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


      
        An unprecedented feat: Printing 3D photonic crystals that completely block light
        Photonic crystals are materials with repeating internal structures that interact with light in unique ways. We can find natural examples in opals and the vibrant colored shells of some insects. Even though these crystals are made of transparent materials, they exhibit a "photonic bandgap" that blocks light at certain wavelengths and directions.

      

      
        Researchers develop proton barrier films using pore-free graphene oxide
        Kumamoto University's research team, led by Assistant Professor Kazuto Hatakeyama and Professor Shintaro Ida of Institute of Industrial Nanomaterials, has announced a groundbreaking development in hydrogen ion barrier films using graphene oxide (GO) that lacks internal pores. This innovative approach, published in Small, promises significant advancements in protective coatings for various applications.

      

      
        Novel coupled nanopore platform offers greater precision for detecting molecules
        "As complex living systems, we likely have trillions upon trillions of tiny nanoscopic holes in our cells that facilitate and regulate the crucial processes that keep us alive and make up who are," says Marija Drndic, a physicist at the University of Pennsylvania who develops synthetic versions of the biological pores that "guide the exchange of ions and molecules throughout the body."
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An unprecedented feat: Printing 3D photonic crystals that completely block light

										

    
        
            [image: A photonics breakthrough: Printing 3D photonic crystals that completely block light]
             
                (a) Schematic of the fabrication process. (b) Scanning electron microscope (SEM) image of an as-printed diamond PhC. (c) Tile view SEM image of the annealed diamond PhC. (d-i) High-magnification SEM images of the top and tilt view of the annealed diamond (d-e), gyroid (f-g) and I-WP (h,i) PhCs, respectively. Credit: SUTD
            
        

    


Photonic crystals are materials with repeating internal structures that interact with light in unique ways. We can find natural examples in opals and the vibrant colored shells of some insects. Even though these crystals are made of transparent materials, they exhibit a "photonic bandgap" that blocks light at certain wavelengths and directions.



										      
																																	A special type of this effect is a "complete photonic bandgap," which blocks light from all directions. This complete bandgap allows for precise control of light, opening up possibilities for advancements in telecommunications, sensing, and quantum technologies. As a result, scientists have been working on different methods to create these advanced photonic crystals.

While 1D and 2D photonic crystals have been used in various applications, unlocking the secret to producing 3D photonic crystals with a complete photonic bandgap in the visible range has been fraught with challenges due to the need to achieve nanoscale precise control of all three dimensions in the fabrication process.

This is all set to change. In a study, "Printing of 3D photonic crystals in titania with complete bandgap across the visible spectrum" published in Nature Nanotechnology, researchers across institutions in Singapore and China have achieved an unprecedented feat. Led by Professor Joel Yang from the Singapore University of Technology and Design (SUTD), the team has developed a revolutionary method to print 3D photonic crystals using a customized titanium resin.

Unlike in previous attempts, this new method has resulted in crystals that are of high resolution, possess a high refractive index, and feature a complete bandgap across the range of visible light. The innovation holds immense potential for transforming industries.


																																						
    
     




																																			"For decades, researchers have been trying to produce photonic crystals that completely block light in the visible range. These crystals will have potential use in the elaborate 3D control of light flow, the behavior of single-photon emitters, and quantum information processing," explained Dr. Zhang Wang, SUTD research fellow and first author of the paper.

The SUTD team fabricated their 3D photonic crystal by drawing upon multiple disciplines like material science, optics, and fabrication techniques. To print the crystals, the team turned to two-photon polymerization lithography (TPL), a technique used in additive manufacturing. Commercially available resins used in TPL printing are made of organic materials that have a low refractive index. This meant that it would be impossible for any printed structure to block the complete spectrum of visible light.

Titanium dioxide, on the other hand, is an inorganic material with a very high refractive index. In fact, titanium dioxide, also known as titania, is already being exploited in other fields for its optical properties.

"It is used for its whitening properties due to light scattering from titania particles, and is found in common consumer items such as toothpaste and sunscreen and in self-cleaning surfaces," said Prof Yang.

The team first developed a custom-made titanium resin, then printed photonic crystals using standard TPL before heating them in air to remove organic components from the crystals. The heating process also oxidized the titanium ions within the crystals, turning the ions into titanium dioxide, i.e. titania.


																																			"The structure of the crystals shrinks by approximately six times during the heating process, and its pitch can become as small as 180 nm after shrinkage," said Dr. Zhang. The pitch refers to the distance between different layers within the printed crystal; the smaller the pitch, the more enhanced the resolution.

After successfully fabricating the photonic crystals to a very high resolution, the team observed a complete photonic bandgap across the visible range in these 3D structures. This opens up many possibilities: such structures can be used for applications like color generation and wave guides. In addition, the customizability inherent to TPL means that the printed crystals can be modified for specific purposes, such as by introducing intentional defects within the structures.

The research team envisions broader applications beyond the creation of 3D photonic crystals. The successful development of this 3D printing technique, utilizing titanium resin to achieve a complete photonic bandgap in the visible spectrum, represents a significant breakthrough in the field of photonics.

According to Dr. Zhang, the process holds promise as a versatile platform for fabricating diverse materials--including glass, ceramics, and metals--at the nanoscale. This versatility is expected to create new avenues of exploration as researchers experiment with different materials and nanostructure configurations.

"This collaborative study pushed the boundaries of material science and nanofabrication process design and technologies," added Prof Yang. "It also reflects SUTD's mission to draw on multiple disciplines to make a positive impact on society."


																																																					
																				
																						More information:
												Wang Zhang et al, Printing of 3D photonic crystals in titania with complete bandgap across the visible spectrum, Nature Nanotechnology (2024). DOI: 10.1038/s41565-024-01780-5
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Researchers develop proton barrier films using pore-free graphene oxide

										

    
        
            [image: Breakthrough in proton barrier films using pore-free graphene oxide]
             
                Comparison of Scanning Transmission Electron microscope Images of GO and pore-free GO (Pf-GO). Numerous pores were observed in GO (indicated by white arrows). In contrast, no pores were visible in Pf-GO, even under high magnification. Credit: Kumamoto University
            
        

    


Kumamoto University's research team, led by Assistant Professor Kazuto Hatakeyama and Professor Shintaro Ida of Institute of Industrial Nanomaterials, has announced a groundbreaking development in hydrogen ion barrier films using graphene oxide (GO) that lacks internal pores. This innovative approach, published in Small, promises significant advancements in protective coatings for various applications.



										    
																					In their study, the research team successfully synthesized and developed a thin film from a new form of graphene oxide that does not contain pores. Traditionally, GO has been known for its high ionic conductivity, which made it challenging to use as an ion barrier. However, by eliminating the internal pores, the team created a material with dramatically improved hydrogen ion barrier properties.



    
    
    
        
        
    
            
            Reaction of water with lithium metal coated with GO recorded by thermographic camera. Credit: Small (2024). DOI: 10.1002/smll.202400707
  

The new graphene oxide film exhibits up to 100,000 times better hydrogen ion barrier performance compared to conventional GO films, as demonstrated by out-of-plane proton conductivity results from AC impedance spectroscopy. This breakthrough was further confirmed in experiments where the non-porous graphene oxide coating effectively protected lithium foil from water droplets, preventing any reaction between the lithium and the water.

The study also confirmed that hydrogen ions move through the pores in conventional GO, highlighting the significance of eliminating these pores to enhance barrier capabilities. This advancement opens doors to new applications in protective coatings, rust prevention, and hydrogen infrastructure.



    
    
    
        
        
    
            
            Reaction of water with lithium metal coated with Pf-GO recorded by thermographic camera. Credit: Small (2024). DOI: 10.1002/smll.202400707
  

This research marks a significant advance in materials science and could pave the way for next-generation coatings with enhanced protective properties.

"Moving forward, we plan to harness the hydrogen ion barrier performance for practical applications, while also addressing the challenges posed by the 'pores' in the GO structure to unlock additional functionalities," explained Assistant Professor Hatakeyama as he outlined the next steps in his research.


																														
																				
																						More information:
												Tatsuki Tsugawa et al, Anomalous Proton Blocking Property of Pore-Free Graphene Oxide Membrane, Small (2024). DOI: 10.1002/smll.202400707
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Novel coupled nanopore platform offers greater precision for detecting molecules

										

    
        
            [image: Novel coupled nanopore platform offers greater precision for detecting molecules]
             
                Reusability and Versatility of 2D-GURU Devices. Credit: Nature Nanotechnology (2024). DOI: 10.1038/s41565-024-01746-7
            
        

    


"As complex living systems, we likely have trillions upon trillions of tiny nanoscopic holes in our cells that facilitate and regulate the crucial processes that keep us alive and make up who are," says Marija Drndic, a physicist at the University of Pennsylvania who develops synthetic versions of the biological pores that "guide the exchange of ions and molecules throughout the body."



										      
																																	The ability to control and monitor the flow of molecules through these pores has opened new avenues for research in the last two decades, according to Drndic, and the field of synthetic nanopores, where materials like graphene and silicon are drilled with tiny holes, has already led to significant advances in DNA sequencing.

In a paper published in Nature Nanotechnology, Drndic and Dimitri Monos, her longtime collaborator at the Perelman School of Medicine and Children's Hospital of Philadelphia (CHOP), presented a new kind of nanopore technology with the development of a dual-layer nanopore system: a design that consists of two or more nanopores, stacked just nanometers apart, which allows for more precise detection and control of molecules like DNA as they pass through.

"With current platforms, when molecules like DNA are placed on the nanopores it's sort of like spaghetti in a pot: tangled and difficult to work with, let alone guide through a single hole," Monos says.

Typically, researchers need to use proteins to unwind and straighten it, which, while effective, has many limitations due to degradation that leads to reduced sensitivity and shorter operational lifespans, he says.

"But with this new design," Monos says, "we're essentially guiding molecules through two coupled nanopores in the material, providing a controlled, smoother passage of molecules and making them easier to detect and analyze."


																																						
    
     




																																			The researchers call this new platform GURU to denote that "it's a guided and reusable," way to study molecules, which confers a few key benefits, most notably, the ability to better assess the length and conformation of molecules as they pass through the nanopores.

"Because we know the precise distance between the two nanopores, we can use it as a kind of ruler," Drndic says, "comparing the signals to determine the exact length of the DNA passing through." This system offers researchers an unprecedented level of control, enabling them to measure molecular properties more accurately than ever before.

This increased resolution provides a clearer picture of the shape and structure of molecules, including DNA, RNA, and proteins.

Unlike traditional single-pore systems, GURU allows for longer times in the sensing zone, which enhances the detection process, and one of the most intriguing outcomes of this slowing down is the discovery of unique signal patterns shaped like the letters "W" and "T," a characteristic that the postdoctoral researcher and first author of the paper, Chih-Yuan (Scottie) Lin, first observed.

"These patterns correspond to the way molecules interact with the dual-pore system," Lin says. "When we measure signals that look like a 'W,' it's because the molecule is engaging with both the bottom and top nanopores in sequence, reflecting how it enters the lower pore, exits slightly, and then reengages with the upper layer."

This pattern provides the researchers with detailed information about the molecule's passage through the system, revealing its interactions with each layer.


																																			The T-shaped signal, Lin says, occurs when a molecule is long enough to block both nanopores simultaneously, giving a clear indication of its full length. "These signals provide us with real-time data on the length and position of the molecule."

As the teams continue to refine their system, they believe it could lead to more efficient, accurate, and cost-effective sequencing technologies that overcome the limitations of current protein-based nanopore systems.

"What really cemented our collaboration was the shared goal of improving sequencing technology, particularly for applications like human leukocytic antigen (HLA) genes that require long DNA reads," Monos says. As the director of the Immunogenetics Laboratory at CHOP, he works extensively with HLA genes, which are crucial for immune system compatibility in organ transplantation.

"HLA genes are among the most complex regions of the human genome, and accurate long-read sequencing is essential to understanding their variations," Monos says. "That's where nanopore technology like GURU comes in; it offers the potential for more precise and comprehensive sequencing in this challenging area."

By eliminating the need for proteins and creating a purely solid-state system, their joint efforts have yielded a platform that not only advances the field of nanopore technology but also opens new possibilities for clinical applications.

"The problems we're trying to solve with nanopores, like DNA sequencing and molecular detection, require expertise from people all over the place," Drndic says, "it's not just about the physics or materials science. We need input from biologists to understand the molecules, chemists to help with the reactions, and medical professionals to see the real-world applications."


																																																					
																				
																						More information:
												Yung-Chien Chou et al, Coupled nanopores for single-molecule detection, Nature Nanotechnology (2024). DOI: 10.1038/s41565-024-01746-7
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        Latent information carried by photons enables super-precise spectrometer
        Two researchers at the University of Warsaw developed a quantum-inspired super-resolving spectrometer for short pulses of light. The device designed in the Quantum Optical Devices Lab at the Centre for Quantum Optical Technologies, Centre of New Technologies and Faculty of Physics UW offers over a two-fold improvement in resolution compared to standard approaches. In the future, it can be miniaturized on a photonic chip and applied in optical and quantum networks as well as in spectroscopic studi...

      

      
        Quantum researchers cause controlled 'wobble' in the nucleus of a single atom
        Researchers from Delft University of Technology in The Netherlands have been able to initiate a controlled movement in the very heart of an atom. They caused the atomic nucleus to interact with one of the electrons in the outermost shells of the atom. This electron could be manipulated and read out through the needle of a scanning tunneling microscope.

      

      
        Fundamental spintronics research reveals generic approach to magnetic second-order topological insulators
        Researchers from Monash University, part of the FLEET Center, have revealed a generic approach towards intrinsic magnetic second-order topological insulators. These materials are crucial for advancements in spintronics, an emerging field aiming at using spin degree of freedom to deliver information. Their study is published in Nano Letters.

      

      
        Laser and X-ray combo creates star-like conditions inside a hair-thin wire
        Extreme conditions prevail inside stars and planets. The pressure reaches millions of bars, and it can be several million degrees hot. Sophisticated methods make it possible to create such states of matter in the laboratory--albeit only for the blink of an eye and in a tiny volume.

      

      
        Wave scattering simulation unlocks potential metamaterials
        A new software package developed by researchers at Macquarie University can accurately model the way waves--sound, water or light--are scattered when they meet complex configurations of particles.

      

      
        Study accelerates AI-based particle size probe for medication manufacturing
        The pharmaceutical manufacturing industry has long struggled with the issue of monitoring the characteristics of a drying mixture, a critical step in the production of medication and chemical compounds.
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            [image: Super-precise spectrometer enabled by latent information carried by photons]
             
                Frequency lens using multiple diffraction on a diffraction grating. The light pulse is transformed in a frequency analogous to the light beam passing through the real lens (fot. M. Lipka, Uniwersytet Warszawski). Credit: Michal Lipka, University of Warsaw
            
        

    


Two researchers at the University of Warsaw developed a quantum-inspired super-resolving spectrometer for short pulses of light. The device designed in the Quantum Optical Devices Lab at the Centre for Quantum Optical Technologies, Centre of New Technologies and Faculty of Physics UW offers over a two-fold improvement in resolution compared to standard approaches. In the future, it can be miniaturized on a photonic chip and applied in optical and quantum networks as well as in spectroscopic studies of matter.



										      
																																	The research has been published in Optica.

Colors bring information

The task of spectroscopy is to study the various colors, that is the spectrum, of light. A chemical substance will emit its characteristic colors by which it can be identified. Similarly, a distant star will also have a specific spectrum of light, through which its astrophysical properties such as size or age can be understood.

Different colors of light are also used to transmit information over channels in fiber networks, similar to different radio bands that are used to transmit many channels at the same time. These optical channels are at the core of intercontinental optical networks, and are also essential for future secure quantum networks. In all those cases, a difficult task is to distinguish close-by channels or spectroscopic lines.

It has been thought that if channels overlap, they are almost impossible to distinguish--a property studied by John William Strutt, Lord Rayleigh, later termed Rayleigh criterion.

Quantum to the rescue

Progress in quantum information science has allowed researchers to understand that the traditional so-called direct imaging or spectroscopy discards part of the information that is carried in the phase of the complex electromagnetic field of light. The quantum-inspired super-resolution techniques transform the complex electromagnetic field before it is detected to optimally use this latent information.


																																						
    
     




																																			The working principle of the device--Super-resolution of Ultrafast pulses via Spectral Inversion (SUSI)--is very similar to the so-called quantum-inspired super-resolution methods in imaging. The greatest challenge was how to translate these ideas to the realm of time and frequency.
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                Electro-optical time lens. A light pulse synchronized with an electronic control signal undergoes a transformation in time analogous to a light beam passing through a real lens. (fot. M. Lipka, Warsaw University ). Credit: Michal Lipka, University of Warsaw
            
        

    



In super-resolved quantum imaging, the light coming from the object is split into two arms of an interferometer. One arm contains a device which inverts (flips) the image. Then the inverted part interferes with the original one. Now, for instance, if there is only one tiny emitter perfectly aligned with the inversion axis, its inverted image will be identical to the original one.

In this case, the researchers would see no photons in one of the interferometer ports. However, as soon as the emitter was moved, its inverted image will become different from the original and photons will appear in that port. Their number is a very good indicator of how much the emitter was moved. Taking this example a step further, imagine two emitters which are separated symmetrically around the inversion axis.

Each emitter will contribute to the counted photons in the same way, hence they measure the separation between two emitters. As with every measurement, it has a limited precision, but it turns out that this precision can be significantly better compared to just directly imaging the emitters with a camera.


																																			Manipulating time and color

In the realm of time and frequency, these ideas still hold. Instead of thinking about tiny emitters, focus on pulses of light. The pulses appear at the same time but each has a slightly different color, because they come from different optical channels or different spectroscopic lines.

In a standard approach, instead of directly looking at a camera, one would first use a dispersive device such as a diffraction grating or a prism which would send different frequencies to different positions on the camera sensor. With two closely separated pulses, these frequency distributions will mostly overlap, limiting the precision with which the separation can be measured. With SUSI, this precision can be improved.

But how can inversion over the frequencies be implemented? Solving this problem was a crucial step in designing SUSI. A fundamental observation was that instead of placing an inverter in a single interferometer arm, the researchers could get the same result with a Fourier Transform in one arm and an inverse Fourier Transform in the second arm.

Such a design creates a very balanced and scalable device, which was then built by Ph.D. student Michal Lipka under the supervision of Dr. Michal Parniak, team leader at the Quantum Optical Devices Lab and assistant professor at the Optics Division, Faculty of Physics UW. Both arms of the interferometer have comparable losses, and the devices for the inverse and direct Fourier transform are very similar.

Furthermore, all elements used in the SUSI interferometer can already be implemented on a photonic chip, making SUSI very applicable and integrable in super-spectrometers or devices for optical networks, thus providing at least a two-fold improvement in the resolution compared to current devices.


																																																					
																				
																						More information:
												Michal Lipka et al, Super-resolution of ultrafast pulses via spectral inversion, Optica (2024). DOI: 10.1364/OPTICA.522555
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Quantum researchers cause controlled 'wobble' in the nucleus of a single atom

										

    
        
            [image: Quantum researchers cause controlled 'wobble' in the nucleus of a single atom]
             
                Researchers from Delft University of Technology in The Netherlands have been able to initiate a controlled movement in the very heart of an atom. They caused the atomic nucleus to interact with one of the electrons in the outermost shells of the atom. This electron could be manipulated and read out through the needle of a scanning tunneling microscope. The research, published in Nature Communications today, offers prospects for storing quantum information inside the nucleus, where it is safe from external disturbances. Credit: TU Delft
            
        

    


Researchers from Delft University of Technology in The Netherlands have been able to initiate a controlled movement in the very heart of an atom. They caused the atomic nucleus to interact with one of the electrons in the outermost shells of the atom. This electron could be manipulated and read out through the needle of a scanning tunneling microscope.



										      
																					The research, published in Nature Communications, offers prospects for storing quantum information inside the nucleus, where it is safe from external disturbances.

For weeks on end, the researchers studied a single titanium atom. "A Ti-47 atom, to be precise," says research leader Sander Otte. "It has one neutron less than the naturally abundant Ti-48, which makes the nucleus slightly magnetic."

This magnetism, the "spin" in quantum language, can be seen as a sort of compass needle that can point in various directions. The orientation of the spin at a given time constitutes a piece of quantum information.

The nucleus of an atom floats inside a comparatively giant void far away from the orbiting electrons, oblivious of its environment. But there is one exception: due to the extremely weak "hyperfine interaction," the nuclear spin can be influenced by the spin of one of the electrons.

"Easier said than done," says Lukas Veldman, who recently defended his Ph.D. dissertation on the research with honors. "The hyperfine interaction is so weak that it is effective only in a very small, precisely tuned magnetic field."

Once all experimental conditions were met, the researchers used a voltage pulse to push the electron spin out of equilibrium, after which both spins wobbled together for a fraction of a microsecond. "Exactly how Schrodinger predicted," says Veldman.

Alongside the experiments, he performed calculations that reproduced the observed fluctuations surprisingly well. The strong agreement between observations and predictions demonstrates that no quantum information is lost during the interaction between the electron and the nucleus.

The efficient shielding from the environment makes the nuclear spin a viable candidate for holding quantum information. The current research may bring that application one step closer. But that is not what primarily drives the researchers.

Otte says, "This experiment gives humans influence on the state of matter on an unimaginably small scale. To me, that alone makes it worth the effort."


																														
																				
																						More information:
												Lukas M. Veldman et al, Coherent spin dynamics between electron and nucleus within a single atom, Nature Communications (2024). DOI: 10.1038/s41467-024-52270-0
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Fundamental spintronics research reveals generic approach to magnetic second-order topological insulators

										

    
        
            [image: Researchers unveil new approach to magnetic topological insulators]
             
                Graphical abstract. Credit: Nano Letters (2024). DOI: 10.1021/acs.nanolett.4c03109
            
        

    


Researchers from Monash University, part of the FLEET Center, have revealed a generic approach towards intrinsic magnetic second-order topological insulators. These materials are crucial for advancements in spintronics, an emerging field aiming at using spin degree of freedom to deliver information. Their study is published in Nano Letters.



										      
																																	Two-dimensional ferromagnetic semiconductors, such as CrI3, Cr2Ge2Te6, and VI3, have been extensively studied in recent years. These materials are fundamental to spintronics. Topological insulators are materials with unique properties where the interior is insulating, but the boundary can conduct electrons.

In three-dimensional topological insulators like Bi2Se3, the surface hosts two-dimensional Dirac fermions. Second-order topological insulators, a new concept extending the idea of topological insulators, exhibit (m-2)-dimensional boundary states in m-dimensional materials, such as one-dimensional hinge states in three-dimensional materials and zero-dimensional corner states in two-dimensional materials.

Intrinsic ferromagnetic semiconductors are typically strong correlated materials, characterized by strong electron-electron correlations. These interactions are so pronounced that there is rarely "electron communication" between adjacent atoms, resulting in a system that resembles an atomic insulator devoid of topological properties. Consequently, bridging these two states is challenging.

This research, led by Dr. Zhao Liu and Professor Nikhil Medhekar under FLEET THEME 1, found an elegant solution. They discovered that in some intrinsic ferromagnetic semiconductors, the p orbitals from the ligand anions and d orbitals from the metal cations can form an inverted orbital order.


																																						
    
     




																																			Traditional ferromagnetic semiconductors have normal ordered p-d orbitals, i.e. p orbitals have a much lower energy than d orbitals, so p orbitals share a closed shell and work as a messenger in "delivering" super-exchange interactions between two metal cations with an open d shell.

However, when partial p orbitals have higher energy than all the d orbitals, an inverted p-d orbitals occurs. Since p and d orbitals share opposite parity, it is expected that inverted and normal ordered p-d orbitals give nontrivial and trivial topological phases, respectively.

Applying advanced density-functional theory calculations and wave function symmetry analysis, the researchers identified 1T-VS2 and CrAs monolayer as potential candidates of intrinsic magnetic second-order topological insulators. 1T-VS2 shares a hexagonal lattice, while CrAs monolayer has a square lattice. In both, the spin up channel shows inverted p-d orbitals, resulting in nontrivial topology, while the spin down channel possesses normal ordered p-d orbitals with trivial topology.

With 1T-VS2 nanoflakes grown into a hexagonal or triangular shape, CrAs into a square shape, spin-polarized scanning tunneling microscope can be used to detect these states, which localized at the corners only.

"Our work can be generalized to Kondo insulators, where d and f orbitals play similar roles to the p and d orbitals studied here. It would be exciting to discover second-order topological Kondo insulators considering that topological Kondo insulators have been recognized in this field," said Professor Medhekar.


																																																					
																				
																						More information:
												Zhao Liu et al, Generic Approach to Intrinsic Magnetic Second-Order Topological Insulators via Inverted p-d Orbitals, Nano Letters (2024). DOI: 10.1021/acs.nanolett.4c03109
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                Artistic view of the imploding wire: a strong current of high-energy electrons (pink) heats up the surface, thus driving subsequent shockwaves which compress the wire radially. Credit: HZDR / T. Toncian
            
        

    


Extreme conditions prevail inside stars and planets. The pressure reaches millions of bars, and it can be several million degrees hot. Sophisticated methods make it possible to create such states of matter in the laboratory--albeit only for the blink of an eye and in a tiny volume.



										      
																																	So far, this has required the world's most powerful lasers, such as the National Ignition Facility (NIF) in California. But there are only a few of these light giants, and the opportunities for experiments are correspondingly rare.

A research team led by the Helmholtz-Zentrum Dresden-Rossendorf (HZDR), together with colleagues from the European XFEL, has now succeeded in creating and observing extreme conditions with a much smaller laser. At the heart of the new technology is a copper wire, finer than a human hair, as the group reports in the journal Nature Communications.

So far, experts have been firing extremely high-energy laser flashes at a material sample, usually a thin foil. This causes the material on the surface to heat up suddenly. This creates a shock wave that races through the sample. It compresses the material and heats it up.

For a few nanoseconds, conditions arise like those in the interior of a planet or in the shell of a star. The tiny time window is sufficient to study the phenomenon using special measuring techniques, such as the ultra-strong X-ray flashes of the European XFEL in Schenefeld near Hamburg, Germany.

At Europe's most powerful X-ray laser, the HZDR leads an international user consortium called HIBEF--Helmholtz International Beamline for Extreme Fields. Among other things, this consortium operates a laser at the High Energy Density (HED-HIBEF) experimental station, which generates ultra-short pulses that do not have particularly high energy--only about one joule. However, at 30 femtoseconds, they are so short that they achieve an output of 100 terawatts. The research team used this laser at HED-HIBEF to fire at a thin copper wire, just 25 micrometers thick.

"Then we were able to use the strong X-ray flashes from the European XFEL to observe what was happening inside the wire," explains Dr. Alejandro Laso Garcia, lead author of the paper. "This combination of short-pulse laser and X-ray laser is unique in the world. It was only thanks to the high quality and sensitivity of the X-ray beam that we were able to observe an unexpected effect."


																																						
    
     




																																			Concentrated shock waves

In several series of measurements, the scientists systematically varied the time interval between the impact of the laser flash and the X-rays shining through. This made it possible to record a detailed "X-ray film" of the event.

"First, the laser pulse interacts with the wire and generates a local shock wave that passes through the wire like a detonation and ultimately destroys it," explains HIBEF department head Dr. Toma Toncian. "But before that, some of the high-energy electrons created when the laser hits, race along the surface of the wire."

These fast electrons heat up the surface of the wire quickly and generate further shock waves. These then run in turn from all sides to the center of the wire. For a brief moment, all the shock waves collide there and generate extremely high pressures and temperatures.

The measurements showed that the density of the copper in the middle of the wire was briefly eight to nine times higher than in "normal," cold copper.

"Our computer simulations suggest that we have reached a pressure of 800 megabars," says Prof. Thomas Cowan, director of the HZDR Institute of Radiation Physics and initiator of the HIBEF consortium. "That corresponds to 800 million times atmospheric pressure and 200 times the pressure that prevails inside the Earth."

The temperature reached was also enormous by terrestrial standards: 100,000 degrees Celsius.


																																			Perspectives for nuclear fusion

These are the conditions that are close to those in the corona of a white dwarf star.

"Our method could also be used to achieve conditions like those in the interior of huge gas planets," emphasizes Laso Garcia. This includes not only well-known giants like Jupiter, but also a large number of distant exoplanets that have been discovered over the past few years. The research team has now also set its sights on wires made of other materials, such as iron and plastic.

"Plastic is mainly made of hydrogen and carbon," says Toncian. "And both elements are found in stars and their corona."

The new measurement method should not only be useful for astrophysics, but also for another field of research. "Our experiment shows in an impressive way how we can generate very high densities and temperatures in a wide variety of materials," says Ulf Zastrau, who heads the HED group at the European XFEL. "This will take fusion research an important step further." Several research teams and start-ups around the world are currently working on a fusion power plant based on high-performance lasers.

The principle: Strong laser flashes hit a fuel capsule made of frozen hydrogen from all sides and ignite it, with more energy coming out than was put in.

"With our method, we could observe in detail what happens inside the capsule when it is hit by the laser pulses," says Cowan, describing future experiments. "We expect that this can have a huge impact on basic research in this area."


																																																					
																				
																						More information:
												Laso Garcia, A. et al. Cylindrical compression of thin wires by irradiation with a Joule-class short-pulse laser. Nature Communications (2024). DOI: 10.1038/s41467-024-52232-6. www.nature.com/articles/s41467-024-52232-6
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                This image is a simulation of a kind of acoustic wave called a Rayleigh-Bloch wave. The stripes of light and dark areas represent the "peaks" and "troughs" of the waves and are shaped by their interaction with the line of square objects. The positions of the objects have been carefully calculated so that the waves hug the objects and quickly decay further away. Simulations of this kind help scientists understand these waves in complex situations such as when they interact with multiple non-circular objects. Credit: Proceedings of the Royal Society A: Mathematical, Physical and Engineering Sciences (2024). DOI: 10.1098/rspa.2023.0934
            
        

    


A new software package developed by researchers at Macquarie University can accurately model the way waves--sound, water or light--are scattered when they meet complex configurations of particles.



										      
																																	This will vastly improve the ability to rapidly design metamaterials--exciting artificial materials used to amplify, block or deflect waves.

The findings, published in the journal Proceedings of the Royal Society A on 19 June 2024, demonstrated the use of TMATSOLVER--a multipole-based tool that models interactions between waves and particles of various shapes and properties.

The TMATSOLVER software makes it very easy to simulate arrangements of up to several hundred scatterers, even when they have complex shapes.

Lead author Dr. Stuart Hawkins from Macquarie University's Department of Mathematics and Statistics says the software uses the transition matrix (T-matrix)--a grid of numbers that fully describes how a certain object scatters waves.

"The T-matrix has been used since the 1960s, but we've made a big step forward in accurately computing the T-matrix for particles much larger than the wavelength, and with complex shapes," says Dr. Hawkins.

"Using TMATSOLVER, we have been able to model configurations of particles that could previously not be addressed."

Dr. Hawkins worked with other mathematicians from the University of Adelaide, as well as the University of Manchester and Imperial College London, both in the UK, and from the University of Augsburg and University of Bonn, both in Germany.

"It was fantastic to work on this project and incorporate the TMATSOLVER software into my research on metamaterials," says Dr. Luke Bennetts, a researcher at the University of Adelaide and co-author of the article.

"It meant I could avoid the bottleneck of producing numerical computations to test metamaterial theories and allowed me to easily generalize my test cases to far more complicated geometries."


																																						
    
     




																																			Applications in metamaterials

The researchers demonstrated the software's capabilities through four example problems in metamaterial design.

These problems included arrays of anisotropic particles, high-contrast square particles, and tunable [JvE1] periodic structures that slow down waves.

Metamaterials are designed to have unique properties not found in nature, letting them interact with electromagnetic, sound or other waves by controlling the size, shape and arrangement of their nanoscale structures.

Examples include super-lenses to view objects at the molecular scale; invisibility cloaks, which refract all visible light; and perfect wave absorption for energy harvesting or noise reduction.

The findings from this research and development of the TMATSOLVER tool will have wide application in accelerating research and development in the growing global market for metamaterials which can be designed for precise wave control.

"We have shown that our software can compute the T-matrix for a very wide range of particles, using the techniques most appropriate for the type of particle," Dr. Hawkins says.

"This will enable rapid prototyping and validation of new metamaterial designs."

Professor Lucy Marshall, Executive Dean, Faculty of Science and Engineering at Macquarie University, says the software could accelerate new breakthroughs.

"This research represents a big leap forward in our ability to design and simulate complex metamaterials, and is a prime example of how innovative computational methods can drive advancements in materials science and engineering," says Professor Marshall.


																																																					
																				
																						More information:
												Stuart C. Hawkins et al, Metamaterial applications of T matsolver , an easy-to-use software for simulating multiple wave scattering in two dimensions, Proceedings of the Royal Society A: Mathematical, Physical and Engineering Sciences (2024). DOI: 10.1098/rspa.2023.0934
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Study accelerates AI-based particle size probe for medication manufacturing
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                Laser speckle apparatus with the pupil engineering. Credit: Light: Science & Applications (2024). DOI: 10.1038/s41377-024-01563-6
            
        

    


The pharmaceutical manufacturing industry has long struggled with the issue of monitoring the characteristics of a drying mixture, a critical step in the production of medication and chemical compounds.



										      
																																	At present, there are two non-invasive characterization approaches that are typically used: a sample is either imaged and individual particles are counted, or researchers use scattered light to estimate the particle size distribution (PSD). The former is time intensive and leads to increased waste, making the latter a more attractive option.

In recent years, MIT engineers and researchers developed a physics and machine learning-based scattered light approach that has been shown to improve manufacturing processes for pharmaceutical pills and powders, increasing efficiency and accuracy and resulting in fewer failed batches of products.

In a paper, titled "Non-invasive estimation of the powder size distribution from a single speckle image" published in Light: Science & Applications, a team of scientists, led by Professor George Barbastathis from Department of Mechanical Engineering, Massachusetts Institute of Technology, U.S., and co-workers expands on this work, introducing an even faster approach.

"Understanding the behavior of scattered light is one of the most important topics in optics," says Qihang Zhang Ph.D., now an associate researcher at Tsinghua University.
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                A photo of researchers with their instrument. From left to right are Ajinkya Pandit, Yi Wei and Shashank Muddu. Credit: by Qihang Zhang, Ajinkya Pandit, Zhiguang Liu, Zhen Guo, Shashank Muddu, Yi Wei, Deborah Pereg, Neda Nazemifard, Charles Papageorgiou, Yihui Yang, Wenlong Tang, Richard D. Braatz, Allan S. Myerson and George Barbastathis.
            
        

    



"By making progress in analyzing scattered light, we also invented a useful tool for the pharmaceutical industry. Locating the pain point and solving it by investigating the fundamental rule is the most exciting thing to the research team."


																																						
    
     




																																			The paper proposes a new PSD estimation method, based on pupil engineering, that reduces the number of frames needed for analysis. "Our learning-based model can estimate the powder size distribution from a single snapshot speckle image, consequently reducing the reconstruction time from 15 seconds to a mere 0.25 seconds," the researchers explain.

"Our main contribution in this work is accelerating a particle size detection method by 60 times, with a collective optimization of both algorithm and hardware," says Zhang. "This high-speed probe is capable of detecting the size evolution in fast dynamical systems, providing a platform to study models of processes in the pharmaceutical industry including drying, mixing and blending."

The technique offers a low-cost non-invasive particle-sized probe by collecting backscattered light from powder surfaces. The compact and portable prototype is compatible with most drying systems on the market, as long as there is an observation window. This online measurement approach may help control manufacturing processes, improving efficiency and product quality.

Further, the previous lack of online monitoring prevented systematical study of dynamical models in manufacturing processes. This probe could bring a new platform to carry out research and modeling for particle size evolution.

This work, a collaboration between physicists and engineers, is generated from the MIT-Takeda program. Collaborators are affiliated with three MIT departments: Mechanical Engineering, Chemical Engineering, and Electrical Engineering and Computer Science. George Barbastathis, professor of mechanical engineering at MIT, is the article's senior author.


																																																					
																				
																						More information:
												Qihang Zhang et al, Non-invasive estimation of the powder size distribution from a single speckle image, Light: Science & Applications (2024). DOI: 10.1038/s41377-024-01563-6
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Study reveals profound impact of synthesis method on disordered materials
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A new study has revealed for the first time how different synthesis methods can profoundly impact the structural and functional properties of high entropy oxides, a class of materials with applications in everyday electronic devices. The study is published this week in the Journal of the American Chemical Society.



										      
																																	"The specific material that we've studied here is a high entropy oxide with a spinel crystal structure, which is a mixture of five different transition metal oxides. A lot of the excitement that we see around this class of materials is in terms of their electrochemical properties," said Alannah Hallas, a materials scientist with the University of British Columbia's Blusson Quantum Matter Institute and Department of Physics and Astronomy.

"The reason these high entropy systems are so promising from that point of view is because they have enormous chemical flexibility. While synthesizing these materials, we have many different knobs that we can turn, so there is kind of a limitless possibility in the ways we can construct them."

The researchers prepared the identical samples using five different synthesis methods: solid state, high pressure, hydrothermal, molten salt, and combustion syntheses. The methods involve different ways of heating the material, different speeds at which the material is cooled back down to room temperature, and different chemical conditions under which the heating can occur.

"Our results confirm that the synthesis method matters a great deal. We found that while the average structure is unaltered, the samples vary significantly in their local structures and their microstructures with the combustion synthesis resulting in the most homogeneous samples."


																																						
    
     




																																			The key difference between the synthesis methods is the driving mechanism that forms the material, said the lead author of the study, Mario Ulises Gonzalez-Rivas, who has mastered the art of preparing the samples using the different synthesis methods during his time as a Ph.D. researcher in Hallas' group.
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In the solid-state method, metal oxides are mixed and then heated, similar to baking a cake. The high-pressure method adds external pressure during heating, which can influence how the material forms. The hydrothermal method mimics mineral formation in Earth's core by heating metal salts in water inside a pressurized vessel, creating a flow that helps crystals grow.

The molten salt method uses melted metal salts, which form a thick liquid that, as it cools, allows crystals to precipitate. Lastly, the combustion method involves dissolving metal salts in water, forming a gel that ignites, rapidly producing the desired material through a quick combustion reaction.

"Some of these materials have great potential for use in addressing energy challenges. The technological implementation of these materials for energy systems is deeply affected by the kind of structural variations that we observe in this study," Gonzalez-Rivas said. "Our results effectively provide a new optimization axis to be considered when implementing these materials in an applied setting."

The study is the result of a collaboration between Hallas' team at UBC Blusson QMI, Robert Green, a UBC Blusson QMI Affiliate Investigator from the University of Saskatchewan, and Hidenori Takagi from the Max Planck Institute for Solid State Research.


																																																					
																				
																						More information:
												Mario U. Gonzalez-Rivas et al, Impact of Synthesis Method on the Structure and Function of High Entropy Oxides, Journal of the American Chemical Society (2024). DOI: 10.1021/jacs.4c05951
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New findings in a decade-long study of enzyme catalysis
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Synthetic chemistry provides an essential material basis for our clothing, food, housing, transportation, and medicine and is an important driving force for economic development. However, traditional chemical synthesis has bottleneck problems such as low efficiency and pollution.



