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        New approach for tuning current flow in 2D MOF nanosheets shows promise for advanced electronics
        Researchers led by Prof. Cunlan Guo at Wuhan University have pioneered a new approach to control the electrical properties of two-dimensional (2D) metal-organic frameworks (MOFs), specifically porphyrinic 2D MOF nanosheets, by constructing molecular heterojunctions that exhibit tunable rectification behaviors. Their findings could greatly impact the development of future functional electronic devices.

      

      
        Quasiperiodicity changes the ground-state properties of 1D narrow-band moire systems, study demonstrates
        Moire materials, such as twisted bilayer graphene, are materials generally formed by stacking two or more layers of 2D materials on top of each other with a small lattice mismatch. This slight mismatch creates a unique pattern known as the moire pattern, which is associated with desirable optical and electronic properties.

      

      
        Team develops non-invasive biosensor for early kidney disease detection
        Traditionally, kidney health has been monitored by measuring blood creatinine levels, which indicate muscle breakdown. High creatinine levels can suggest that the kidneys are not filtering waste efficiently. However, creatinine levels can be affected by a person's muscle mass and only rise significantly after more than 75% of kidney function is lost.
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New approach for tuning current flow in 2D MOF nanosheets shows promise for advanced electronics

										

    
        
            [image: Tunable molecular rectification in 2D MOFs for advanced electronic applications]
             
                Molecular heterojunction structure. Credit: Advanced Electronic Materials (2024). DOI: 10.1002/aelm.202400773
            
        

    


Researchers led by Prof. Cunlan Guo at Wuhan University have pioneered a new approach to control the electrical properties of two-dimensional (2D) metal-organic frameworks (MOFs), specifically porphyrinic 2D MOF nanosheets, by constructing molecular heterojunctions that exhibit tunable rectification behaviors. Their findings could greatly impact the development of future functional electronic devices.



										      
																																	In this study, published in Advanced Electronic Materials, the team paired 2D MOF nanosheets, made from tetrakis(4-carboxyphenyl) porphyrin (TCPP) and various metal ions, with oligophenylene thiol (OPT) self-assembled monolayers (SAMs) to form heterojunctions.

By adjusting the molecular length of the OPT molecules and the metal center of the MOFs, they could fine-tune the rectification ratio (RR) of the resulting devices, offering a versatile strategy for regulating electrical behaviors at the molecular level.

Notably, a remarkable rectification ratio of over 1.67 orders of magnitude was achieved with the Zn-TCPP MOF nanosheet and OPT3 SAM combination. This work opens up new avenues for the design of MOF-based electronic devices without the need for extensive synthetic modifications.

The concept of rectification--where current flows more easily in one direction than the other--is essential for the functioning of many electronic devices, from diodes to transistors. Traditionally, creating such behaviors in materials like MOFs has been challenging due to their low conductivity.

However, by leveraging the flexible molecular structures of MOFs and their inherent ability to interact with various organic ligands, the research team has introduced a new method to control these properties.


																																						
    
     




																																			The resulting molecular heterojunctions display asymmetric current-voltage (I-V) characteristics, a hallmark of rectification. By adjusting the molecular length of the OPT and the type of metal in the MOF, the researchers were able to manipulate the alignment of energy levels at the interface of the two materials. This creates an asymmetry in charge transport, allowing for precise control over the rectification behavior, which can be tuned to suit specific applications.

The team's use of Kelvin probe force microscopy (KPFM) and first-principles calculations provided crucial insights into the energy-level alignment at the interface, enabling a deeper understanding of how molecular and metal properties influence charge transport.

The potential applications of these molecular heterojunctions are vast, extending far beyond traditional uses of MOFs. For example, the ability to manipulate rectification ratios through simple molecular adjustments offers an exciting pathway for designing next-generation functional electronic devices, such as sensors, transistors, and rectifiers, all based on MOF materials.

By demonstrating that the rectification behaviors can also be modulated through the metal coordination in TCPP--such as by incorporating iron (Fe) into the structure--the researchers have highlighted a key strategy for fine-tuning the electrical characteristics of MOFs.

These findings could also pave the way for future innovations in energy storage, catalysis, and molecular electronics, where precise control over electrical properties is critical. The success of this work underscores the promising future of MOF-based electronics, providing a flexible, tunable framework for the development of sophisticated devices with custom-tailored electrical behaviors.


