25 caves and rock shelters, most of them first identified between 1870 and the 1990s but essentially lost to science over time. Study authors also conducted new land and underwater surveys in previously unexplored coastal areas and uncovered three new sites that contain potentially important archaeological sediments.

"What we are looking for is not just the first person who arrived, but the first community," said Ilaria Patania, an assistant professor of archaeology in Arts & Sciences. "Understanding the timing of the initial colonization of Sicily provides key data for the pattern and mode of the early expansion of Homo sapiens into the Mediterranean."

Sicily is considered by many scholars to be the earliest island in the region to be permanently occupied by human ancestors, but when and how the early migrants accomplished this feat remains unknown. Sicily is less than two miles from mainland Italy, but the water crossing would have been extremely difficult for early humans.

Other studies have primarily focused on possible entry points on the island's northern side.

"This research shows that new ways of thinking and looking can reveal patterns that weren't visible before," said T.R. Kidder, the Edward S. and Tedi Macias Professor of anthropology in Arts & Sciences at WashU, a co-author of the new study.

"Previous scholars assumed that sites on the southern coast of Sicily would be eroded or too damaged to yield useful information," Kidder said. "But finding underwater sites opens up a whole new terrain to study. It allows us to reconsider routes of migration of these earliest modern human ancestors."


																																						
    
     




																																			Dangerous water crossing

Sicily, the largest Mediterranean island, is located just off the "toe" of Italy's boot.

In the ancient Greek poem the "Odyssey," Homer describes how Odysseus sailed his ship past the mythical sea monsters Scylla and Charybdis as he crossed the Sicily strait. The strait was well known to sailors of the past; they attributed the deadly forces of its waves and whirlpools to powerful monsters.

In modern times, thousands of migrants from North Africa attempt to cross the strait each year. Many don't make it, some capsizing just a few hundred meters from landing.

Patania, a native of the island of Sicily, has a deep respect for the power of the sea. Her grandfather was a fisherman who worked on the same shores she now studies.
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                Coastal and underwater cave sites in southern Sicily contain important new clues about the path and fate of early human migrants to the island, according to a new study in PLOS ONE. Some of the sites are above ground, while others are submerged caves and hidden grottos accessible only by sea. Credit: Ilaria Patania
            
        

    



"Very early on, I was taught that the sea can be a great resource," she said. "At the same time, you never turn your back on the sea. The sea can be very dangerous."

This idea plays out in her research. "I'm very interested in how humans occupy marginal environments," Patania said. "These are environments where, if everything goes well, we are in perfect harmony with nature. But if something changes--and this could be something like global climate change, or something smaller, like the arrival of a new animal--it could be a catastrophe."

Scholars of the region agree that humans had made it to Sicily by 16,000 years after the last glacial maximum. But that established date is puzzlingly late, given that humans are known to have dispersed by land into Siberia about 30,000 years earlier. The discrepancy has led some to wonder if humans actually arrived on Sicily much before the currently accepted dates.

Also, no one yet knows whether humans arrived on Sicily by seafaring, or by foot over a land bridge--or even what direction they came from.

"A challenge for understanding the spread of early modern human ancestors is that we don't fully understand how they spread and colonized the world at a very early stage," Kidder said.

"As Ilaria says, this is a very marginal environment. Did folks come down from Italy and cross the Straits of Messina, or did they come from the south along the African coast? Or, is it possible that they were island hopping across the Mediterranean? Locating sites on the south coast helps us consider pathways and thus modes of behavior."


																																			Eyes on the sea

Patania leads a long-term research project focused on the early occupation of Sicily. "In southeast Sicily, very few Upper Paleolithic sites have been excavated and analyzed using scientific methods," she said.

"Our project is still in its early stages, but already we have identified and assessed over 40 sites of interest, of which about 17 are sites that have been relocated with greater precision based on older identifications," Patania said.

She and her team prepared for their recent cave explorations by poring through the archives of local town libraries in Sicily, reading historical bulletins and news articles as far back as the 19th century.

The researchers identified potential sites and reviewed records and photographs of materials recovered by local avocational archaeologists. When possible, they interviewed workers that had been involved in earlier excavations, and they also talked with local recreational divers and fishermen.

For example, one of the co-authors on the new study is a retired tugboat captain. He has no formal scientific training, but he spent decades working on the decks of boats in and around the Port of Augusta.