										      
																					Compared with traditional chemical synthesis, enzyme catalysis is more environmentally friendly and efficient. It has been widely used in the industrial production of functional molecules such as innovative drugs and has become an important alternative to conventional chemical synthesis methods.

Focusing on the biosynthesis of plant natural products and enzyme catalysis, the research group led by Prof. Lei Xiaoguang from Peking University's College of Chemistry and Molecular Engineering has yielded fruitful results in the discovery, mechanism study, and synthetic application of intermolecular Diels-Alderases (D-A).

Recently, the group was invited to publish their third article, "Hunting for the Intermolecular Diels-Alderase," in the journal Accounts of Chemical Research.

As a cover article for the publication, the paper summarizes the research group's in-depth exploration in the field: it covers the biomimetic total synthesis of intermolecular D-A type natural products and how to utilize biomimetic synthesis and chemical proteomics to discover novel enzyme catalytic tools in plants, providing new insights for the study of plant natural product biosynthesis.

The article introduces the catalytic and natural evolution mechanisms of a novel intermolecular D-A enzyme in mulberry, offering crucial theoretical guidance for the rational discovery and modification of novel D-A enzymes.

Additionally, it proposes a diversity-oriented chemo-enzymatic synthesis strategy, integrating the advantages of decarboxylation functional group reactions and enzymatic D-A reactions, achieving efficient derivation and preparation of D-A products. This lays a significant material foundation for the drug development of D-A type natural products.


																														
																				
																						More information:
												Lei Gao et al, Hunting for the Intermolecular Diels-Alderase, Accounts of Chemical Research (2024). DOI: 10.1021/acs.accounts.4c00315
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Researchers reveal the mechanisms behind cobalt X-ide electrocatalysts
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                Electrochemical performance of Co X-ides toward ECHQ Credit: Advanced Materials (2024). DOI: 10.1002/adma.202411090
            
        

    


The unsung heroes of electrochemical reactions--electrocatalysts--can assist in optimizing factors such as the reaction's speed, yield, and energy consumption. As such, these electrocatalysts are crucial for optimizing large-scale production in the pharmaceutical, agrochemical, and petrochemical industries.



										      
																																	Researchers at Tohoku University and Nanjing Normal University conducted a deep dive on the performance of an emerging category of electrocatalysts: cobalt oxides (Co X-ides). The work is published in the journal Advanced Materials.

The research team sought to use Co X-ides for the electrocatalytic hydrogenation of quinoline (ECHQ). This process is an attractive alternative to other methods, as it can be conducted under ambient temperatures and can result in a net zero carbon footprint.

In comparison, conventional methods to hydrogenate quinoline release undesirable byproducts, and require the storage and transportation of highly flammable hydrogen--which is equal parts dangerous and costly.

"Previous research on ECHQ focused more on the optimization of catalytic activity, whereas for ECHQ reaction mechanisms and reaction path explorations, we might as well be starting with a blank page," explains Tianyi Wang from Tohoku University's Advanced Institute for Materials Research (WPI-AIMR).

"One goal of this study was to try and find which Co X-ide was 'the best' one," says Hao Li of WPI-AIMR, "However, we also need to be able to understand why certain catalysts perform differently."

It was found that among selected Co X-ides, Co3O4 was the winner. It demonstrated the best ECHQ performance with a high conversion of 98.2% and selectivity of 100% under ambient conditions.

The Co3O4 sites present a higher proportion of 2-coordinated hydrogen-bonded water at the interface than other Co X-ides at a low negative potential, which enhances the kinetics of subsequent water dissociation to produce H*.
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In comparison, the Co9S8 sites displayed the lowest ECHQ performance due to the high thermodynamic barrier in the H* formation step, which suppressed subsequent hydrogenation. Co(OH)F and CoP sites also had a low conversion of quinoline, due to high desorption barriers.

This study will help significantly advance our understanding of the catalytic mechanisms in ECHQ.
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												Han Du et al, Identifying Highly Active and Selective Cobalt X-Ides for Electrocatalytic Hydrogenation of Quinoline, Advanced Materials (2024). DOI: 10.1002/adma.202411090
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        Strengthening crop stems: New insights from pepper plant genetics
        Stem lodging is a major challenge in agricultural production, especially in crops like peppers with heavy above-ground biomass. Lodging reduces stem strength and stability, severely affecting crop yield and quality.

      

      
        Revitalizing pak choi: Unveiling the genetic mechanisms behind drought tolerance
        Drought stress is a major challenge for crop production, causing oxidative damage and reducing plant growth. Ascorbic acid plays a key role in protecting plants from this damage, but the regulatory mechanisms that control its levels during drought are not well understood. Addressing these gaps could lead to new approaches for developing drought-resistant crops.

      

      
        Team unravels regulatory mechanism that prevents stem cell differentiation in vascular plants
        Purdue University plant scientists have identified a protein that plays a previously unknown role in controlling cell differentiation and determining gender in vascular plants, using a fern model. The discovery provides new insights into the stem cell-proliferation process that ensures the species reproduction and survival by preventing all offspring from developing as males.

      

      
        Unlocking the genetic secrets of red-flesh apples--a bittersweet discovery
        The striking red-flesh trait in apples appeals to breeders and consumers alike, offering visual appeal and potential health advantages due to high anthocyanin content. However, the genetic complexity behind this trait remains underexplored, as most studies focus narrowly on total anthocyanin levels.

      

      
        Biobots arise from the cells of dead organisms--pushing the boundaries of life, death and medicine
        Life and death are traditionally viewed as opposites. But the emergence of new multicellular life-forms from the cells of a dead organism introduces a "third state" that lies beyond the traditional boundaries of life and death.

      

      
        A 149 million-year-old pterosaur is Britain's largest flying animal--scientists prove it from a finger bone
        Scientists have estimated the size of an extinct flying reptile called a pterosaur, based on fragments of a fossil finger bone discovered in southern England in June 2022. These results reveal it to be the largest British pterosaur yet described, and the second-largest Jurassic pterosaur worldwide.

      

      
        Farm fences trouble turtles in search of water. Here's how to help
        Freshwater turtles live in farm dams, creeks and wetlands across Australia. They often travel over land when these wetlands or farm dams dry up, or during breeding season.

      

      
        Respiratory biology study finds zebrafish use tastebuds to measure oxygen levels in water
        A recent study conducted at the University of Ottawa reveals that some fish use their tastebuds to measure oxygen levels in water.

      

      
        Centuries-old written records show the seas around Wales once teemed with life
        Picture the nature documentary scene. Vast schools of baitfish "miles long" being pursued by "thousands of seabirds", "great shoals" of dolphins and porpoises, sharks and cod. Huge fish the size of a tree trunk (sturgeon) or a garage door (skate) cruise above the seabed. Catches of fish so big that boats nearly capsize, and the surplus is used to manure local fields.

      

      
        Plants can grow in near-darkness, new research shows--here are three promising benefits
        Plants can grow with much less light than previously thought, according to a new study on tiny water-based organisms called microalgae that has been published in Nature Communications. The German-led team of researchers lowered light sensors into Arctic water to a depth of 50 meters to test how low light levels must become before plant life ceases to exist, with incredible results.

      

      
        Antarctica's receding sea ice could impact seabirds' food supply
        Antarctica's rapidly receding sea ice could have a negative impact on the food supply of seabirds that breed hundreds of miles away from the continent. Most of the world's albatrosses, and their close relatives, petrels, breed on islands in the Southern Ocean, which surrounds Antarctica.

      

      
        Powered by renewable energy, microbes turn CO2 into protein and vitamins
        Researchers in Germany can harvest protein and vitamin B9 from microbes by feeding them nothing much more than hydrogen, oxygen, and CO2. The technology, published September 12 in the journal Trends in Biotechnology, runs on renewable energy to produce a sustainable, micronutrient-enriched protein alternative that may one day make it to our plates.

      

      
        From Mount Etna to the UK: Genetics unveil the Oxford ragwort unique journey and resilience
        A descendant of Sicilian progenitors, this daisy-family plant appeared in the UK, escaped from a botanical garden, and began its conquest of the region during the Industrial Revolution.

      

      
        New in-vitro technique provides glimpse into the chloroplast workshop
        It takes a lot of helpers to build up the protein complexes required for photosynthesis and to constantly repair them in strong light. Photosynthesis takes place before our eyes every day in every single little green leaf--yet the details of the complex process have not yet been fully understood. A research team at Ruhr University Bochum headed by Professor Danja Schunemann has unraveled another piece of the puzzle.

      

      
        Parasitoid wasp that lays its eggs inside of adult fruit fly discovered
        A small team of biologists at Mississippi State University and the University of Wyoming has found a species of parasitoid wasp that lays its eggs inside of living adult fruit flies. In their study, published in the journal Nature, the group accidentally discovered the new wasp species while conducting research on fruit flies.

      

      
        Unbiased look at plants reveals how they achieve transcriptional regulation
        Our world today is populated by multicellular organisms, from big trees to climate-wrecking humans. This multicellularity arose independently in plants and animals. Both animals and plants cope differently with the challenges of corralling individual cells together to form a larger organism, such as the need to communicate and coordinate between cells, to share and transport nutrients, and to form specialized structures.

      

      
        International team discovers new process for cells to repair DNA damage
        A team of international researchers at the University of Oxford (Oxford) and NTU Singapore, has discovered a new process for repairing damaged DNA that is particularly relevant for patients undergoing colorectal cancer treatments.

      

      
        New research on plant stem cells shines light on how plants grow stronger
        Stem cell research is a hot topic. With applications for a host of human medical advancements, researchers have been working with animal and human stem cells for years.

      

      
        Killer toxins produced by yeast may help remedy a craft beer brewing bother
        When diastatic strains of Saccharomyces cerevisiae, or brewer's yeast, land in the wrong place, they can become a craft beer brewer's nightmare. Diastatic yeasts are variant strains of yeasts that secrete glucoamylase, an enzyme that can break down dextrins into simple sugars, which can spoil fresh beer by augmenting the alcohol content, changing the flavor and in worst-case scenarios, making bottles explode.

      

      
        New fossil fish species scales up evidence of Earth's evolutionary march
        Climate change and asteroids are linked with animal origin and extinction--and plate tectonics also seems to play a key evolutionary role, "groundbreaking" new fossil research reveals.

      

      
        Pair of rare Amur tiger cubs debuting at Minnesota Zoo are raising hopes for the endangered species
        A pair of rare Amur tiger cubs are making their public debut at the Minnesota Zoo, raising hopes for preserving an endangered species that's native to far eastern Russia and northern China.

      

      
        Trilobite fossils from upstate New York reveal 'extra' set of legs
        A new study finds that a trilobite species with exceptionally well-preserved fossils from upstate New York has an additional set of legs underneath its head. The research, led by the American Museum of Natural History and Nanjing University in China, suggests that having a fifth pair of head appendages might be more widespread among trilobites than once thought. Published today in the journal Palaeontology, the study helps researchers better understand how trilobite heads are segmented.

      

      
        The olive tree's blueprint: Key insights into high-quality oil production
        A pivotal study has decoded the genetic basis of olive oil production, revealing a key regulatory mechanism that shapes oil biosynthesis. By mapping the olive tree's genome and metabolic pathways, researchers have identified how MYC2, a critical transcription factor, orchestrates the balance between fatty acid and flavonoid synthesis. These insights open new avenues for breeding olives with superior oil profiles, catering to the growing demand for healthful dietary fats.

      

      
        Report recommends 'highly ambitious enterprise' to create UK microbiome biobank
        CABI has played a leading role in the creation of a new report, facilitated by the National Biofilms Innovation Centre (NBIC), which is calling for a "highly ambitious enterprise" to create a microbiome biobank that will contribute significantly to the advancement of science and its application to human health.

      

      
        'Art for insects' could help save pollinators
        Gardens can become "living artworks" to help prevent the disastrous decline of pollinating insects, according to researchers working on a new project.
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Strengthening crop stems: New insights from pepper plant genetics
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                CaSLR1 mediates stem lodging by affecting SCW thickness and stem strength in peppers and tomatoes. Credit: Horticulture Research (2024). DOI: 10.1093/hr/uhae169
            
        

    


Stem lodging is a major challenge in agricultural production, especially in crops like peppers with heavy above-ground biomass. Lodging reduces stem strength and stability, severely affecting crop yield and quality.



										      
																																	Research has shown that cell wall components--cellulose, hemicellulose, and lignin--are crucial for structural support. However, the genetic mechanisms behind stem lodging in the Solanaceae family remain largely unknown, highlighting the urgent need for deeper exploration into the genes that regulate stem strength and lodging resistance.

Scientists from Hunan Agricultural University have pinpointed a gene linked to stem strength in Capsicum annuum, as reported in Horticulture Research on June 20, 2024. The study zeroes in on CaSLR1, a MYB family transcription factor identified through genetic analysis of a pepper mutant prone to lodging.

The findings reveal that CaSLR1 plays a crucial role in regulating cell wall biosynthesis, thereby enhancing stem strength and minimizing lodging. The gene's function was validated in both pepper and tomato, demonstrating its broader relevance in promoting stem stability.

The research identified CaSLR1 through analysis of a stem lodging-resistant pepper mutant, showing that this MYB transcription factor is essential for secondary cell wall formation. Silencing CaSLR1 led to a significant decrease in cell wall thickness and stem strength, with similar outcomes observed in tomatoes when the homologous gene SlMYB61 was disrupted.


																																						
    
     




																																			Further analysis revealed that CaNAC6, a gene involved in cell wall formation, positively regulates CaSLR1 expression. Experimental validation confirmed that CaNAC6 binds to the CaSLR1 promoter, highlighting the importance of the CaNAC6-CaSLR1 module in maintaining stem integrity. This research advances our understanding of stem development and offers new targets for breeding resilient crops.

Dr. Xuexiao Zou, a senior researcher on the study, noted, "This discovery uncovers a critical genetic factor in the battle against stem lodging in peppers. By understanding how CaSLR1 regulates cell wall biosynthesis, we can develop precise breeding strategies to strengthen stems and boost crop yield. Our findings not only enhance plant genetic knowledge but also hold significant promise for sustainable agriculture."

The discovery of CaSLR1's role in enhancing stem strength opens new opportunities for breeding programs aimed at improving lodging resistance in peppers and tomatoes. By focusing on this gene, breeders can develop varieties that minimize stem breakage, reducing yield losses and boosting overall productivity.

Furthermore, insights into the genetic pathways regulating stem strength can inform strategies for enhancing resilience in other crops, contributing to more sustainable and stable agricultural practices in response to environmental challenges.


																																																					
																				
																						More information:
												Qing Li et al, Stem lodging Resistance-1 controls stem strength by positively regulating the biosynthesis of cell wall components in Capsicum annuum L., Horticulture Research (2024). DOI: 10.1093/hr/uhae169
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Revitalizing pak choi: Unveiling the genetic mechanisms behind drought tolerance
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                Silencing of BcSRC2 reduces drought tolerance in pak choi. Credit: Horticulture Research (2024). DOI: 10.1093/hr/uhae165
            
        

    


Drought stress is a major challenge for crop production, causing oxidative damage and reducing plant growth. Ascorbic acid plays a key role in protecting plants from this damage, but the regulatory mechanisms that control its levels during drought are not well understood. Addressing these gaps could lead to new approaches for developing drought-resistant crops.



										      
																					Researchers at Nanjing Agricultural University identified the BcSRC2 gene in pak choi, which regulates drought stress response through ABA signaling. The study, published in Horticulture Research on June 21, 2024, details how BcSRC2 interacts with BcAPX4, a protein that influences ascorbic acid content, ultimately improving the plant's resilience to drought.

The study shows that BcSRC2 is pivotal in enhancing drought tolerance in pak choi by increasing ascorbic acid levels and reducing APX enzyme activity, which helps minimize oxidative damage. Silencing BcSRC2 decreases ascorbic acid, making the plants more vulnerable to drought, while overexpression increases drought resilience.

The researchers also discovered that the transcription factor BcMYB30 binds to the promoter of BcSRC2, linking it to ABA signaling and forming a novel regulatory pathway--BcMYB30-BcSRC2-BcAPX4--that modulates the plant's antioxidant responses.

Dr. Ying Li, senior author of the study, stated, "Our research highlights a crucial regulatory pathway that enhances drought tolerance by adjusting ascorbic acid levels in pak choi. This discovery not only sheds light on plant stress responses but also opens new opportunities for creating more resilient crops through targeted genetic approaches."

These findings have significant implications for agriculture, particularly in developing drought-tolerant crops. Manipulating the BcSRC2 pathway could boost antioxidant levels in plants, leading to better growth and yield under drought conditions. This approach is crucial for mitigating the effects of climate change on agriculture, ensuring food security in regions facing water scarcity.


																														
																				
																						More information:
												Zhanghong Yu et al, BcSRC2 interacts with BcAPX4 to increase ascorbic acid content for responding ABA signaling and drought stress in pak choi, Horticulture Research (2024). DOI: 10.1093/hr/uhae165
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Team unravels regulatory mechanism that prevents stem cell differentiation in vascular plants
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                Graphical abstract. Credit: Current Biology (2024). DOI: 10.1016/j.cub.2024.06.064
            
        

    


Purdue University plant scientists have identified a protein that plays a previously unknown role in controlling cell differentiation and determining gender in vascular plants, using a fern model. The discovery provides new insights into the stem cell-proliferation process that ensures the species reproduction and survival by preventing all offspring from developing as males.



										      
																																	Yun Zhou, associate professor of botany and plant pathology, and five Purdue collaborators recently published their results in Current Biology. The team's work focused on Ceratopteris, a fern species often used in botany studies, to reveal fundamental processes that regulate stem cell proliferation at both the cellular and molecular levels. In plants, undifferentiated stem cells are found in actively growing tissues, known as meristems.

The researchers discovered that a gene called CrHAM connects with a critically important process shared by all plants, animals and humans--stem cell proliferation. All of these multicellular organisms possess undifferentiated stem cells.

"Undifferentiated means they have the ability to divide and supply cells that eventually differentiate into all kinds of organs," Zhou said. "That's why maintaining stem cell population and meristem development is important for plant growth and reproduction."

Although plant scientists already knew that stem cells play a vital role in plant growth and development, "in this work, we find that CrHAM regulates meristem indeterminacy, which means that their main job is to prevent stem cells from differentiation," Zhou explained.


																																						
    
     




																																			This plant species can develop as either male or hermaphrodite. Hermaphrodites, which have both male and female reproductive organs, develop and maintain a meristem. Males, however, do not develop meristems. The findings reported in Current Biology identify CrHAM as a key mechanism that prevents meristem tissue in hermaphrodites from forming male organs. Without this regulation, meristem tissue would always differentiate into male organs, leading to the loss of the hermaphrodite identity and ending reproduction in the species.

Zhou's group used a combination of rigorous molecular genetic analysis, genome-wide expression profiling across different sex types and genotypes, and quantitative analysis of cell division using live-imaging confocal microscopy to collect data and test their hypothesis. The technique developed in Zhou's lab allowed researchers to observe how individual Ceratopteris cells divide and differentiate into different organs without disturbing the plant's normal growth.

The previous results obtained using this technique were published in a 2022 Communications Biology paper. The lead author of both the Current Biology and Communications Biology papers was Yuan Geng, a Purdue Ph.D. alumna who graduated from Zhou's lab and is now a postdoctoral scholar at the California Institute of Technology.

This Current Biology paper is the most recent in a series of findings that Zhou and his team have published since he joined the Purdue faculty. Zhou's research aims to understand the cellular and molecular mechanisms that plants use to maintain stem cell division and sustain organ formation. How multicellular organisms balance these processes generates many questions.


																																			"In my lab, we have established two model systems to address these questions," Zhou said. One of them is the fern Ceratopteris, a seed-free plant model. The other is the shoot meristem of Arabidopsis, a model for flowering seed plants. In related Arabidopsis research involving stem cells and other HAM family genes published in Science in 2018 and in Nature Communications in 2020, Zhou's group discovered regulatory principles that scientists may eventually exploit to optimize shoot meristem activity and increase crop yields.

While Zhou's research doesn't directly focus on crops, the knowledge gained could aid in enhancing biomass for energy production and improving yield for food production. Additionally, a deeper understanding of stem cell behavior and regulation could eventually benefit human health through stem cell-regenerated organs or stem cell-based therapies.

"They're all directly related to this fundamental mechanism underlying stem cell division and differentiation," he said. "The fundamental knowledge we learn in this model system can definitely be applied to make people live better," Zhou said.

As vascular plants, both ferns and seed plants transport water and nutrients via specialized tissues. However, unlike seed plants, ferns generate spores rather than seeds to reproduce.

The lineages of ferns and seed plants separated several hundred million years ago. After all this time, the HAM gene family still works toward keeping meristem cells undifferentiated.

"These genes in different plant species sometimes cooperate with distinct signaling pathways, but at the cellular and developmental levels, they work to achieve the same goal. It's somewhat surprising and raises new questions for our future research," Zhou said.


																																																					
																				
																						More information:
												Yuan Geng et al, A conserved GRAS-domain transcriptional regulator links meristem indeterminacy to sex determination in Ceratopteris gametophytes, Current Biology (2024). DOI: 10.1016/j.cub.2024.06.064
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Unlocking the genetic secrets of red-flesh apples-a bittersweet discovery

										

    
        
            [image: Unlocking the genetic secrets of red-flesh apples--a bittersweet discovery]
             
                Distribution of BLUP a* for RF1-5 offspring haplotypes for LG9-QTL (left) and the five F1 offspring haplotypes for LG16-QTL (right). Credit: Horticulture Research (2024). DOI: 10.1093/hr/uhae171
            
        

    


The striking red-flesh trait in apples appeals to breeders and consumers alike, offering visual appeal and potential health advantages due to high anthocyanin content. However, the genetic complexity behind this trait remains underexplored, as most studies focus narrowly on total anthocyanin levels.



										      
																																	To address this gap, a deeper analysis of genetic factors and phenolic interactions is crucial for advancing red-flesh apple breeding. A new study conducted by a team from the University of Angers and Institut Agro, and published in Horticulture Research, explored the genetic architecture of red-flesh pigmentation in apples using pedigree-based quantitative trait loci (QTL) mapping.

The team assessed 452 genotypes from five interconnected F1 families, pinpointing genetic regions that influence flesh color and phenolic profiles, offering valuable insights for future breeding.

The study identified 24 QTLs associated with red-flesh color intensity and phenolic profiles, spanning multiple genetic loci, including LG1, LG2, LG8, LG9, LG11, and LG16. A key finding was a genetic model highlighting the competition between anthocyanin and flavan-3-ol synthesis, which significantly impacts red-flesh development.

The research demonstrated that the intensity of red-flesh pigmentation could be enhanced by selecting favorable alleles from both red- and white-flesh apple parents, offering a strategic approach for targeted breeding. This method moves beyond traditional color assessments by incorporating quantitative descriptors that capture the nuanced genetic interactions influencing apple flesh color.


																																						
    
     




																																			The discovery of these genetic regions not only deepens the understanding of red-flesh pigmentation but also provides a valuable framework for breeders to develop new apple varieties with improved coloration and potential health benefits.

Dr. Jean-Marc Celton, the senior author, commented, "Our findings unravel the complex genetic factors behind red-flesh pigmentation in apples. Understanding the interaction between phenolic compounds and genetic elements brings us closer to creating apple varieties that combine striking color with nutritional value. This research opens up new possibilities for breeding high-quality red-flesh apples."

These findings hold significant promise for apple breeding programs. By targeting QTLs related to anthocyanin and flavan-3-ol balance, breeders can produce red-flesh apples that appeal aesthetically and offer health benefits. The study's insights could extend to other fruit species with similar pigmentation traits, potentially transforming horticultural crop improvement on a broader scale.


																																																					
																				
																						More information:
												Pierre Bouillon et al, Tracing the color: quantitative trait loci analysis reveals new insights into red-flesh pigmentation in apple (Malus domestica), Horticulture Research (2024). DOI: 10.1093/hr/uhae171
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Life and death are traditionally viewed as opposites. But the emergence of new multicellular life-forms from the cells of a dead organism introduces a "third state" that lies beyond the traditional boundaries of life and death.



										      
																																	Usually, scientists consider death to be the irreversible halt of functioning of an organism as a whole. However, practices such as organ donation highlight how organs, tissues and cells can continue to function even after an organism's demise. This resilience raises the question: What mechanisms allow certain cells to keep working after an organism has died?

We are researchers who investigate what happens within organisms after they die. In our recently published review, we describe how certain cells--when provided with nutrients, oxygen, bioelectricity or biochemical cues--have the capacity to transform into multicellular organisms with new functions after death.

Life, death and emergence of something new

The third state challenges how scientists typically understand cell behavior. While caterpillars metamorphosing into butterflies, or tadpoles evolving into frogs, may be familiar developmental transformations, there are few instances where organisms change in ways that are not predetermined. Tumors, organoids and cell lines that can indefinitely divide in a petri dish, like HeLa cells, are not considered part of the third state because they do not develop new functions.


																																						
    
     




																																			However, researchers found that skin cells extracted from deceased frog embryos were able to adapt to the new conditions of a petri dish in a lab, spontaneously reorganizing into multicellular organisms called xenobots. These organisms exhibited behaviors that extend far beyond their original biological roles. Specifically, these xenobots use their cilia--small, hair-like structures--to navigate and move through their surroundings, whereas in a living frog embryo, cilia are typically used to move mucus.



    
    
    
        
        
    
         
             
         

        Xenobots can move, heal and interact with their environment on their own.
  

Xenobots are also able to perform kinematic self-replication, meaning they can physically replicate their structure and function without growing. This differs from more common replication processes that involve growth within or on the organism's body.

Researchers have also found that solitary human lung cells can self-assemble into miniature multicellular organisms that can move around. These anthrobots behave and are structured in new ways. They are not only able to navigate their surroundings but also repair both themselves and injured neuron cells placed nearby.

Taken together, these findings demonstrate the inherent plasticity of cellular systems and challenge the idea that cells and organisms can evolve only in predetermined ways. The third state suggests that organismal death may play a significant role in how life transforms over time.




																																			Postmortem conditions

Several factors influence whether certain cells and tissues can survive and function after an organism dies. These include environmental conditions, metabolic activity and preservation techniques.

Different cell types have varying survival times. For example, in humans, white blood cells die between 60 and 86 hours after organismal death. In mice, skeletal muscle cells can be regrown after 14 days postmortem, while fibroblast cells from sheep and goats can be cultured up to a month or so postmortem.

Metabolic activity plays an important role in whether cells can continue to survive and function. Active cells that require a continuous and substantial supply of energy to maintain their function are more difficult to culture than cells with lower energy requirements. Preservation techniques such as cryopreservation can allow tissue samples such as bone marrow to function similarly to that of living donor sources.


																																						
    
     




																																			Inherent survival mechanisms also play a key role in whether cells and tissues live on. For example, researchers have observed a significant increase in the activity of stress-related genes and immune-related genes after organismal death, likely to compensate for the loss of homeostasis. Moreover, factors such as trauma, infection and the time elapsed since death significantly affect tissue and cell viability.

Factors such as age, health, sex and type of species further shape the postmortem landscape. This is seen in the challenge of culturing and transplanting metabolically active islet cells, which produce insulin in the pancreas, from donors to recipients. Researchers believe that autoimmune processes, high energy costs and the degradation of protective mechanisms could be the reason behind many islet transplant failures.

How the interplay of these variables allows certain cells to continue functioning after an organism dies remains unclear. One hypothesis is that specialized channels and pumps embedded in the outer membranes of cells serve as intricate electrical circuits. These channels and pumps generate electrical signals that allow cells to communicate with each other and execute specific functions such as growth and movement, shaping the structure of the organism they form.

The extent to which different types of cells can undergo transformation after death is also uncertain. Previous research has found that specific genes involved in stress, immunity and epigenetic regulation are activated after death in mice, zebrafish and people, suggesting widespread potential for transformation among diverse cell types.


																																			Implications for biology and medicine

The third state not only offers new insights into the adaptability of cells. It also offers prospects for new treatments.

For example, anthrobots could be sourced from an individual's living tissue to deliver drugs without triggering an unwanted immune response. Engineered anthrobots injected into the body could potentially dissolve arterial plaque in atherosclerosis patients and remove excess mucus in cystic fibrosis patients.

Importantly, these multicellular organisms have a finite life span, naturally degrading after four to six weeks. This "kill switch" prevents the growth of potentially invasive cells.

A better understanding of how some cells continue to function and metamorphose into multicellular entities some time after an organism's demise holds promise for advancing personalized and preventive medicine.
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                Topographic scan images of left wing phalanx 1 of pterodactyloid pterosaur from the Kimmeridge Clay Formation of Abingdon, Oxfordshire, EC K2576. A, In ventral view; B, in posterior view; C, in anterior view; D, in dorsal view; E, reconstructed cross-section. Scale bar = 10 mm. Credit: Proceedings of the Geologists' Association (2024). DOI: 10.1016/j.pgeola.2024.05.002
            
        

    


Scientists have estimated the size of an extinct flying reptile called a pterosaur, based on fragments of a fossil finger bone discovered in southern England in June 2022. These results reveal it to be the largest British pterosaur yet described, and the second-largest Jurassic pterosaur worldwide.



										      
																																	This 149 million-year-old fossil, known as EC K2576 and nicknamed "Abfab" by the researchers, was found in Abingdon, Oxfordshire--and it is fabulous. They have since attempted to work out what type of pterosaur it was--its taxonomy--and how big the animal was.

During the Mesozoic Era, the "age of reptiles" which lasted from 252 to 66 million years ago and which includes the Jurassic period, dinosaurs, pterosaurs and other giant reptiles roamed Earth--with many dwarfing the largest terrestrial animals alive today.

The scientists estimated the body size of this particular species, which has no modern descendants, by collecting data from equivalent fossil bones in more complete fossil pterosaur skeletons for which each animal's size has been reliably estimated.

They then extrapolated to estimate the wingspan of EC K2576 from its finger bone. The same team of scientists also applied this technique to predict the body size of other pterosaurs, including extrapolating from pterosaur footprints alone.

What were pterosaurs?

More than 110 species of pterosaur have been described. They can be grouped and separated based upon their anatomy--the shape of their bones--which is linked to ecology: where they lived, what they ate and how they behaved. They can also be grouped and separated based on their phylogeny (evolutionary history) and biomechanics (physics of their bodies).


																																						
    
     




																																			It is not possible to identify EC K2576 to the species level from such limited material. However, by comparing the partial bone against the same skeletal element of other, more complete pterosaur skeletons, the team was able to identify the bone as belonging to a large pterosaur from the group known as the Ctenochasmatoidea. These were similar to pterodactyls, the best known of all the pterosaur groups.

Ctenochasmatoids were mostly aquatic or semi-aquatic pterosaurs. They had a long body with short wing proportions, much like wading shorebirds, and large webbed hindfeet. They were probably not as elegant in flight as other pterosaurs, and they sported a long bony crest on their heads.

All pterosaurs were carnivorous, but within the Ctenochasmatoidea, some specialized by feeding on mollusks (the animal group that includes snails and clams), others were filter-feeders, and some were sweep-feeders (sweeping water with their jaws to catch food), a strategy used by present-day birds such as spoonbills.

Of the pterosaur species that EC K2576 is thought to most closely resemble, Pterodaustro guinazui was a filter-feeder and Ctenochasma elegans was probably a sweep-feeder. So it is possible to infer ecology and behavior from partial skeletal material.

From a partial finger bone, the scientists estimate the wingspan of EC K2576 to have been between 3.2 and 3.65 meters. This is in the same ballpark as the 3.5m wingspan of the snowy albatross, the biggest living flying bird species, with a wingspan about twice the height of two average humans.


																																			The biggest Jurassic pterosaur based on footprints alone could have been even bigger than that, with a wingspan of up to four meters. The largest known Jurassic pterosaur based on fossils is a specimen belonging to the group Pterodactyloidea that was found in Switzerland and had a wingspan of around five meters.

The paper adds weight to growing evidence that the Jurassic was populated by more large pterosaur species than is thought to have been the case historically.

Pterosaurs have previously been highlighted as an example of Cope's Rule: that lineages tend to exhibit larger body size over evolutionary time. While the new science behind EC K2576 indicates that Jurassic pterosaurs were larger than we thought, the largest pterosaurs appeared at the end of the Cretaceous, the final period of the Mesozoic Era.

These Cretaceous giants lived between about 77 and 66 million years ago, just before the asteroid that killed off all pterosaurs and non-avian dinosaurs. The pterosaurs Hatzegopteryx and Quetzalcoatlus were the largest living things ever to fly, with wingspans of over ten meters (about six times the height of an average human).

The scientists in the latest study also re-evaluated size estimates of known pterosaurs. This included downsizing one of the most complete Jurassic pterosaurs yet discovered, Dearc sgiathanch from the Isle of Skye in Scotland. Dearc's wingspan has been revised from around 2.5m to 2.04m. It remains a sizable animal, similar to a British eagle or swan today.

EC K2576 adds to the growing community of British Jurassic pterosaurs alongside Dearc and the recently described, more modestly sized (1.6m wingspan) Ceoptera, also from Skye.


																																						
    
     




																																			Why fossils matter

I am an ecologist with a strong interest in anatomy and biomechanics. Bones allow us to infer behavior via functional anatomy--the shape, size and structure of bones reflects their job. And bones can also inform us about the individual's life history--for example, via growth and signs of injury and disease.

I have written about inferring parental care in pterosaurs based upon skeletal growth. Occasionally, we get a fossil skeleton that records a particular behavior--such as a fight, predation, sex, or care of young.

This study is exciting because it applies knowledge and understanding of anatomy and biomechanics to reconstructing elements of morphology (body form and shape) and the life history of an extinct animal.

Extrapolating from isolated bones and fragments can be applied more widely--to reconstruct the size of other extinct animal groups, such as dinosaurs and aquatic reptiles including ichthyosaurs, mosasaurs and plesiosaurs. Re-imagining extinct ecosystems can help us understand how the world and its ecological communities functioned in the past, and differed from the present.


																																																					
																					
																					
                              																					 
												  This article is republished from The Conversation under a Creative Commons license. Read the original article.[image: The Conversation]
											 

										                                        
										
										
											 
												Citation:
												A 149 million-year-old pterosaur is Britain's largest flying animal--scientists prove it from a finger bone (2024, September 12)
												retrieved 12 September 2024
												from https://phys.org/news/2024-09-million-year-pterosaur-britain-largest.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/2024-09-million-year-pterosaur-britain-largest.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										 by Eric Nordberg, Deborah Bower and James Dowling, 										 										 The Conversation
										 									

									
										

    
        
            [image: turtle fence]
             
                Credit: Martin Winter from Pexels
            
        

    


Freshwater turtles live in farm dams, creeks and wetlands across Australia. They often travel over land when these wetlands or farm dams dry up, or during breeding season.



										      
																																	But when a turtle encounters a fence, they can get stuck on one side, become entangled, overheat or even die.

We wanted to test how different fence types influence turtle movement patterns. In our latest research, we attached GPS tracking devices to 20 adult eastern long-neck turtles in Armidale, New South Wales. Each week, we located the turtles and recorded how far they had moved, what habitat they were in, and how many fences they had encountered.

We found turtles often encountered fences. Sometimes they had to walk long distances, for days, before finding a suitable place to cross. Here we recommend some simple, cheap ways to make fences more turtle-friendly--and help other wildlife too.

Active in agricultural lands

The eastern long-neck turtle is one of Australia's most widespread turtle species, but populations may be in decline. As a result, their conservation status could soon be upgraded to "vulnerable".

Its range includes the Murray-Darling, Australia's longest river system and most intensive agricultural area.

Long-neck turtles are also among the most active turtles on land, often traveling kilometers to find water. So they frequently encounter fences.


																																						
    
     




																																			We found all sorts of farm fences in our 1,000 hectare study area, stretching over 95km in total. Fencing materials included:


	plain or barbed wire

	"hinge joint" wire (grid pattern)

	single-strand electric wire

	chicken wire

	corrugated iron.



We classified the different types of fences as turtle-friendly, or not. In turtle-friendly fences, the mesh or wire spacing is greater than the body size of the turtle. Unfriendly fences, in contrast, have mesh or wire spacing smaller than turtle, barring their passage.

Our turtles encountered fences 120 times in the ten months of the study, from November 2022 to September 2023. Most of the time they managed to get through. But in some cases, turtles had to walk up to four times further before finding a suitable gap or fault in the fence.

Some fences at our study site were damaged. Broken wire, gaps or holes from fallen trees or burrowing wildlife actually turned an unfriendly fence into a turtle-friendly fence. So turtles were able to walk along the fence and locate a suitable gap or fault that allowed them to cross.

However, this meant turtles had to walk up to four times further along unfriendly fences before finding suitable passage. Turtles were walking an additional 1,000 meters over the course of nine days in some cases.

The search for a gap or hole potentially exposed turtles to predators, excessive heat and dehydration.

In Armidale, adult eastern long-neck turtles are smaller than in other parts of its range. This means they fit through fences more easily than larger eastern long-necks from other regions, or other larger turtle species.

So, while turtle-friendly fences were abundant in our study, many of these would have been unfriendly fences for larger turtles living elsewhere.


																																			How to make farm fences more wildlife-friendly

Replacing millions of kilometers of farm fencing around the world is not feasible, so we recommend a range of targeted and realistic tactics.

Species-specific wildlife gates allow wildlife such as bettongs and wombats to travel in and out of fenced areas. These gates can be installed in places where wildlife are most likely to encounter fences, such as wildlife corridors, rather than randomly throughout a property.

Other strategies are more simple and cost effective, such as clipping one vertical bar of hinge joint fencing to make the mesh gap twice as large. This creates a "turtle gate" that allows larger turtle species to move through the fence.

Similarly, ensuring the bottom of the fence is at least 50mm above the ground can help facilitate movement by small animals.

Where possible, chicken wire style fencing should be avoided because the mesh diameter is too small to allow turtles and many other wildlife species to pass through.

For more tips on building your own turtle-friendly fence and information on other turtle projects, check out our downloadable fencing brochure.

Reducing the harm of fences

Although fences are useful for managing livestock, protecting crops and keeping out predators, they can have unintentional and harmful effects on other species such as turtles.

Fence design, location and upkeep should be more carefully considered, with wildlife in mind.

Eco-friendly fence designs (for turtles, mammals, or any other wildlife) should be used whenever possible, to help wildlife travel through their now-fragmented habitat.


																																																					
																					
																					
                              																					 
												  This article is republished from The Conversation under a Creative Commons license. Read the original article.[image: The Conversation]
											 

										                                        
										
										
											 
												Citation:
												Farm fences trouble turtles in search of water. Here's how to help (2024, September 12)
												retrieved 12 September 2024
												from https://phys.org/news/2024-09-farm-turtles.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/2024-09-farm-turtles.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Respiratory biology study finds zebrafish use tastebuds to measure oxygen levels in water

										

    
        
            [image: zebrafish]
             
                Credit: Pixabay/CC0 Public Domain
            
        

    


A recent study conducted at the University of Ottawa reveals that some fish use their tastebuds to measure oxygen levels in water.



										      
																																	Specifically, zebrafish larvae (a freshwater fish that belongs to the minnow family) can taste oxygen levels in the water using the same cells they use to taste their food. Those same cells also function as oxygen sensors, playing a crucial role in regulating the fish's breathing response to low oxygen conditions.