																																																					
																				
																						More information:
												Bing Huang et al, Tunable Rectification in 2D Porphyrinic Metal-Organic Framework Nanosheets Molecular Heterojunctions, Advanced Electronic Materials (2024). DOI: 10.1002/aelm.202400773
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Quasiperiodicity changes the ground-state properties of 1D narrow-band moire systems, study demonstrates

										 by Ingrid Fadelli										 										 , Phys.org
										 									

									
										

    
        
            [image: Study finds that quasiperiodicity changes the ground-state properties of 1D narrow-band moire systems]
             
                (a) Quasiperiodic twisted bilayer graphene as an example of a moire system. In magenta, two of the emergent moire patterns are illustrated. A close look reveals that the atomic configurations are not exactly the same within these patterns, resulting in a quasiperiodic, rather than perfectly periodic, system. (b) Illustration of the model studied in the paper. It consists of a 1D chain of orbitals (in blue) with probabilities for electrons (orange dots) to tunnel between different orbitals modulated quasi-periodically. Additionally, short-range repulsive interactions between electrons at nearest neighboring orbitals were also considered. The hopping probability as a function of site index is illustrated in the bottom figure, where two moire patterns are highlighted in magenta, again not being exactly equal due to the quasiperiodic nature of the system. Credit: Goncalves et al.
            
        

    


Moire materials, such as twisted bilayer graphene, are materials generally formed by stacking two or more layers of 2D materials on top of each other with a small lattice mismatch. This slight mismatch creates a unique pattern known as the moire pattern, which is associated with desirable optical and electronic properties.



										      
																																	Researchers at Universidade de Lisboa, Universidade do Porto and Universidade do Minho carried out a study investigating how the quasiperiodicity of one-dimensional (1D) narrow-band moire systems impacts their properties.

Their findings, published in Nature Physics, demonstrate that the ground-state properties of these materials are altered in a fundamental way by quasiperiodicity.

"Our work was motivated by a rather ambitious question we want to answer regarding moire materials," Miguel Goncalves, first author of the paper, told Phys.org.

"These materials have captivated exceptional attention in the condensed matter physics community during the past six years due to the remarkable experimental observations of exotic phases of matter, such as superconductivity and other correlated phases, where electron-electron interactions play a crucial role."

The distinctive pattern of moire systems is produced by the interference between slightly mismatched crystalline layers. Notably, this pattern can be tuned by changing the twist angle between different stacked layers.

"If we zoom out, the moire pattern appears to repeat itself, being periodic," said Goncalves. "However, this repetition is only exact for fine-tuned (commensurate) twist angles. For generic angles, when we zoom in to the atomic scale, we see that while the moire pattern 'almost' repeats in space, it never exactly does so, forming a so-called quasiperiodic spatial profile, where each of the moire 'unit cells' is slightly different from any other cell."


																																						
    
     




																																			Past theoretical studies have studied moire systems in great depth. Nonetheless, most of these studies assume that these systems exhibit periodicity (i.e., that atoms in their lattice are arranged in a repeating or regular pattern).

"This assumption simplifies the problem and allows for the accurate description of a big part of the experimental observations," explained Goncalves.

"Paradoxically, it has long been known that quasiperiodicity can profoundly modify the properties of the system's quantum wave function. With this in mind, our central questions were whether the interplay between quasiperiodicity and electron-electron interactions could lead to new states of matter not attainable in periodic systems and whether the effect of interactions can be enhanced by quasiperiodicity."

Accurately describing the interactions between pairs of electrons in materials has been a long-standing challenge for physicists and to this date there is no general tool to achieve this. Including quasiperiodicity in this equation further complicates the task, as it prevents researchers from exploiting the translational symmetry of materials.



    
        
            [image: Study finds that quasiperiodicity changes the ground-state properties of 1D narrow-band moire systems]
             
                Phase diagrams in the plane of interaction and quasiperiodic hopping strengths (U and V2, respectively). The case of a periodic system (where the hopping modulation is chosen to be exactly periodic) is compared to that of the quasiperiodic system, unveiling significant differences in the phase diagram at large enough V2. In particular, only in the quasiperiodic case an exotic 'quasi-fractal' charge ordered regime is observed. This regime occurs when interactions are switched on within the multifractal phase, which is also absent in the periodic case, revealing the key impact of quasiperiodicity in its stabilization. LL: Luttinger Liquid; CDW: Charge density wave. Credit: Goncalves et al.
            
        

    



"In 1D, however, we have a powerful tool--known as the density-matrix-renormalization-group method--that allows us to treat electron-electron interactions exactly and simulate sufficiently large systems to study the effect of quasiperiodicity," said Goncalves.