"The moment I said that I was looking for paleosols, and that paleosols look like clay dirt that could be red or gray underwater, he said, 'I know exactly what you are looking for,'" Patania said.
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                WashU archaeologists have recovered and analyzed stone tools and other items of interest from underwater caves and other coastal sites in southern Sicily. Credit: Ilaria Patania
            
        

    



Patania also partnered with the superintendent of cultural and natural heritage of Siracusa and Ragusa (two provinces of Sicily) and the superintendent of the sea of Sicily to locate and recruit other local experts and stakeholders.

As the research has progressed, Patania has also spoken with officers in the Italian navy about training members of their specialized dive team to help identify underwater archaeological features. These divers spend a lot of time in local waters completing their regular tasks related to clearing ordnance and other debris from World War II.

"We've started with the area close to the coast, and we're slowly going to move further out in the years to come," Patania said.


																																						
    
     




																																			Excavations continue

Two of the new sites in the PLOS ONE study may contain Upper Paleolithic human occupation traces, including fossil fauna, study authors said.

Corruggi is located at the southernmost tip of Sicily. The site was originally identified by other researchers in the 1940s.

"This site is where a second land bridge would have connected this island with the island of Malta," Patania said.

"When we inspected this site, we found teeth from a European wild ass and stone tools," she said. "Analyzing the remains from this site might give us insight on the very last leg of the human journey south into the southernmost coast of Sicily and off toward Malta."

During summer 2024, project team members worked on excavating the second site, a cave called Campolato.

"Here we have discovered evidence for sea-level changes caused by the last glaciation and a localized earthquake that we are still investigating," Patania said.

"We hope to reconstruct not only the timing of human occupation, but also the environment these people lived in and how they negotiated with natural events like earthquakes, climatic and environmental changes and maybe even volcanic eruptions," she said.


																																																					
																				
																						More information:
												PLoS ONE (2024). DOI: 10.1371/journal.pone.0299118
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Satellite data show massive bombs dropped in dangerous proximity to Gaza Strip hospitals in 2023
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                Hospital locations and the number of bomb craters within 800 m and 360 m of hospitals. Credit: Kunichoff et al., 2024, PLOS Global Public Health, CC-BY 4.0 (creativecommons.org/licenses/by/4.0/)
            
        

    


Satellite data on the proximity of hundreds of M-84 bomb craters to hospitals in the Gaza Strip suggest that, as of November 2023, hospitals were not being given special protection from indiscriminate bombing, as mandated by international humanitarian law. That is one finding of a study published in PLOS Global Public Health by Dennis Kunichoff of Harvard University, and colleagues.



										      
																					On October 7, 2023, Israel launched a major military campaign in the Gaza Strip in response to Hamas militant attacks in Israel. Among the munitions being used are United-States-provided Mark-84 (M-84) bombs, which are air-dropped explosive munitions that shoot more than 1,000 pounds of steel fragments in all directions. M-84s have been shown to cause injury and damage infrastructure up to 800m from the point of detonation.

In the new study, researchers used publicly available geospatial data to identify hospitals in the Gaza Strip and combined it with CNN and New York Times satellite imagery investigations on the number and proximity of M-84 bomb craters which appeared in the Gaza Strip between October 7 and November 17, 2023. In total, the data included 36 hospitals and 592 bomb craters.

Overall, nine hospitals were within 360m of a bomb crater--considered a lethal range--and 30 additional hospitals were within 800m--the range that generally leads to injury and infrastructure damage. Two hospitals had as many as 21 and 23 bomb craters within 800m of their facilities and one hospital had seven bomb craters within 360m. In total, 38 M-84 bombs were found to have been detonated within 800m of hospitals in the Israel-designated evacuation zone.

The authors say that the study was limited by its reliance on satellite information, so cannot be used to deduce actual damage to hospital functioning or casualties. In addition, the data were limited to the six-week time period in late 2023 for which satellite imagery was available and does not reflect the current situation on the ground.

"Given the proximity of these bomb craters to hospital areas, this study reveals concern for indiscriminate bombing in close proximity to hospital infrastructure which is afforded special protection under international humanitarian law," the authors say.


																														
																				
																						More information:
												Kunichoff D, Mills D, Asi Y, Abdulrahim S, Wispelwey B, Tanous O, et al. Are hospitals collateral damage? Assessing geospatial proximity of 2000 lb bomb detonations to hospital facilities in the Gaza Strip from October 7 to November 17, 2023. PLOS Global Public Health (2024). DOI: 10.1371/journal.pgph.0003178
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