This dual functionality of taste bud cells was previously unknown and challenges our existing understanding of sensory systems in aquatic animals. The study, titled "Developing zebrafish utilize taste-signaling pathways for oxygen chemoreception," is published in the journal Current Biology.

"We've uncovered a fascinating connection between taste and breathing in fish," says Steve Perry, an Emeritus Professor in the department of biology at the University of Ottawa. "Our research provides the first direct evidence of oxygen-sensing cells linked to the control of breathing in these animals, and surprisingly, these cells are located within their taste buds."

To arrive at these conclusions, the research team employed innovative techniques, including intracellular calcium imaging in live fish.

"We observed that these sensory cells are activated by low oxygen levels, or hypoxia," explains co-author Yihang Kevin Pan, a postdoctoral fellow in Professor Perry's lab. "When we ablated--or removed- these cells, it disrupted the fish's breathing patterns under hypoxic conditions. Conversely, activating the nerves emanating from the taste buds stimulated breathing."


																																						
    
     




																																			This discovery has far-reaching implications for understanding how fish adapt to changing environmental conditions. It suggests that the ability to "taste" oxygen levels in the water may be a crucial survival mechanism for aquatic organisms, allowing them to detect and respond to potentially dangerous low-oxygen situations quickly.

The research also highlights the remarkable adaptability of sensory systems in nature. "It's a prime example of how the same biological structure can serve multiple functions," Pan notes. "In this case, taste buds, in addition to the well-known function of sensing taste cues, also serve a vital respiratory function."

As we face increasing environmental challenges, including climate change-induced alterations in aquatic ecosystems, understanding how fish perceive and respond to changes in their environment becomes ever more critical. Beyond scientific understanding, this discovery may have practical implications for protecting and cultivating aquatic life.


																																																					
																				
																						More information:
												Yihang Kevin Pan et al, Developing zebrafish utilize taste-signaling pathways for oxygen chemoreception, Current Biology (2024). DOI: 10.1016/j.cub.2024.08.015
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Picture the nature documentary scene. Vast schools of baitfish "miles long" being pursued by "thousands of seabirds", "great shoals" of dolphins and porpoises, sharks and cod. Huge fish the size of a tree trunk (sturgeon) or a garage door (skate) cruise above the seabed. Catches of fish so big that boats nearly capsize, and the surplus is used to manure local fields.



										      
																																	Where do you think this might be? A remote and pristine corner of Canada, or Alaska perhaps?

Try Wales, where I live and work as a marine scientist. Specifically north Wales, on Liverpool's doorstep and just across the Irish Sea from Dublin. The above are some of the more spectacular scenes you might have expected to see here--in the past. Someone in their 80s or 90s today might just about remember witnessing a huge herring catch, or a sturgeon on the fishmonger's slab, when they were a child.

Yet with the inevitable passing of our elders, we lose our living memory and first-hand experience of abundance like this. We tend to accept as "normal" only what we have seen or experienced in our own lifetime. This can result in the dangerous shifting baseline syndrome where people have ever-lower expectations, in this case of ocean health.

Historical detective work

Systematic "long-term" fish surveys in the northeast Atlantic only began around the 1980s, yet we know that people have been fundamentally affecting fish stocks since at least Viking times. This leaves a gap of many centuries where we know little about how fish populations have changed.


																																						
    
     




																																			The academic field of marine historical ecology seeks to address this gap in our knowledge by drawing on a wide range of sources, from old photographs to fish bones from archaeological digs, or written accounts of fish and the fishing industry by medieval tax collectors, 18th-century naturalists or Victorian newspaper reporters.

Colleagues and I drew on these written sources for our recently published research examining changes in Welsh waters over a scale of several centuries, up to the modern day. These descriptive, qualitative sources are often overlooked by marine scientists.

Together, they revealed a staggering loss. Shoals of herring supported an important fishery since the Middle Ages. This has disappeared now. Rich fisheries existed for a wide range of species including cod, turbot, sole, plaice and skate. This contrasts sharply with what is left here today--fishers rely almost exclusively on a handful of shellfish species.

This kind of historical detective work is time-consuming, but it can lead to wonderful surprises. I can clearly remember sitting in a gloomy home office and finding--by accident--a digitized copy of one of the first ever books on fish (Historia piscium, 1686). This work is a marvel in itself (and even inspired a Horrible Histories sketch) but the real value for my research was that its 18th-century Welsh owner had scribbled extensive notes in the margins, based on his local fishy observations.

For instance, thanks to those margin notes we know that more than a million herring were caught in a single night near Aberystwyth, while angelsharks--a flattened ambush predator--were "in plenty" in Cardigan Bay back then. Today the angelsharks have all but disappeared, with a sighting of a single individual a cause for celebration.


																																			Extinction on our doorstep

Say "extinct" and most people might think of dinosaurs or dodos. But extinctions may have been happening for a long time in your own backyard, if not so spectacularly. In this case, once-abundant species can become commercially extinct, where it is no longer viable to fish for them. Some species may become regionally extinct--disappearing completely from an area, like large skates did from the Irish Sea.

Once aquatic species have gone, people rapidly forget they were there, even if they were large and distinctive. This shifting baseline has happened here in Wales.

As one example, sturgeon up to 9ft long used to be caught in Wales. Nowadays, you won't find them at all in a guidebook on Welsh fish--just as the dodo might be missing from a book on the birds of Mauritius. Species have become extinct under our nose, and we've forgotten they were ever there in the first place.

Looking back to look forward

How can this doomy picture help today's seas?

We are now in the UN Decade of Ecosystem Restoration, but you can't restore something until you know what it was like in the past. Even if full restoration to a time before human impacts is an impossibility, our research reveals the possibilities of a less degraded ecosystem.

When we zoom out and see the big picture, some of the most important fisheries in Wales today are historically very young--those for whelk (a snail) and bass (the sea bass of TV chefs) only took off in the 1980s and 1990s, for example. Yet both have already felt the effects of overfishing, and climate change may make things worse. Will whelk and bass fisheries still be here in a hundred years' time? Based on our evidence, it is plausible they may not be.

Local fishers from history would have likely laughed at us if we told them that one day there would be no herring, or cod, or skate--but this is what has happened. We ignore the past at our peril.
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Plants can grow with much less light than previously thought, according to a new study on tiny water-based organisms called microalgae that has been published in Nature Communications. The German-led team of researchers lowered light sensors into Arctic water to a depth of 50 meters to test how low light levels must become before plant life ceases to exist, with incredible results.



										      
																																	They found that plants were able to perform photosynthesis--the process in which their leaves convert sunlight into energy--with very little light indeed. Not only did the microalgae carry out this process at the lowest light levels ever recorded (just 0.04 micromoles of photons m[?]2/s[?]1), this wasn't very far from what computer simulations predict to be the lowest light possible in any circumstances (0.01 micromoles of photons m[?]2/s[?]1).

To put this in context, typical light conditions outside on a clear day in Europe are between 1,500-2,000 micromoles of photons m[?]2/s[?]1--that's more than 37,000-50,000 times the amount of light required by those Arctic microalgae. It is an amazing discovery that some plants are adapted to survive with so much less light.

Many people think of plants as nice-looking greens. Essential for clean air, yes, but simple organisms. A step change in research is shaking up the way scientists think about plants: they are far more complex and more like us than you might imagine. This blossoming field of science is too delightful to do it justice in one or two stories. This article is part of a series, Plant Curious, exploring scientific studies that challenge the way you view plant life.

This discovery offers several exciting possibilities for the field of plant sciences:


																																						
    
     




																																			1. Extended growing seasons

Many areas around the world receive too little sunlight because they are far from the equator and endure long winters, or are persistently covered by cloud. The UK is affected by cloud cover, for instance: in 2024 it is on the way to having one of the worst periods of total light hours since the 1900s (only the 1930s and early 1990s were worse).

Now that we know how little light is required for photosynthesis, scientists could develop crops that require much less light to thrive in such places by learning from these Arctic microalgae. By unlocking their genetic potential, many crops could benefit by using plant breeding or biotech approaches to alter them accordingly.

In particular, this could help to eke more out of short growing seasons and increase food production. Even in a relatively southerly place like the UK, breeding plants that can photosynthesize with less light would potentially increase crop yields.

2. Sustainable agriculture

There could be additional benefits for growing plants indoors such as in greenhouses, polytunnels or vertical farms (where crops are grown in vertically stacked layers, such as racks of shelves). These systems sometimes rely on artificial lighting, which is both energy-intensive and costly.

If crops can be engineered to perform photosynthesis at lower light intensities--without compromising things like yield, taste or smell, the energy demand for artificial lighting could be reduced. This would reduce costs, a benefit that could be passed on to customers, and also help cut carbon emissions.


																																			3. Space farming

Perhaps one of the most exciting prospects of this research is that it could potentially make it easier to grow plants in space. One of the main challenges for space missions to the moon, Mars or eventually beyond, is how to feed anyone trying to live in those worlds for any length of time. Sunlight can be limited, so we'll need highly efficient ways of producing food that don't use much energy.

The discovery that photosynthesis can occur under such minimal light conditions suggests that crops could be grown either on other worlds or in spaceships using less energy to create light than previously thought. Combined with crops that are conducive to space conditions--spinach, lettuce and potatoes are among those that have been grown there before--this could be a critical step forward for long-term missions.

In short, this discovery is a promising breakthrough for the future. For those who sat through photosynthesis lessons in school and perhaps found it tedious, these new possibilities move it to a whole other galaxy.
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Antarctica's receding sea ice could impact seabirds' food supply
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Antarctica's rapidly receding sea ice could have a negative impact on the food supply of seabirds that breed hundreds of miles away from the continent. Most of the world's albatrosses, and their close relatives, petrels, breed on islands in the Southern Ocean, which surrounds Antarctica.



										      
																																	Now new research led by Durham University, UK, and the British Antarctic Survey (BAS) has used satellite technology to track the movement of these seabirds. They found that the birds fly huge distances to parts of the ocean affected by sea ice--called the Antarctic seasonal sea ice zone.

It is thought they travel to either feed in the nutrient enriched waters left behind when Antarctica's sea ice melts each summer or, in the case of southern giant petrels, to scavenge on seals found on the ice itself.

Until recently, Antarctica had not suffered the big losses in sea ice seen in the Arctic, but over the past five years Antarctic sea ice has begun to recede at a quicker rate.

The findings suggest that Antarctica's shrinking sea ice could force seabirds to travel further from their breeding grounds to find food or it could alter the patterns of where that food can be found. In turn, this could affect the ecosystems these birds are a part of.

The study is published in the journal Progress in Oceanography.
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Lead author Dr. Ewan Wakefield, in the Department of Geography, Durham University, said, "Every winter the sea freezes around Antarctica, with sea ice covering tens of millions of square miles. We found that albatrosses and large petrels travel hundreds of miles, some far into the area covered by this sea ice and we think that they do this to feed.


																																						
    
     




																																			"In that case, Antarctica's receding sea ice, driven by climate change, could affect not just the penguins, familiar to many people, that breed on the continent, but also huge numbers of seabirds breeding hundreds or thousands of miles away."

The researchers analyzed data showing the movements of seven species of albatross and large petrel from the sub-Antarctic island of South Georgia, which is about 1,000 miles from Antarctica.

These species were the northern giant petrel, southern giant petrel, white-chinned petrel, light-mantled albatross, black-browed albatross, gray-headed albatross and the wandering albatross.

In total, they looked at 2,497 foraging trips made by 1,289 of the seabirds from satellite data collected between 1992 and 2023.

They found that all seven species used sea ice-affected parts of the ocean, but in different ways.

For example, albatrosses largely avoided ice-covered areas, probably because they find it difficult to fly or land there. However, in late summer and autumn, albatrosses fed in areas where the ice had melted weeks or months earlier and released concentrated nutrients into the sea.

In contrast, during the spring, southern giant petrels flew hundreds of miles into the pack ice, which researchers think they do to scavenge on the seals that breed on the ice.
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On a bigger scale, researchers also found a remarkable pattern of birds moving north and south with the seasons, which they think is caused by birds following plankton blooms in the oceans--known as green wave surfing.


																																			Antarctic sea ice was relatively stable during the period when the satellite data was recorded, but in recent summers seasonal sea ice has retreated earlier and reached record lows.

Study co-author Professor Richard Phillips, leader of the Higher Predators and Conservation Group at the British Antarctic Survey, said, "Given that all seven species of albatross and petrel we looked at traveled to the Antarctic seasonal sea ice zone, it is likely that they, and many other sub-Antarctic breeding seabirds, are linked to sea ice dynamics.

"Declines in Antarctic sea ice predicted under climate change could exacerbate the already unsustainable human impacts being experienced by these populations."

The researchers said there were some limitations to their study. While their analysis showed that the birds used sea ice affected habitats, they do not exactly know what the birds are eating. They hope this will be shown by follow-up tracking and dietary studies to give a better idea of how changing sea ice might affect different species.

The resolution of the sea ice and tracking data was not sufficient to tell how birds interacted with sea ice at fine scale and the researchers hope fine scale tracking could resolve this.

For several of the species, the beginning and end of the breeding period was not covered by tracking, so the researchers do not know how they might use sea ice habitats during that time.

The research also included BirdLife International, the University of Barcelona, the University of Helsinki, Stony Brook University and the University of Coimbra.


																																																					
																				
																						More information:
												Ewan D. Wakefield et al, Seasonal resource tracking and use of sea-ice foraging habitats by albatrosses and large petrels, Progress in Oceanography (2024). DOI: 10.1016/j.pocean.2024.103334
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Powered by renewable energy, microbes turn CO2 into protein and vitamins

										

    
        
            [image: Powered by renewable energy, microbes turn CO2 into protein and vitamins]
             
                Experimental set up. Credit: Lisa Schmitz
            
        

    


Researchers in Germany can harvest protein and vitamin B9 from microbes by feeding them nothing much more than hydrogen, oxygen, and CO2. The technology, published September 12 in the journal Trends in Biotechnology, runs on renewable energy to produce a sustainable, micronutrient-enriched protein alternative that may one day make it to our plates.



										      
																																	"This is a fermentation process similar to how you make beer, but instead of giving the microbes sugar, we gave them gas and acetate," says corresponding author Largus Angenent of the University of Tubingen, Germany. "We knew that yeast could produce vitamin B9 on their own with sugar, however, we didn't know if they could do the same with acetate."

"We are approaching 10 billion people in the world, and with climate change and limited land resources, producing enough food will become harder and harder," says Angenent. "One alternative is growing proteins in bioreactors through biotechnology rather than growing crops to feed animals. It makes agriculture much more efficient."

The team designed a two-stage bioreactor system that produces yeast rich in protein and vitamin B9. This vitamin is also known as folate and is essential for bodily functions like cell growth and metabolism. In the first stage, the bacterium Thermoanaerobacter kivui converts hydrogen and CO2 into acetate, which is found in vinegar.

In the second stage, Saccharomyces cerevisiae, more commonly known as baker's yeast, feeds on acetate and oxygen to make protein and vitamin B9. The hydrogen and oxygen can be produced by zapping water with electricity produced by clean energy sources like windmills, for example.


																																						
    
     




																																			It turns out acetate-fed yeast produces about the same amount of vitamin B9 as those that eat sugar. Just 6 grams, or 0.4 tablespoons, of the harvested dried yeast meets the daily vitamin B9 requirement. The vitamin levels were measured by a team led by co-author Michael Rychlik at the Technical University of Munich, Germany.

For protein, the researchers found that the levels in their yeast exceed those of beef, pork, fish, and lentils. Eighty-five grams, or 6 tablespoons, of yeast provides 61% of daily protein needs, while beef, pork, fish, and lentils meet 34%, 25%, 38%, and 38% of the need, respectively.

However, the yeast should be treated to rid compounds that can increase the risk of gout if consumed excessively. Even so, treated yeast still meets 41% of the daily protein requirement, comparable to traditional protein sources.

This technology aims to address several global challenges: environmental conservation, food security, and public health. Running on clean energy and CO2, the system reduces carbon emissions in food production. It uncouples land use from farming, freeing up space for conservation.

Angenent also stresses that it will not outcompete farmers. Instead, the technology will help farmers concentrate on producing vegetables and crops sustainably. The team's yeast may also help developing nations overcome food scarcity and nutritional deficiencies by delivering protein and vitamin B9.

But before picking up the research team's yeast at a grocery aisle as a protein alternative, Angenent says there's much more to do. They plan to optimize and scale up production, investigate food safety, conduct technical and economic analyses, and gauge market interest.

"The fact that we can make vitamins and protein at the same time at a pretty high production rate without using any land is exciting," says Angenent. "The end product is vegetarian/vegan, non-GMO, and sustainable, which could appeal to consumers."


																																																					
																				
																						More information:
												Power-to-Vitamins: producing folate (vitamin B9) from renewable electric power and CO2 with a microbial protein system, Trends in Biotechnology (2024). DOI: 10.1016/j.tibtech.2024.06.014
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From Mount Etna to the UK: Genetics unveil the Oxford ragwort unique journey and resilience

										

    
        
            [image: From Mount Etna to the UK: genetics unveil the Oxford ragwort unique journey and resilience]
             
                Senecio squalidus. Credit: Bruno Nevado
            
        

    


A descendant of Sicilian progenitors, this daisy-family plant appeared in the UK, escaped from a botanical garden, and began its conquest of the region during the Industrial Revolution.



										      
																																	It is rare to uncover the details of a story as fascinating as this, especially since there are few cases where the emergence of a new species can be traced across just 300 years. The Oxford ragwort, Senecio squalidus, a yellow-flowered plant from the daisy family, first appeared in the 17th century at the Oxford Botanic Garden after a crossbreeding of two plants native only to Mount Etna in Sicily.

Bruno Nevado, researcher at the Centre for Ecology, Evolution, and Environmental Changes (CE3C) at the Faculty of Sciences of the University of Lisbon (CIENCIAS), leads the study now published in the journal Current Biology. The research reveals key moments in the existence of this species--from its origins to its colonization of the United Kingdom during the Industrial Revolution--through the lens of genetics.

Between the late 17th and early 18th centuries, Senecio chrysanthemifolius and Senecio aethnensis, plants endemic to the rugged slopes of Mount Etna in Italy, were introduced to the gardens of the Duchess of Beaufort in Gloucestershire, England, by botanists Francesco Cupani and William Sherard. On Mount Etna, these plants rarely mingled due to their distinct habitats--S. chrysanthemifolius at altitudes below 1,000 meters and S. aethnensis above 2,000 meters. However, in the UK, conditions brought them into closer proximity, resulting in hybrid individuals.
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                Senecio squalidus. Credit: Bruno Nevado
            
        

    



By the first two decades of the 18th century, these hybrids were cultivated in the renowned Oxford Botanic Garden, where they eventually gave rise to a new hybrid species, Senecio squalidus (hence Oxford ragwort). By the end of the 18th century, S. squalidus had escaped its confines and spread into the urban environment of Oxford, beginning its naturalization and eventual colonization of the UK.


																																						
    
     




																																			Possibly due to its descent from species adapted to the harsh volcanic landscape, this hybrid species managed to thrive, later spreading via the expanding railway network of the Industrial Revolution in the 19th century. It was "by train" that the yellow flowered Oxford ragwort reached nearly every corner of the UK over a span of 150 years. Today, the species can be found from Scotland to Wales, and even in Ireland, thriving along railway lines, roadsides, footpaths, industrial zones, and other disturbed habitats.

Senecio squalidus is one of a few hybrid species with a very recent origin. Nevado highlights this rarity, "Normally, hybrid species are much older, and it's difficult to disentangle the processes that contributed to speciation from those that affected the hybrid species later on during its evolution. But with this species, we can study the processes involved in the very early stages of speciation."
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                Senecio squalidus. Credit: John Baker
            
        

    



In this new study, conducted in collaboration with researchers from several British universities and the Wellcome Sanger Institute in Cambridge, the genome of S. squalidus was sequenced. Genetic analysis of both S. squalidus and its parental species revealed a rapid reorganization of the hybrid species' genome, driven by the resolution of genetic incompatibilities between the parental species and natural selection. These processes shaped a unique genome, combining traits from both parents, allowing the new species to thrive in an environment where neither parent could survive.

Thanks to this unique evolutionary journey, "The Oxford ragwort serves as a small, exceptional laboratory for studying hybridization and its role in the emergence of new species and the colonization of challenging environments," concludes Nevado.


																																																					
																				
																						More information:
												Bruno Nevado et al, Genomic changes and stabilization following homoploid hybrid speciation of the Oxford ragwort Senecio squalidus, Current Biology (2024). DOI: 10.1016/j.cub.2024.08.009
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                Generation of stalled affinity-tagged ribosome-nascent chain complexes (RNCs). Credit: The EMBO Journal (2024). DOI: 10.1038/s44318-024-00211-4
            
        

    


It takes a lot of helpers to build up the protein complexes required for photosynthesis and to constantly repair them in strong light. Photosynthesis takes place before our eyes every day in every single little green leaf--yet the details of the complex process have not yet been fully understood. A research team at Ruhr University Bochum headed by Professor Danja Schunemann has unraveled another piece of the puzzle.



										      
																																	The team, led by former Ph.D. student Dominique Stolle and current Ph.D. student Lena Osterhoff, analyzed how the protein D1, which is vital for photosynthesis, is constructed and developed a new in-vitro technique for this purpose. It turned out that around 140 proteins are presumably involved in the process, some of which were previously undescribed. The researchers characterized one particularly important protein in more detail.

They published their report in the EMBO Journal on August 27, 2024.

Continuous repair cycle

The research addressed the biogenesis of protein complexes in chloroplasts. It focused primarily on the formation of the protein D1, an essential component of photosystem II. The protein is integrated into the thylakoid membrane and is constantly damaged to such an extent, particularly in strong light, that it has to be degraded and rebuilt in a continuous repair cycle.

"This degradation and reconstruction is an incredibly complicated process, just like the de novo synthesis of the entire photosystem," says Danja Schunemann. "The more than 20 subunits of this system all have to be produced in the cell, transported to their final destination and eventually assembled there."


																																						
    
     




																																			Watching ribosomes at work

In order to gain a better understanding of these mechanisms, her team developed a novel in-vitro method that for the first time makes it possible to purify the ribosomes that are currently producing the D1 protein while they are doing their work.

"Until now, it was only possible to purify ribosomes in general," explains Schunemann. "Now we can look over their shoulders as they work, so to speak."

The researchers also determined which additional factors--apart from the ribosomes--are involved in the assembly of D1. They identified 140 proteins--some that were already known from other processes, others that had not yet been described.

For a more in-depth analysis, the team picked out a particularly prominent protein: STIC2. "We knew that it fulfills an important function in the construction of the thylakoid membrane, but we didn't know exactly what that function was," explain the researchers. They demonstrated that this protein works closely with another protein, SRP54, in the formation and repair of D1.

"STIC2 interacts with certain structures in the thylakoid membranes, which is crucial for the correct incorporation of D1 and presumably other central proteins of the photosystems into the membrane," says Schunemann.


																																																					
																				
																						More information:
												Dominique S Stolle et al, STIC2 selectively binds ribosome-nascent chain complexes in the cotranslational sorting of Arabidopsis thylakoid proteins, The EMBO Journal (2024). DOI: 10.1038/s44318-024-00211-4
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Parasitoid wasp that lays its eggs inside of adult fruit fly discovered
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                Photographs of the lateral or ventral abdomen for a permissive host species, Drosophila acutilabella (a), and a resistant host species, Drosophila immigrans (b-d; representative images from one cohort of 15 infections). Arrows in (a) indicate small melanization spots associated with wasp oviposition. For both species, photographs were taken nine days post-oviposition by the same female wasp. Credit: Nature (2024). DOI: 10.1038/s41586-024-07919-7
            
        

    


A small team of biologists at Mississippi State University and the University of Wyoming has found a species of parasitoid wasp that lays its eggs inside of living adult fruit flies. In their study, published in the journal Nature, the group accidentally discovered the new wasp species while conducting research on fruit flies.



										      
																					Prior research has shown that there are large numbers of parasitoid species, many of which rely on a host to carry their eggs for them. A large number of wasp species lay their eggs in fruit fly larvae or pupae. In such instances, the eggs remain dormant in the host for a certain period of time as they mature and then begin eating the host from the inside until they are fully grown, generally resulting in the death of the host.

In this new study, the research team has found one species of wasp that lays its eggs inside the body of a fully grown fruit fly.

The work researchers were collecting adult fruit flies from the backyard of one of the team members--their intent was to learn more about nematode infections in the flies. While studying some of the specimens they caught, they found eggs in their abdomens that they were unable to identify. A closer look showed that they were from a previously unknown species of wasp.

The researchers studied the eggs and the wasps at various stages of their life cycle and found that they were related to wasps in the genus Syntretus--all of the others in the genus parasitize only adult bees and wasps. They named the new species Syntretus perlmani.
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                Life stages of S. perlmani. Credit: Nature (2024). DOI: 10.1038/s41586-024-07919-7
            
        

    



The research team suggests the newly found species switched from parasitizing bees and wasps to adult fruit flies for unknown reasons. Also unknown are the changes the wasps underwent that allowed for the switch--and how the wasps manage to catch and hold on to the fruit flies, which are notoriously elusive.

The team suggests their findings and observations could lead to new avenues of research into parasitoidism of adult insects.


																														
																				
																						More information:
												Logan D. Moore et al, Drosophila are hosts to the first described parasitoid wasp of adult flies, Nature (2024). DOI: 10.1038/s41586-024-07919-7

Body snatchers: these parasitoid wasps grow in adult fruit flies, Nature (2024). DOI: 10.1038/d41586-024-02929-x
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                Downstream GATC motif correlates with gene expression in vascular plants. Credit: Nature Genetics (2024). DOI:10.1038/s41588-024-01907-3. https://www.nature.com/articles/s41588-024-01907-3
            
        

    


Our world today is populated by multicellular organisms, from big trees to climate-wrecking humans. This multicellularity arose independently in plants and animals. Both animals and plants cope differently with the challenges of corralling individual cells together to form a larger organism, such as the need to communicate and coordinate between cells, to share and transport nutrients, and to form specialized structures.



										      
																																	One challenge posed by multicellularity is that all cells carry the same genetic code, but the cells look and behave differently: A root cell needs to elongate toward water sources and gravity, while cells in the leaves drive photosynthesis.

To achieve different outcomes from the same underlying code, cells tinker with how the code is read out, in what is called transcriptional regulation. Plants and animals also differ fundamentally in how they achieve this transcriptional regulation, as a new paper by the group of Magnus Nordborg at the GMI shows.

The results, published in Nature Genetics on September 12, open a new perspective on how plants achieve transcriptional regulation.

"Much of what we know about transcriptional regulation in plants so far is informed by research on animals and yeast," says Yoav Voichek, postdoc in the lab of Magnus Nordborg and co-author of the study. "We wanted to look at plants in an unbiased way, thereby making it possible to uncover mechanisms and processes that are unique to plants."

Using a parallel reporter assay in four plant species--maize, Arabidopsis, tomato and Nicotiana benthamiana--the researchers searched for sequences that influence transcription. The transcription start site (TSS) is the specific location on a gene where transcription begins. The researchers identified a region downstream of the TSS that is central for transcriptional regulation.

Looking more closely at how the sequences regulate transcription, the researchers uncovered a novelty in transcriptional regulation. "Most surprisingly, when we swap the position of this regulatory sequence, placing it upstream of the transcriptional start site, it no longer drives transcription," Voichek says.

This finding runs counter to what would be expected from looking at transcriptional regulation in animals: In animals, regulatory sequences are position-independent, as swapping their position does not change how they regulate transcription.


																																						
    
     




																																			Fine-tuning transcription

Within the regulatory sequence, the scientists uncovered a sequence-motif, consisting of the bases GATC, that strongly drives gene expression. "The sequence motif has a more potent influence on transcription than any DNA motif identified upstream of the transcriptional start site," Voichek explains. The motif is evolutionarily conserved and found in all vascular plants, i.e., all land plants except for mosses, hornworts and liverworts.

The way in which the GATC-motif influences transcription illustrates how regulatory sequences can fine tune transcription in different cell types. "The higher the number of these motifs downstream of the TSS, the more strongly the gene is expressed," Voichek says. "The motif acts like a rheostat, finely tuning genes that need to be expressed in all cell types, but at different levels."

In the future, Voichek plans to investigate how the GATC-motif exerts control over transcription. "Our study not only shifts the understanding of transcription regulation in plants but also underscores that we need to study transcription in a diverse set of organisms to broaden our understanding of biology."


																																																					
																				
																						More information:
												Yoav Voichek et al, Widespread position-dependent transcriptional regulatory sequences in plants, Nature Genetics (2024). DOI: 10.1038/s41588-024-01907-3. www.nature.com/articles/s41588-024-01907-3
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International team discovers new process for cells to repair DNA damage
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                Credit: Cell (2024). DOI: 10.1016/j.cell.2024.08.020
            
        

    


A team of international researchers at the University of Oxford (Oxford) and NTU Singapore, has discovered a new process for repairing damaged DNA that is particularly relevant for patients undergoing colorectal cancer treatments.



										    
																					Reporting their finding in the journal Cell, the researchers describe a new process in DNA repair in which cells remove harmful DNA-protein lesions from a cell's nucleus, ensuring the stability of their genetic material and promoting cell survival. The team calls this new process nucleophagy.

Nucleophagy is a natural cellular cleaning mechanism known as autophagy that is essential for repairing DNA and ensuring cell survival. It involves a commonly expressed protein called TEX264.

In a patient receiving chemotherapy for colorectal cancer, the drugs cause DNA lesions to form. In response, the body expresses TEX264, which activates the nucleophagy process, guiding the lesions to the cell's waste disposal system, where they are broken down and destroyed.

The research team used advanced techniques, including biochemical, cell biological and bioinformatics tools, zebrafish animal model and colorectal cancer patient materials, to confirm that nucleophagy is crucial for repairing damaged DNA.

This study provides insights into a new pathway for cells to repair DNA damage, which could improve cancer treatments and lead to better outcomes for patients in future, says the research team, which comprises scientists and clinicians.


																														
																				
																						More information:
												Pauline Lascaux et al, TEX264 drives selective autophagy of DNA lesions to promote DNA repair and cell survival, Cell (2024). DOI: 10.1016/j.cell.2024.08.020
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New research on plant stem cells shines light on how plants grow stronger
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Stem cell research is a hot topic. With applications for a host of human medical advancements, researchers have been working with animal and human stem cells for years.



										      
																																	But animals aren't the only ones with stem cells.

Huanzhong Wang, professor of plant molecular biology in the College of Agriculture, Health and Natural Resources (CAHNR), wants people to know that plants have stem cells too. Just like in the medical world, plant stem cells could support human growth and development when used to improve the food supply.

"It's not just humans and animals," Wang says. "Plants have stem cells too, and we should be paying attention to them."

In their roots, shoots, and vasculature, stem cells control cell division and differentiation for plants. Plant stem cells play a vital role in growth and development.

"Plants can grow for many, many years because different types of stem cells basically ensure they can grow up in the air and deep into the ground," Wang says. "To grow a thicker stem or trunk, they need another type of stem cell."

Plant stem cells have largely been overlooked because they don't have applications for human biomedical research. But that doesn't make them any less fascinating. And Wang has demonstrated that better understanding how these cells work can support a more resilient food supply.

Wang's lab has been working with plant stem cells for years trying to understand how they control their stem cells, specifically the stem cells that give rise to vascular bundles--the structures that carry water and other nutrients throughout the plant.


																																						
    
     




																																			Recently the group published a paper in New Phytologist that sheds light on this question. Wang's lab discovered a transcription factor gene called HVA that controls cell division in vascular stem cells.

When this gene is overexpressed, the researchers observed an increase in the number of vascular bundles and overall stem cell activity.

The researchers compared plants with no overexpression of HVA gene, those with one copy of overexpressed HVA gene and one regular gene, and finally plants with two copies of overexpressed HVA genes.

In the group with no overexpression, the plants had five to eight vascular bundles. In the plants with one copy of the overexpressed HVA gene, they had more than 20 bundles, and with two copies of overexpressed HVA genes they had more than 50.

Aside from advancing science's understanding of how plants work, Wang's findings have important implications for agriculture.

Plants with more vascular bundles are stronger and more resistant to wind. This knowledge could be used to intentionally generate sturdier cultivars with the overexpression mutation.

This is especially relevant for tall, slender crops like corn, the biggest crop in the U.S.

"When plants grow taller, there is a risk that they could topple over," Wang says. "Having more vascular bundles ensures the plant can stand still and resist those conditions."

Even though Wang's lab conducted the study using a model organism in the mustard family, the HVA gene is found in other plants as well, making this research broadly applicable.

HVA is one of hundreds of transcription factors in a large family in the plant's genome. Wang is interested in discovering what some of the other genes in this family do.

"We are interested in studying other closely related genes to find out their function," Wang says. "It will be interesting to study further how this gene family affects vascular development.


																																																					
																				
																						More information:
												Qian Du et al, A transcriptional repressor HVA regulates vascular bundle formation through auxin transport in Arabidopsis stem, New Phytologist (2024). DOI: 10.1111/nph.19970
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Killer toxins produced by yeast may help remedy a craft beer brewing bother
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                Saccharomyces cerevisiae, SEM image. Credit: Mogana Das Murtey and Patchamuthu Ramasamy/CC BY-SA 3.0
            
        

    


When diastatic strains of Saccharomyces cerevisiae, or brewer's yeast, land in the wrong place, they can become a craft beer brewer's nightmare. Diastatic yeasts are variant strains of yeasts that secrete glucoamylase, an enzyme that can break down dextrins into simple sugars, which can spoil fresh beer by augmenting the alcohol content, changing the flavor and in worst-case scenarios, making bottles explode.



										      
																																	One way to remedy the problem before bottles start to break might be hiding in plain sight. In Applied and Environmental Microbiology, a group of brewers and microbiologists report the solution to this yeast problem may be other yeasts. The researchers found that proteins called killer toxins, which are produced naturally by many strains of S. cerevisiae, suppress diastatic strains and may help curb the issue.

"If you've got a diastatic contamination, most of the time you just throw away the beer, and that's expensive," said microbiologist and senior author Paul Rowley, Ph.D., at the University of Idaho. "What we show in the paper is that we can add the killer yeast at the point of contamination. It's a remediation procedure to prevent the diastatic strains from taking off."

Diastatic strains of S. cerevisiae play an important role in brewing Belgian-style saison beers, which typically have a higher alcohol content than other styles. The problem arises, Rowley said, when those strains end up in the mix for pale ales and other types and set off a secondary fermentation. Although many breweries have robust surveillance methods to prevent contamination, the strains can slip by.

"If you were to look at these strains on an agar plate, you couldn't morphologically tell the difference," he said. The only difference, he said, is that diastatic yeasts have a genetic change that gives them an extra ability to degrade residual starches. "Yeast looks like yeast."


																																						
    
     




																																			Large breweries avoid the problem by pasteurizing beer, but the process is expensive, and some small brewers worry that pasteurization changes the taste, said Nicholas Ketchum, a microbiologist who works at the Rhinegeist brewery in Cincinnati, Ohio and co-author on the new study. One of his responsibilities at Rhinegeist is to keep an eye out for diastatic contamination.

The research began a few years ago when Ketchum was teaching an applied microbiology and brewing class at a community college in Cincinnati. As he prepared a lecture on wild yeasts and killer toxins, he realized that those proteins might offer an inexpensive way to remedy diastatic contamination. He ran a few experiments, presented preliminary findings at the World Brewing Congress in 2020, and discussed the work on a beer brewer's podcast--where the mention of killer yeasts caught Rowley's attention.

Researchers in Rowley's lab--including then-undergraduates Victor Zhong and Ximena Garcia--subjected 34 diastatic strains of yeast to Saccharomyces strains producing eight known killer toxins. The most effective toxin, K1, prevented the growth of more than 91% of diastatic strains tested.

The next step is to better understand the mechanism, said Ketchum, and find a way to make it broadly useful to craft brewers. "There are more unknowns than there are knowns" about the process, he said. The efficacy of the toxins, for example, seems to depend on the amount of total yeast in the mix, and not just diastatic strains. Rowley is also currently investigating how widespread the problem is among small brewers.

Rowley continues to investigate killer toxins, which haven't been well studied. "Yeasts are a lot more complicated than we might think," he said.


																																																					
																				
																						More information:
												Applied and Environmental Microbiology (2024). doi.org/10.1128/aem.01072-24
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New fossil fish species scales up evidence of Earth's evolutionary march
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                A live recreation of the Ngamugawi wirngarri coelacanth in its natural habitat. P3D graphic credit: Katrina Kenny. Credit: Illustration Katrina Kenny (courtesy Flinders University)
            
        

    


Climate change and asteroids are linked with animal origin and extinction--and plate tectonics also seems to play a key evolutionary role, "groundbreaking" new fossil research reveals.



										      
																																	The discovery of an exceptionally well preserved ancient primitive Devonian coelacanth fish in remote Western Australia has been linked to a period of heightened tectonic activity, or movement in the Earth's crust, according to the new study in Nature Communications.

Led by Flinders University and experts from Canada, Australia and Europe, the new fossil from the Gogo Formation in WA, named Ngamugawi wirngarri, also helps to fill in an important transition period in coelacanth history, between the most primitive forms and other more "anatomically-modern" forms.

"We are thrilled to work with people of the Mimbi community to grace this beautiful new fish with the first name taken from the Gooniyandi language," says first author Dr. Alice Clement, an evolutionary biologist and paleontologist from Flinders University.

"Our analyses found that tectonic plate activity had a profound influence on rates of coelacanth evolution. Namely that new species of coelacanth were more likely to evolve during periods of heightened tectonic activity as new habitats were divided and created," she says.

The study confirms the Late Devonian Gogo Formation as one of the richest and best-preserved assemblages of fossil fishes and invertebrates on Earth.


																																						
    
     




																																			Flinders University Strategic Professor of Palaeontology John Long says the fossil, dating from the Devonian Period (359-419 million years ago), "provides us with some great insight into the early anatomy of this lineage that eventually led to humans."

"For more than 35 years, we have found several perfectly preserved 3D fish fossils from Gogo sites which have yielded many significant discoveries, including mineralized soft tissues and the origins of complex sexual reproduction in vertebrates," says Professor Long.

"Our study of this new species led us to analyze the evolutionary history of all known coelacanths."



    
    
    
        
        
    
         
             
         

        Credit: Flinders University
  

Many parts of human anatomy originated in the Early Paleozoic (540-350 million years ago). This was when jaws, teeth, paired appendages, ossified brain-cases, intromittent genital organs, chambered hearts and paired lungs all appeared in early fishes.

"While now covered in dry rocky outcrops, the Gogo Formation on Gooniyandi Country in the Kimberley region of northern Western Australia was part of an ancient tropical reef teeming with more than 50 species of fish about 380 million years ago.

"We calculated the rates of evolution across their 410 million-year history. This revealed that coelacanth evolution has slowed down drastically since the time of the dinosaurs, but with a few intriguing exceptions," explains Professor Long.