"To take the first step towards answering our ambitious question, we studied the ground-state phase diagram of a 1D chain of atoms, where electrons can tunnel from neighboring atoms with a hopping amplitude that is modulated quasiperiodically."


																																			The model system studied by Goncalves and his colleagues contains various key ingredients that are also present in 2D moire systems. These include a moire pattern, a narrow energy band and quasiperiodicity.

While the researchers' model system is one-dimensional, it can potentially be realized in laboratory experiments with ultracold atoms and trapped findings. These experiments could help to verify the team's new findings.

"Our most notable finding was that quasiperiodicity can enhance the effect of interactions and the interplay between these ingredients can indeed give rise to new states of matter that cannot be realized in similar, but otherwise periodic, systems," said Goncalves.

"In particular, we carried out a detailed comparison of the phase diagrams in the plane of interaction and hopping strengths for quasiperiodic and periodic systems, where in the latter the hopping modulation was chosen to be exactly periodic."

Interestingly, Goncalves and his colleagues observed that the phase diagrams they examined became drastically different when the hopping strength exceeded a critical value. Above this critical value and in the absence of interactions, the 1D quasiperiodic moire system enters a multifractal exotic phase that cannot be reached in a corresponding periodic system.

"More concretely, our crucial novel finding was that when interactions are turned on within this phase in the quasiperiodic system, a new regime--that we have termed 'quasi-fractal charge density wave'--is stabilized," said Goncalves.


																																						
    
     




																																			"In this regime, the ground-state wave function exhibits charge order modulation with a remarkably large number of wave vectors. In the periodic case, on the other hand, no charge-order is observed at all, in this same region of the phase diagram."

The recent paper by this team of researchers hints at the existence of a new state of matter in an 1D quasiperiodic narrow-band moire system. This development could pave the way for further studies focusing on interacting quasiperiodic systems, potentially leading to the discovery of new exotic states.

"We are now developing techniques to investigate the interplay between quasiperiodicity and interactions beyond one dimension," added Goncalves.

"We are particularly interested in exploring two-dimensional moire materials, where we believe that the combination of these ingredients can lead to an even richer set of possibilities waiting to be uncovered and added to the already remarkable repertoire of these materials."


																																																					
																				
																						More information:
												Miguel Goncalves et al, Incommensurability enabled quasi-fractal order in 1D narrow-band moire systems, Nature Physics (2024). DOI: 10.1038/s41567-024-02662-2.
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Team develops non-invasive biosensor for early kidney disease detection

										

    
        
            [image: Chung-Ang University develops non-invasive biosensor for early kidney disease detection]
             
                Researchers developed a biosensor that uses affinity peptides to detect symmetric dimethylarginine (SDMA), an early marker of kidney problems. The sensor measures SDMA levels in urine with high accuracy, making it a practical and cost-effective tool for early diagnosis and monitoring. Credit: "Kidney Cross Section" Artwork by Holly Fischer Image source: https://commons.wikimedia.org/w/index.php?curid=24367128
            
        

    


Traditionally, kidney health has been monitored by measuring blood creatinine levels, which indicate muscle breakdown. High creatinine levels can suggest that the kidneys are not filtering waste efficiently. However, creatinine levels can be affected by a person's muscle mass and only rise significantly after more than 75% of kidney function is lost.



										      
																																	As an alternative, SDMA, a byproduct of protein breakdown, has emerged as a more reliable indicator of kidney function. SDMA accumulates in the bloodstream because it cannot be metabolized and is primarily excreted by the kidneys. Measuring SDMA in urine provides a more accurate indicator of kidney health. Unlike creatinine, SDMA levels increase even with mild kidney impairment (25-40% loss) and are not significantly influenced by muscle mass.

In a recent study, researchers led by Professor Jong Pil Park from Chung-Ang University, Republic of Korea, introduced a biosensor to detect SDMA levels in urine. This non-invasive method offers a reliable alternative to blood tests, allowing for earlier detection and treatment of kidney disease. This study was published in the journal Biosensors and Bioelectronics.

"Since kidney disease is often diagnosed very late, we aim to develop a sensing tool that patients or clinicians can use to easily monitor kidney health for effective treatment, enabling timely interventions and potential for long-term outcomes," says Prof. Park.

The core of this biosensor includes small, linear peptides that specifically bind to SDMA. These peptides were synthesized and bound to the surface of a Ni-Cr layered double hydroxide with graphene oxide (NCL-GO) nanostructure, integrated onto gold (Au) electrodes.