Today, the coelacanth is a fascinating deep-sea fish that lives off the coasts of eastern Africa and Indonesia and can reach up to 2m in length. They are "lobe-finned" fish, which means they have robust bones in their fins not too dissimilar to the bones in our own arms, and are thus considered to be more closely related to lungfish and tetrapods (the back-boned animals with arms and legs such as frogs, emus and mice) than most other fishes.


																																			Over the past 410 million years, more than 175 species of coelacanths have been discovered across the globe. During the Mesozoic Era, the age of dinosaurs, coelacanths diversified significantly, with some species developing unusual body shapes. However, at the end of the Cretaceous Period, around 66 million years ago, they mysteriously disappeared from the fossil record.

The end Cretaceous extinction, sparked by the impact from a massive asteroid, wiped out approximately 75% of all life on Earth, including all of the non-avian (bird-like) dinosaurs. Thus, it was presumed that the coelacanth fishes had been swept up as a casualty of the same mass extinction event.
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                    Professor John Long holding a fossil specimen. Photo courtesy: Flinders University. Credit: Flinders University
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                    Ngamugawi wirngarri coelacanth skull bones after they were acid etched out of rock at Museum Victoria, 2009. Credit: J Long (Flinders University)
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                    Flinders University vertebrate paleontologist Dr. Alice Clement looking at a model of a modern-day coelacanth and a 3D printed skull of the Ngamugawi wirngarri coelacanth. Credit: Flinders University
                
            

        

    

But in 1938, people fishing off South Africa pulled up a large mysterious looking fish from the ocean depths, with the "lazarus" fish going on to gain cult status in the world of biological evolution.

Another senior co-author, vertebrate paleontologist Professor Richard Cloutier, from the University of Quebec in Rimouski (UQAR), says the new study challenges the idea that surviving coelacanths are the oldest "living fossils."

"They first appear in the geological record more than 410 million years ago, with fragmentary fossils known from places like China and Australia. However, most of the early forms remain poorly known, making Ngamugawi wirngarri the best known Devonian coealacanth.

"As we slowly fill in the gaps, we can start to understand how living coelacanth species of Latimeria, which commonly are considered to be 'living fossils,' actually are continuing to evolve and might not deserve such an enigmatic title," says Professor Cloutier, a previous honorary visiting scholar at Flinders University.

The study's co-authors have affiliations with Mahasarakham University in Thailand, the South Australian Museum, Max Planck Institute for Evolutionary Anthropology in Germany, University of Bristol, Curtin University in Western Australia and the WA Museum.


																																																					
																				
																						More information:
												A Late Devonian coelacanth reconfigures actinistian phylogeny, disparity, and evolutionary dynamics', Nature Communications (2024). DOI: 10.1038/s41467-024-51238-4
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Pair of rare Amur tiger cubs debuting at Minnesota Zoo are raising hopes for the endangered species
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                Three-month-old Amur tiger cubs Amaliya explores her outdoor enclosure for the first time with their mother Dari at the Minnesota Zoo in Apple Valley, Minn. on Wednesday, Sept. 11, 2024. Credit: AP photo/Mark Vancleave
            
        

    


A pair of rare Amur tiger cubs are making their public debut at the Minnesota Zoo, raising hopes for preserving an endangered species that's native to far eastern Russia and northern China.



										      
																																	Andrei and Amaliya got to venture outside and feel the grass of their new home under their paws Wednesday for the first time since their 12-year-old mother, Dari, gave birth on May 23.

"They've done quite well since then," zoologist Trista Fischer said. "We've monitored them very closely. Dari's been fantastic. She's provided outstanding maternal care. And so today we've reached the point where they're fully vaccinated and they're now about 40 to 45 pounds (18-20 kilograms)."

Scientists estimate the Amur tiger population is just around 400 to 500 in the wild. They were near the brink of extinction in the 1930s and 1940s but have recovered somewhat since then. It's tricky to breed them, and around one in four Amur cubs don't make it to adulthood, whether it's in the wild or in captivity, she said. Poachers are another major threat.

But the Minnesota Zoo, located in the Minneapolis suburb of Apple Valley, has a long history of conserving tigers. Its Amur tigers have produced 57 cubs, 46 of which survived for at least 30 days. Of those 46, 21 have gone on to produce litters of their own, amounting to another 86 cubs. The births of Andrei and Amaliya raised the zoo's population to seven Amur tigers, including their sire, Luka.
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                Three-month-old Amur tiger cubs Amaliya and Andrei explored their outdoor enclosure for the first time with their mother Dari at the Minnesota Zoo in Apple Valley, Minn. on Wednesday, Sept. 11, 2024. Credit: AP photo/Mark Vancleave
            
        

    



Fischer is the leading coordinator for the Tiger Species Survival Plan, a breeding program in the United States with facilities in other countries that works on a global level to preserve the big cats. The plan manages three groups of tigers: Sumatran, Malayan and Amur.


																																						
    
     




																																			"This litter is so valuable to the population right now," she explained, saying the genetic diversity of heathy tigers in human care could someday be used to help support populations in the wild.

Zoo spokesperson Zach Nugent said the cubs will remain housed together with their mom for about 18 months, before Andrei, the male, is moved to separate housing, around the same time a male cub in the wild would start venturing out on his own. Amaliya, the female, may spend a little more time with Dari, up to 24 months. Then Fischer will determine whether either cub should be bred, and potentially moved for that to another accredited zoo, which typically happens after the cubs are 2 years old.
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                Three-month-old Amur tiger cubs Amaliya explores her outdoor enclosure for the first time with her mother Dari at the Minnesota Zoo in Apple Valley, Minn. on Wednesday, Sept. 11, 2024. Credit: AP photo/Mark Vancleave
            
        

    



"Aww, I love when they get their little Yoda ears," Fischer said referring to the pointy ears of the Star Wars character as she watched Amaliya and Andrei explore the new terrain of their enclosure. She said it was an emotional, exciting and proud moment for her and her team.

"Our work's not over, but all that work so far is really paying off in how well that these cubs are acclimating to a new surrounding, pretty much immediately," she said as the little tigers roamed outside with their mother. "They're showing a lot of resiliency, which is something that we work hard for in human care. We want these animals to have a lot of confidence and be able to adapt to new environments just as they're doing today."


																																																					
																					
																															 
												  (c) 2024 The Associated Press. All rights reserved. This material may not be published, broadcast, rewritten or redistributed without permission.
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Trilobite fossils from upstate New York reveal 'extra' set of legs
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                A photograph of an extremely well-preserved fossil of Triarthrus eatoni from upstate New York. Credit: M. Hopkins and J-B Hou
            
        

    


A new study finds that a trilobite species with exceptionally well-preserved fossils from upstate New York has an additional set of legs underneath its head. The research, led by the American Museum of Natural History and Nanjing University in China, suggests that having a fifth pair of head appendages might be more widespread among trilobites than once thought. Published today in the journal Palaeontology, the study helps researchers better understand how trilobite heads are segmented.



										      
																																	Trilobites are a group of extinct arthropods whose living relatives include lobsters and spiders. Like other arthropods, the bodies of trilobites are made up of many segments, with the head region comprised of several fused segments. As with other parts of the trilobite body (the thorax and tail), these segments were associated with appendages, which ranged in function from sensing to feeding to locomotion.

"The number of these segments and how they are associated with other important traits, like eyes and legs, is important for understanding how arthropods are related to one another, and therefore, how they evolved," said Melanie Hopkins, curator and chair of the Museum's Division of Paleontology.

The segments in the trilobite head can be counted in two different ways: by looking at the grooves (called furrows) on the upper side of the trilobite fossil's hard exoskeleton, or by counting the pairs of preserved antennae and legs on the underside of the fossil. The soft appendages of trilobites are rarely preserved, though, and when looking at the segments in the trilobite head, researchers regularly find a mismatch between these two methods.
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                    Co-author Melanie Hopkins with a well-preserved fossil of Triarthrus eatoni from upstate New York. Credit: Daniel Kim/ AMNH
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                    An extremely well-preserved fossil of Triarthrus eatoni from upstate New York (on right). Credit: Daniel Kim/ AMNH
                
            

        

    

In the new study, Hopkins and colleague Jin-Bo Hou from Nanjing University examined newly recovered specimens of the exceptionally preserved trilobite Triarthrus eatoni from upstate New York. These fossils, known for the gold shine of the pyrite replacement preserving them, show an additional, previously undescribed leg underneath the head.


																																						
    
     




																																			"This fantastic preservation style allows us to observe 3D appendages in hundreds of specimens directly from the ventral side of the animals, just like looking at the appendages of horseshoe crabs on a beach by grabbing them and turning them upside down," said Hou.

By making comparisons with another trilobite species, the exceptionally preserved Olenoides serratus from the Burgess Shale in British Columbia, Hopkins and Hou propose a model for how appendages were attached to the head in relation to the grooves in the exoskeleton. This model resolves the apparent mismatch and indicates that the trilobite head included six segments: an anterior segment associated with the developmental origin of the eyes and five additional segments, associated with one pair of antennae and four pairs of walking legs, respectively.

This study expands on the analysis that Hou and Hopkins have done on Triarthrus eatoni, which showed that the walking legs carry micron-sized respiratory structures (gills) and that the function of some of the spines on the walking legs was to keep these gills clean.


																																																					
																				
																						More information:
												Palaeontology (2024). DOI: 10.1111/pala.12723
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The olive tree's blueprint: Key insights into high-quality oil production
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                Model of MYC2 in the modulation of fatty acid and flavonoid biosynthesis under MeJA treatment. In the early stage of olive fruit development, accumulation of MeJA could decrease the expression of MYC2, which could repress fatty acid biosynthesis by downregulating the expression of BCCP2 though binding to the G-box within the promoter. Conversely, MYC2 was proved to directly bind to and activate the promoter of FLS, ultimately leading to an increase in flavonoid content. Credit: Horticulture Research
            
        

    


A pivotal study has decoded the genetic basis of olive oil production, revealing a key regulatory mechanism that shapes oil biosynthesis. By mapping the olive tree's genome and metabolic pathways, researchers have identified how MYC2, a critical transcription factor, orchestrates the balance between fatty acid and flavonoid synthesis. These insights open new avenues for breeding olives with superior oil profiles, catering to the growing demand for healthful dietary fats.



										      
																																	Renowned for its cardiovascular and cancer-preventive benefits, olive oil is a staple in healthy diets worldwide. However, the intricate biochemical pathways that drive oil production are influenced by complex genetic and developmental factors, complicating efforts to breed high-yield, high-quality varieties. Traditional methods fall short due to limited genomic resources, underscoring the need for deeper exploration into the molecular controls of oil biosynthesis in olives.

Published in Horticulture Research, scientists from Lanzhou University, Gansu Research Academy of Forestry Science and Technology, and Gansu Agricultural University unveiled a groundbreaking gap-free genome assembly of the olive cultivar known as Leccino. This study combines cutting-edge metabolomic and transcriptomic data to uncover how the MYC2 transcription factor regulates the interplay between fatty acid and flavonoid production, marking a significant advancement in understanding olive oil biosynthesis.

The research team achieved a telomere-to-telomere genome assembly of Olea europaea cv. Leccino, offering the highest level of accuracy and completeness recorded for olive genomes. By integrating time-course metabolomics and transcriptomics, the study identified MYC2 as a master regulator, inversely controlling fatty acid and flavonoid biosynthesis during early fruit development.


																																						
    
     




																																			MYC2 suppresses fatty acid synthesis by downregulating BCCP2 and boosts flavonoid production by activating FLS. This regulation is modulated by methyl jasmonate (MeJA) levels, highlighting a delicate balance in these pathways. The detailed genetic maps developed, including 115 genes linked to fatty acid biosynthesis, provide new targets for breeding olives with improved oil quality.

Professor Yongzhi Yang, a corresponding author, stated, "This study offers an in-depth look at the genetic and molecular framework governing oil biosynthesis in olives. Understanding MYC2's dual function enables us to refine these pathways, enhancing both yield and quality. Our findings set a new standard in olive genomics and open doors to innovative breeding strategies that meet the rising demand for premium olive oil."

The findings have significant potential to transform the olive oil industry. By pinpointing the genetic factors that drive oil biosynthesis, this research lays the groundwork for developing new olive varieties with enhanced oil content and health benefits. The high-quality genome assembly also serves as a vital tool for future research aimed at boosting disease resistance and environmental resilience in olives, supporting sustainable farming practices and addressing the global demand for high-quality olive oil.


																																																					
																				
																						More information:
												Jiaojiao Lv et al, The gapless genome assembly and multi-omics analyses unveil a pivotal regulatory mechanism of oil biosynthesis in the olive tree, Horticulture Research (2024). DOI: 10.1093/hr/uhae168
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                Microbes play an incredibly important role in sustaining all forms of life on Earth and in supporting the health of humans, animals, plants and the environment. Credit: Pixabay
            
        

    


CABI has played a leading role in the creation of a new report, facilitated by the National Biofilms Innovation Centre (NBIC), which is calling for a "highly ambitious enterprise" to create a microbiome biobank that will contribute significantly to the advancement of science and its application to human health.



										      
																																	It is anticipated that the world-leading UK Microbiome Biobank (UKMB) will support academic and industrial scientists in the quest for new medicines and solutions to some of the most significant challenges faced by the world.

Dr. Matthew Ryan is Senior Research Lead, Biological Resources at CABI and lead author of the report entitled "Securing the future of microbiome research and innovation: The need for biobanking infrastructure in the UK."

He is one of several scientists from a range of UK institutions, including University of Oxford, University of Cambridge, Rothamsted Research, Unilever and the Natural History Museum, who believe the UK Microbiome Biobank will enhance economic competitiveness in the life sciences and the sustainability of our bioeconomy.

Important role in sustaining all forms of life

Dr. Ryan said, "We now know that microbes play an incredibly important role in sustaining all forms of life on Earth and in supporting the health of humans, animals, plants and the environment.

"Microbes have the potential to contribute to solutions for treating cancer, neurodegenerative and metabolic diseases, antimicrobial resistance and pandemics, a sustainable agriculture system that can feed the world's growing population while, at the same time, helping reduce greenhouse gas emissions in support of achieving net zero."

He says that to ensure that we have the resources for research and innovation aimed at finding such solutions, we need to conserve source materials and microbes (individual strains and communities), sequence their genomes, and make the material and data available for researchers of today and the future on a scale that has, hitherto, not been feasible.


																																						
    
     




																																			New venture will set the benchmark

Dr. Andrew Morgan, Chair of the Microbiome Innovation Advisory Group, Innovate UK Business Connect and an independent contributor to the report, said, "To date, such activities have been largely conducted in silos by different research groups, both academic and private enterprises, with very little attempt at ensuring common standards of sampling, DNA extraction, sequencing, data handling and management.

"The new venture will set the benchmark for such standards, thereby advancing the rigor and applicability of microbiome science more widely and across all main sectors of microbiome research--human, animal, plant and environmental."

He added that, in effect, this is a One Health UK Microbiome Bank that is as much about biobanking as the standards needed to set up and run such an enterprise and for the field at large.

Dr. Morgan said, "By developing and embedding such standards, the initiative will provide a longitudinal view of microbial diversity, metabolism and function as it potentially changes, enabling us to answer key questions about the impact over time of different human activities, practices, interventions and conservation measures and, not least, of climate change.

"Moreover, if microbial biodiversity is lost over time, by conserving microbes and communities of microbes from key environments into the future, we shall have the possible means to restore the lost biodiversity for the benefit of societal and planetary health and well-being."


																																			Conserve microbial biodiversity for generations to come

To establish the UKMB, the report suggests a few recommendations including the creation of a central coordinating UKMB hub and database with 'spokes' that represents thematic areas including human health, animal health, soil, plants and environment, food systems and biofilms--including the National Biofilms Innovation Centre.

The report also states that the UKMB will have to incorporate existing UK biobanking and culture collection infrastructure. For example, medical biobanks, culture collections, seedbanks, zoological and molecular collections) and link with other UKRI national capabilities, EU and other European infrastructures and international activities, including standards and regulatory organizations.

Dr. Ryan said, "The UKMB will be a beacon for the UK's world-class microbiome science, a catalyst for innovation in the life sciences aligned to the UK's Life Sciences Vision 2021, an accelerator of economic growth, and a resource that will conserve microbial biodiversity for generations to come."


																																																					
																				
																						More information:
												Ryan et al, Securing the future of microbiome research and innovation: the need for biobanking infrastructure in the UK, CABI (2024). DOI: 10.1079/20240382445
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'Art for insects' could help save pollinators
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                Pollinator Pathmaker Eden Project Edition. Credit: Royston Hunt--Courtesy Alexandra Daisy Ginsberg Ltd
            
        

    


Gardens can become "living artworks" to help prevent the disastrous decline of pollinating insects, according to researchers working on a new project.



										      
																																	Pollinator Pathmaker is an artwork by Dr. Alexandra Daisy Ginsberg that uses an algorithm to generate unique planting designs that prioritize pollinators' needs over human aesthetic tastes.

Originally commissioned by the Eden Project in Cornwall in 2021, the general public can access the artist's online tool to design and plant their own living artwork for local pollinators.

While pollinators--including bees, butterflies, moths, wasps, ants and beetles--are the main audience, the results may also be appealing to humans.

Pollinator Pathmaker allows users to input the specific details of their garden, including size of plot, location conditions, soil type, and play with how the algorithm will "solve" the planting to optimize it for pollinator diversity, rather than how it looks to humans.

The project aims to demonstrate how an artwork can help to drive innovative ecological conservation, by asking residents in the village of Constantine in Cornwall to plant a network of Pollinator Pathmaker living artworks in their gardens. These will become part of the multidisciplinary study.

"Pollinators are declining rapidly worldwide and--with urban and agricultural areas often hostile to them--gardens are increasingly vital refuges," said Dr. Christopher Kaiser-Bunbury, of the Centre for Ecology and Conservation on Exeter's Penryn Campus in Cornwall.


																																						
    
     




																																			"Our research project brings together art, ecology, social science and philosophy to reimagine what gardens are, and what they're for."

"By reflecting on fundamental questions like these, we will empower people to rethink the way they see gardens."

"We hope Pollinator Pathmaker will help to create connected networks of pollinator-friendly gardens across towns and cities."

Dr. Ginsberg said, "Pollinator Pathmaker is an artwork for other species that has been growing internationally. This exciting new research will help us better understand how and why it works, for both pollinators and people."

"The ambition for Pollinator Pathmaker is to create the world's largest climate-positive artwork. This research will show how art can support conservation and interdisciplinary innovation."

"How will people relate to their gardens if they're designed for pollinators rather than people?" is a question Professor Jane Calvert (University of Edinburgh) will explore in the project. This sociological work will be informed by philosophical reflections on art, nature and our relationship with the nonhuman world, led by Professor John Dupre at the University of Exeter.
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      Technology

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


      
        Teaching robots to use color in moving objects
        Research at Michigan State University is focused on teaching robots to use colors to perceive, visualize, and interpret interactions when manipulating objects. A force-interpreting optical system is being developed so robots can distinguish and manipulate soft and fragile objects--which will be particularly helpful for medical and other assistive robots.

      

      
        Facebook has scraped public data from Australian users without an opt out. What can be done?
        Facebook acknowledged in a Senate inquiry yesterday that it is scraping the public photos of Australian users to train its artificial intelligence (AI) models.

      

      
        How the 'rebound effect' could eat away at the green gains from electric vehicles
        The transport sector produces around 19% of Australia's total greenhouse gas emissions. About 85% of transport emissions come from road vehicles burning fossil fuels.

      

      
        The latest version of ChatGPT has a feature you'll fall in love with--and that's a worry
        If you're a paid subscriber to ChatGPT, you may have noticed the artificial intelligence (AI) large language model has recently started to sound more human when you are having audio interactions with it.

      

      
        New iPhone integrates AI: Expert explains what that really means for users
        Apple unveiled the iPhone 16 on Monday, a device designed around Apple Intelligence, the company's generative artificial intelligence (AI) offering. This new feature promises a highly personalized experience that goes beyond AI, but what does that mean for avid iPhone users? As AI continues to appear in our everyday lives, what do consumers need to be aware of?

      

      
        Stretching the possibilities of soft robots with flexible electronics
        From search-and-rescue missions to orthopedic therapy and many other applications, soft robots and wearable electronic devices show great promise for many fields. However, designing them to be functional and practical to use has proved challenging.

      

      
        Combining existing sensors with machine learning algorithms improves robots' intrinsic sense of touch
        A team of roboticists at the German Aerospace Center's Institute of Robotics and Mechatronics finds that combining traditional internal force-torque sensors with machine-learning algorithms can give robots a new way to sense touch.

      

      
        Meta's home county backs call for warning labels on social media posts
        San Mateo County, California, home to tech giant Meta, urged Congress to pass legislation requiring social media companies to add labels to their platforms warning people about their potential to harm users' mental health.

      

      
        Ireland launches EU privacy probe into Google AI development
        An Irish regulator helping to police European Union data privacy launched an investigation Thursday into Google's artificial intelligence development.

      

      
        Smart mouthguard allows users to control devices with their tongue and teeth
        Recent technological advances have enabled the development of a wide range of electronic devices designed to improve people's quality of life and assist them in completing their everyday activities. Most existing devices are operated via touch screens, keyboards, mouse pads and other hand-based interfaces.

      

      
        3D micro strain gauges promote sensing capabilities of electronic skins
        Imagine a set of flexible tactile sensors that adheres to the surface of your skin, offering customizable detection of biomechanical signals from various body parts. That fiction-like supermaterial is close to becoming reality thanks to recent research.

      

      
        EU consumer groups slam 'manipulative' video game spending tactics
        European consumer groups on Thursday accused the world's biggest video game companies of "purposefully tricking" consumers, including children, to push them to spend more on in-game purchases.

      

      
        Boeing faces potential strike as Seattle workers vote
        Boeing faces a potentially crippling strike in the Seattle region, depending on how 33,000 workers vote Thursday on a new contract that has angered many employees despite solid wage gains.

      

      
        Google's AI model faces European Union scrutiny from privacy watchdog
        European Union regulators said Thursday they're looking into one of Google's artificial intelligence models over concerns about its compliance with the bloc's strict data privacy rules.

      

      
        Bio-inspired wick enhances electronic chip cooling
        A research team led by Prof. Ye Hong from the University of Science and Technology of China has developed an alumina ceramic bionic wick with finger-like pores inspired by the stomatal array of natural leaves. Their research is published in Langmuir.

      

      
        Advancing power grounding systems: A novel predictive model for soil resistivity
        Proper power grounding systems are necessary for maintaining the safety and reliability of critical electrical subsystem infrastructure, such as substations. Power grounding systems provide a low-resistance path for electrical fault currents to flow into the earth, preventing electrical shocks, fires, and damage to vital equipment. Investigation of soil resistivity is crucial for designing power grounding systems.

      

      
        A charge ahead: Carrier pre-intercalation techniques boost alternative battery performance
        As the demand for energy storage diversifies, the limitations of lithium supplies drive a shift toward alternative technologies. Sodium, potassium, magnesium, and zinc-ion batteries emerge as promising contenders, yet face challenges in capacity, charge-discharge rate, and stability. This backdrop underscores the need for innovative approaches like carrier pre-intercalation to elevate the electrochemical performance of electrode materials.

      

      
        Developing new approaches for the cost-efficient and high-speed production of fuel cells
        For hydrogen technology to become a key to the energy transition, it needs to take a decisive step forward toward broad application. The main factors holding back this longed-for breakthrough, however, are the high costs of expensive materials and complex manufacturing processes for fuel cells and electrolyzers.

      

      
        Versatile microscale robots can fold into 3D shapes and crawl
        Cornell University researchers have created microscale robots less than 1 millimeter in size that are printed as a 2D hexagonal "metasheet," but with a jolt of electricity, morph into preprogrammed 3D shapes and crawl.

      

      
        Study explores helping vulnerable populations escape from hurricanes with driverless cars
        When a hurricane strikes, the most vulnerable are not always able to get out in time. UT Austin scientists are using supercomputers at the Texas Advanced Computing (TACC) to study how shared autonomous vehicles (SAVs) can get people who do not have their own car into shelters out of harm's way.

      

      
        VR system mixes physical and virtual worlds to drive home climate urgency
        An iconic red shuttle bus ferries commuters and visitors along the winding streets of New York City's Roosevelt Island. But this isn't a typical sightseeing tour.

      

      
        Computer engineers pioneer approaches to energy-efficient supercomputing
        As high-tech companies ramp up construction of massive data centers to meet the business boom in artificial intelligence, one component is becoming an increasingly rare commodity: electricity.

      

      
        Advanced manufacturing revs up in Europe with 3D printing
        3D printing is set to revolutionize European manufacturing, producing complex, multilayered components for everything from toys and cars to wind turbines and satellites.

      

      
        'DeepFake-o-Meter' democratizes deepfake detection
        When misleading information spreads online, it can spread fast.

      

      
        Can green finance effectively reduce carbon dioxide emissions while promoting economic growth?
        New research published in Business Strategy and the Environment based on information from G7 countries demonstrates that green finance--loans, investments, and incentives that support environmentally-friendly projects and activities--can reduce carbon dioxide emissions. Also, data indicate that investments in green projects are profitable.
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Research at Michigan State University is focused on teaching robots to use colors to perceive, visualize, and interpret interactions when manipulating objects. A force-interpreting optical system is being developed so robots can distinguish and manipulate soft and fragile objects--which will be particularly helpful for medical and other assistive robots.


                                        
                                              
                                        
                                                                                                                                    "We're working to integrate photoelastic gel into a stress-interpreting optical system for vision-based tactile gel-robots," said Shaoting Lin, assistant professor of mechanical engineering. "Creating this perception for a robot will help it execute ultra-gentle manipulation of soft and fragile objects."

Lin is the principal investigator and is working with Civil Engineering Assistant Professor Wei Li at Stony Brook University and Industrial Engineering Assistant Professor Yu She at Purdue University.

"Specifically, this project will leverage the molecular design of fatigue-resistant photoelastic gels, the mechanical design of a stress-interpreting photometry system, and the algorithm design of physics-informed machine learning," he explained.

Researchers have been designing robots with "soft" hands and computer vision systems for years. The technology helps reduce manual labor costs and improves efficiencies in a variety of medical and industrial applications, ranging from surgical robots to apple harvesting.

Lin said teaching assistive robots to use colors will advance their use in everything from collecting fragile jellies for marine studies to better domestic skills in assistive robots for serving food.

"Our long-term goal is to fill the fundamental gap that currently exists between robotic tactile perception and human haptic sensing," Lin added. "It's another step in preparing the next-generation of robots."
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                An optical system is being developed so robots can better manipulate soft and fragile objects. Credit: Michigan State University
            
        

    





                                                                                                        
    
        
        
        
    

                                                                                                                                            Improving conventional thermal switches

Other research by Lin was recently recognized for its potential application in solid-state refrigeration, thermal memory devices, and thermal metamaterials.

Lin co-authored an article on polymeric thermal switches that was published in Nature Communications. Researchers at the Massachusetts Institute of Technology are collaborating on this project.

"Thermal switches are pivotal for stable temperatures in environments with fluctuating conditions like spacecrafts, vehicles, infrastructures, and batteries," he said. "High-performing thermal switches can help manage heat in electronic devices, along with temperature control in spacecrafts, and even smart textiles."

Lin explained that traditional thermal switches that help manage heat in electronic devices usually adjust slowly and have a limited range of control.

"Once their thermal conductivity changes, it's hard to switch it back. In contrast, the polymer-based thermal switch developed in this work can adjust its thermal conductivity up to 14 times, and it can be reversed easily whenever needed.

"The key mystery is attributed to the unique structure of the polymeric thermal switch, that is composed of nearly ideal polymer-network architecture," he added.
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												Chase M. Hartquist et al, Reversible two-way tuning of thermal conductivity in an end-linked star-shaped thermoset, Nature Communications (2024). DOI: 10.1038/s41467-024-49354-2
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Facebook acknowledged in a Senate inquiry yesterday that it is scraping the public photos of Australian users to train its artificial intelligence (AI) models.


                                        
                                              
                                        
                                                                                                                                    Facebook's parent company Meta claims this excludes data from users who have marked their posts as "private," as well as photos or data from users under the age of 18.

Since companies such as Meta aren't required to tell us what data they use or how they use it, we will have to take their word for it. Even so, users will likely be concerned that Meta is using their data for a purpose they didn't expressly consent to.

But there are some steps users can take to improve the privacy of their personal data.

Data hungry models

AI models are data hungry. They require vast amounts of new data to train on. And the internet provides ready access to data that's relatively easy to ingest in a process that doesn't distinguish between copyrighted works or personal data.

Many people are concerned about the possible consequences of this wide-scale, obscure ingestion of our information and creativity.

Media companies have taken AI companies such as OpenAI to court for training models on their news stories. Artists who use social media platforms such as Facebook and Instagram to advertise their work are also concerned their work is being used without permission, compensation or credit.

Others are worried about the chance AI could present them in ways that are inaccurate and misleading. A local mayor in Victoria considered legal action against ChatGPT after the program falsely claimed he was a guilty party in a foreign bribery scandal.

Generative AI models have no capacity to ascertain the truth of the statements or images they produce, and we still don't know what harms will come from our growing reliance on AI tools.


                                                                                                        
    
        
        
        
    

                                                                                                                                            People in other countries are better protected

In some countries, legislation supports ordinary users from having their data ingested by AI companies.

Meta was recently ordered to stop training its large language model on data from European users and has given those users an opt-out option.

In the European Union, personal data is protected under the General Data Protection Regulation. This law prohibits the use of personal data for undefined "artificial intelligence technology" without opt-in consent.

Australians don't have the same option under existing privacy laws. The recent inquiry has strengthened calls to update them to better protect users. A major privacy act reform was also announced today that's been several years in the making.

Three key actions

There are three key actions Australians can take to better protect their personal data from companies such as Facebook in the absence of targeted legislation.


                                                                                                                                            First, Facebook users can ensure their data is marked as "private." This would prevent any future scraping (although it won't account for the scraping that has already occurred or any scraping we may not know about.)

Second, we can experiment with new approaches to consent in the age of AI. For example, tech startup Spawning is experimenting with new methods for consent to "benefit both AI development and the people it is trained on." Their latest project, Source.Plus, is intended to curate "non-infringing" media for training AI models from public domain images and images under a Creative Commons CC0 "no rights reserved" license.

Third, we can lobby our government to pressure AI companies to ask for consent when they scrape our data and ensure that researchers and public agencies can audit AI companies for compliance.

We need a broader conversation about what rights the public should have to resist technology corporations using our data. This conversation also needs to include an alternative approach to building AI--one that is grounded in obtaining consent and respecting peoples' privacy.
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The transport sector produces around 19% of Australia's total greenhouse gas emissions. About 85% of transport emissions come from road vehicles burning fossil fuels.


                                        
                                              
                                        
                                                                                                                                    In Australia's Emissions Projections 2023, transport emissions are expected to rise from 2023 under the baseline scenario, returning to pre-pandemic levels. As the projected uptake of electric vehicles increases from 2030 to 2035, transport emissions are expected to fall.

While these projections are promising, the reality is more complex. Our new research has explored often-overlooked factors such as the rebound effect. It's the phenomenon where energy-efficiency gains, such as those from electric vehicles, can lead to an increase in overall use.

We have already seen this effect at work in other nations that led the way in adopting electric vehicles. Fortunately, we also have evidence of how to manage the rebound effect to achieve the expected green gains from electric vehicles.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The rebound effect is widespread

When something becomes more efficient, cheaper or easier to use, people tend to use more of it. This can partially (and sometimes significantly) offset the expected benefits of greater efficiency.

The rebound effect has been well-documented in relation to many large-scale green initiatives, especially home energy-efficiency improvements when homes are retrofitted with better insulation or heating and cooling systems. With lower heating and cooling costs, some households then keep their homes at higher comfort levels for longer. This offsets some of the intended energy savings.

In the case of vehicle electrification, as cars become cheaper to own and run, people may end up driving more often or for longer distances. We are already seeing this in some countries.

A study from Stockholm, Sweden, during early stages of electric vehicle adoption found drivers made more trips and relied more heavily on their cars than non-EV users. The study participants generally perceived electric vehicles as being more eco-friendly than using public transport.

Drivers may also increase their speed and acceleration, knowing their vehicle is more fuel-efficient and driving has become cheaper. One study found a 20.5% rebound effect in journey speed for electric vehicles. This reduced the expected energy savings.


                                                                                                                                            How much impact does this effect have?

Studies have found that if evaluations of environmental benefits ignore rebound effects, these benefits may be overstated by about 20% for reduced vehicle use and around 7% for reduced electricity use. Other studies have predicted more moderate effects.

You might ask, so what if travelers go longer distances? Aren't electric vehicles still zero-emission? While they produce no tailpipe emissions, longer distances increase their environmental footprint in other ways.

More driving uses more electricity. If it comes from fossil fuels, it produces carbon emissions.

The manufacturing and disposal of electric vehicle batteries generate significant emissions too.

More driving leads to more road congestion and non-exhaust emissions from tires and brakes.

In other words, zero-emission driving isn't the whole picture.

Despite the rebound effect, electric vehicles will still have significant environmental benefits. But just how big these benefits are depends on how the vehicles are used.


                                                                                                        
    
        
        
        
    

                                                                                                                                            What is the psychology behind this effect?

Understanding rebound behaviors is key to minimizing the gap between expected and actual environmental benefits.

Research shows that while people may adopt pro-environmental behaviors, such as driving electric vehicles, they don't always make rational, purely cost-driven decisions. It has been suggested factors like moral licensing--the idea that people feel entitled to behave less sustainably after making a green choice--drive this phenomenon.

More recent research has provided evidence that moral licensing is not the whole picture. Instead, environmental attitudes and demographic factors--such as age and gender--play a bigger role in determining subsequent climate-friendly behavior. Younger men are least likely to behave in a climate-friendly manner. Older people and women are more likely to behave in sustainable ways.

Personal and social norms play a role in how people respond to energy-efficient technologies, but not always in expected ways. Pro-environmental values--where individuals genuinely care about their impact--are the most effective in preventing rebound effects. People with these values are more likely to adjust their consumption mindfully.

However, social norms can have the opposite effect. In some cases, people may adopt energy-efficient products like electric vehicles to meet societal expectations, but this can lead to what's called compensatory behavior. Feeling they've "done their bit," they may justify using the vehicle more often. Or they might switch from public transport to driving.


                                                                                                                                            What's the solution?

Incentives and policies to promote electric vehicles are largely effective in cutting carbon emissions but can have unintended consequences.

The low running costs of these vehicles, along with incentives like toll or tax exemptions, may encourage more driving. This often happens at the expense of public transport, cycling and walking. Such incentives could also contribute to increases in vehicle ownership or city traffic.

Lack of knowledge about the full environmental impact of the choices they make can make people more susceptible to such unintended effects. When consumers are better informed, unintended consequences such as the rebound effect tend to diminish.

Raising awareness and providing targeted information could help counter behaviors that undermine the benefits of electric vehicles.

In the global push to combat climate change, simply reducing vehicle tailpipe emissions won't be enough. To truly minimize transport's impact, we must adopt a holistic approach that addresses the entire life cycle of vehicles--from production and use to disposal.
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If you're a paid subscriber to ChatGPT, you may have noticed the artificial intelligence (AI) large language model has recently started to sound more human when you are having audio interactions with it.


                                        
                                              
                                        
                                                                                                                                    That's because the company behind the language model-cum-chatbot, OpenAI, is currently running a limited pilot of a new feature known as "advanced voice mode."

OpenAI says this new mode "features more natural, real-time conversations that pick up on and respond with emotion and non-verbal cues." It plans for all paid ChatGPT subscribers to have access to the advanced voice mode in coming months.

Advanced voice mode sounds strikingly human. There aren't the awkward gaps we are used to with voice assistants; instead it seems to take breaths like a human would. It is also unfazed by interruption, conveys appropriate emotion cues and seems to infer the user's emotional state from voice cues.

But at the same time as making ChatGPT seem more human, OpenAI has expressed concern that users might respond to the chatbot as if it were human--by developing an intimate relationship with it.

This is not a hypothetical. For example, a social media influencer named Lisa Li has coded ChatGPT to be her "boyfriend." But why exactly do some people develop intimate relationships with a chatbot?


                                                                                                        
    
        
        
        
    

                                                                                                                                            The evolution of intimacy

Humans have a remarkable capacity for friendship and intimacy. This is an extension of the way primates physically groom one another to build alliances that can be called upon in times of strife.

But our ancestors also evolved a remarkable capacity to "groom" one another verbally. This drove the evolutionary cycle in which the language centers in our brains became larger and what we did with language became more complex.

More complex language in turn enabled more complex socializing with larger networks of relatives, friends and allies. It also enlarged the social parts of our brains.

Language evolved alongside human social behavior. The way we draw an acquaintance into friendship or a friend into intimacy is largely through conversation.

Experiments in the 1990s revealed that conversational back-and-forth, especially when it involves disclosing personal details, builds the intimate sense our conversation partner is somehow part of us.

So I'm not surprised that attempts to replicate this process of "escalating self-disclosure" between humans and chatbots results in humans feeling intimate with the chatbots.

And that's just with text input. When the main sensory experience of conversation--voice--gets involved, the effect is amplified. Even voice-based assistants that don't sound human, such as Siri and Alexa, still get an avalanche of marriage proposals.


                                                                                                                                            The writing was on the lab chalkboard

If OpenAI were to ask me how to ensure users don't form social relationships with ChatGPT, I would have a few simple recommendations.

First, don't give it a voice. Second, don't make it capable of holding up one end of an apparent conversation. Basically don't make the product you made.

The product is so powerful precisely because it does such an excellent job of mimicking the traits we use to form social relationships.

The writing was on the laboratory chalkboard since the first chatbots flickered on nearly 60 years ago. Computers have been recognized as social actors for at least 30 years. The advanced voice mode of ChatGPT is merely the next impressive increment, not what the tech industry would gushingly call a "game changer."

That users not only form relationships with chatbots but develop very close personal feelings became clear early last year when users of the virtual friend platform Replika AI found themselves unexpectedly cut off from the most advanced functions of their chatbots.

Replika was less advanced than the new version of ChatGPT. And yet the interactions were of such a quality that users formed surprisingly deep attachments.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The risks are real

Many people, starved for the kind of company that listens in a non-judgmental way, will get a lot out of this new generation of chatbots. They may feel less lonely and isolated. These kinds of benefits of technology can never be overlooked.

But the potential dangers of ChatGPT's advanced voice mode are also very real.

Time spent chatting with any bot is time that can't be spent interacting with friends and family. And people who spend a lot of time with technology are at greatest risk of displacing relationships with other humans.

As OpenAI identifies, chatting with bots can also contaminate existing relationships people have with other people. They may come to expect their partners or friends to behave like polite, submissive, deferential chatbots.

These bigger effects of machines on culture are going to become more prominent. On the upside, they may also provide deep insights into how culture works.
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New iPhone integrates AI: Expert explains what that really means for users
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Apple unveiled the iPhone 16 on Monday, a device designed around Apple Intelligence, the company's generative artificial intelligence (AI) offering. This new feature promises a highly personalized experience that goes beyond AI, but what does that mean for avid iPhone users? As AI continues to appear in our everyday lives, what do consumers need to be aware of?


                                        
                                              
                                        
                                                                                                                                    Walid Saad, a professor of electrical and computer engineering and artificial intelligence expert at Virginia Tech, says AI today is equivalent to the Internet in the 1990s, early 2000s: "Its adoption will be inevitable, and we should be well-informed in order to understand how it will change our world in the next few years."

AI is a term that appears in different contexts--and in many instances, incorrectly. The first step to being well-informed is understanding what AI is.

"Artificial intelligence is a scientific field primarily concerned with designing machines that can learn, reason, and perform functions in a way analogous to humans," Saad said.

"Practically, AI relies on a set of algorithms based primarily on machine learning that enable devices to perform computationally intensive functions or tasks that include predictions and forecasting, data analytics, and natural language processing, among others. In the real world, AI-powered functions can permeate everywhere from home assistants to autonomous robots," Saad said.

For iPhone users, Apple Intelligence promises a more personal experience, but what exactly does that look like?

"AI will enable a broad range of features on the iPhone ranging from improving Siri and its conversational abilities to improving search functions and enhancing the tool set that can be used for writing purposes," Saad said. This includes analyzing photos or documents and composing emails and other messages.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Users also will have new ways to compose and create photos, images, and other creative content.

"Indeed, we can see that a big common theme among those features is personalization, making the day-to-day features aware of their users' preferences, actions, and needs to provide user-centered assistance and experience," Saad said.

AI algorithms work by being trained on data sets, so they would need access to them, which can raise privacy concerns. Saad says Apple did implement some guardrails by designing "on-device AI algorithms that can use the data locally available on the devices, without communicating or sending data to the cloud."

"This naturally alleviates some of the privacy concerns, but we would still need to see 'behind the hood' to better understand what kind of information is still being accessed or used through the several features," Saad said.

"Moreover, it is conceivable that third-party applications that use AI may not have similar guardrails and thus, looking at privacy-preserving solutions for AI remains an important area of research," Saad said.

AI is quickly becoming an invaluable tool for people across multiple industries--AI is helping doctors perform more effective and faster diagnostics and ChatGPT can be an impressive writing aid--but Saad said it is natural for people to be apprehensive of new technology.

"I advise those who have not embraced the technology to investigate its potential uses and how it works. Then they can make informed, piecemeal decisions on what AI tools they wish to use. Some may be comfortable using AI as a writing aid, but perhaps not as part of a feature in their car," Saad said.

"Eventually, AI features will proliferate in various shapes and forms across different devices, and we should be ready to understand their uses," Saad said.
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Stretching the possibilities of soft robots with flexible electronics

									    

    
        
            [image: With flexible electronics, stretching the possibilities of soft robots]
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From search-and-rescue missions to orthopedic therapy and many other applications, soft robots and wearable electronic devices show great promise for many fields. However, designing them to be functional and practical to use has proved challenging.


                                        
                                              
                                        
                                                                                                                                    In the lab of Prof. Rebecca Kramer-Bottiglio, a team of researchers has developed complex electronics that can stretch substantially beyond their original shape. Further, the system can be easily adapted to different uses. The results of their work are published in Science Robotics.

The field of stretchable robots is often stymied by the interfacing between the devices' rigid and soft components. That is, they require complex circuitry that currently is too rigid to be tightly integrated into their soft bodies. As a result, designers pair their devices with external circuit boards, which sacrifices the devices' functionality.

To that end, the researchers in Kramer-Bottiglio's lab developed stretchable versions of an Arduino--a widely used open-sourced electronics platform--and embedded them into soft robots. Not only do these devices stretch substantially and still work as designed, but they were created to be scalable and easily reproduced.

It is the most complex circuit that's been demonstrated to be able to stretch substantially--a vital step toward developing soft robots and wearable devices that don't sacrifice computing power for stretchability.

Most soft robots today are controlled by rigid Arduino-style microcontrollers. To accommodate the mismatch between the robots' soft materials and the rigid circuitry, designers will often try to place the electronics where it will create the least amount of interference in stretching.


                                                                                                        
    
        
        
        
    

                                                                                                                                            In Kramer-Bottiglio's lab, though, the researchers placed the circuitry at specifically high-strain locations to illustrate their robustness. This provides greater freedom for other roboticists in how they design their devices. In the researchers' devices, there were more than 70 points of contact between rigid and soft components that all stretched in application and testing.

"We were able to overcome the usual obstacles with our manufacturing process and actually create many stretchable Arduinos," said Stephanie Woodman, lead author of the study and a Ph.D. student in Kramer-Bottiglio's lab.

They turned out to be very stretchable, elongating three to four times from their original shapes.



    
    
    
        
        
    
         
             
         

        Credit: Yale University
  

"The demonstrations collectively mark a transition from one-off, functionally limited showcases to robust, reliable, and complex multilayer stretchable circuits," said Kramer-Bottiglio, the John J. Lee Associate Professor of Mechanical Engineering & Materials Science.

For this project, the researchers focused on making the system accessible and applicable to different uses. To demonstrate the method's generality, they applied it to make stretchable versions of the popular Arduino Pro Mini, as well as the Arduino Lilypad, the Sparkfun Sound Detector, the Sparkfun RGB and the Gesture Sensor. And in developing the method, they also eliminated any need for extensive equipment or materials, expertise, or circuit design expertise.

The researchers began with a gallium-based liquid metal. To make the material paintable and easy to use, they stirred the liquid metal to expose it to oxygen.


                                                                                                                                            "That lets it go into this paste form, which is much more patternable, and allows it to strongly adhere to all these soft substrates and rigid electrical components," Woodman said.

They then painted this material over masks made from paper that had been laser cut into the desired circuit pattern, so that when the mask was removed, circuit components could be placed and the layer could be encapsulated. All of their fabrication materials, methods, and circuit designs are open-sourced--their process for making stretchable electronics is demonstrated in this GitHub page.

Now that they've developed these stretchable circuits, the roboticists have plenty of ways to use them.

"We embedded it into several soft robots," Woodman said. "For instance, one controls the gate of a quadruped robot while stretching." She added that the stretchable electronics don't interfere with how the robots morph.

Wearable devices--those that assist with injured limbs, for example--are another application.

"We put our circuit right on the elbow and showed it stretching," Woodman said, adding that the elbow is one of the trickiest places to apply a wearable device, due to the amount of stretching involved.

"So not only are we making really stretchable circuits, but we're actually showing how this can be practically deployed in use cases all over the body and in the soft robots of tomorrow."
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												Stephanie J. Woodman et al, Stretchable Arduinos embedded in soft robots, Science Robotics (2024). DOI: 10.1126/scirobotics.adn6844
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Combining existing sensors with machine learning algorithms improves robots' intrinsic sense of touch

                                        by Bob Yirka                                                                                , Tech Xplore
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                The intrinsic sense of touch. Sensitive writing or drawing on the structure (A) is automatically interpreted utilizing convolutional neural networks (B). The accurate reconstruction of the physical interaction is achieved through nonlinear dimensionality reduction via machine learning techniques (C). The provided intrinsic sense of touch offers various interaction modalities without necessity of any explicit tactile sensors (D). Credit: Maged Iskandar
            
        

    


A team of roboticists at the German Aerospace Center's Institute of Robotics and Mechatronics finds that combining traditional internal force-torque sensors with machine-learning algorithms can give robots a new way to sense touch.


                                        
                                              
                                        
                                                                                    In their study published in the journal Science Robotics, the group took an entirely new approach to give robots a sense of touch that does not involve artificial skin.

For living creatures, touch is a two-way street; when you touch something, you feel its texture, temperature and other features. But you can also be touched, as when someone or something else comes in contact with a part of your body. In this new study, the research team found a way to emulate the latter type of touch in a robot by combining internal force-torque sensors with a machine-learning algorithm.



    
    
    
        
        
    
         
             
         

        Multi-point sensing and touch recognition during dynamic motion. Credit: Maged Iskandar
  

Recognizing that much of the sense of being touched comes due to torque (tension felt in the wrist for example, if pressure is applied to the fingers), the researchers put extra-sensitive force-torque sensors in the joints of a robot arm. The sensors detect pressure applied to the arm coming from multiple directions at once.

They then used a machine-learning application to teach the robot how to interpret various types of tension. This allowed the robot to recognize different types of touch scenarios. The robot was able to tell, for example, when it was being touched on a certain place along its arm. It also did away with the need to cover the entire robot with an artificial sensing skin.



    
        
            [image: Combining existing sensors with machine learning algorithms improves robots' intrinsic sense of touch]
             
                Touch recognition. The interpretation of written digits on the robot surface as machine-readable code is utilized to intuitively command the robot (A). The touch trajectory for writing digit one is applied, the trajectory is successfully recognized and the assigned task is executed accordingly. Similarly applying digit three triggers the execution of the corresponding task. Likewise, virtual functional buttons can be placed anywhere on the structure to assign high-level tasks (B). Credit: Maged Iskandar
            
        

    



The researchers found that the AI application made the arm so sensitive that it could identify which of the numbers painted on its arm was being pressed--or in another case, to identify numbers drawn on its arm by a person using a fingertip.

This approach could open up new ways to interact with many types of robots, particularly those that are used in industrial environments working closely with human companions.
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												Maged Iskandar et al, Intrinsic sense of touch for intuitive physical human-robot interaction, Science Robotics (2024). DOI: 10.1126/scirobotics.adn4008
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Meta's home county backs call for warning labels on social media posts

                                        by Ryan Macasero, The Mercury News                                                                                                                    
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San Mateo County, California, home to tech giant Meta, urged Congress to pass legislation requiring social media companies to add labels to their platforms warning people about their potential to harm users' mental health.


                                        
                                              
                                        
                                                                                                                                    The Board of Supervisors unanimously passed a resolution Tuesday, the same day 42 state attorneys general, including California's Rob Bonta, called on Congress to address the mental health risks associated with social media. They were echoing a call to action by the U.S. surgeon general, who said adolescents who spend more than three hours a day on social media have double the risk of developing anxiety and depression symptoms as those who aren't on social media.

"Evidence from tobacco studies shows that warning labels can be effective in raising awareness and influencing behavior and health risks," the resolution stated. "The County of San Mateo is committed to protecting the health and well-being of its residents, particularly its young people, and recognizes the need for measures to mitigate mental health risks associated with social media use."

A Meta spokesperson declined to comment on the county's resolution.

In a June op-ed in The New York Times, U.S. Surgeon General Vivek Murthy lambasted social media platforms--likening them to cancer-causing cigarettes.

"These harms are not a failure of willpower and parenting; they are the consequence of unleashing powerful technology without adequate safety measures, transparency or accountability," Murthy said in an essay.

The resolution, introduced by Supervisor David Canepa, emphasized the need for legislation to protect the mental health of county residents.


                                                                                                        
    
        
        
        
    

                                                                                                                                            In July, Canepa wrote to Meta CEO Mark Zuckerberg, urging him to tell people about the risks of using Meta platforms, including Instagram and WhatsApp.

"I am urging you, as the CEO and founder of a San Mateo County-based $1 trillion company, to voluntarily and immediately add warning labels to all of Meta's social media platforms," Canepa wrote.

In a separate phone interview with the Bay Area News Group, Canepa acknowledged that tech regulation might fall under state or federal jurisdiction but stressed the importance of the county taking a stand, given several major tech companies are located there. He is particularly concerned about young people being exposed to toxic content.

"All politics is local," Canepa said. "For example, if there's something racist or anti-Semitic, there needs to be a label. As the county board, we're asking them to address this problem."

"Social media companies have continuously demonstrated an unwillingness to tackle the youth mental health crisis, instead prioritizing profits," said Bonta, a former state Assemblymember from Alameda County. "Warning labels on social media are a clear, straightforward way to communicate the risks to young users."

Earlier this year, San Mateo became the first county in the nation to declare loneliness a public health emergency, also based on Murthy's recommendations.
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An Irish regulator helping to police European Union data privacy launched an investigation Thursday into Google's artificial intelligence development.


                                        
                                              
                                        
                                                                                                                                    The inquiry comes as the EU and other major regulators around the world crack down on big tech over a raft of issues including taxation, competition and disinformation.

The EU has also adopted the world's first sweeping rules to govern AI, which came into force in August.

"The Data Protection Commission today announced that it has commenced a cross-border statutory inquiry into Google Ireland," where the US tech giant has its European headquarters.

The probe will look into the "development of its foundational AI model", the DPC said in a statement.

The rise of AI has fueled excitement about its potential, with chatbots that show humanlike ability to answer questions to generate everything from essays to recipes and computer codes.

But the emergence has also sparked concerns about the technology taking jobs away from people and even posing an existential threat to humanity.

The Irish regulator said that its investigation "concerns the question of whether Google has complied with any obligations that it may have had to undertake" under the EU's strict General Data Protection Regulation (GDPR).

This would have been "prior to engaging in the processing of the personal data" of EU citizens related to the development of Google's foundational AI Model, Pathways Language Model 2 (PaLM 2).

"We take seriously our obligations under the GDPR and will work constructively with the DPC to answer their questions," a Google spokesperson said in response.

The Dublin-based watchdog said that "a data protection impact assessment, where required, is of crucial importance in ensuring that the fundamental rights and freedoms of individuals are adequately considered and protected when processing of personal data is likely to result in a high risk.

"This statutory inquiry forms part of the wider efforts of the DPC" and other regulators overseeing "personal data of EU/EEA data subjects in the development of AI models and systems," it added.

The European Economic Area includes the EU plus Iceland, Liechtenstein and Norway.

Social network X recently committed to stop harvesting European users' personal data to train its Grok AI chatbot, while Facebook-owner Meta has delayed the release of its most powerful generative AI models in Europe, citing EU regulation.

Google describes PalM2 as a "next generation language model with improved multilingual, reasoning and coding capabilities".


                                                                                                        
    
        
        
        
    

                                                                                                                                            Tech crackdown

The EU has sought to rein in big tech firms.

Companies will have to comply with the bloc's new AI regulation by 2026, though rules covering AI models like OpenAI's ChatGPT will apply 12 months after the law enters into force.

The DPC's announcement comes two days after the European Commission scored two major legal victories in separate cases that left Apple and Google owing billions of euros.

Putting an end to a long-running legal battle, the European Court of Justice ruled that the iPhone maker must pay 13 billion euros ($14.3 billion) in back-taxes to Ireland--home to the European headquarters of Apple, Meta, TikTok and X thanks to its low tax regime.

The court also upheld a 2.4-billion-euro fine against Google, one of a string of high-profile EU competition cases targeting the group.

The court dismissed an appeal by Google against the 2017 fine, slapped on the search engine for abusing its dominant position by favouring its own comparison shopping service.

In the United States, meanwhile, Google has this week faced the start of a major antitrust trial, with the government accusing it of unfairly dominating online advertising and stifling competition.
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Smart mouthguard allows users to control devices with their tongue and teeth

                                        by Ingrid Fadelli                                                                                , Tech Xplore
                                                                            

                                    
									    

    
        
            [image: A smart mouthguard that allows users to control devices with their tongue and teeth]
             
                Exploded-view schematic of electronic components, a tactile sensor array, a 3D-printed mouthguard, and encapsulation structures. Credit: Hou et al.
            
        

    


Recent technological advances have enabled the development of a wide range of electronic devices designed to improve people's quality of life and assist them in completing their everyday activities. Most existing devices are operated via touch screens, keyboards, mouse pads and other hand-based interfaces.


                                        
                                              
                                        
                                                                                                                                    Researchers at the National University of Singapore have developed a smart mouthguard that could allow people to operate their devices using their mouth, instead of their fingers. This new device, introduced in a paper in Nature Electronics, could also allow dentists to collect medical data from inside their patients' mouths and help to monitor the recovery of athletes or enhance their performance.

"Our paper was inspired by the need to develop more intuitive and accessible assistive technologies for individuals with restricted mobility," Xiogang Liu, supervising author of the paper, told Tech Xplore.

"Conventional input devices, such as touchscreens or voice recognition, are often challenging in certain environments or for users with limited hand function. Our goal was to develop a more flexible, user-friendly interface that can be operated using the tongue and teeth, which are capable of precise and fatigue-free movements."

The main objective of the recent research by Liu and his colleagues was to address the limitations of existing human-computer interfaces, by creating an adaptable, mouth-based, wearable device that is minimally invasive and yet effective in allowing users to control their devices in various complex ways. This idea led to the development of a tactile oral pad (O-pad) with embedded tactile sensor arrays, flexible circuits and AI integration.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The smart mouthguard they designed is equipped with soft and yet sensitive sensors. These sensors allow users to tackle various tasks, including typing, gaming and wheelchair navigation, via movements of their tongue and teeth, instead of tapping or sliding their fingers on a touch screen.

"The wearable tactile oral pad we developed functions similarly to a touchscreen (e.g., i-Pad) but can be controlled by tongue movements and teeth biting," explained Liu.

"It consists of a carbon nanotube-silicone composite sensor array embedded in a flexible, biocompatible pad that fits inside the mouth. When the tongue slides across the pad, it mimics the movements of finger swipes on a touchscreen, and when the teeth bite down on the pad, it acts like a mouse click."

The wearable device developed by the researchers detects swiping tongue movements and pressure applied by the teeth via an array of sensors. The device is also lightweight, flexible and cost-effective, which could facilitate its commercialization and real-world deployment.

"Our device enables complex control using both tongue and teeth movements," said Liu.

"This dual-action capability allows users to perform tasks such as typing, gaming, and wheelchair navigation with high precision and ease. The use of recurrent neural networks (RNN) further enhances the device's ability to recognize patterns, making it highly efficient in translating tongue and tooth movements into precise control commands."


                                                                                                                                            The smart mouthguard introduced by Liu and his colleagues could have a wide range of applications. Most notably, it could allow individuals with physical disabilities to interact with their electronic devices easily and intuitively, for instance, allowing them to autonomously write text messages, answer phone calls, operate a wheelchair or browse the web.

"It could also find applications in environments where traditional input methods are impractical, such as sterile surgical environments or when contamination risks are high," said Liu.

The team's tactile O-pad could also be applied to dentistry, where it could aid the monitoring of teeth, as well as speech therapy and sports, where it could be used to track recovery or test motor coordination. Finally, the device could enable a new form of biometric identification, allowing users to securely access their devices or accounts using their teeth.

"Looking forward, we plan to further optimize the tactile oral pad for a wider range of applications by improving its sensor array for even more complex movements," added Liu.

"We also aim to enhance the comfort and wearability of the device for extended use and explore its potential in areas like prosthetics control and robotics. Finally, we plan to conduct broader clinical trials to evaluate its usability and effectiveness in real-world settings, particularly for people with severe mobility impairments."
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												Bo Hou et al, A tactile oral pad based on carbon nanotubes for multimodal haptic interaction, Nature Electronics (2024). DOI: 10.1038/s41928-024-01234-9.
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3D micro strain gauges promote sensing capabilities of electronic skins
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Imagine a set of flexible tactile sensors that adheres to the surface of your skin, offering customizable detection of biomechanical signals from various body parts. That fiction-like supermaterial is close to becoming reality thanks to recent research.


                                        
                                              
                                        
                                                                                                                                    In a study published in the journal Science Advances, researchers from Peking University have developed a set of flexible, modular tactile sensors utilizing 3D micro strain gauges as sensing units, achieving high-density mapping of pressure, wireless monitoring of biomechanical signals, and decoupled measurement of temperature, normal force, and shear force.

Han Mengdi from Peking University, the corresponding author of the paper, explained, "These 3D micro strain gauges offer exciting possibilities for developing flexible tactile sensors and electronic skins. By transforming planar strain gauges into 3D forms using a process compatible with lithographic techniques, we can expand the sensing modality and improve the spatial density in tactile sensing."

The 3D micro strain gauges driven by thin film stress exhibit good consistency and stability, demonstrating excellent parallelization and mass processing capabilities. The process is fully compatible with microfabrication (the process of fabricating miniature structures of micrometer scales and smaller), and the fast and stable transfer method allows for seamless integration with microelectronics and microelectronics.
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"Based on the processing technology of 3D micro strain gauges, we can quickly customize the performance of sensors," said Chen Xu, a Ph.D. student in Han's lab and a co-first author of the paper.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "By adjusting the shape of the 3D microstructure, the thickness of each layer of thin film, and the thickness of the encapsulating polymer, the sensitivity and other properties of the tactile sensor can be easily changed." This provides a solid foundation for quickly customizing flexible tactile sensors and electronic skins that meet various needs.

"Each flexible sensor contains four 3D micro strain gauges oriented orthogonally, allowing precise decoupling of normal force and shear force to determine the direction and magnitude of external forces. The sensor also incorporates a temperature sensing module," noted Yiran Wang, a Ph.D. student in Han's lab and a co-first author of the paper.

"We also designed an anti-crosstalk circuit to support the spatiotemporal mapping of normal and shear forces at the skin interface using an array of our 3D micro strain gauges," Wang added.

These 3D micro strain gauges show compatibility with both microelectronics and macroelectronics and provide opportunities for potential applications from robotics to biomedicine and consumer electronics. This technological approach enhances the sensing performance and integration solutions of flexible tactile sensors, heralding enormous opportunities in microelectronics and microelectronics.
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												Chen Xu et al, Three-dimensional micro strain gauges as flexible, modular tactile sensors for versatile integration with micro- and macroelectronics, Science Advances (2024). DOI: 10.1126/sciadv.adp6094
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European consumer groups on Thursday accused the world's biggest video game companies of "purposefully tricking" consumers, including children, to push them to spend more on in-game purchases.


                                        
                                              
                                        
                                                                                                                                    Video games are wildly popular in Europe where more than half the population are players, according to industry figures published last month.

Europe's BEUC umbrella consumer rights group on Thursday filed a complaint with the European Commission, with support from member organizations in 17 European countries including France, Germany and Italy.

The groups said companies behind games such as Fortnite, EA Sports FC 24 and Minecraft are guilty of "manipulative spending tactics" involving in-game virtual currencies, which they said children "are even more vulnerable to".

The video game giants named were Activision Blizzard, Electronic Arts, Epic Games, Mojang Studios, Roblox Corporation, Supercell and Ubisoft.

Virtual currencies are digital items--such as gems, points or coins--that can be bought with real money, often in the games themselves or in an app marketplace.

When the digital currency is then used to buy options or objects within a game, the consumer groups say players lose sight of the true sums involved, making them vulnerable to "overspending."

"Today, premium in-game currencies are purposefully tricking consumers and take a big toll on children. Companies are well aware of children's vulnerability and use tricks to lure younger consumers into spending more," said BEUC head Agustin Reyna.

The groups called for items to "always be displayed in real money (eg euro), or at least they should display the equivalence in real-world currency".

Video Games Europe, an umbrella organization representing European games developers including Ubisoft, insisted in-game currencies were "well understood by players".

"Video Games Europe and its members support and promote fair and transparent principles for purchases of in-game content, including for in-game currency," it said.


                                                                                                        
    
        
        
        
    

                                                                                                                                            EU 'analyzing' complaint

According to BEUC, 84 percent of those aged 11 to 14 play video games in Europe, while the in-game purchases market was worth around $50 billion worldwide in 2020.

Children in Europe spend on average 39 euros ($43) a month on in-game purchases, BEUC said. "While they are among the ones playing the most, they have limited financial literacy and are easily swayed by virtual currencies," it said in a statement.

The groups claim the companies are breaching European Union consumer protection laws.

"Regulators must act, making it clear that even though the gaming world is virtual, it still needs to abide by real-world rules," Reyna said.

But Video Games Europe in a statement stressed its "members always respect European consumer laws in how they offer these purchases".

The European Commission confirmed it had received the groups' complaint.

"We are now analyzing the elements brought forward by the organization, and we will work together with the national consumer protection authorities, and then we will decide on next steps," said Jordis Ferroli, commission spokesperson.
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                Boeing workers who overwhelmingly voted to authorize a potential strike in July will vote again on Thursday on whether to follow through.
            
        

    


Boeing faces a potentially crippling strike in the Seattle region, depending on how 33,000 workers vote Thursday on a new contract that has angered many employees despite solid wage gains.


                                        
                                              
                                        
                                                                                                                                    Led by new CEO Kelly Ortberg, the embattled aviation giant had hoped a 25 percent wage hike over four years and a commitment to invest in the Puget Sound region would avert a strike at a time when Boeing remains financially weak after myriad crises.

But while the preliminary contract won an endorsement from leaders of the International Association of Machinists and Aerospace Workers (IAM) District 751, the response from much of the rank-and-file has been harsh.

Broadcast reports in the Seattle region have featured footage of line workers who hold daily rallies on the factory floor and call the wage hikes inadequate in light of inflation.

A Sunday posting on the IAM's Facebook page announcing the deal was removed after drawing hundreds of comments, with many condemning the deal or calling for a strike.

A strike would shutter Boeing production assembly plants for the 737 MAX and 777, further delaying the company's turnaround efforts.

Among the major points of contention, the wage hike falls short of the 40 percent IAM had sought, and the new deal fails to reinstate pensions.

IAM President Jon Holden told members what happens next is up to union members.

"We have achieved everything we could in bargaining, short of a strike," Holden said in a message to workers.

"We recommended acceptance because we can't guarantee we can achieve more in a strike," Holden said. "But that is your decision to make and is a decision that we will protect and support, no matter what."

Stephanie Pope, president of Boeing's commercial plane division, said the contract delivers the largest-ever wage hike despite the company's $60 billion in debt. The pledge to the Puget Sound region is an "unprecedented commitment" to the area.

In a statement Wednesday evening Ortberg warned against a strike, saying it would "put our shared recovery in jeopardy, further eroding trust with our customers and hurting our ability to determine our future together."

The new contract is a "hard sell," said aviation website Leeham News. "The deal makes progress in the areas IAM members identified as priorities, but falls short of the union's stated goals in most of them."

Leeham predicted the contract would fail to win a majority vote, but said it was unclear whether critics of the deal would win a two-thirds majority on a second question of whether to strike.

If the contract fails to win a majority but a strike vote also falls short, the contract offer is accepted by default, according to IAM rules.

In an interview with the Seattle Times published Monday, Holden said, "Right now, I think it will be voted down, and our members will vote to strike."


                                                                                                        
    
        
        
        
    

                                                                                                                                            Advantage: labor?

Boeing has been under renewed scrutiny since a January incident in which a fuselage panel blew out of an Alaska Airlines Boeing 737 MAX plane mid-flight, necessitating an emergency landing.

That revived questions about safety and quality control after the company had seemingly made progress following deadly MAX crashes in 2018 and 2019.

The aerospace giant in March announced a management shakeup that included the exit of Dave Calhoun as CEO. It has also slowed production on the MAX as it beefs up quality control.

Ortberg, who took the helm on August 8, has pledged a "reset" on labor relations as part of a turnaround.

The IAM talks come on the heels of a more assertive labor movement as embodied by strikes at Detroit's "Big Three" and John Deere, and a near-strike at UPS that was resolved with a last-minute deal with the Teamsters.

"The power balance has shifted in favor of workers," said Cornell University labor relations expert Harry Katz, who noted that Boeing's position has been weakened by "turmoil and management problems."

Andrew Hedden, associate director of the Harry Bridges Center for Labor Studies at the University of Washington, said strikes have become common at Boeing since 1970s.

Hedden said the company's pledge for new investment, while encouraging, did not completely settle concerns about Boeing's long-term footprint in Seattle because the contract is only four years long.

"There's still work to do for the union and for the people in Washington state to make sure the company holds to that," Hedden said.
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Google's AI model faces European Union scrutiny from privacy watchdog
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                In this April 17, 2007 file photo, exhibitors work on laptop computers in front of an illuminated sign of the Google logo at the industrial fair Hannover Messe in Hanover, Germany. Credit: AP Photo/Jens Meyer, File
            
        

    


European Union regulators said Thursday they're looking into one of Google's artificial intelligence models over concerns about its compliance with the bloc's strict data privacy rules.


                                        
                                              
                                        
                                                                                    Ireland's Data Protection Commission said it has opened an inquiry into Google's Pathways Language Model 2, also known as PaLM2. It's part of wider efforts, including by other national watchdogs across the 27-nation bloc, to scrutinize how AI systems handle personal data.

Google's European headquarters are based in Dublin, so the Irish watchdog acts as the company's lead regulator for the bloc's privacy rulebook, known as the General Data Protection Regulation, or GDPR.

The commission said its inquiry is examining whether Google has assessed whether PaLM2's data processing would likely result in a "high risk to the rights and freedoms of individuals" in the EU.

Large language models like PaLM2 are vast troves of data that act as building blocks for artificial intelligence systems. Google uses PaLM2 to power a range of generative AI services including email summarizing. The company did not respond to a request for comment.

The Irish watchdog said earlier this month that Elon Musk's social media platform X has agreed to permanently stop processing user data for its AI chatbot Grok. The platform did so only after the watchdog took it to court the month before, filing an urgent High Court application to get X to "suspend, restrict or prohibit" processing of personal data contained in public posts by its users.

Meta Platforms paused its plans to use content posted by European users to train the latest version of its large language model after apparent pressure from the Irish regulators. The decision "followed intensive engagement" between the two, the watchdog said in June.

Italy's data privacy regulator last year temporarily banned ChatGPT because of data privacy breaches and demanded the chatbot's maker OpenAI meet a set of demands to resolve its concerns.
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Bio-inspired wick enhances electronic chip cooling
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                Design idea of the bionic wick: (a) schematic diagram of the operating principle of a loop heat pipe, (b) schematic diagram of a natural leaf sectional structure, (c) stomatal array on the abaxial surface of a Cinnamomum camphora leaf, (d) schematic cross-section of the bionic wick, and (e) schematic diagram of a finger-like pore array of the bionic wick. Credit: Langmuir (2024). DOI: 10.1021/acs.langmuir.4c00434
            
        

    


A research team led by Prof. Ye Hong from the University of Science and Technology of China has developed an alumina ceramic bionic wick with finger-like pores inspired by the stomatal array of natural leaves. Their research is published in Langmuir.


                                        
                                              
                                        
                                                                                    As the performance of electronic chips continues to improve, their power consumption also increases, posing new challenges for cooling strategies. Loop heat pipes (LHPs) are a compelling cooling solution due to their high heat transfer capability, antigravity heat transfer, and absence of moving parts.

However, the differing requirements for flow resistance and capillary force make designing the pore structure of the capillary wick within an LHP challenging. Specifically, larger pores are needed for gaseous working fluids to reduce flow resistance, while smaller pores are necessary to provide sufficient capillary force for liquid suction.

To address this dilemma, Prof. Ye Hong's team drew inspiration from the stomatal structure of plant leaves. Using phase inversion tape casting, they successfully developed an alumina ceramic bionic wick with finger-like pore structures. These finger-like pores, similar to the stomatal structure of plant leaves, effectively increase the gas-liquid interface area, allowing for the timely expulsion of gaseous working fluids and reducing mass transfer resistance.

Simultaneously, the micron-sized pores around the finger-like pores provide sufficient capillary force to replenish liquid at the gas-liquid evaporation interface. Start-up and operation tests of the LHP confirmed the superior heat and mass transfer performance of the bionic wick.

This work not only resolves the conflict between enhancing capillary force and reducing flow resistance, but also offers a novel solution for high-power-density electronic chip cooling. It shows potential application value in efficient thermal management for aerospace, aviation, and microelectronics fields.
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Advancing power grounding systems: A novel predictive model for soil resistivity
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                The study shows that a combination of water content, plasticity index, and dry density, can provide a reliable prediction model for soil resistivity, paving the way for the cost-effective design of reliable power grounding systems. Credit: Shinya Inazumi from SIT, Japan https://www.sciencedirect.com/science/article/pii/S2590123024009514
            
        

    


Proper power grounding systems are necessary for maintaining the safety and reliability of critical electrical subsystem infrastructure, such as substations. Power grounding systems provide a low-resistance path for electrical fault currents to flow into the earth, preventing electrical shocks, fires, and damage to vital equipment. Investigation of soil resistivity is crucial for designing power grounding systems.


                                        
                                              
                                        
                                                                                                                                    For the most cost-effective and efficient grounding systems for electrical substations, it is imperative to carefully select sites with the lowest soil electrical resistivity. This also ensures optimal performance and safety. Therefore, accurate determination of soil resistivity is important, as inaccurate values can lead to faulty grounding systems.

The Electricity Generating Authority of Thailand has set criteria for the soil resistivity required for substations, with a threshold of less than 80 Ohm-meters. However, soil resistivity often fails to meet these requirements, highlighting the need for robust soil resistivity assessment methods.

Many studies have investigated the relationship between soil resistivity and various geotechnical properties, emphasizing the influence of water content, unit weight of soil, salt content, clay content, and particle sizes. Despite these insights, there remains a need for a comprehensive predictive model that integrates the relationships between soil electrical resistivity and multiple geotechnical parameters.

To address this challenge, a research team, led by Professor Shinya Inazumi from the College of Engineering at Shibaura Institute of Technology, conducted a comprehensive investigation into the behavior and relationships between soil resistivity and geotechnical parameters in a controlled temperature and humidity environment. They also developed a predictive model based on their findings. Their study is published in the journal Results in Engineering.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "At the heart of this study is the development of predictive models based on the relationship between soil electrical resistivity and key geotechnical properties. By developing robust correlation models, we aim to accurately predict soil resistivity under field conditions. This has significant implications for the design of grounding systems in electrical substations, particularly in regions with diverse soil types such as Thailand," says Prof. Inazumi.

In the study, the researchers measured 30 soil samples from various representative locations within the power grid substation in Thailand, using a controlled laboratory environment to establish a robust correlation of resistivity with each geotechnical parameter. Three index geotechnical properties were selected to correlate with soil electrical resistivity: water content, known to strongly influence resistivity; plasticity index, representing the clay content; and dry density, representing soil density without water.

Results revealed a clear relationship between soil resistivity and water content, with resistivity increasing with decreasing water content. However, the correlation between resistivity and plasticity index or dry density was found to be less significant, which the researchers attributed to the dominant influence of water content.

To address this issue, they further utilized nonlinear multiple regression analysis to study the combined effects of water content and other soil parameters. The coefficient of determination (r2), which explains how well a model fits the observed data, for the correlation of soil electrical resistivity, water content, and plasticity index, was found to be 0.8281, and 0.7742 for the correlation between electrical resistivity, water content, and dry density. These strong correlations suggest that a combination of water content, plasticity index, and dry density provides a reliable predictive model for soil resistivity.


                                                                                                                                            However, the team also acknowledged the limitation of this model, which can currently predict soil resistivity of only cohesive soils with fine particles. This is due to the limited variety of soil samples used in the study. Fortunately, this limitation can be easily addressed in future research by including a broader and more diverse set of soil samples.

"This study provides a method for optimizing substation grounding designs, which are critical for protecting equipment and personnel from electrical faults. The results can reduce the need for extensive soil testing and modifications, cutting costs while maintaining regulatory compliance. Beyond electrical applications, predictive models developed in the study could also be adapted for environmental monitoring," remarks Prof. Inazumi, highlighting the potential broader applications of their study.

Overall, this study breaks new ground in soil resistivity assessment, contributing to the cost-effective construction of ground systems for electrical substations and paving the way for safer and more reliable power supply, which is essential for stable economic growth.
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A charge ahead: Carrier pre-intercalation techniques boost alternative battery performance

									    

    
        
            [image: A charge ahead: Carrier pre-intercalation techniques boost alternative battery performance]
             
                Schematic displaying the effects of altering a pre-intercalating species size and charge density, along with doping effects. Credit: eScience (2023). DOI: 10.1016/j.esci.2023.100183
            
        

    


As the demand for energy storage diversifies, the limitations of lithium supplies drive a shift toward alternative technologies. Sodium, potassium, magnesium, and zinc-ion batteries emerge as promising contenders, yet face challenges in capacity, charge-discharge rate, and stability. This backdrop underscores the need for innovative approaches like carrier pre-intercalation to elevate the electrochemical performance of electrode materials.


                                        
                                              
                                        
                                                                                    Researchers from University College London's Department of Chemistry have made significant strides in battery technology with their study published in eScience, which delves into the carrier pre-intercalation process, providing a comprehensive review of how this method optimizes electrode materials for next-generation batteries.

The study comprehensively analyzes the effectiveness of carrier pre-intercalation in enhancing electrode materials for alternative battery technologies. Techniques such as chemical and electrochemical pre-intercalation are explored for their ability to insert beneficial ions into electrode structures, enlarge interlayer spacings and improve ion diffusion and electrical conductivity. These modifications significantly extend the stability and lifespan of sodium, potassium, magnesium, and zinc-ion batteries.

Dr. Yang Xu, co-author of the study, states, "This approach not only addresses the intrinsic shortcomings of non-lithium batteries but also aligns with global sustainability goals by reducing dependence on lithium, which is becoming increasingly scarce and expensive."

The implications of this research are profound and can promote the development of more sustainable energy storage systems. By enhancing the viability of sodium, potassium, magnesium, and zinc-ion batteries, carrier pre-intercalation could facilitate broader adoption in electric vehicles and grid storage, thereby influencing energy policies and market dynamics in the renewable energy sector.
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                Double-beam welding of a bipolar plate: The innovative process enables faster and more efficient production of PEM fuel cells through the use of two simultaneous laser beams. Credit: Fraunhofer ILT, Aachen, Germany
            
        

    


For hydrogen technology to become a key to the energy transition, it needs to take a decisive step forward toward broad application. The main factors holding back this longed-for breakthrough, however, are the high costs of expensive materials and complex manufacturing processes for fuel cells and electrolyzers.


                                        
                                              
                                        
                                                                                                                                    The Fraunhofer Institute for Laser Technology ILT is tackling these challenges and working hard to develop cost-efficient and scalable solutions. At Hy-fcell 2024 in Stuttgart, the Aachen-based institute will be presenting pioneering innovations in Hall 4, Stand 4E51, transformations that help to make production processes considerably more economical and sustainable at the same time.

Laser-based drying of electrodes: Energy efficiency, speed and space savings in fuel cell production

As the demand for fuel cells grows, it is becoming increasingly important to make production processes more efficient. Yet, a key challenge remains: drying the wet-applied electrode layers for the membrane electrode assembly (MEA) in the polymer electrolyte membrane (PEM) fuel cell. Conventionally, this process is carried out in large convection ovens, which consume a great deal of energy and take up considerable space in a production hall.

Fraunhofer ILT has developed a laser-assisted drying technology that addresses these issues. The use of lasers, which expose the electrodes selectively, reduces the drying time from several minutes down to just a few seconds. This drastic reduction in drying time significantly increases production speed, particularly in the roll-to-roll process.

Furthermore, this process reduces energy requirements compared to conventional gas-powered continuous ovens. In addition, the laser system requires considerably less space, which enables a more compact and flexible production line.

"By developing a laser-based roll-to-roll process for the production of membrane electrode units, we are taking an important step towards making fuel-cell manufacturing processes more efficient. With our laser-assisted drying technology, we are setting a new standard that not only increases production speed, but also optimizes energy efficiency and space utilization," explains Manuella Guirgues from the Thin Film Processing group at Fraunhofer ILT.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Corrosion protection coatings for bipolar plates: Increasing efficiency and reducing costs in fuel cell production

Particularly with PEM fuel cells, the aggressive chemical conditions within the fuel cell pose new challenges for production. Protecting the metallic bipolar plates (BPP) from corrosion is not only essential for the service life of the cell, but also for the efficiency of the entire fuel-cell stack.