																																						
    
     




																																			To design the sensor, the researchers used a technique called the drop-cast method. They coated gold electrodes with a solution containing NCL-GO and allowed it to dry, forming a stable coating of peptide-functionalized electrodes (referred as peptide/NCL-GO/Au). The unique two-dimensional structure of NCL-GO consists of Ni-Cr layered double hydroxide nanosheets interconnected with conductive graphene oxide nanosheets.

This setup creates porous, well-connected networks that facilitate better charge transfer and molecular diffusion, improving both the conductivity and the surface area of the electrodes. This enhances the interaction between the peptides and SDMA, boosting the sensor's detection capabilities.

While other SDMA detection methods like chromatography, offer higher sensitivity, this new electrochemical biosensor is easier to use and does not require advanced equipment. This makes it more affordable and practical in many settings, including small clinics, remote locations, and places with fewer resources. It has a simple design and shows fast results, making it a suitable option for regular health check-ups and monitoring.

"The sensor could facilitate earlier diagnosis, advanced monitoring of kidney function, and improved treatment outcomes for millions of patients worldwide. Moreover, our platform technology has the potential to be adapted for detecting other biomarkers, making it a versatile tool applicable across various areas of health care," says Prof. Park.


																																																					
																				
																						More information:
												Jae Hwan Shin et al, Affinity peptide-based electrochemical biosensor with 2D-2D nanoarchitecture of nickel-chromium-layered double hydroxide and graphene oxide nanosheets for chirality detection of symmetric dimethylarginine, Biosensors and Bioelectronics (2024). DOI: 10.1016/j.bios.2024.116871
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        Can unknown physics be seen in interactions between Higgs bosons?
        Since the launch of the Large Hadron Collider, there has been ongoing research there into Higgs bosons and a search for traces of physics beyond the existing model of elementary particles. Scientists working at the ATLAS detector have combined both goals: with the latest analysis it has been possible to expand our knowledge of the interactions of Higgs bosons with each other, and stronger constraints on the phenomena of "new physics" have been found.

      

      
        Fluids thicken at the speed of light: A new theory extends Einstein's relativity to real fluids
        The theory of special relativity is rife with counterintuitive and surprising effects, the most famous of which are length contraction and time dilation. If an object travels at a relative speed, which is a non-negligible fraction of the speed of light, with respect to an observer, the length of the object in the travel direction will appear shorter to the observer than it actually is in the object's rest frame.

      

      
        Scientists capture images of a new quantum phase in electron molecular crystals
        Electrons typically travel at high speeds, zipping through matter unbound. In the 1930s, physicist Eugene Wigner predicted that electrons could be coaxed into stillness at low densities and cold temperatures, forming an electron ice that would later be called the Wigner crystal.

      

      
        New giant particle collider 'right option for science': Next CERN chief
        The next head of Europe's CERN physics laboratory said Thursday that he favored moving forward with plans for a giant particle collider far more powerful than the collider that discovered the famous "God particle".

      

      
        Scientists calculate predictions for meson measurements
        Nuclear physics theorists at the U.S. Department of Energy's (DOE) Brookhaven National Laboratory have demonstrated that complex calculations run on supercomputers can accurately predict the distribution of electric charges in mesons, particles made of a quark and an antiquark. Scientists are keen to learn more about mesons--and the whole class of particles made of quarks, collectively known as hadrons--in high-energy experiments at the future Electron-Ion Collider (EIC), a particle collider being ...

      

      
        Experiment reveals how Earth's magnetic field influences flow in planet's core
        A trio of physicists, two with Coventry University, in the U.K., and the third with Laboratoire National des Champs Magnetiques Intenses, in France, has demonstrated how Earth's magnetic field may be influencing internal flow, using what they describe as a Little Earth Experiment.
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Can unknown physics be seen in interactions between Higgs bosons?

										

    
        
            [image: Can unknown physics be seen in interactions between Higgs bosons?]
             
                Secondary particle tracks recorded during a proton collision inside the ATLAS detector, indicating the presence of a single Higgs boson in the event. Credit: IFJ PAN / CERN / ATLAS Experiment
            
        

    


Since the launch of the Large Hadron Collider, there has been ongoing research there into Higgs bosons and a search for traces of physics beyond the existing model of elementary particles. Scientists working at the ATLAS detector have combined both goals: with the latest analysis it has been possible to expand our knowledge of the interactions of Higgs bosons with each other, and stronger constraints on the phenomena of "new physics" have been found.



										      
																																	An undisputed success of the Large Hardon Collider (LHC) is the discovery of the last missing element of the Standard Model: the Higgs boson, responsible for the origin of the mass of elementary particles. There is also a disappointment: the persistent absence of any trace of physics beyond this model.