When BPPs are coated with chemical or physical vapor deposition in a vacuum, costs rise and production slows down. Fraunhofer ILT is working on a process that combines spray coating with laser-beam processing in order to achieve an electrically conductive and corrosion-resistant finish on the metallic bipolar plates--without the need for an energy-intensive vacuum process.

This approach can not only significantly reduce production costs through the use of cost-effective materials, but also be better integrated into continuous manufacturing processes. The high scalability of the process helps to efficiently serve the growing market for PEM fuel cells.

Julius Funke from the High Temperature Functionalization group emphasizes, "Our laser-based method for the production of corrosion protection layers offers an efficient and cost-effective alternative to traditional vacuum processes. It enables faster production and improved scalability, which is crucial to meet the increasing demand for PEM fuel cells."


                                                                                                                                            Optimization of fuel cell production through double-beam welding and repair of forming tools

Double-beam welding can also be used to speed up production elsewhere. This process uses two laser beams simultaneously to weld the metallic bipolar plates, a technique that reduces the cycle time by almost 50% without compromising the seam quality.

When the two beams are used to weld at one point, the melt pool dynamics can be influenced selectively, enabling higher welding speeds and avoiding typical defects such as humping. This process enables faster and more efficient production that meets the increasing demands of hydrogen technology.

The production of metallic BPPs is also hampered by the service life of the tool steels used. The tools are susceptible to wear due to their high mechanical loads. The approach taken by ILT is to replace cost-intensive tool steels with structural steels and to apply high-quality wear protection coatings using extreme high-speed laser cladding (EHLA).

Compared to conventional tool steels, the coated workpieces exhibit an increase in sliding friction wear resistance by a factor of more than 10. The EHLA process also allows damaged areas of the tools to be repaired, enabling the tools to be adapted and reused. This technology significantly extends the service life of the tools, which in turn reduces production costs and increases sustainability in manufacturing.

Fraunhofer ILT is developing a number of processes to make the process chain for manufacturing fuel-cell components more efficient. These include high-speed cutting, with which the BPPs are precisely trimmed and media feed holes are cut directly.

An innovative approach is the laser-based introduction of microstructures into the metallic BPP, which reduce the electrical contact resistance and displace the water from the contact zone during operation of the fuel cell.

The Aachen researchers are also intensively investigating the structuring and welding of compound BPPs and MEAs in order to further automate the production of fuel cells and make it more efficient.
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Versatile microscale robots can fold into 3D shapes and crawl
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                Kirigami structure of metabots. Credit: Nature Materials (2024). DOI: 10.1038/s41563-024-02007-7
            
        

    


Cornell University researchers have created microscale robots less than 1 millimeter in size that are printed as a 2D hexagonal "metasheet," but with a jolt of electricity, morph into preprogrammed 3D shapes and crawl.


                                        
                                              
                                        
                                                                                                                                    The robot's versatility is due to a novel design based on kirigami, a cousin of origami, in which slices in the material enable it to fold, expand and locomote.

The team's paper, "Electronically Configurable Microscopic Metasheet Robots," appears in Nature Materials. The paper's co-lead authors are postdoctoral researchers Qingkun Liu and Wei Wang. The project was led by Itai Cohen, professor of physics. His lab has previously produced microrobotic systems that can actuate their limbs, pump water via artificial cilia and walk autonomously.

In a sense, the origins of the kirigami robot were inspired by "living organisms that can change their shape," Liu said. "But when people make a robot, once it's fabricated, it might be able to move some limbs but its overall shape is usually static. So we've made a metasheet robot. The 'meta' stands for metamaterial, meaning that they're composed of a lot of building blocks that work together to give the material its mechanical behaviors."

The robot is a hexagonal tiling composed of approximately 100 silicon dioxide panels that are connected through more than 200 actuating hinges, each about 10 nanometers thin. When electrochemically activated via external wires, the hinges form mountain and valley folds and act to splay open and rotate the panels, allowing the robot to change its coverage area and locally expand and contract by up to 40%. Depending on which hinges are activated, the robot can adopt various shapes and potentially wrap itself around other objects, and then unfold itself back into a flat sheet.



    
    
    
        
        
    
            
            A metabot crawling towards its head direction due to the symmetry breaking of its shape. The video has been sped up by a factor of 8. Credit: Nature Materials (2024). DOI: 10.1038/s41563-024-02007-7
  

Cohen's team is already thinking of the next phase of metasheet technology. They anticipate combining their flexible mechanical structures with electronic controllers to create ultra-responsive "elastronic" materials with properties that would never be possible in nature. Applications could range from reconfigurable micromachines to miniaturized biomedical devices and materials that can respond to impact at nearly the speed of light, rather than the speed of sound.

"Because the electronics on each individual building block can harvest energy from light, you can design a material to respond in programmed ways to various stimuli. When prodded, such materials, instead of deforming, could 'run' away, or push back with greater force than they experienced," Cohen said. "We think that these active metamaterials--these elastronic materials--could form the basis for a new type of intelligent matter governed by physical principles that transcend what is possible in the natural world."


                                                                                                                                                                            
                                        											
																								More information:
												Qingkun Liu et al, Electronically configurable microscopic metasheet robots, Nature Materials (2024). DOI: 10.1038/s41563-024-02007-7
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Study explores helping vulnerable populations escape from hurricanes with driverless cars

									    

    
        
            [image: Escape from hurricanes with driverless cars]
             
                Evacuation map of Houston, TX. The utilized network, with at-risk TAZs marked in yellow to red and the recommended evacuation route defined by the local metropolitan planning organization (MPO). Credit: Transportation Planning and Technology (2024). DOI: 10.1080/03081060.2024.2360678
            
        

    


When a hurricane strikes, the most vulnerable are not always able to get out in time. UT Austin scientists are using supercomputers at the Texas Advanced Computing (TACC) to study how shared autonomous vehicles (SAVs) can get people who do not have their own car into shelters out of harm's way.


                                        
                                              
                                        
                                                                                                                                    "A key finding of our study is that if you need to size this system for a certain evacuation period, then you're going to want one shared vehicle for every 14 evacuees along the very long coastline between Galveston and Houston," said Kara Kockelman, a professor of transportation engineering in the Department of Civil, Architectural and Environmental Engineering at UT Austin. She co-authored the study, published in the journal Transportation Planning and Technology.

The idea is to use shared autonomous vehicles, akin to the robotaxis of companies like Cruise and Waymo, to bring carless people to bus stations, from which buses can then transport them to hurricane shelters further inland of Houston.

"That can be difficult to do in these low density, more rural environments to do in less than a couple of hours," Kockelman added. The areas at high risk for evacuation include Brazoria, Chambers, Galveston, Harris, and Liberty counties. The study focuses on the thousands of people who can be stranded, such as those listed in Medicare databases who don't have cars or access to a ride.

An estimated 900,000 people will receive orders to evacuate when a Category 5 hurricane strikes--about 12.4% of the Houston area's total population. The engineers estimated that the background traffic is about 50% of the normal traffic load. The rest of the population is assumed to remain in place.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The evacuees will travel across Houston's complex network of roads; 36,124 links spread across 5,217 areas, known as traffic analysis zones. Out of these, 1,035 zones are in areas highly likely to be hit by strong hurricanes.

Kockelman was awarded allocations for her traffic simulations with SAVs on TACC's Frontera supercomputer.

"This work is impossible without supercomputers," added Kockelman. "We're tracking individual persons and individual vehicles every few seconds over 24 hours or days of actual traffic as it evolves from morning to evening and overnight."

The traffic decisions in the simulations account for how bad traffic is, picking the best routes, and prioritizing pickups to minimize the time that it takes to clear evacuees.

The engineers used the (SUMO) Simulation of Urban Mobility traffic simulation software to assess traffic congestion and network capacities. They modeled pre-disaster evacuation scenarios with a lead time of several days before hurricane landfall.

"SUMO models the daily activities of everyone living in the region," said Kentaro Mori, a UT Austin Ph.D. student supervised by Kockelman. "There's a lot of complexity that adds to the computational cost. Without TACC, we wouldn't be able to run the many scenarios that we need to truly answer these important research questions and make the best policy recommendations."

The team started the simulations with 200 robotaxis expanding out to 1,200--they also tried different sized cars.


                                                                                                                                            "At the end of the day, the 5-seater cars were the nimblest," Kockelman said. "These vehicles accelerate more quickly into traffic compared to the larger vehicles." What's more, the simulations showed diminishing returns on a fleet larger than 200.

This study was a pioneering effort that provides suggestive data of a viable alternative mode of transportation for hurricane evacuees without access to private vehicles. While the results are not being directly used for hurricane applications yet, the engineers did consult with evacuation leaders for Texas in forming the study. The authors anticipate SAVs playing a bigger role in evacuations, as companies like Waymo broaden their ridership; and operations make improvements through methods such as smart repositioning of idle vehicles, optimal dynamic ride sharing matching, enhanced path finding algorithms, and more.

Kockelman added that the traffic simulations could apply to other cities and different disaster evacuation scenarios, such as wildfires on the west coast.

"The ability to simulate in detail and allow for uncertainty and heterogeneity in the population was never feasible before with the way people make decisions or how traffic unfolds second-by-second level," Kockelman said. "That richness comes alive with the use of TACC systems. We're fortunate that we're here at UT Austin and able to harness that ability."


                                                                                                                                                                            
                                        											
																								More information:
												Jooyong Lee et al, Leveraging shared autonomous vehicles for vulnerable populations during pre-disaster evacuation, Transportation Planning and Technology (2024). DOI: 10.1080/03081060.2024.2360678
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VR system mixes physical and virtual worlds to drive home climate urgency

									    

    
        
            [image: Mixing physical, virtual worlds to drive home climate urgency]
             
                Members of the Roosevelt Island community test out the Communal eXtended-Reality system created by Cornell Tech researchers while riding the island's public bus. Credit: Jess Campitiello / Cornell Tech
            
        

    


An iconic red shuttle bus ferries commuters and visitors along the winding streets of New York City's Roosevelt Island. But this isn't a typical sightseeing tour.


                                        
                                              
                                        
                                                                                                                                    Passengers all don virtual reality headsets for an eye-opening experience--a cutting-edge blend of the physical and digital worlds, designed to engage communities in new ways through the Communal eXtended-Reality (CXR) system.

Passengers were transported into a realm where virtual environments seamlessly merged with their real surroundings. Guided by audio narration, they encountered nine striking scenes depicting the escalating impacts of climate change, with a particular focus on rising floodwaters.

"In the fragmented media landscape we live in, and with differences in regional issues, the shared physical experience is a very unique way to bring people together," said Wendy Ju, associate professor at the Jacobs Technion-Cornell Institute at Cornell Tech, whose research group created CXR.

Ju and her team presented the CXR system at the July 2024 ACM SIGCHI Conference on Designing Interactive Systems, where it earned an honorable mention. Co-authors included Cornell Tech postdoctoral associate and project lead Sharon Yavo-Ayalon, along with doctoral students Adam Yuzhen Zhang and Fanju Bu; Cooper Murr; and researchers from New York University and the University of Massachusetts, Amherst.

Projections suggest that a 100-year flood could submerge most of Roosevelt Island. Despite these alarming forecasts, research indicates that such a catastrophe doesn't feel real to many in the public.


                                                                                                        
    
        
        
        
    

                                                                                                                                            This disconnect between knowledge and urgency is precisely what the CXR system aims to address. The technology--which synchronizes real-world movement with virtual overlays--provides a fully immersive, shared extended reality (XR) experience designed to foster a unified understanding of pressing challenges, such as climate change.

This integration allows participants to experience a shared reality while physically traveling through their environment, making the experience both communal and deeply rooted in place.

The deployment of the CXR system on Roosevelt Island proved to be more than just an educational exercise. After seeing "worst-case" flooding scenarios, scenes of Superstorm Sandy, and future sea-level rise forecasts, participants reported strong emotional responses, with many expressing increased concern about climate change and a desire to take action. One participant was even moved to tears upon seeing a simulated flood reach the steps of her school.

These types of reactions were not surprising, Ju said.

"In the planning and development phase, we were warned about scaring people about flooding and climate change because people can become hopeless," she said. "We tried very hard to employ humor and emphasize possible interventions to mitigate this. We did find that people got worried, but we also noted that the worry seemed to galvanize people to act, which is a good outcome from our perspective."

Potential applications of the CXR system extend far beyond its initial deployment, Ju said. CXR can play a crucial role in urban planning by engaging communities in discussions about new developments. By providing a clear and immersive presentation of proposed changes, it helps to reduce misunderstandings and conflicts, fostering a more informed and collaborative approach to future planning.

"Immersive technologies can bring future challenges into focus," Ju said, "which is important for generating the social will to address and prepare for things to come."
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            [image: Computer engineers at ORNL pioneer approaches to energy-efficient supercomputing]
             
                From left, Sedrick Bouknight and Matthias Maiterth of ORNL's Analytics and AI Methods at Scale group demonstrate the VR capabilities of the Frontier digital twin project's ExaDIGIT framework. Using VR allows Frontier's operators to exam the system's telemetry in a more interactive and intuitive way. Credit: Wes Brewer/ORNL, U.S. Dept. of Energy
            
        

    


As high-tech companies ramp up construction of massive data centers to meet the business boom in artificial intelligence, one component is becoming an increasingly rare commodity: electricity.


                                        
                                              
                                        
                                                                                                                                    Commercial demand for electricity has been growing sharply in recent years and is projected to increase by 3% in 2024 alone, according to the U.S. Energy Information Administration. But that growth has been driven by just a few states--the ones that are rapidly becoming hubs for large-scale computing facilities, such as Virginia and Texas.

The inventory of North American data centers grew 24.4% year over year in the first quarter of 2024, as the real-estate services firm CBRE reports in its "Global Data Center Trends 2024" study. These new centers are being built with capacities of 100 to 1,000 megawatts, or about the same loads that can power from 80,000 to 800,000 homes, notes the Electric Power Research Institute in a 2024 white paper.

In this paper, EPRI analyzes AI and data-center energy consumption and predicts that if a projected high growth rate of 10% per year continues, data centers will annually consume up to 6.8% of total U.S. electricity generation by 2030--versus an estimated 4% today.

To satisfy that soaring demand, Goldman Sachs Research estimates that U.S. utilities will need to invest around $50 billion in new electrical generation capacity. Meanwhile, community opposition to data center construction in some areas is also growing, as grassroots groups protest the potential local impacts of more and more data centers and their increasing demands for electricity for AI and water for cooling.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Whether the nation's private enterprises can pull off the daunting challenge of powering an AI "revolution" may depend less on money and more on ingenuity. That CBRE study concludes with a helpful, or perhaps hopeful, recommendation: "High-performance computing [or HPC] will require rapid innovation in data center design and technology to manage rising power density needs."

At the Oak Ridge Leadership Computing Facility, a Department of Energy Office of Science user facility located at Oak Ridge National Laboratory, investigating new approaches to energy-efficient supercomputing has always been part of its mission.

Since its formation in 2004, the OLCF has fielded five generations of world-class supercomputing systems that have produced a nearly 2,000 times increase in energy efficiency per floating point operation per second, or flops. Frontier, the OLCF's latest supercomputer, currently ranks first in the TOP500 list of the world's most powerful computers, and in 2022, it debuted at the top of the Green500 list of the world's most energy-efficient computers.

Keeping the electricity bill affordable goes hand in hand with being a government-funded facility. But constructing and maintaining leadership supercomputers are no longer just the domain of government. Major tech companies have entered HPC in a big way but are only just now starting to worry about how much power these mega systems consume.


                                                                                                                                            "Our machines were always the biggest ones on the planet, but that is no longer true. Private companies are now deploying machines that are several times larger than Frontier. Today, they essentially have unlimited deep pockets, so it's easy for them to stand up a data center without concern for efficiency," said Scott Atchley, chief technology officer of the National Center for Computational Sciences, or NCCS, at ORNL. "That will change once they become more power constrained, and they will want to get the most bang for their buck."

With decades of experience in making HPC more energy efficient, the OLCF may serve as a resource for best "bang for the buck" practices in a suddenly burgeoning industry.

"We are uniquely positioned to influence the full energy-efficiency ecosystem of HPC, from the applications to the hardware to the facilities. And you need efficiency gains in all three of those areas to attack the problem," said Ashley Barker, OLCF program director.

"Striving for improvements in energy efficiency comes into play in every aspect of our facility. What is the most energy-efficient hardware we can buy? What is the most energy-efficient way we can run that hardware? And what are the most energy-efficient ways that we can tweak the applications that run on the hardware?"

As the OLCF plans its successor to Frontier--called Discovery--those questions are asked daily as different teams work together to deliver a new supercomputer by 2028 that will also demonstrate next-generation energy efficiencies in HPC.


                                                                                                        
    
        
        
        
    

                                                                                                                                            System hardware

One of the most significant computational efficiency advancements of the past 30 years originated from an unlikely source: video games.

More specifically, the innovation came from chip makers competing to fulfill the video game industry's need for increasingly sophisticated in-game graphics. To achieve the realistic visuals that drew in gamers, personal computers and game consoles required dedicated chips--also known as the graphics processing unit, or GPU--to render detailed moving images.

Today, GPUs are an indispensable part of most supercomputers, especially ones used for training artificial intelligence models. In 2012, when the OLCF pioneered the use of GPUs in leadership-scale HPC with its Titan supercomputer, the design was considered a bold departure from traditional systems that rely only on central processing units, or CPUs.

It required computational scientists to adapt their codes to fully exploit the GPU's ability to churn through simple calculations and speed up the time to solution. The less time it takes a computer to solve a particular problem, the more problems it can solve in a given time frame.

"A GPU is, by design, more energy efficient than a CPU. Why is it more efficient? If you're going to run electricity into a computer and you want it to do calculations very efficiently, then you want almost all the electricity powering floating point operations. You want as much silicon area to just be floating point units, not all the other stuff that's on every CPU chip.


                                                                                                                                            "A GPU is almost pure floating point units. When you run electricity into a machine with GPUs, it takes roughly about a tenth the amount of energy as a machine that just has CPUs," said ORNL's Al Geist, director of the Frontier project.

The OLCF's gamble on GPUs in 2012 paid off over the next decade with progressively more energy-efficient systems as each generation of OLCF supercomputer increased its number of speedier GPUs. This evolution culminated in the architecture of Frontier, launched in 2022 as the world's first exascale supercomputer, capable of more than 1 quintillion calculations per second and consisting of 9,408 compute nodes.

However, when exascale discussions began in 2008, the Exascale Study Group issued a report outlining its four biggest challenges, foremost of which was power consumption. It foresaw an electric bill of potentially $500 million a year. Even accounting for the projected technological advances of 2015, the report predicted that a stripped-down 1-exaflop system would use 150 megawatts of electricity.

"DOE said, 'That's a non-starter.' Well, we asked, what would be acceptable? And the answer that came back was, 'We don't want you to spend more money on electricity than the cost of the machine,'" Geist said. "In the 2009 time frame, supercomputers cost about $100 million. They have a lifetime of about five years.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "What you end up with is about $20 million per year that we could spend on electricity. How many megawatts can I get out of $20 million? It turns out that 1 megawatt here in East Tennessee is $1 million a year, roughly. So that was the number we set as our target: a 20-megawatt per exaflop system."

There wasn't a clear path to achieving that energy consumption goal. So, in 2012, the DOE Office of Science launched the FastForward and DesignForward programs to work with vendors to advance new technologies.

FastForward initially focused on the processor, memory and storage vendors to address performance, power-consumption and resiliency issues. It later moved its focus to node design (i.e., the individual compute server). DesignForward initially focused on scaling networks to the anticipated system sizes and later focused on whole-system packaging, integration and engineering.

As a result of the FastForward investment, semiconductor chip vendor AMD developed a faster, more powerful compute node for Frontier--consisting of a 64-core 3rd Gen EPYC CPU and four Instinct MI250X GPUs--and figured out a way to make the GPUs more efficient by turning off sections of the chips that are not being used and then turning them back on when needed in just a few milliseconds.

"In the old days, the entire system would light up and sit there idle, still burning electricity. Now we can turn off everything that's not being used--and not just a whole GPU. On Frontier, about 50 different areas on each GPU can be turned off individually if they're not being used. Now, not only is the silicon area mostly devoted to floating point operations, but in fact I'm not going to waste any energy on anything I'm not using," Geist said.

However, with the next generation of supercomputers, simply continuing to add more GPUs to achieve more calculations per watt may have reached its point of diminishing returns, even with newer and more advanced architectures.

"The processor vendors will really have to reach into their bag of tricks to come up with techniques that will give them just small, incremental improvements. And that's not only true for energy efficiency, but it's also true for performance. They're getting about as much performance out of the silicon as they can," Atchley said.

"We've been benefiting from Moore's Law: transistors got smaller, they got cheaper and they got faster. Our applications ran faster, and the price point was the same or less. That world is over. There are some possible technologies out there that might give us some jumps, but the biggest thing that will help us is a more integrated, holistic approach to energy efficiency."


                                                                                                                                            System operations

Feiyi Wang--leader of the OLCF's Analytics and AI Methods at Scale, or AAIMS, group--has been spending much of his time pondering an elusive goal: how to operate a supercomputer so that it uses less energy. Tackling this problem first required the assembly of a massive amount of HPC operational data.

Long before Frontier was built, he and the AAIMS group collected over one year's worth of power profiling data from Summit, the OLCF's 200-petaflop supercomputer launched in 2018. Summit's 4,608 nodes each have over 100 sensors that report metrics at 1 hertz, meaning that for every second, the system reports over 460,000 metrics.

Using this 10-terabyte dataset, Wang's team analyzed Summit's entire system from end to end, including its central energy plant, which contains all its cooling machinery. They overlaid the system's job allocation history on the telemetry data to construct per-job, fine-grained power-consumption profiles for over 840,000 jobs. This work earned them the Best Paper Award at the 2021 International Conference for High Performance Computing, Networking, Storage, and Analysis, or SC21.

The effort also led Wang to come up with a few ideas about how such data can be used to make informed operational decisions for better energy efficiency.

Using the energy-profile datasets from Summit, Wang and his team kicked off the Smart Facility for Science project to provide ongoing production insight into HPC systems and give system operators "data-driven operational intelligence," as Wang puts it.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "I want to take this continuous monitoring one step further to 'continuous integration,' meaning that we want to take the computer's ongoing metrics and integrate them into a system so that the user can observe how their energy usage is going to be for their particular job application. Taking this further, we also want to implement 'continuous optimization," going from just monitoring and integration to actually optimizing the work on the fly," Wang said.

Another one of Wang's ideas may assist in that goal. At SC23, Wang and lead author Wes Brewer, a senior research scientist in the AAIMS group, delivered a presentation, "Toward the Development of a Comprehensive Digital Twin of an Exascale Supercomputer." They proposed a framework called ExaDIGIT that uses augmented reality, or AG, and virtual reality, or VR, to provide holistic insights into how a facility operates to improve its overall energy efficiency.

Now, ExaDIGIT has evolved into a collaborative project of 10 international and industry partners, and Brewer will present the team's newest paper at SC24 in Atlanta, Georgia.

At ORNL, the AAIMS group launched the Digital Twin for Frontier project to construct a simulation of the Frontier supercomputer. This virtual Frontier will enable operators to experiment with "What if we tried this?" energy-saving scenarios before attempting them on the real Frontier machine. What if you raised the incoming water temperature of Frontier's cooling system--would that increase its efficiency? Or will you put it at risk of not cooling the system enough, thereby driving up its failure rate?


                                                                                                                                            "Frontier is a system so valuable that you can't just say, 'Let's try it out. Let's experiment on the system,' because the consequences may be destructive if you get it wrong," Wang said. "But with this digital twin idea, we can take all that telemetry data into a system where, if we have enough fidelity modeled for the power and cooling aspects of the system, we can experiment. What if I change this setting--does it have a positive effect on the system or not?"

Frontier's digital twin can be run on a desktop computer, and using VR and AR allows operators to examine the system telemetry in a more interactive and intuitive way as they adjust parameters. The AAIMS group also created a virtual scheduling system to examine the digital twin's power consumption and how it progresses over time as it runs jobs.

Although the virtual Frontier is still being developed, it is already yielding insights into how workloads can affect its cooling system and what happens with the power losses that occur during rectification, which is the process of converting alternating current to direct current. The system is also being used to predict the future power and cooling needs of Discovery.

"We can and will tailor our development as well as the system to address any current and future pressing challenges faced by the OLCF," Wang said.

Facility infrastructure

Powering a supercomputer doesn't just mean turning it on--it also means powering the entire facility that supports it. Most critical is the cooling system that must remove the heat generated by all the computer's cabinets in its data center.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "From a 10,000-foot viewpoint, a supercomputer is really just a giant heater--I take electricity from the grid, I run it into this big box, and it gets hot because it's using electricity. Now I have to run more electricity into an air conditioner to cool it back off again so that I can keep it running and it doesn't melt," Geist said.

"Inside the data center there is a lot of work that goes into cooling these big machines more efficiently. From 2009 to 2022, we have reduced the energy needed for cooling by 10 times, and our team will continue to make cooling optimizations going forward."

Much of the planning for those cooling optimizations is led by David Grant, the lead HPC mechanical engineer in ORNL's Laboratory Modernization Division. Grant oversees the design and construction of new mechanical facilities and is primarily responsible for ensuring that every new supercomputer system installed at the OLCF has the cooling it requires to reliably operate 24-7.

He started at ORNL in 2009 and worked on operations for the Jaguar supercomputer. Then, he became involved in its transition into Titan in 2012, led Summit's infrastructure design for its launch in 2018, and most recently oversaw all the engineering to support Frontier.

In that span of time, the OLCF's cooling systems have substantially evolved alongside the chip technology, going from loud fans and chiller-based air-conditioning in Jaguar to fan-free liquid cooling in Frontier.

Furthermore, the water temperatures required to cool down the compute nodes have risen from 42degF for Titan to Frontier's 90degF--a target set by the FastForward program. That extra warmth spurs huge energy savings because the circulating water no longer needs to be refrigerated and can be sufficiently cooled by evaporative towers instead.


                                                                                                                                            "We are trying to get the warmest water possible back from the cabinets while serving them the warmest water-supply temperatures--the higher the supply temperatures, the better," Grant said.

"Warmer water coming back to us allows us to minimize the flow that we have to circulate on the facility side of the system, which saves pumping energy. And then the warmer temperatures allow us to be more efficient with our cooling towers to be able to reject that heat to our environment."

Frontier's power usage effectiveness, or PUE--the ratio of the total power used by a computer data-center facility versus the power delivered to computing equipment--is delivering 1.03 at peak usage. This essentially means that for every 1,000 watts of heat, it takes just 30 watts of additional electrical power to maintain the system's appropriate thermal envelope.

The global, industry-wide average for data centers is around 1.47 PUE, according to the Uptime Institute.

Making further reductions in power usage for a faster system such as Discovery will require even more innovative approaches, which Grant is investigating.

First, the concept of recovering (or using) some of Discovery's excess heat may hold some promise. The facility is well situated to reuse waste heat if it can be moved from the cooling system to the heating system. But this task is challenging because of the elevated temperatures of the heating system, the low-grade heat from the cooling system and the highly dynamic nature of the heat being generated by the HPC systems.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Second, the incoming Discovery system will share Frontier's cooling system. Additional operational efficiencies are expected from this combined-use configuration.

"Right now, Frontier gets to sit on its own cooling system, and we've optimized it for that type of operation. But if you have Frontier demanding up to 30 megawatts and then another system demanding perhaps that much again, what does that do to our cooling system?

"It is designed to be able to do that, but we're going to be operating at a different place in its operational envelope that we haven't seen before. So, there'll be new opportunities that present themselves once we get there," Grant said.

Third, Grant is examining how construction and equipment choices may benefit the facility's overall energy efficiency. For example, Frontier's cooling system has 20 individual cooling towers that require a process called pacification to help protect their internal metal surfaces, and this process involves a lot of pumping over time. That step could be eliminated with newer towers that no longer require the pacification process.

Fourth, idle time on a supercomputer can use up a great deal of electricity --Frontier's idle loads are 7 to 8 megawatts. What if that idle load could be greatly reduced or eliminated?

"When we interact with the customers who have influence on the software side, we try to communicate to them how their decisions will translate through the cooling system and to the facility energy use," Grant said.

"I think there's a lot of potential on the software side to try to reduce the idle load requirement and make their models run as efficiently as possible and increase the utilization of the system. In return, they will get higher production on their side for the data that they're trying to produce."


                                                                                                                                            Applications

Optimizing science applications to run more efficiently on the OLCF's supercomputers is the domain of Tom Beck, head of the NCCS's Science Engagement section, and Trey White, a distinguished research scientist in the NCCS's Algorithms and Performance Analysis group. Getting codes to return their results faster is not exactly a new concept, but the goal is now shifting away from just pure speed.

"For a long time, people have wanted to make their codes run faster, and that's what we've concentrated on--that singular goal of running faster applications, which also happened to reduce energy use," White said.

"Hardware is still increasing in speed, just not as fast as it used to, and so now we must look at applications in terms of both time and energy efficiency. For the most part, running faster means less energy, but it's not a perfect correlation. So, we are now starting to look at trade-offs between the two."

One area the team is investigating is how the operating frequency of the GPUs can impact their energy consumption. The maximum frequency for a GPU to achieve its fastest throughput may not necessarily be the most energy-efficient frequency.

"But if you start at the maximum frequency and pull back by 5% to 10%, there are some indications you might get 20% or 25% energy savings. So, then it's an arbitrage of, are you willing to give up a little bit of your performance to get big energy savings?" Beck said.

"Previously, what maximum clock frequency the computer uses was set for all projects to a single number, in general. But now we're looking at adapting that per application and maybe even within a single run," White said. "That 'frequency knob' is one example of something where there's a trade-off between time and energy efficiency, and we're investigating how to give users that choice."


                                                                                                        
    
        
        
        
    

                                                                                                                                            Another area the team is exploring is the use of mixed-precision arithmetic. Historically, full-precision floating point arithmetic at 64 bits was considered the standard for computational accuracy in science applications. Increasingly more powerful supercomputers since the early 2000s made full precision nearly as fast to use as single-precision arithmetic at 32 bits.

Now, with the rise of the AI market, low-precision arithmetic--16 bits or fewer--has demonstrated that it is accurate enough for training neural networks and other data-science applications. Driven by GPUs, low-precision calculations can offer substantial speedups and energy savings.

"Using lower precision is a scary landscape to users because everybody's used to assuming full precision's 64 bits and partly just because it's already there and accessible," Beck said.

"And if you start deviating from 64 bits, it could impact things in nonlinear ways throughout your code, where it's really hard to track down what's going on. So that's part of our research strategy--to do a broad study of the impacts of going to mixed-precision arithmetic in some applications."

Another area that may reap increases in energy efficiency is data transfer--the less movement of data, the less electricity required. This work could be accomplished by constructing software algorithms that reduce data movement. Beck would like to offer users pie charts that show the percentages of power used by each different operation of an algorithm, thereby allowing them to target potential reductions.

"Without a radical hardware change or revolution in the architecture, applications are really the place that people are looking now for increasing energy efficiency," Beck said. "Most likely, this is not a game of getting a 300% improvement through coding.

"There are definitely places where we can make improvements, but it's probably going to be a more incremental process of 3% here, 5% there. But if you can accumulate that over a bunch of changes and get to 20%, that's a big accomplishment."
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3D printing is set to revolutionize European manufacturing, producing complex, multilayered components for everything from toys and cars to wind turbines and satellites.


                                        
                                              
                                        
                                                                                                                                    If 3D printing makes good on its promise, it will fundamentally change the way things are manufactured. And it could also become everyone's best friend. Just imagine if for any broken part in your household, you could simply make a new one with your home printer.

Thanks to advances made by an EU-funded research team, it is now possible to print advanced parts for motorbikes, cars, aircraft and even satellites using different materials and shapes while producing much less waste. It is even possible to embed electrical conductors or optical fibers that can act as sensors.

Multilayered manufacturing

This is because 3D printing can allow parts to be created layer by layer, making it easier to seamlessly combine, for example, metals, plastics, ceramics and even fiberoptics together, in one part, in a single process. This enables companies to make smarter parts using exactly the amount of material needed, thus reducing waste to a minimum.

Rudolf Gradinger, a research engineer at the Austrian Institute of Technology, is one of the researchers helping to drive these developments forward. He headed up a three-year multi-country research initiative called MULTI-FUN that received funding from the EU to push the boundaries of 3D multi-material manufacturing.

The MULTI-FUN team, which worked together over three and a half years until December 2023, included researchers and industrial partners from across Europe (Austria, Belgium, Germany, Poland, Portugal, Spain, Switzerland, UK). Their focus was on developing innovative advanced materials ready for market. The participation of nine SMEs played a key role in helping to accelerate market uptake.

Gradinger highlights the example of an airplane part containing optical fibers. The researchers built up the part layer by layer using aluminum and embedding optical fibers. This gave it "impossible superpowers."

"The nerves in your arm mean you can sense when your arm gets twisted," said Gradinger. "These optical fibers are like nerves and can sense when a part bends too much or becomes damaged."

Improved functionality was also the aim of Richard Kordass, a design engineer at German automotive company EDAG, one of the partners in the research team. They developed motorbike handlebars printed with copper wiring and ceramic insulation built in.

"The only way that is possible is by additive manufacturing," stressed Kordass.

So much progress has been made that Rita Gomes Bola from the European Welding Federation in Belgium, who also worked on MULTI-FUN, believes that the latest advances have fundamentally changed how design engineers work.

"We can now rethink how parts are designed in ways that manufacturers never even dreamt of," she said.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Aiming for the moon

The possibilities of 3D printing extend to the creation of high-performance parts for the space industry. The researchers created a special casing for a motor used on space satellites. Its steel body incorporated copper highways for significant improvement of heat management of electric drives.

"We doubled the heat transfer rate so the electric motor can now operate faster and not get so heated," said Gradinger, explaining that temperature is part of what causes metal parts to fatigue.

Damaged parts can stop working or need repair, which is practically not feasible when a satellite is orbiting the Earth. This makes the space industry a prime candidate to benefit from 3D printing advances.

The EU currently accounts for 22% of the world's manufacturing output, delivering a trade surplus in manufactured goods of EU421 billion each year. This is why the EU is investing in research to further strengthen this sector.

Additive manufacturing is seen as central to the EU's manufacturing future and is supported through various initiatives, including the Made in Europe and Factories of the Future partnerships with industry. The aim is to boost the industrial competitiveness of European companies in areas such as aerospace, automotive production and health care.

When 3D printing was first introduced in manufacturing, it was mostly used to create prototypes. Now, however, it has evolved to become a key part of the manufacturing process, making it faster and more efficient.

"We've moved from rapid prototyping to rapid manufacture," said Kordass.

3D printed parts are already being used in the aerospace and automotive industry where they help to reduce fuel consumption. Siemens in Germany already 3D prints gas turbine blades, while Airbus uses printed parts in commercial aircraft to save on weight and fuel.


                                                                                                                                            Spreading the word

Although additive manufacturing is rapidly becoming a part of modern industrial production, it is not equally advanced across all of Europe. Professor Liviu Marsavina, vice rector for research at the Politehnica University Timisoara in Romania, is part of a team of European researchers who have been working hard to spread 3D printing know-how more widely across the EU.

Marsavina, a professor in strength of materials and fracture mechanics, coordinated an EU-funded initiative called SIRAMM that ran from 2019 to 2023.

It connected researchers in Romania, with researchers from the Institute of Physics of Materials at the Czech Academy of Sciences (IPM) in Brno, Czechia, the University of Belgrade in Serbia, the Norwegian University of Science and Technology and the University of Parma in Italy. Its goal was to create a hub of excellence in additive manufacturing in Eastern Europe.

Academic exchanges helped to create a network that has lasted beyond the end of the project itself.

"We now have a network in which we know where we can solve different types of problems," said Marsavina. Meanwhile, companies in Romania, Serbia and Czechia are also more aware of additive manufacturing experts and equipment on their doorstep.

For Marsavina, the rapid advance in 3D printing potentially raises new issues relating to safety and security.

"People are moving towards using 3D printing to build not only small parts, but also larger structures with more complex shapes. There is a need to know more about the properties and reliability of these new structures," he said.

The research team worked on addressing these issues through real-world research, in collaboration with their academic partners and industry representatives interested in 3D printing.

The technology, Marsavina predicts, will spread to many other industries and even to households.

"We could one day have a 3D printer in our homes so that broken parts could be replaced by just printing them yourself."
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When misleading information spreads online, it can spread fast.


                                        
                                              
                                        
                                                                                                                                    Yet many of the best tools for swiftly debunking viral photographs, videos and audio are only available to researchers, like University at Buffalo deepfake expert Siwei Lyu.

"Everyone from social media users to journalists to law enforcement often has to go through someone like me to figure out if a piece of media shows signs of being generated by artificial intelligence," says Lyu, who routinely obliges such requests. "They can't get an immediate and conclusive analysis when time is of the essence."

That's why Lyu and his team at the UB Media Forensics Lab developed the DeepFake-o-Meter, which combines several state-of-the-art deepfake detection algorithms into one open-source, web-based platform. All users need to do is sign up for a free account and upload a media file. Results typically come back in less than a minute.

Since November, there have been more than 6,300 submissions to the platform. Media outlets used it to analyze various AI-generated content, from a Joe Biden robocall telling New Hampshire residents not to vote to a video of Ukrainian President Volodymyr Zelenskiy surrendering to Russia.

"The goal is to bridge the gap between the public and the research community," says Lu, Ph.D., SUNY Empire Innovation Professor in the Department of Computer Science and Engineering, within the UB School of Engineering and Applied Sciences. "Bringing social media users and researchers together is crucial to solving many of the problems posed by deepfakes."


                                                                                                        
    
        
        
        
    

                                                                                                                                            How it works

Using the DeepFake-o-Meter is straightforward.

Drag and drop an image, video or audio file into the upload box. Then, select detection algorithms based on a variety of listed metrics, including accuracy, running time and the year it was developed.

Each algorithm will then give a percentage of the likelihood the content was AI generated.

"We do not make strong claims about the uploaded content. We simply provide a comprehensive analysis of it from a broad range of methods," says Lyu, who is also co-director of the UB Center for Information Integrity, which combats unreliable and misleading information online. "Users can then use this information to make their own decision about whether they think the content is real."

Transparency

Earlier this year, Poynter analyzed the fake Biden robocall with four free online deepfake detection tools. The DeepFake-o-Meter was most accurate, giving a 69.7% likelihood the audio was AI generated.

Lyu says the other things that set his tool apart are transparency and diversity. The DeepFake-o-Meter is open source, meaning the public has access to the algorithms' source codes, and features algorithms developed by both Lyu and other research groups across the globe, allowing for a broad range of opinions and expertise.

"Other tools' analysis may be accurate, but they do not disclose what algorithms they used to come to that conclusion and the user only sees one response, which could be biased," Lyu says. "We're trying to provide the maximum level of transparency and diversity with open-source codes from many different research groups."


                                                                                                                                            A benefit to researchers, too

Before uploading a piece of media, the site will ask users if they want to share it with researchers.

Lyu and his team mostly train their algorithms on data sets compiled by themselves and other research teams, but he says it's crucial to expose the algorithms to media that's actually circulating online. Nearly 90% of the content uploaded to the DeepFake-o-Meter thus far was suspected of being fake by the user.

"New and more sophisticated deepfakes emerge all the time. The algorithms need to be continuously refined to stay up to the date," Lyu says. "For any research model to have a real-world impact, you need real-world data."

Future of the platform

Lyu hopes to augment the platform's capacity beyond spotting AI-generated content, like identifying the AI tools most likely used to create it in the first place. His group has previously developed such tools.

"This would provide clues to narrow down who is behind it," Lyu says. "Knowing a piece of media is synthetic or manipulated is not always enough. We need to know who is behind it and what is their intention."

Despite the promise of detection algorithms, he cautions that humans still have a large role to play. While algorithms can detect signs of manipulation that the human eye or ear never will, humans have a semantic knowledge of how reality works that algorithms often don't.

"We cannot rely solely on algorithms or humans," Lyu says. "We need both."

That's why he hopes the DeepFake-O-Meter will eventually foster its own online community, with users communicating with and helping each other suss out AI-generated content.

"I like to think of it as a marketplace for deepfake bounty hunters," he says. "Because it's going to take a collective effort to solve the deepfake problem."
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Can green finance effectively reduce carbon dioxide emissions while promoting economic growth?
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New research published in Business Strategy and the Environment based on information from G7 countries demonstrates that green finance--loans, investments, and incentives that support environmentally-friendly projects and activities--can reduce carbon dioxide emissions. Also, data indicate that investments in green projects are profitable.


                                        
                                              
                                        
                                                                                    The study found that G7 countries' environmental conditions have been negatively impacted by economic development; however, there are advantages of green finance solutions for economic growth.

The study's investigators note that companies across various industries can contribute to environmental sustainability by proactively investing in green finance initiatives and renewable energy.

"Companies must also ensure that their growth strategies incorporate environmental considerations to avoid exacerbating carbon dioxide emissions and climate change," said corresponding author Kaliyan Mathiyazhagan, Ph.D., of the Thiagarajar School of Management, in India.


                                                                                
                                        											
																								More information:
												Rim El Khoury et al, The nexus of Green finance and renewable energy on CO2 emissions, Business Strategy and the Environment (2024). DOI: 10.1002/bse.3914
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      The latest science news on archaeology, fossils, mathematics, and science technology from Phys.org


      
        Opinion: Elon Musk is on track to become the world's first trillionaire--it's a sign markets aren't working
        Apparently, the world is about to get its first trillionaire.

      

      
        'Thornback' keeps trending--here's why this old-fashioned term is derogatory to young, single women
        "I am 27 years old; I have no money and no prospects. I am already a burden for my parents, and I am frightened. So don't judge me, Lizzie."

      

      
        Responding to work emails after hours found to contribute to burnout, hostility
        Imagine it's Friday evening. You're about to watch a new Netflix drama, trying to unwind after a long week. Suddenly, your phone pings with a work email marked "urgent." Your heart sinks; your stress levels rise. Even if you choose not to respond immediately, the damage is done. Work has again encroached on your personal life.

      

      
        Influencers promoting sustainable lifestyles on social media should be differently regulated, study says
        The work of influencers promoting sustainable lifestyles on social media should be differently regulated so consumers are better protected, a new study says.

      

      
        Entrepreneurial potential: Which generation is most likely to succeed in business?
        When it comes to studying entrepreneurship, a lot of effort is spent trying to determine the personality traits that distinguish enterprising individuals from other people. However, simply possessing these characteristics does not necessarily mean that someone will set up a successful business--what really matters is the way that these traits influence and shape a person's intentions.

      

      
        Opinion: Instead of banning kids from online spaces, here's what we should offer them instead
        Banning children under 16 from social media sounds like a seductive idea. For overwhelmed parents navigating their kids' lives in a digital age, this move from the Australian government may seem like welcome relief.

      

      
        Do your boys fight with sticks, Nerf guns and fake swords all the time? Here's why they do it
        As someone who has spent most of his professional life studying how children develop, I'm often asked by parents (especially moms) why children (especially boys) are prone to pick up the nearest stick, pencil, soft toy or even banana and turn them into weapons?

      

      
        Two-way mathematical 'dictionary' could connect quantum physics with number theory
        Several fields of mathematics have developed in total isolation, using their own "undecipherable" coded languages. In a new study published in Proceedings of the National Academy of Sciences, Tamas Hausel, professor of mathematics at the Institute of Science and Technology Austria (ISTA), presents "big algebras," a two-way mathematical 'dictionary' between symmetry, algebra, and geometry, that could strengthen the connection between the distant worlds of quantum physics and number theory.

      

      
        Wreck discovered of French steamship that sank in Atlantic in 1856
        A US dive team has discovered the wreck of a French steamship, Le Lyonnais, that sank in the Atlantic Ocean in 1856 after a "hit-and-run" collision with an American sailing vessel, claiming 114 lives.

      

      
        Online dating sites: The size of the potential dating pool makes all the difference
        Online dating sites have become one of the more popular means for people to meet each other and explore the potential for a romantic relationship. But did you know that it's the size of the online dating pool that could make or break your own quest for love?

      

      
        Clovis people used Great Lakes camp annually about 13,000 years ago, researchers confirm
        The earliest humans to settle the Great Lakes region likely returned to a campsite in southwest Michigan for several years in a row, according to a University of Michigan study.

      

      
        Research shows benefits of new policing role that offers support to families
        Anglia Ruskin University's International Policing and Public Protection Research Institute (IPPPRI) has published findings linked to an innovative project designed to support the families of people being investigated for online child sexual abuse offenses.

      

      
        Researcher looks at economic impact of reduced humanitarian assistance in East Africa
        When humanitarian assistance is reduced, the impact can extend from the household level to the broader local economy, according to a study led by Anubhab Gupta, assistant professor in the Department of Agricultural and Applied Economics.

      

      
        Lessons from the biggest business tax cut in US history
        Congress is spoiling for a tax battle in 2025. Key parts of the 2017 Tax Cuts and Jobs Act are set to expire. Most urgent to many voters are sunsetting provisions aimed at households, including the more generous Child Tax Credit. But renewing the law's deep cuts to corporate taxes are also up for debate.

      

      
        What is reproductive health leave and why do we need it?
        Time off work to deal with IVF, menopause, gender transition treatments, vasectomies and other reproductive health issues would be enshrined in all workplace awards if a national union campaign succeeds.

      

      
        Data show trust in police declined among Black Chicago residents after Jacob Blake shooting
        Survey data collected from Chicago, Illinois at the time of the 2020 police shooting of Jacob Blake in nearby Wisconsin shows that trust in police plummeted among Black residents after the shooting. Jonathan Ben-Menachem and Gerard Torrats-Espinosa of Columbia University in New York, U.S., present these findings in the open-access journal PLOS ONE on September 11, 2024.

      

      
        Minimum wage increases are important, but workers deserve more
        This fall, several provinces across Canada are scheduled to increase their minimum wages. These provincial adjustments follow the federal government's decision to raise the federal minimum wage to $17.30 back in April.

      

      
        Study links EV charging stations to increased local business activity
        Countries globally are rapidly transitioning to a cleaner energy future--accelerating their push for electric vehicles alongside ambitious targets to phase out gasoline and diesel in transportation. Global electric car sales surged by around 25% in the first quarter of 2024 from the same period in 2023 and are projected to reach approximately 17 million units by the end of the year, accounting for more than one in five cars sold globally.
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Apparently, the world is about to get its first trillionaire.



										      
																																	A report from the business intelligence agency Informa Connect says, at his present rate of wealth accumulation, tech billionaire Elon Musk is on track to be the world's first trillionaire, three years from now.

At the moment, Musk is said to be worth US$195 billion (A$293 billion), but if his wealth continues growing at the recent rate of 110% per year, he will hit US$1.195 trillion in 2027.

The next trillionaire after Musk should be Indian mining magnate Gautam Adani, followed by Nvidia chief Jensen Huang and Indonesian mining mogul Prajogo Pangestu, all of whom are on track to hit the milestone in 2028.

The nearly 1 billion human beings who don't yet have electricity connected to their homes will doubtless be looking on with interest as the tech bros and mining bosses vie to crack 13 digits.

Before examining how it is that someone could ever make a trillion-dollar fortune, and what it might mean for the world for so much of the world's wealth to be held in the hands of one person, it is important to first try to comprehend how big a trillion actually is.


																																						
    
     




																																			One trillion seconds last 31,000 years

A million is a big number: it is 1,000 thousands. If you managed to retire with that many dollars in superannuation, you would have saved up more than 90% of your fellow retirees.

One billion is 1,000 millions. It takes 12 days for a million seconds to pass, but 31 years for a billion seconds to tick over.

That means a trillion seconds would equal 31,000 years.

If you had $1 trillion and did no more than stick it in the bank where it earned 4% interest per year you would get $40 billion per year in interest.

No one needs $1 trillion, and it is hard to see how anyone could spend it as fast as it grew, which raises important questions about how societies, economies and democracies will be able to function if and when governments allow trillionaires to emerge.

For mortals, a trillion is hard to justify

France's King Louis XIV spent today's equivalent of US$200 billion-300 billion building his palace at Versailles, and it was by no means his only palace.

Pyramids and sphinxes didn't come cheap either, but these sorts of expenditures were seen as needed for beings selected by gods and not entirely mortal.

For mortals, some believe that the entire population benefits when a small minority controls most of the resources on the basis that it builds incentives.

Just as peasants spent millennia awaiting their reward in the afterlife while their rulers enjoyed heaven on earth, in modern economies we are told wealth and prosperity will trickle down to us eventually if we keep working hard.

Unfortunately for most of us, despite the wealth of the richest 200 Australians growing from A$40.6 billion to $625 billion over the past 20 years, neither the Australian economy nor the wages of ordinary Australians are soaring.


																																			High profits are meant to be temporary

Incentives can and do play an important role in our economy.

In the so-called "free market" envisaged by 18th-century economist Adam Smith, if my new farming technique or silicon chip is so good that everyone wants one, it is considered only fair that I get an initial reward.

But after a while, everyone else will be free to compete with me by selling similar goods and in turn stopping me from getting an extraordinary ongoing reward.

The problem is that some markets aren't free and don't work properly. It is no accident that the world's biggest fortunes are held by those who have monopoly rights to sell natural resources or technologies that are protected by patents or systems that lock in users.

That's bad news for those still waiting patiently for wealth to trickle down or to be spread more evenly.

Technofeudalism keeps profits growing

In his latest book former Greek finance minister Yannis Varoufakis describes the world we now live in as one of technofeudalism in which online platforms have the ongoing opportunity to exploit workers, consumers and producers in ways Smith could not have imagined.

Having created digital platforms where the price of entry is handing over your personal details and preferences, modern tech titans use a new form of alchemy to convert data into knowledge that allows them to keep you on their platform and exploit you or advertisers or suppliers in the belief that you won't leave.

And while there are physical limits to how big a car factory or fast-food chain can grow, there are almost no physical limits on how much money tech platforms can make by selling ads they didn't make for products they didn't make to consumers they know nearly everything about.


																																						
    
     




																																			Restraining profits is pro-market

It isn't anti-capitalist to want those profits competed away, it's pro-market.

When the United States broke up J.D. Rockerfeller's oil monopoly in the early 20th century, the oil industry prospered rather than vanished. consumers and the businesses that had dealt with Rockerfeller were better off, and so was the economy as a whole.

Democracies have, for now, the power to use taxes and regulations to redistribute the enormous benefits flowing to the new class of billionaires (and soon trillionaires) from the sale of scarce resources and the creation of platforms that keep us trapped.

Whether and how we use that power is up to us, but we mightn't have it for long. The more the new class of billionaires and trillionaires becomes entrenched, the more it will be able to use the political system to protect their interests rather than those of mere mortals.
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'Thornback' keeps trending-here's why this old-fashioned term is derogatory to young, single women

										

    
        
            [image: 'Thornback' keeps trending--here's why this old-fashioned term is derogatory to young, single women]
             
                A caricature showing the 'unladylike' intellectuals of the Bluestocking club. Credit: Wikimedia
            
        

    


"I am 27 years old; I have no money and no prospects. I am already a burden for my parents, and I am frightened. So don't judge me, Lizzie."



										      
																																	So spoke Charlotte Lucas, a "thornback," on the prospect of marrying the "ridiculous" bachelor Reverend William Collins. Lucas is a character in Pride and Prejudice (1813) by Jane Austen, the dowdy best friend to the brilliant protagonist Elizabeth Bennet. However, these words are not Austen's but were written by Emma Thompson for the Pride and Prejudice movie in 2005.

You might have seen the term "thornback" social media recently as single women try to reclaim it. If you are young and single, it seems like a fabulously witchy word to call yourself, but it remains a sexist term that reduces women to a marital coalition.

The origins of "thornback" are murky but it is generally agreed that it was used for unmarried women over the age of 26 or 27. It is believed that the word was first used in a translation from the French Gargantua and Pantagruel or The Five Books of the Lives and Deeds of Gargantua and Pantagruel by Francois Rabelais published between 1532 and 1564 (but I have to be honest here, I haven't read them in any detail).

Later in 17th-century New England, the word was used to describe both older unwed women and a flat fish which had spines on its back and tail--a reference to unattractiveness and we can assume the expectation of a sting or pain on encountering them.


																																						
    
     




																																			British society has always had a need to name unmarried women. One of the most common terms is "spinster."

Technically, all unwed women are spinsters although historically, unmarried women were often referred to as "maids" reflecting their youth and virginal status. The assumption was that this was a temporary but formative time of a young woman's life, in preparation for marriage and a change in status once wed. As such, there is an allusion to youth and inevitability.

By the 14th century, the word "spinster" had first emerged and by the 18th century, it was used to describe an increasing number of single women who might never marry at all. During the mid-19th century, with the advent of a 'surplus' of women, the prospect of spinsterhood became a financial as well as a social issue, especially for middle-class ladies. What was to be done to make these thornbacks useful? This prospect led to the development of modern women's education.

In 1837, Henry Colburn, a book publisher and the co-founder of the New Monthly Magazine, tried to delineate the status of unwed women at any age in The Spinster's Numeration Table. For Colburn, women of 26 or 27, had "hair and shoulders growing rather thin. Ventures upon luncheon. Reads Mrs. Marcet, cultivates a flower garden, and affects decided opinions."


																																			In other words, she is beginning to look older and take up hobbies that a bride-in-waiting would not, such as her flower garden and engaging in the intellectual works of Mrs. Marcet, an early proponent of science and economics--a dig at educated women.

An unmarried woman of 30 in The Spinster's Numeration Table "thinks it possible to pass ten months of the year in the country. Assumes a cap for morning visits, and reads tracts on the education of the poor."

These women were considered beyond engaging in fashionable society, so far beyond the expected age of marriage that all that was left to them was modesty. Such modesty is why they would have a cap covering their hair in the same way that many modest women covered their hair as a matter of course when married, while also carrying out philanthropy or good works.

At 32, she adopts a dreaded feminist tone becoming "serious. Quotes from Hannah More, and replaces the specked tooth with a Mallan. Thinks it possible to pass the year round in the country with a man one esteems--Wonders how anybody can care for diamonds."

Hannah More was an early feminist and published on moral topics. She became involved in women's education and was a leading "bluestocking". Bluestocking was a word that developed to describe, and often deride intellectual women. Originally it came from the 18th-century Blue Stocking Society, a literary group of women who met regularly. However, Moore was religious and her attitudes were very conservative, so it's difficult to consider her a feminist in the modern context.


																																						
    
     




																																			The bits about teeth and diamonds are a reference to how Coburn believes a woman of this age is becoming less attractive and less concerned with being so. She suffers from rotting, chipped and discolored teeth, which need to be replaced with false ones or a mallan.

According to The Spinster's Numeration Table, when a woman turns 55 and remains unmarried "she assumes brevet rank. Becomes an esprit fort, and is thenceforward classed in our minds with beings of an epicine gender."

She is getting older, beyond marriage and childbearing, but without increased income or privilege. "Brevet rank" is a temporary military promotion but is scornfully used here to describe her more senior status in a negative manner. "Epicine" means a lack of gender. This is just a very long-winded way to say she becomes sexless. Charming, right?

Today, the word "thornback" remains a pejorative term that references the contradiction of being older and unwed. It has parallels with the historical term "old maid" with the inference of unnatural virginity in a woman beyond the traditional western marrying age.

Of course, the average age that people marry has shifted though time and by geography, faith and culture. But I think rather than trying to resurrect a word for single women over a certain age, we should just create new ones that aren't solely about having or not having a partner.
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Imagine it's Friday evening. You're about to watch a new Netflix drama, trying to unwind after a long week. Suddenly, your phone pings with a work email marked "urgent." Your heart sinks; your stress levels rise. Even if you choose not to respond immediately, the damage is done. Work has again encroached on your personal life.



										      
																																	The intrusion of work into home life, helped along by smartphones and other technologies, might seem like a triumph of efficiency. But this constant connectivity comes at a cost to employees and employers alike, research suggests.

As a professor of communications, I wanted to understand what happens when people feel compelled to dash off work emails after dinner and before breakfast. So a colleague and I conducted a study investigating the effects of after-hours work communication.

We found a disturbing link between work-related communication outside of regular hours and increased employee burnout. Answering emails after hours was linked to worse productivity, employees badmouthing their employers and other negative behaviors.

The research, conducted through a survey of 315 full-time U.S. employees across various industries, draws upon the "conservation of resources theory" to explain how after-hours communication depletes employees' mental and emotional reserves.

The data is unequivocal: Engaging in work-related communication after regular business hours leads to emotional exhaustion, which in turn can spill over into counterproductive work behavior.


																																						
    
     




																																			Why it matters

This scenario is increasingly common: More than half of American employees reported checking work-related messages at least once over the weekend, according to a 2013 survey conducted by the American Psychological Association. The numbers have doubtless only risen since then.

Our findings show the consequences of this shift in the modern workplace. When the boundaries between home and work are eroded, it doesn't just hurt people's job and life satisfaction--it affects organizational performance, too.

We have seen firsthand the long-term impact of blurred lines between work and personal time through communication technology. In my opinion, this study is a critical wake-up call, highlighting the need for clear boundaries that protect employees' personal time from becoming just another extension of their workday.

What's next

The blurring of work and life boundaries remains a major issue in organizational communication, and the impact of artificial intelligence has emerged as a significant research topic since ChatGPT was launched in November 2022. That's why my team is currently exploring how AI influences skills and well-being within organizational communication.
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Influencers promoting sustainable lifestyles on social media should be differently regulated, study says
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The work of influencers promoting sustainable lifestyles on social media should be differently regulated so consumers are better protected, a new study says.



										      
																																	There are gaps in the current and forthcoming EU consumer protection measures set up to govern the commercial practices of content creators promoting sustainable products and services, according to the research, which appears in the Journal of Consumer Policy.

Reliable but relatable communication on sustainable lifestyles on social media could reach many consumers and contribute to changing their behavior patterns. This includes de-influencers, who encourage people to buy different, greener or more responsibly produced items.

The recommendations in the study are designed to allow content creators to maintain their freedom of speech and to conduct their businesses.

They include changing regulations to clarify content creators' legal status as professionals when they are being paid for the work. This would provide more legal certainty and facilitate the provision of additional training on their legal rights and obligations, and the creation of codes of conduct.

The study says, provided content creators simply reiterate sustainable claims issued to them by the brands, and that they did not have reasonable cause to doubt the veracity of such claims, the brands could be responsible for any misinformation rather than the influencer. This would differ if content creators had more creative control over the communication with their audience and drafted their own sustainable claims.


																																						
    
     




																																			Professor Joasia Luzak, from the University of Exeter, who carried out the study, said, "How and what influencers communicate to their users will be influenced by the social media platforms they use and their relationships with brands they represent. When they receive marketing materials for a product they are to promote, they may not always be able to question and verify this product information.

"Content creators may then inadvertently misinform their followers simply because they do not have access to the relevant information. However, unreliable content may also reflect a lack of due care."

Current rules say influencers can't mislead consumers by action or omission. They can be held responsible for breaching guidelines solely or jointly with the brand whom they were representing. Guidelines should apply when content creators' commercial activities are "frequent" on their social media channels.

The research says this frequency requirement is ill-suited to apply to content creators' activities. It does not account for content creators spreading their activity between various social media channels, or non-monetized content. The frequency requirement also overlooks the fact that even one commercial post could cause consumer harm.

The study says it would be preferable to remove the suggested requirement of "frequent" posting of monetized content for content creators to qualify as traders engaging in commercial practices.

Online content creation should count as a professional activity, regardless of commercial gain enjoyed by influencers. Instead, the commercial intent driving the communication should be the determinant factor. Registration of such a professional activity in the Member States would be required, otherwise content creators are likely to remain free of obligations imposed by the current European consumer protection.

The option to hold content creators responsible alongside brands gives consumers more opportunities to claim compensation for their damage.

The EU Green Transition Directive prohibits traders from misleading consumers about the durability or repairability of products, or about their environmental or social impact. As sustainable activists often mention these characteristics, any content creators who qualify as traders will need to ensure that they, or the traders providing them with promotional materials, can indeed justify such claims.


																																																					
																				
																						More information:
												J. Luzak, 3Rs of Sustainable Activism on Social Media: Relatability, Reliability and Redress, Journal of Consumer Policy (2024). DOI: 10.1007/s10603-024-09574-x
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When it comes to studying entrepreneurship, a lot of effort is spent trying to determine the personality traits that distinguish enterprising individuals from other people. However, simply possessing these characteristics does not necessarily mean that someone will set up a successful business--what really matters is the way that these traits influence and shape a person's intentions.



										      
																																	The concept of entrepreneurial potential refers to a person's natural ability to perceive opportunities and act on them, to create value by starting new businesses, and to find innovative solutions when faced with uncertainty.

More broadly, it has to do with individual freedom to change, grow, develop and adapt in relation to market uncertainties and opportunities. Entrepreneurial potential is more about the likelihood of entrepreneurship that derives from someone's personality than entrepreneurship itself.

This potential is the product of a complex bigger picture, which also encompasses an individual's skills, their economic and social circumstances, and their ability to manage the risks associated with creating and growing a new business.

One of the most interesting aspects of entrepreneurial potential is that it varies significantly depending on the generation to which an individual belongs, as each generation is influenced by different historical, economic and cultural contexts that affect attitudes towards entrepreneurship.


																																						
    
     




																																			Intergenerational teams

The generation a person belongs to can also affect their working environment, especially in intergenerational teams. Many studies claim that employees prefer to work with people of the same age, and that generational diversity can be a source of friction.

However, other research suggests that generational diversity is highly valued, especially in leadership teams, and is considered as important as other types of diversity--religious, gender, cultural, racial, ethnic, and so on--in its impact on job performance.

Generational differences in work teams can create tensions in areas such as knowledge transfer, expectations and communication among employees. Therefore, intergenerational work teams need to be properly managed in order to achieve the best possible results.

Boomers in the workplace

Baby boomers--those born between 1946 and 1964--grew up in an era defined by economic prosperity and hierarchical structures, so they tend to value stability and job security.

Since many boomers are now at retirement age, their entrepreneurial potential has not been studied as much as their entrepreneurial activity. Studies have found that members of this generation tend to be resilient, value hard work and loyalty, and have high levels of confidence and a strong need for success.


																																			Generation X, Y, Z: entrepreneurs and workers

Members of Generation X--those born between 1965 and 1980--grew up during times of economic and technological change, making them adaptable and open to innovation. They are considered to have a pragmatic approach to work and to be good resource managers. In an entrepreneurial context, they tend to have moderate entrepreneurial potential, and they value both security and autonomy in their careers.

Generation Y, also known as millennials, who were born between 1981 and 1996, are known for their familiarity with digital technology and their desire for flexibility and purpose in their work. They tend to have high entrepreneurial potential due to their desire to challenge the status quo, their willingness to take risks, and their inclination towards change. They value independence and are more willing to leave traditional jobs to start their own businesses in search of better work-life balance.

Members of Generation Z, born from 1997 onwards, have grown up fully in the digital age, which gives them natural skills in technology and social media. However, their entrepreneurial potential may be lower than that of previous generations.


																																						
    
     




																																			Generation Z--digital natives, but poor communication skills

Generally, a generation is defined by its contemporary political, socio-economic and cultural events. In the case of Generation Z, they share much of Generation Y's broader context of globalization, digitization and social and cultural change. However, members of Generation Z--the latest generation to enter the labor market--have comparatively lower average scores in areas like communication skills, confidence, desire for success and internal control. All this translates into lower entrepreneurial potential.

It is worth noting that this lack of confidence and interest in taking the initiative may be explained by Generation Z's youth, and their poor communication skills may be the result of them being the first generation of digital natives. As they mature and become more experienced, these characteristics are likely to evolve, and researchers should take note of this.

The most entrepreneurial generation

Based on the available research, millennials appear to be the generation with the greatest entrepreneurial potential. Members of this generation show a significant inclination towards entrepreneurship, are familiar with new technologies, and tend to start businesses at a younger age than previous generations.

What is more, they have leadership skills, focus and ambition which, compared to other generations, makes them more predisposed to leaving stable jobs in order to pursue entrepreneurial opportunities.
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Banning children under 16 from social media sounds like a seductive idea. For overwhelmed parents navigating their kids' lives in a digital age, this move from the Australian government may seem like welcome relief.



										      
																																	But evidence shows it's highly unlikely bans will positively impact the youth mental health crisis in this country. Indeed, bans may make our children even more vulnerable online.

Children and young people go online primarily to socialize with their peers. Online spaces are one of the few avenues our overscheduled children have to interact freely with each other, which is crucial for their well-being.

A social media ban will close down this avenue and force children into lower-quality online environments. Children already say adults don't understand what they do online and are underequipped to support them.

A blanket ban affirms parents "don't get it." Kids will find ways to get around the ban. And if their interactions turn sour on social media, the fact they were not supposed to be there will make it more difficult to reach out to adults for help.

Crucially, demands for blanket bans--challenging to implement--also force tech platforms into "compliance mode." They divert company resources away from designing better online environments for children and into litigation.


																																						
    
     




																																			What should we do instead of a ban?

Our children's online safety is a collective responsibility. There are constructive steps we can take, but they need more cooperation between governments, industry, the community sector, parents, caregivers, educators, researchers, and children and young people themselves.

All children learn by taking risks and making mistakes. The focus needs to be on eliminating online harms, and equipping children and their caregivers to deal confidently with the digital world.

Tighter regulation is part of the solution. But making the internet a better place for children--not just banning them-- is the very best protection we can provide.

So, what would that look like?

One way is to implement safety-by-design principles. Popularized internationally by the Australian eSafety Commissioner, safety by design is what it sounds like--baking safety features into the DNA of technological products and platforms.

Here, we should take the lead from children themselves. They are urging platforms and governments to do several things:


	give minors privacy by default

	provide standardized, easily accessible and well-explained reporting processes across diverse platforms

	use AI to detect bad actors attempting to interact with children.



Children also want to know what data is collected from them, how it is used, by whom, and for what purposes.

They're also calling for safety-by-design features that eliminate sexual, violent and other age-inappropriate content from their feeds.

All of these steps would help to strengthen the things they already do to take care of themselves and others online--like being cautious when interacting with people they don't know, and not sharing personal information or images online.


																																			Not just safe, but optimal

Safety by design is not the whole solution. Building on the efforts to develop industry codes, industry and government should come together to develop a wider range of standards that deliver not just safe, but optimal digital environments for children.

How? High-quality, child-centered evidence can help major platforms develop industry-wide standards that define what kinds of content are appropriate for children of different ages.

We also need targeted education for children that builds their digital capabilities and prepares them to deal with and grow through their engagement online.

For example, rather than education that focuses on extreme harms, children are calling for online safety education in schools and elsewhere that supports them to manage the low-level, everyday risks of harm they encounter online: disagreements with friends, inappropriate content or feeling excluded.

Heed the evidence

Some authoritative, evidence-based guidance already exists. It tells us how to ensure children can mitigate potential harms and maximize the benefits of the digital environment.


																																						
    
     




																																			Where the evidence doesn't yet exist, we need to invest in child-centered research. It's the best method for gaining nuanced accounts of children's digital practices, and can guide a coherent and strategic long-term approach to policy and practice.

Drawing on lessons from the COVID pandemic, we also need to better align evidence with decision-making processes. This means speeding up high-quality, robust research processes or finding ways for research to better anticipate and generate evidence around emerging challenges. This way, governments can weigh up the benefits and drawbacks of particular policy actions.

Technology is not beyond our control. Rather, we need to decide, together, what role we want technology to play in childhood.

We need to move beyond a protectionist focus and work with children themselves to build the very best digital environments we can imagine. Nothing short of the future is at stake in doing so.
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As someone who has spent most of his professional life studying how children develop, I'm often asked by parents (especially moms) why children (especially boys) are prone to pick up the nearest stick, pencil, soft toy or even banana and turn them into weapons?



										      
																																	Girls certainly do this, too. But research--and parents' experience--shows you're more likely to find boys using objects as swords, guns or grenades to attack one another.

While some parents worry this is too violent, these actions do not mean you are raising a burgeoning psychopath. Rather, they are significant components of healthy development.

Playful aggression

Role playing is a key part of children's play, when they pretend to be someone or something else. They can do this on their own or with others.

When they do it with others it is called "sociodramatic play." This type of play teaches children both verbal and social skills while they interact with others.

Play fighting is one form of sociodramatic play. It can include rough and tumble play, chasing one another around, superhero play, wrestling and mock fighting. Psychologists call this "playful aggression."

This kind of play is not about hurting anybody. Rather, it provides opportunities for children to explore their world with a sense of empowerment and control (because they set the rules) and to build relationships as they negotiate the play.


																																						
    
     




																																			How does it work?

Imagine children are playing a battle with pillow forts and cardboard swords. This is not just a question of whose fort topples first. The game will require them to read facial expressions, express themselves and develop an awareness of power dynamics (or what researchers call "relationship hierarchies").

Relationship hierarchies are complex, but focus on power and who is in charge. During episodes of playful aggression, this might mean taking control, giving in to someone else's idea, or sharing power. These hierarchies allow children to make decisions about who they want to play with, who to avoid, or how to adapt their behavior to create friendships.

So relationship hierarchies play an important role in emotional and social development. They teach children how to get along with one another, how to make and play within a rule structure and how to recognize the difference between playful and harmful behavior.

For example, other children's reactions during the game will teach them that yelling and jumping may be considered fun. But rough pushing or deliberately breaking rules--such as turning into a killer dragon when everyone else has agreed to be tigers--is not OK and will make your friends unhappy.


																																			Why do we see this more in boys?

You might be wondering why such behaviors seem to be more evident in boys than girls. Research shows boys (on the whole) tend to be more physical in how they play.

Their play often focuses on themes related to power and dominance and playful aggression is the perfect way to experiment with these themes.

Theories about sex differences in social play extend across many research areas including psychology, neurobiology, evolutionary psychology and anthropology. Current theories link these differences to testosterone and differences in neurochemistry.

There is some evidence to suggest boys and girls are socialized differently in relation to being physical.

However, the degree of influence is contestable given sex differences in behavior appear very early in life and in other mammals. Perhaps the socialization process exacerbates nature--and as such, nature and nurture may be working in tandem.

The end result is still the same, with more boys than girls engaging in playful aggression.

When girls role play, it tends to focus on what researchers call "tend and befriend" or on people and nurturing. For example, games built around families or looking after pets.

But this is not to say girls can't be aggressive. However, research suggests if girls fight, it is usually done with words to hurt someone's feelings and children are upset with each other. It is not done for fun.

Perhaps this is why playful aggression can be difficult for some mothers to understand and appreciate.

But there is no link between playful aggression in children and being aggressive as an adult.

Are you guys having fun?

For many parents, watching a group of boys mimic battles with sticks as guns or swords spells trouble. Odds are that they will tell the children to "stop before somebody gets hurt!" or "play something more gentle!"

However, stopping this playful endeavor robs kids from engaging in perfectly natural, and developmentally desirable, behavior.

Playful aggression is not serious aggression. If unsure, all parents and caregivers need do is ask whether everyone is having fun or not.
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Several fields of mathematics have developed in total isolation, using their own "undecipherable" coded languages. In a new study published in Proceedings of the National Academy of Sciences, Tamas Hausel, professor of mathematics at the Institute of Science and Technology Austria (ISTA), presents "big algebras," a two-way mathematical 'dictionary' between symmetry, algebra, and geometry, that could strengthen the connection between the distant worlds of quantum physics and number theory.



										      
																																	Mathematics, the most exact among scientific disciplines, could be viewed as the ultimate quest for absolute truth. However, the mathematical roads to truth often need to overcome tremendous obstacles, much like conquering unimaginably high mountain peaks or building giant bridges between isolated continents.

The mathematical world abounds with mysteries and several mathematical disciplines have developed along convoluted paths--in complete isolation from one another. Thus, establishing an irrefutable truth around complex phenomena in the physical world draws on intuition and a good deal of abstraction.

Even fundamental aspects of physics push mathematics to new heights of complexity. This is especially true for symmetries, with the help of which physicists have theorized and discovered an entire zoo of subatomic particles that make up our universe.

In an exceptionally ambitious endeavor, Hausel, professor at the Institute of Science and Technology Austria (ISTA), not only conjectured but also proved a new mathematical tool called "big algebras."



    
    
    
        
        
    
            
            With his new tool 'big algebras', ISTA professor Tamas Hausel constructed a dictionary of abstract math. Credit: ISTA
  

This new theorem is comparable to a "dictionary" that deciphers the most abstract aspects of mathematical symmetry using algebraic geometry. By operating at the intersection of symmetry, abstract algebra, and geometry, big algebras use more tangible geometric information to recapitulate sophisticated mathematical information about symmetries.

"With big algebras, information from the 'tip of the mathematical iceberg' can give us unprecedented insights into the hidden depths of the mysterious world of symmetry groups," says Hausel.

With this mathematical breakthrough, Hausel seeks to consolidate the connection between two distant fields of mathematics.

"Imagine, on the one hand, a world of mathematical representations of quantum physics, and on the other hand, very, very far away, the purely mathematical world of number theory. With the present work, I hope to have come one step closer to establishing a stable connection between these two worlds."


    
    
    
        
        
    
            
            A big algebra's geometric features. Decuplet crystal, skeleton, and nerves of a big algebra designed by Ph.D. student Daniel Bedats. Find more images here. Credit: Bedats/Hausel
  



																																						
    
     




																																			No longer lost in translation

The 17th-century philosopher and mathematician Rene Descartes showed us that we could understand the geometry of objects by using algebraic equations. Thus, he was the first to "translate" mathematical information between these previously separate fields.

"I like to view the relations between different mathematical fields as dictionaries that translate information between often non-mutually intelligible mathematical languages," says Hausel.

So far, several such mathematical "dictionaries" have been developed, but some only translate the information in one direction, leaving the information about the way back entirely encrypted. Furthermore, the term "algebra" nowadays encompasses both classical algebra, as in Descartes' time, and abstract algebra, i.e. the study of mathematical structures that cannot necessarily be expressed with numerical values. This adds another layer of complexity. Now, Hausel uses abstract algebra and algebraic geometry as a two-way "dictionary."
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A skeleton and nerves

In mathematics, symmetry is defined as a form of "invariance." The group of transformations that keep a mathematical object unchanged is called a "symmetry group." These are classified as "continuous" (e.g., the rotation of a circle or sphere) or "discrete" (e.g., the mirroring of an object). Continuous symmetry groups are represented mathematically by matrices--rectangular arrays of numbers.

Starting from a matrix representation of a continuous symmetry group, Hausel can compute the big algebra and represent its essential properties geometrically by drawing its "skeleton" and "nerves" on a mathematical surface.

The big algebra's skeleton and nerves give rise to interesting, 3D-printable shapes that recapitulate sophisticated aspects of the original mathematical information, thus closing the translation circle.

"I am particularly excited about this work, as it provides us with a completely novel approach to studying representations of continuous symmetry groups. With big algebras, the mathematical 'translation' does not only work in one direction but in both."
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                When the order of the operations influences the end result, the matrices are called "non-commutative." In this case, the product Q1 x Q2 differs from the product Q2 x Q1. Credit: Wikipedia
            
        

    





																																			Bridging isolated continents in a vast world of mathematics

How could big algebras strengthen the link between quantum physics and number theory, two fields of mathematics seemingly worlds apart? Firstly, the math behind quantum physics makes extensive use of matrices--rectangular arrays of numbers.

However, these matrices are typically "non-commutative," meaning that multiplying the first matrix by the second does not yield the same result as multiplying the second one by the first. This poses a problem in algebra and algebraic geometry as non-commutative algebra is not yet well understood.

Big algebras now solve this problem: when computed, a big algebra is a commutative "mathematical translation" of a non-commutative matrix algebra. Thus, the information initially enclosed within non-commutative matrices can be decoded and represented geometrically to reveal their hidden properties.

Secondly, Hausel shows that big algebras not only reveal relationships between related symmetry groups, but also when their so-called "Langlands duals" are related. These duals are a central concept in the purely mathematical world of number theory. In the Langlands Program, a highly intricate, large-scale dictionary that seeks to bridge isolated mathematical "continents," the Langlands duality is a concept or tool that allows 'mapping' mathematical information between different categories.

"In my work, big algebras seem to relate different symmetry groups precisely when their Langlands duals are related, a quite surprising outcome with possible applications in number theory," says Hausel.

"Ideally, big algebras would allow me to relate the Langlands duality in number theory with quantum physics," says Hausel.

For now, he was able to demonstrate that big algebras solve problems on both of these continents. The fog has started to dissipate, and the continents of quantum physics and number theory have caught a glimpse of each others' mountains and shores on the horizon. Soon, rather than only connecting the continents by boat, a bridge of big algebras might allow an easier crossing of the mathematical strait separating them.


																																																					
																				
																						More information:
												Tamas Hausel, Commutative avatars of representations of semisimple Lie groups, Proceedings of the National Academy of Sciences (2024). DOI: 10.1073/pnas.2319341121
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A US dive team has discovered the wreck of a French steamship, Le Lyonnais, that sank in the Atlantic Ocean in 1856 after a "hit-and-run" collision with an American sailing vessel, claiming 114 lives.



										      
																																	Le Lyonnais, which was built in 1855 and was considered state-of-the-art at the time, was returning to France after completing its maiden voyage from Le Havre to New York when the disaster occurred.

Jennifer Sellitti of Atlantic Wreck Salvage, a New Jersey-based company, said a team on the dive boat D/V Tenacious discovered the wreckage of Le Lyonnais last month after a two-decade search.

Sellitti said divers positively identified the ship in waters 200 miles (320 kilometers) off of New Bedford, Massachusetts, in an area known as the Georges Bank. They are not revealing the exact location for now.

"She certainly doesn't look as good as she used to," Sellitti told AFP. "She was really broken apart.

"The North Atlantic is a brutal place to be a shipwreck--storms, tides," she said. "The Nantucket shoals are known for shifting sands that just completely bury wrecks."

Sellitti said measurements of an engine cylinder were key to identifying the vessel.

The iron-hulled Le Lyonnais, which had both sails and a steam engine, was built by a British shipmaker, Laird & Sons, for Compagnie Franco-Americaine to provide passenger and mail service across the Atlantic.

"The 1850s was the beginning of the transition from sail to steam," Sellitti said. "This was an early attempt by France to have its first successful passenger line."

Le Lyonnais had sailed to New York carrying cargo and mail, she said, and was returning to Le Havre with its first passengers, most of whom were French.
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                This handout image from Atlantic Wreck Salvage shows a portion of an engine cylinder from Le Lyonnais.
            
        

    





																																						
    
     




																																			Hit-and-run

On the night of November 2, 1856, Le Lyonnais, carrying 132 passengers and crew, collided with the Adriatic, an American barque which was sailing from Maine to Georgia.

Jonathan Durham, the Adriatic's captain, in a statement published in the November 19, 1856 edition of The New York Times, said it was around 11:00 pm on a starlit but "hazy" night when Le Lyonnais "suddenly changed her course, which rendered a collision inevitable."

Durham said the Adriatic suffered significant damage but managed to make it to Gloucester, Massachusetts two days later while Le Lyonnais continued on its way.

The French ship had, in fact, suffered extensive damage--a hole at the water line and another one lower, probably near its coal bunkers, Sellitti said.

It sank several days later. The handful of survivors were picked up by another ship.

Sellitti, whose book about the incident, "The Adriatic Affair: A Maritime Hit-and-Run Off the Coast of Nantucket," comes out in February 2025, said the sinking of Le Lyonnais was "a really big deal at the time."

The American captain was arrested and put on trial in France, she said, and the collision raised a number of novel maritime liability questions such as what happens when a sailing vessel meets a steamship at sea.

The disaster, which is mentioned in Jules Verne's novel "Twenty Thousand Leagues Under the Sea," was the focus of much international attention, she said, but when the US Civil War broke out in 1861 "everybody stopped talking about this and went on to the Civil War."
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Online dating sites: The size of the potential dating pool makes all the difference
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Online dating sites have become one of the more popular means for people to meet each other and explore the potential for a romantic relationship. But did you know that it's the size of the online dating pool that could make or break your own quest for love?



										      
																					A new study has revealed that if the size of the group of potential matches is larger, you are likely to be more selective. But, if the size of your own group--your competition--is larger, you are likely to be less selective.

The study, "Effects of Market Size and Competition in Two-Sided Markets: Evidence from Online Dating," is published in the journal Marketing Science and authored by Jessica Fong of the University of Michigan.

"The main thing I wanted to study was how those on the same side of the matching process behaved, and then compare that to those on the other side of the match to see how matching decisions were made," said Fong. "More to the point, how do market size and competition size independently affect users' decisions to participate in the online dating marketplace, and how does this impact their level of selectiveness?"

In the context of the study, if you're a man seeking to date women, the "competition size" would center on how many other men will compete against you for the attention of the women on the site. The "market size" would center on the number of women on the site.

Fong conducted the experiment in collaboration with an online dating platform. Users of the platform were informed as to how many men and women were on the site and "nearby." This helped her determine user decision-making patterns.

"I found that information about market and competition size does influence both participation and matching decisions," she said. "First, an increase in the market size decreases the likelihood that the user subsequently participates in the market; on average, a 50% increase in market size reduces the probability of participation by 1%. This finding conflicts with conventional wisdom that consumers prefer larger pools from which to make choices."


																														
																				
																						More information:
												Jessica Fong, Effects of Market Size and Competition in Two-Sided Markets: Evidence from Online Dating, Marketing Science (2024). DOI: 10.1287/mksc.2023.0142
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Clovis people used Great Lakes camp annually about 13,000 years ago, researchers confirm
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                Independent researcher Thomas Talbot and University of Michigan archaeologists have found more than 20 Clovis tools and hundreds of pieces of manufacturing and refurbishment debris at the Belson Clovis Site in St. Joseph County. Credit: Daryl Marshke/Michigan Photography
            
        

    


The earliest humans to settle the Great Lakes region likely returned to a campsite in southwest Michigan for several years in a row, according to a University of Michigan study.



										      
																																	Until recently, there was no evidence that people from the Clovis period had settled the Great Lakes region. The Clovis people appeared in North America about 13,000 years ago, during the geologic epoch called the Pleistocene. During the Pleistocene, sheets of glaciers covered much of the world, including Michigan, making the land inhospitable for human settlers. But a 2021 U-M study confirmed that Clovis people built a camp, now called the Belson site, in southwest Michigan.

Now, the same researchers have confirmed that Clovis people traveled to the site annually, probably in the summer, for at least three but likely up to five consecutive years, according to Brendan Nash, lead author of the study and a doctoral student of archaeology. Tools from the site also show evidence that the settlers' diets included a wide variety of animals, ranging from rabbits to musk ox. The team's results are published in the journal PLOS ONE.

At the Belson site, the researchers discovered tools that were made with a type of stone called chert from what is now western Kentucky, about 400 miles from the Belson site. These tools were then resharpened at the Belson site, leaving behind small pieces for researchers to analyze.

Thomas Talbot, an independent researcher who discovered the first Clovis point at the Belson site in Mendon, Michigan, in 2008, also conducts the group's chert analysis. He discovered some of these chert pieces were from Paoli chert, which formed in northeastern Kentucky.


																																						
    
     




																																			"It took me a year to identify it, and when I did, it was very surprising," Talbot said. "Then we found a broken base, which we call a diagnostic. The broken base was made from that Paoli material. Once you read the paper and look at the data and maps, there are some patterns that are starting to emerge that are pretty cool."

The tools made in what is now Kentucky were traded to people in central Indiana, who then carried them to the Belson site. Nash says this suggests that the people who settled on the Belson site likely moved there during summers and lived in central Indiana during the winter. They in turn likely traded for the tools from western Kentucky from people who moved from central Indiana to Kentucky on yearly routes.

"In this way, people formed 'links in a chain' with yearly routes that likely connected the whole continent, from Michigan to Mexico," Nash said. "This is likely why technology from the Clovis period is so similar throughout most of North America."
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                St. Joseph County resident and independent researcher Thomas Talbot found each half of this Clovis spear point 20 years apart. Credit: Daryl Marshke/Michigan Photography
            
        

    



The Clovis period is characterized by distinctive spear points. The points have a very characteristic central channel through the length of the tool, called a flute. A Clovis person would have used this channel as a place to attach a shaft to the spearhead, creating a composite hunting weapon--a spear that was used to hunt prey of all sizes. Also distinctive to the Clovis people is that they struck large flakes of material off the stone to create their points. The large, detached pieces had razor-sharp edges and would be used as expedient knives themselves.


																																			It is currently unclear where in the Americas Clovis technology was invented, but once it was, it spread quickly, according to archaeological standards. Researchers think they are one of the earliest groups of people to settle the Americas, and prior to the 2021 study, Clovis technology had not been reported from the Great Lakes region.

Talbot found the first Clovis point on the Belson farm field in 2008. He recognized it as a Clovis point both from its distinctive shape and that it was made of Attica chert, a kind of stone found 120 miles from the Belson site, in western Indiana and eastern Illinois. Talbot confirmed his findings with U-M archaeologist Henry Wright.

Wright and Talbot visited the site in 2017, finding finished tools and small flakes of Attica chert, which made them suspect people had lived at the site rather than simply dropping a point or tool cache as they were passing through. Talbot, Wright and Nash's 2021 study described the surface sampling of the site.

The current study examines excavations of buried flakes--chips off of stone created when the Clovis people were resharpening, or creating, their points--and multiple tools buried in less disturbed sediment beneath the plowed surface layers of the field.

The researchers examined three of the dozens of discovered stone tools for traces of protein. They found evidence of musk ox, caribou or deer, hare and peccary, a Pleistocene relative of the pig. The hare and peccary protein came from the same Clovis point, according to Nash.


																																						
    
     




																																			"Taken together, the ancient protein data suggests that these people had a broad spectrum diet, eating a wide variety of animals," Nash said. "Our findings are contrary to the popular notion that Clovis people were strictly big game hunters, most often subsisting on mammoths and mastodons."

Nash says the Clovis people would have also eaten plants, but plant material does not show up on protein tests, and unlike animal bones, their remains don't typically last for 13,000 years.

"This site teaches us about a way of life lost to time," Nash said. "Through the sourcing of stone and the styles of tools, we are tracking a group of people as they live and travel across the Pleistocene landscape of the American Midwest."

In addition to Wright and Talbot, study co-authors include former U-M graduate student Elliot Greiner and Linda Scott Cummings of the PaleoResearch Institute in Colorado.


																																																					
																				
																						More information:
												Brendan Nash et al, Clovis organizational dynamics at a Late Glacial campsite in the central Great Lakes: Belson site excavations 2020-2021, PLOS ONE (2024). DOI: 10.1371/journal.pone.0302255
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Research shows benefits of new policing role that offers support to families
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                Age range of suspects. Credit: The impact of the Lincolnshire Police Force's Indirect Victims Support Officer role on the families of individuals being investigated for online child sexual abuse offences, and on the investigating officers involved. (2024)
            
        

    


Anglia Ruskin University's International Policing and Public Protection Research Institute (IPPPRI) has published findings linked to an innovative project designed to support the families of people being investigated for online child sexual abuse offenses.



										      
																																	The team at IPPPRI have been influential partners in a major project to explore ways in which family members, including children, can be better supported following "the Knock"--the term given to describe the moment police officers execute a search warrant at the home of a suspected offender.

Their latest research, led by Dr. Theresa Redmond, in consultation with people with lived experience of this, has shown the clear, positive impact of a new role introduced at Lincolnshire Police. The role is specifically designed to provide this support, and evidence has shown the significant well-being impact on both family members and police officers.

Lincolnshire's Indirect Victim Support Officer (IVSO) role was embedded in the Lincolnshire Paedophile OnLine Investigation Unit (POLIT) in 2022. It is the first role of its kind in the UK, and was created in response to the profound distress and harm being experienced by families in the aftermath of 'the Knock'--and the clear need for a service to support them.

It follows work pioneered by Thames Valley Police, also evaluated by IPPPRI, in which an automatic referral system was established, directing all families impacted to the Family Matters charity that provides help and support.

Between September 2022 and September 2023, the IVSO at Lincolnshire Police was able to directly support 51 families who otherwise would not have received any tailored support following "the Knock."


																																						
    
     




																																			The support offered by the IVSO can include face-to face meetings, texts, phone calls or emails, all depending on the family members' preferences, while also signposting to other agencies, and often acting as an advocate in very challenging situations. All families are referred to the IVSO unless they opt out, relieving the burden of having to find support during a time of intense shock.

IPPPRI's research involved speaking with members of the POLIT team and the impact was clear. Prior to the introduction of this role, investigators would carry the burden of the trauma being experienced by family members, while also managing the investigation into the crime. One team member said, "I can't imagine now walking away, not having that [the IVSO] to offer. It just makes it less impactive for us emotionally as well. Feeling that we're not just walking out that door and leaving them with nothing. We are leaving them with something."

Family members who had been supported by the IVSO unanimously spoke highly of their experience with the IVSO and that the sensitivity afforded to them was crucial to their mental health.

One family member described the impact of the IVSO as "transformative," saying, "Where do I even begin? There truly are not words to even begin to express the gratitude that our whole family feels for you and your support over this last 11 months. What a journey it has been. From your support and care and gentleness on that first day, to your continued fight and defense of my family, we truly could not have come through the wilderness without your care ... We are forever grateful and indebted to you."


																																			As part of the project, IPPPRI Postgraduate Researcher Mille Fjelldal is embedded with the POLIT, gaining 'first of its kind' access to the team to gain a deep understanding of these investigations from both the police and family member's perspective.

Dr. Theresa Redmond, Associate Professor at Anglia Ruskin University (ARU), said, "This is the second phase of our work with a growing team representing policing, charity, lived experience and academia, that is wholeheartedly committed to helping people that have been irrevocably harmed and impacted by the arrest of a family member.

"We know that instances of online child sexual abuse are rising exponentially, and while we rightly focus on safeguarding the children who have been harmed and pursuing those responsible, to date, there have been countless families who have become 'hidden victims,' and have been left to deal with the trauma of what has happened to them, completely alone.

"Our findings into the IVSO role come as no surprise--the impact has been transformative, not only on the lives of the families being supported, but also on the police officers and staff who have to deal with the aftermath of their critical work, day in, day out.

"I'm very proud that the work of our combined team is being shared across the policing sector and I hope our evidence will encourage and inspire more forces to invest in this critical role."


																																																					
																				
																						More information:
												Report: The impact of the Lincolnshire Police Force's Indirect Victims Support Officer role on the families of individuals being investigated for online child sexual abuse offences, and on the investigating officers involved, www.aru.ac.uk/-/media/Files/ip ... nshire-IVSO-Role.pdf
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                Anubhab Gupta (at right), assistant professor in the Department of Agricultural and Applied Economics, with a World Food Programme colleague in East Africa. Credit: Anubhab Gupta
            
        

    


When humanitarian assistance is reduced, the impact can extend from the household level to the broader local economy, according to a study led by Anubhab Gupta, assistant professor in the Department of Agricultural and Applied Economics.



										      
																																	The study highlights the potential impact of a 25% to 50% reduction in food and cash transfers by the United Nations World Food Program on food security outcomes for the internally displaced population in Somalia and the refugees in Uganda.

The findings underscore the critical need for continued humanitarian support to address the challenges faced by vulnerable populations in these countries.

The study consists of two parts: "The Cost of Inaction: Impacts of WFP Assistance Shortfalls on Food Security Outcomes in Somalia" and "The Cost of Inaction: Impacts of WFP Refugee Assistance Shortfalls on Food Security Outcomes in Uganda."

In 2021, the United Nations World Food Program assisted 34.4 million people in East Africa through various initiatives, including providing nutritious meals to school children and specialized food transfers for at-risk populations.

By the following year, the number of food-insecure individuals in East Africa had risen to 82 million, caused by climate change, global economic crises, and disruptions in food supplies from the conflict in Ukraine.

With the demand for assistance in Somalia and Uganda surging and with the United Nations World Food Program facing significant funding shortfalls, this poses challenges in assisting those in dire need.

"Access to food and other assistance will impact families and local economies," Gupta said. "This study provides evidence of how detrimental reducing assistance would be to this region on food security and other welfare outcomes."


																																						
    
     




																																			Millions of Somalis struggle with hunger and malnutrition amid ongoing conflict and climate challenges.

Somalia's food systems are under immense pressure from weather shocks, civil unrest, environmental issues, rising food prices, and limited infrastructure. The United Nations World Food Program has been ramping up its efforts in Somalia, particularly after the severe drought of 2020-23.

In January 2023, the organization disbursed $45 million in cash and 7.1 metric tons of food to 4.1 million people, including vulnerable internally displaced persons and local households. Even with these efforts, Somalia still had a funding gap of $378 million from November 2023 to April 2024, which threatened assistance to almost half of the population in need.

If United Nations World Food Program assistance is reduced, the total impact on local income is $2.63 in U.S. dollars per lost dollar of assistance, Gupta said. "Assistance to the internally displaced population in Somalia creates economic spillovers to nonbeneficiary households through a multiplier effect. By curtailing monetary support for beneficiaries, income and production spillovers diminish and the food insecurity situation in the local economy worsens."

The study also suggests that a reduction will result in the beneficiaries being able to access no more than three food groups. Gupta said such low levels of dietary diversity will have catastrophic effects over the short and long term. The groups that will be immediately affected are children and expecting mothers.

The effect on Uganda would be no less concerning, according to the study. The country hosts the largest refugee population in Africa, which quadrupled from 390,000 to 1.6 million from 2014 to 2024. Most of these refugees are women, children, and older people fleeing conflict in South Sudan, the Democratic Republic of Congo, Somalia, or Sudan. In 2023, the United Nations World Food Program provided food assistance to 1.4 million of these refugees.

"A reduction in assistance is projected to cause a substantial decline in Uganda's refugees Food Consumption Score," Gupta said. "Pushing many into a 'borderline or poor' dietary adequacy category."

The Food Consumption Score, developed by the United Nations World Food Program, assesses the diversity and frequency of food groups consumed over the past seven days. This score is then weighted based on the nutritional value of the consumed food groups.


																																			Next-generation economists

"Growing up in India, I always had a curiosity about the decision-making of the poor and its impact on their lives and broader communities," Gupta said. "I believe in training the next generation of economists through research projects with my students. Experiential learning is crucial for students to apply knowledge effectively and make a global impact post-graduation."

Deepak Kumar and Tao Qi, Ph.D. candidates in the department, assisted Gupta with the study.

"Working in a multi-organizational setup taught me a lot, giving me hands-on experience in various research stages," Kumar said. "The insights and skills gained from this study will be pivotal as I continue to develop my dissertation, which will include a chapter incorporating the Somalia work."

"Under Professor Gupta's mentorship, I conducted extensive data analysis and paper writing," Qi said. "He was incredibly supportive, encouraging me to persevere through the inevitable challenges and setbacks that come with rigorous academic research.

"His approach was not just about providing answers but also about teaching me how to find solutions independently, fostering a sense of self-reliance in my research abilities."

The study was conducted in collaboration with the International Development and Research Associates, UC Davis, Kagin's Consulting, and the United Nations World Food Program Regional Bureau in Nairobi, Kenya.


																																																					
																				
																						More information:
												The Cost of Inaction: Impacts of WFP Assistance Shortfalls on Food Security Outcomes in Somalia. docs.wfp.org/api/documents/WFP ... 0000160651/download/

The Cost of Inaction: Impacts of WFP Refugee Assistance Shortfalls on Food Security Outcomes in Uganda. docs.wfp.org/api/documents/WFP ... 0000160654/download/
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Lessons from the biggest business tax cut in US history
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                Corporate income tax revenue and investment around the Tax Cuts and Jobs Act of 2017. Credit: Journal of Economic Perspectives (2024). DOI: 10.1257/jep.38.3.61
            
        

    


Congress is spoiling for a tax battle in 2025. Key parts of the 2017 Tax Cuts and Jobs Act are set to expire. Most urgent to many voters are sunsetting provisions aimed at households, including the more generous Child Tax Credit. But renewing the law's deep cuts to corporate taxes are also up for debate.



										      
																																	Republicans and Democrats have seized on the issues in campaign speeches, with Kamala Harris endorsing a higher top corporate rate to pay for other initiatives and Donald Trump arguing that lowering rates further will foster growth.

In a new analysis of the TCJA, published last month in the Journal of Economic Perspectives, Harvard macroeconomist Gabriel Chodorow-Reich charts the real-world impacts of the 2017 law's various corporate tax cuts.

His paper, co-written with Princeton's Owen M. Zidar and the University of Chicago's Eric Zwick, M.A. '12, Ph.D. '14, describes modest increases in wages and business investments, with some expired and expiring provisions proving most cost-effective. But these gains were hardly large enough to offset the big hit to tax revenue.

Chodorow-Reich hopes the findings challenge partisan narratives and inspire smarter solutions. "People may look at what happened with corporate income and say, 'Hey, look! Tax cuts pay for themselves through higher investment!'" Chodorow-Reich said. "But that's just not what we see in the data. Others may want to raise corporate taxes, because they think taxes have no effect on corporate policy. But that's not what we see in the data, either."

Reform was desperately needed by the time Congress passed the TCJA in December 2017. Back then, the U.S. government's last landmark tax legislation was more than 30 years old.


																																						
    
     




																																			The world experienced radical changes over that period, but the corporate tax code saw only tweaks in the '90s and early '00s. "If you were an economist who worked on corporate taxation around the Tax Reform Act of 1986 and you did a Rip Van Winkle--falling asleep for 30 years--the tax code would look pretty familiar to you in 2016," Chodorow-Reich said.

Less familiar would be the state of the U.S. economy, which was far more global than in the 1980s. International competition had moved governments large and small to rethink their tax codes. "In 1986, the U.S. corporate tax rate fell right in the middle for rich countries," explained Chodorow-Reich, who worked for the Council of Economic Advisers before earning his Ph.D. at the University of California at Berkeley. "By 2016, the U.S. was at the top with France. All the other countries had cut."

There was bipartisan recognition that something needed to change, Chodorow-Reich recalled. The TCJA, passed by a Republican Congress and signed into law by Trump, permanently slashed the corporate statutory rate--or percentage of profits, before write-offs, legally due in taxes--to 21 from 35%. It was projected to reduce federal corporate tax revenue by a whopping $100 billion to $150 billion per year for the next 10 years.

To avoid a huge budget shortfall, other measures were set to phase out. That included cuts geared to low- and middle-income households, all expiring at the end of 2025. But also included were popular changes aimed at encouraging business innovation, which started winding down in 2022.


																																			Some of the key provisions of the TCJA allowed firms to immediately write off the full cost of new capital investments and research. A bill to restore some of these breaks as well as the expanded Child Tax Credit recently failed in the Senate, as Republicans held out hope for controlling the chamber (and any legislative updates) in the new year.

The Journal of Economic Perspectives devoted much of its summer issue to assessing the TCJA, with Chodorow et al. focusing on its corporate provisions. Reviewing a range of evidence--from studies of individual corporate tax returns to an original macroeconomic analysis outlined in a companion paper--led them to conclude that capital investments had, in fact, increased under the law by about 11% .

"That means we learned something," offered Chodorow-Reich, citing a recent poll that found economists split on whether the law actually drove business investments. "Firms definitely do respond to corporate tax policy."

The biggest gains came from expired and expiring provisions concerning expensing. According to Chodorow-Reich, reviews of corporate tax returns show that these measures performed better at driving investment than old-fashioned rate cuts. After all, cuts to statutory rates reward new and old capital alike, while expensing provisions are more targeted at growth. Should lawmakers go looking for new revenue next year, he noted, "a good tradeoff" would entail raising statutory rates while restoring expensing provisions.


																																						
    
     




																																			In theory, all that new investment can benefit taxpayers directly by driving up wages. "Firms would need more workers in order to use the additional capital they just put into place," Chodorow-Reich said. "And if every firm wants to hire more, they wind up bidding up the price of labor."

How much the law increases wages is, however, a matter of dispute. Ahead of the plan's passage, the Council of Economic Advisers had predicted the reforms would drive an annual wage increase of $4,000 to $9,000 per full-time employee. Citing other research and their own analyses, Chodorow-Reich and his co-authors landed closer to $750 per year in 2017 dollars.

"You can have a glass half-full or half-empty view on whether that's a little or a lot," Chodorow-Reich said. "But it is certainly well less than what some of the TCJA's proponents suggested."

What happened to the federal government's corporate tax revenue under the law? It took an immediate dive of 40% when the TCJA was implemented. But then this revenue source rallied starting in 2020. In fact, corporate tax revenue climbed much higher than imagined, as business profits soared beyond all predictions.

In an interview, Chodorow-Reich said more research is needed to understand why corporate profits took off amid the pandemic. Possibilities range from supply chain maneuvers and so-called "greedflation" to the fact that the former tax haven of Ireland abandoned its ultra-low corporate rates in 2020. That compelled U.S. multinationals, including Google's parent company Alphabet, to start booking more profits in the U.S. amid the TCJA's lower tax rates.


																																																					
																				
																						More information:
												Gabriel Chodorow-Reich et al, Lessons from the Biggest Business Tax Cut in US History, Journal of Economic Perspectives (2024). DOI: 10.1257/jep.38.3.61
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Time off work to deal with IVF, menopause, gender transition treatments, vasectomies and other reproductive health issues would be enshrined in all workplace awards if a national union campaign succeeds.



										      
																																	Using the line, "Its for every body," the Australian Council of Trade Unions (ACTU) is in Canberra this week lobbying federal politicians to agree to 10 days paid leave so workers can have time to deal with reproductive health.

The call for recognized leave coincides with our research which found symptoms of menstruation, menstrual disorders, menopause and chronic conditions such as endometriosis significantly affect women's engagement in paid work.

Our review examined 66 articles globally on workplace policies and practices relating to supporting workers with reproductive health needs.

We found employers should foster a workplace culture encouraging communication and understanding around menstruation, menstrual disorders, and menopause.

Seeking national change

This week's national push, led by the ACTU, has been buoyed by not-for-profit disability service provider Scope agreeing to provide 12 days reproductive leave to its 7,000 workers. They were the first employer in the country to do so.

Earlier this year, the Queensland government also introduced reproductive health leave, giving public sector workers access to ten days a year.

While unions representing health care, banking, community and education sectors have had similar success for many of their members, the ACTU now wants the National Employment Standards expanded to include the leave for all workers.

Unions representing health care, banking, community and education sectors have had similar success for many of their members.

Now the ACTU wants the National Employment Standards--the minimum employment entitlements for all employees covered by the Fair Work Act--expanded to include the leave for all workers.


																																						
    
     




																																			What is reproductive health leave?

Reproductive health leave is a workplace entitlement acknowledging the need for paid time and work flexibility to treat or manage reproductive health conditions.

These conditions could include menstruation, perimenopause, menopause, polycystic ovarian syndrome, endometriosis, IVF treatments, vasectomy, hysterectomy and terminations.

It differs from other leave entitlements such as personal/caregiver's leave, compassionate leave and the more recently enacted family and domestic violence leave because it is not a national standard in the Fair Work Act 2009.

Figures included in the Australian Benefits Review 2023 of consultancy firm Mercer suggested businesses and governments have been slow to adopt this type of leave.

They reported only 11% of employers offered paid leave for fertility treatments, while a further 4% gave workers unpaid leave.

Fertility rates

The number of Australians needing fertility help to become pregnant is increasing. Current statistics show fertility issues affect about 1 in 9 couples.

The impact of menstruation, menstrual disorders, menopause and chronic conditions, such as endometriosis have received much needed attention.

A National Action Plan for Endometriosis has set out a productive blueprint focused on improved awareness, education, diagnosis, treatment and research to address the condition's insidious effects.

The current federal parliamentary inquiry into menopause and perimenopause further recognizes the significance of reproductive health.


																																			Why reproductive health is a work issue

As our research showed, the effects of reproductive health issues ripple through workplaces and extend to the Australian economy.

Workplace rights in Australia are typically grounded in men's experience of life and work. The "ideal" worker is an individual, typically a male, who has no external obligations or bodily demands outside their work.

Women's bodies in the workplace are often seen as problematic, unreliable and weaker because they can menstruate, be affected by disorders of the menstrual cycle, and can experience menopause.

Due to their health needs, many women report experiencing harassment, career derailment, lack of career progression and underemployment. Some retire prematurely due to health problems.

Different views

Some women experiencing endometriosis and chronic pelvic pain reported extra leave, while important, was not necessarily their top priority. Instead, they preferred a focus on improving workplace culture, awareness and support.

Education and training of senior leaders was highly valued. Allowing workers to take bathroom breaks when needed together with quiet/rest areas were identified as ways to manage symptoms and remain engaged and productive in the workplace.

The inclusion of male specific issues, such as vasectomy and prostate screening, highlights the importance of inclusively of gender and sex in policy, however extra leave was unlikely to reduce barriers for these procedures.

Very few men report taking time off work was a barrier to getting a prostate screening, or for having a vasectomy.

Instead, barriers were mostly related to other factors. In the case of vasectomy this was often related to perceptions about lowered libido or the pain of the procedure itself.


																																						
    
     




																																			Hiding the problem

Many employees go to significant lengths to conceal their reproductive health issues.

They remain at work "pushing through the pain," choosing not to disclose their conditions, given the stigma and taboo associated with reproductive health issues.

A recent study found young people aged 13 to 25, in particular, are significantly affected by reproductive health issues.

While they report missing more days of work due to menstrual symptoms than their older counterparts, younger workers are less likely to be entitled to reproductive health leave because they are often employed in casual roles.

Is extra leave the answer?

The most important consideration when assessing the value of a national plan for reproductive health leave, is there has been little research on its impact.

Our research showed there was a growing body of evidence aimed at understanding women's experiences managing their menstrual and reproductive health in the workplace and how this affected their work/career trajectories.

However, we found a dearth of research centered on understanding interventions, and most research simply reported on menopause guidelines and focused on the United Kingdom and European Union member countries.

We currently don't know how beneficial these entitlements may be, if they have unintended negative consequences or if people will feel like they can access them.

Before we enshrine reproductive health leave in the national employment standards, we must assess the impact this and similar leave has had in workplaces where it's already available.
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Data show trust in police declined among Black Chicago residents after Jacob Blake shooting
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Survey data collected from Chicago, Illinois at the time of the 2020 police shooting of Jacob Blake in nearby Wisconsin shows that trust in police plummeted among Black residents after the shooting. Jonathan Ben-Menachem and Gerard Torrats-Espinosa of Columbia University in New York, U.S., present these findings in the open-access journal PLOS ONE on September 11, 2024.



										      
																					For young minority men in the U.S., police violence has become a leading cause of death. Prior research has explored how police violence and misconduct might reduce trust in police, but most studies have been limited in their ability to explore how trust might vary with individual factors such as age, race, or prior arrest.

On August 23, 2020, police officer Rusten Sheskey shot unarmed, 29-year-old Black man Jacob Blake in the back, leaving him paralyzed from the waist down. A viral video of the shooting sparked widespread protests. At the time, the Chicago Department of Public Health was in the midst of conducting a survey broadly evaluating residents' health, which included questions about trust in law enforcement.

Ben-Menachem and Torrats-Espinosa recognized that the overlapping timing of the shooting and the survey could enable a quasi-experimental statistical analysis comparing how trust in police may have differed in the four weeks leading up to versus the four weeks following the shooting. Their dataset consisted of 584 Black and 939 white Chicago residents.

They found that, during the two weeks after the shooting, trust in police among Black residents declined by 31% overall. Declines were particularly pronounced for Black adults aged 18 to 44 and among Black residents who had previously experienced arrest or incarceration. Meanwhile, trust among white residents was relatively unchanged.

Further analysis showed that these results held true even when considering the possible influence of COVID-19 pandemic policies or the shootings perpetrated by Kyle Rittenhouse in Kenosha in the aftermath of the Jacob Blake shooting.

While further research is needed, these findings deepen understanding of how police violence may influence perceptions of law enforcement, perhaps exacerbating public safety issues.

The authors add, "Although other studies have shown that high-profile police violence can change residents' perceptions of police, we found these changes were most pronounced among three groups: Black residents, young people, and those who had previously been arrested or charged with a crime."


																														
																				
																						More information:
												Police violence reduces trust in the police among Black residents, PLoS ONE (2024). DOI: 10.1371/journal.pone.0308487
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This fall, several provinces across Canada are scheduled to increase their minimum wages. These provincial adjustments follow the federal government's decision to raise the federal minimum wage to $17.30 back in April.



										      
																																	On Oct. 1, Ontario, Saskatchewan, Manitoba and Prince Edward Island will all see new minimum wage rates come into effect, while the Northwest Territories raised its minimum wage on Sept. 1. Relatively substantial increases were also announced by most of these governments during the COVID-19 pandemic.

Saskatchewan's decision to index its minimum wage to inflation in 2014 was a step in the right direction for workers. The Saskatchewan government announced it would raise its minimum wage to $15 as of Oct. 1, although several exemptions apply and it will still possess one of the lowest rates in Canada.

After decades of inflation and wage stagnation have eroded wages for workers, the upcoming wage hikes represent progress. But workers certainly deserve more than that.


																																						
    
     




																																			The fight for minimum wage

Coverage of the minimum wage debate often misses some crucial points. These wage increases didn't simply arise from the halls of well-meaning policymakers; they were the result of years of struggle and active campaigning by labor and civil society organizations.

In Ontario, the Fight for $15 and Fairness was at the forefront of this movement. It took years of mobilization before the Liberal government at the time introduced Bill 148--the Fair Workplaces, Better Jobs Act, 2017--that boosted minimum hourly rates to $15 by Jan. 1, 2019.

Community organizations, like the Workers' Action Center, a worker-based organization in Toronto that improves the working conditions of people in low-wage and unstable employment, are instrumental to the movement. Their efforts are part of a broader, international movement for fair wages.

In the United States, similar campaigns unfolded, such as the Fight for $15 that advocates for raising the national minimum wage to $15 from US$7.25 an hour. Changes at municipal and state levels in the U.S. happened because of grassroots activism, even as the federal rate remained unchanged.


																																			Pushback from business lobby groups

Incremental advances for workers are routinely opposed by business lobby organizations like the Canadian Federation of Independent Businesses which pushes back against measures that improve conditions for the lowest-paid workers in Canada.

This resistance is particularly evident in retail and food services, where employers routinely complain about labor shortages and appeal to governments to help them recruit foreign workers to fuel their low-wage business models. Or, worse yet, seek to lower the working age to 13 or younger, as the Saskatchewan Chamber of Commerce did in a recent statement.

A key part of the rhetoric business lobby groups use is "small business ideology." This ideology frames small mom-and-pop shops as being under constant siege by red tape, taxes and fair wages. Their solutions often include reducing taxes and increasing subsidies for businesses--anything but paying higher wages.

What is overlooked in this narrative is that some of the largest and most profitable companies in Canada are among the worst offenders when it comes to paying low wages.

COVID-19 exacerbated matters when many workers, tired of working conditions and low-pay, left their positions to pursue other sources of employment.


																																						
    
     




																																			Living wages are needed

The minimum wage debate isn't just about wages, but the overall working conditions and benefits for all segments of the labor market, especially the ones that were deemed "essential" during the pandemic.

Living wage policies aim to create minimum rates of pay based on the cost of living in a particular region. These can come from either companies adopting living wage policies for their workers out of goodwill--something known as moral suasion--or through policy interventions by cities and local governments.

The contemporary living wage movement emerged during a period of union decline when economic growth was failing to "trickle down" to the most vulnerable.

It could be argued we are seeing a similar situation now, considering corporate profits skyrocketed during the pandemic at a time when workers struggled to make ends meet.


																																			Basic income deserves consideration

Academic research and policy experiments have demonstrated the value of basic income models as a means of redistributing wealth to workers left out of the gains experienced by their employer.

Such measures deserve serious consideration, but they face challenges. One major issue is that workers are often excluded from these decision-making processes, and the policies rely on elected officials to sustain such programs. In July 2018, for example, Doug Ford's newly elected Conservative government cancelled Ontario's basic income pilot program, leaving about 4,000 people without financial support.

Another missing piece is the role of unions and collective bargaining. Starbucks workers in the U.S. and Canada have been at the forefront of food service certification campaigns for good reason.

Data in Canada shows that even lower wage workers benefit from unionization by measure of a wage advantage, and the securing of supplementary benefits like health care and paid leave. Workers deserve more than just an hourly bump in pay.

And most importantly, unions put workers at the forefront of the movement at a time when the cost of living is stripping away wage gains. That's important. Federal programs like dental care and accessible child care can help alleviate the cost of living crisis, too.

So while we should celebrate minimum wage increases, it's important to realize workers deserve more in this economy, and that these legislated increases are not silver bullets when it comes to fighting poverty and inequality. As wage hikes roll out across Canada, we should be prepared for the predictable outrage from business lobby groups that usually accompany basic pay increases. This shouldn't stop workers from demanding what they deserve.
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Study links EV charging stations to increased local business activity
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Countries globally are rapidly transitioning to a cleaner energy future--accelerating their push for electric vehicles alongside ambitious targets to phase out gasoline and diesel in transportation. Global electric car sales surged by around 25% in the first quarter of 2024 from the same period in 2023 and are projected to reach approximately 17 million units by the end of the year, accounting for more than one in five cars sold globally.



										      
																																	In Singapore, under its Singapore Green Plan, all new car registrations will have to be cleaner-energy models by 2030, with a target of 60,000 EVCS by the same year. As an essential infrastructure within the broader push for electric vehicles, a comprehensive understanding of EVCS deployment and associated factors is crucial for policymakers, industry stakeholders, and consumers.

Researchers from the Mens, Manus and Machina (M3S) Interdisciplinary Research Group (IRG) of Singapore-MIT Alliance for Research and Technology (SMART), MIT's research enterprise in Singapore, in collaboration with the University of Florida, Melbourne Business School, Tongji University, and the Massachusetts Institute of Technology (MIT), have published a study in Nature Communications, one of the first worldwide, that demonstrates the economic benefits of Electric Vehicle Charging Stations (EVCS).

In the paper, titled "Effects of Electric Vehicle Charging Stations on Economic Vitality of Local Businesses," the researchers analyzed data from over 4,000 EVCS and 140,000 business establishments in California, U.S., finding that installing one EVCS boosted spending at nearby establishments by 1.4% in 2019 and 0.8% from January 2021 to June 2023, leading to an overall increase of USD 6.7 million in 2019 and USD 19.5 million between January 2021 and June 2023, with EVCS attracting higher-income, exploratory visitors and residents.


																																						
    
     




																																			Akin to the successful business practice of having convenience stores at gas stations, the research illustrates that combining accommodation and food services; arts, entertainment, recreation; and retail trade options with EVCS can significantly boost revenue by attracting more customers, thereby enhancing local economic vitality.

Using a 'difference-in-differences' methodology--a way to measure the effect of something (like a new policy) by comparing changes over time between two groups (one that experiences the change and one that does not)--and analyzing data from 4,000 EVCS and 140,000 business establishments in California, U.S., the researchers established a causal link between EVCS presence and favorable economic outcomes.

While EV owners were more likely to be from higher-income populations, with EVCS attracting higher-income visitors, the economic benefits were not confined to high-income neighborhoods. The installation of EVCS also stimulated consumer spending in underprivileged areas--serving as a potential catalyst to enhance economic vitality for businesses within these communities.

The study revealed that strategically positioned EVCS could significantly impact urban planning and economic development. For EVCS operators, this offers an opportunity to create business models and strategically partner with local businesses to drive local economic growth, while policymakers, including those in geographies with a growing EV market such as Singapore, can use these insights to integrate the economic benefits of EV infrastructure into their planning and investment strategies.


																																			The research team employed a comprehensive analytical framework, analyzing real-world data from various regions in California, U.S., using advanced statistical techniques, machine learning, and economic forecasting to ensure high confidence in their results. This approach not only sets a new benchmark for EV infrastructure research but also provides a solid foundation for future studies on the broader impacts of EV adoption.

"Uncovering the synergistic relationship between EVCS and urban planning is essential for the creation of sustainable cities. Our research emphasizes the importance of a comprehensive infrastructure approach that incorporates EVCS into broader mobility and land-use strategies," said Dr. Yunhan Zheng, Postdoctoral Associate at SMART M3S, first and corresponding author of the paper.

"By optimizing EVCS placement and considering factors such as public transportation accessibility and green spaces, we can develop more livable and climate-resilient urban environments."

"Electric Vehicle Charging Stations (EVCS) can be powerful catalysts for economic growth, particularly in underprivileged areas, and our findings provide useful insights for policymakers and stakeholders committed to advancing clean energy goals while fostering economic development," said Professor Jinhua Zhao, Lead Principal Investigator at SMART M3S, Professor at MIT, and one of the authors of the paper.

"Drawing on insights from research and theoretical frameworks, strategically deployed EVCS can stimulate job creation, attract new businesses, and enhance property values, resulting in economic and social benefits of clean energy infrastructure."

Moving forward, SMART M3S' work will concentrate on conducting further studies to optimize the placement of future EVCS in Singapore. Building on insights from current research, the team aims to maximize the positive impact of EVCS on local economies by strategically positioning these stations to stimulate economic growth and development within Singapore and globally.


																																																					
																				
																						More information:
												Yunhan Zheng et al, Effects of electric vehicle charging stations on the economic vitality of local businesses, Nature Communications (2024). DOI: 10.1038/s41467-024-51554-9
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