Scientists at the facility of the European Organization for Nuclear Research (CERN) in Geneva are therefore trying to conduct their current research in such a way as to combine more precise measurements of the properties of the Higgs boson with further searches for "new physics."

The study just published in the Journal of High Energy Physics is an example of this approach. In it, physicists from the ATLAS experiment focused on events leading to the creation of two Higgs bosons, which would then decay into multiple particles of the lepton family (mainly electrons and muons).

The production of Higgs boson pairs can occur within the Standard Model itself. It is such a rare process here that it has not been possible to observe it in the data collected so far. There are, however, theoretical models describing phenomena beyond the Standard Model, predicting the production of Higgs boson pairs with a higher probability.

Observing instances of this sort of production using data already collected would confirm the existence of a hitherto unknown class of physical phenomena. It is therefore not surprising that for the scientists in the ATLAS experiment, this very process became the starting point for the analysis described above.


																																						
    
     




																																			"Experimental studies of the interactions of Higgs bosons with each other encounter a fundamental problem. It is this: in proton collisions at the LHC, Higgs bosons appear so infrequently that so far not a single event of Higgs boson pair production has been detected, which at first glance seems absolutely necessary if we want to look at interactions between these particles. How, then, can we study a phenomenon that has not yet been observed?" asks Dr. Bartlomiej Zabinski, a physicist at the Institute of Physics of the Polish Academy of Sciences (IPJ PAN) who coordinated the international team responsible for this analysis.

Within the Standard Model, increasingly precise predictions can be made about the probabilities of various known processes. A rationale for suggesting unexpected properties of Higgs bosons or the existence of new physics would be a discrepancy between theoretical predictions and actual data from the LHC detectors.

Operating solely within the framework of the Standard Model, the physicists in the ATLAS experiment therefore simulated (together with the background) the signals that should appear in the detectors in the event of two Higgs boson phenomena, and then normalized the results according to the expected amount of data coming from their detector. The final step was to compare the values thus obtained with those derived from previous observations. The use of machine learning based on decision trees helped in the search for these rare processes.


																																			"Our analysis of double Higgs boson production events in the final state with multiple leptons complements the studies already carried out on other final states. So far, we have not noticed anything in the data from our detectors that disagrees with the Standard Model. However, this result does not rule out the possibility of the existence of 'new physics' phenomena, but only informs us that their possible influence on the production of Higgs boson pairs remains too weak to be seen in the data collected so far," concludes Dr. Zabinski.

In the coming years, the LHC is to undergo a major upgrade. The intensity of the beams will then increase tenfold, resulting in a significant increase in the number of recorded proton collisions.

The limitations imposed by the current analysis on the production and parameters describing the interactions of Higgs bosons allow physicists to hope that perhaps already at the beginning of the next decade it will be possible to select the first events of double Higgs production from more data and to verify today's predictions in direct observations of the phenomenon.


																																																					
																				
																						More information:
												Search for non-resonant Higgs boson pair production in final states with leptons, taus, and photons in pp collisions at [?]s = 13 TeV with the ATLAS detector, Journal of High Energy Physics (2024). DOI: 10.1007/JHEP08(2024)164
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Fluids thicken at the speed of light: A new theory extends Einstein's relativity to real fluids
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                Credit: CC0 Public domain
            
        

    


The theory of special relativity is rife with counterintuitive and surprising effects, the most famous of which are length contraction and time dilation. If an object travels at a relative speed, which is a non-negligible fraction of the speed of light, with respect to an observer, the length of the object in the travel direction will appear shorter to the observer than it actually is in the object's rest frame.



										      
																																	In particular, it will appear shorter by a factor equal to one divided by the Lorentz factor. The latter depends only on the relative speed between the object and the observer and on the speed of light, and can only be larger or equal to one, hence the "length contraction" effect.

While length contraction and time dilation are well established relativistic effects, which have been known since even before Einstein's 1905 paper on special relativity, one may wonder if other relativistic effects concerning other fundamental physical properties can be predicted by special relativity.

For example, in spite of intense research in the field of relativistic hydrodynamics, a relativistic theory of the viscosity of fluids that is also able to recover the limit of classical gases has been missing so far. This is the revealing symptom that the available relativistic theories of viscosity are, possibly, incomplete.

In a new article published in Physical Review E, I derived a general microscopic theory of the viscosity of fluids, based on the recently proposed relativistic Langevin equation (derived from a relativistic microscopic particle-bath Lagrangian), combined with a microscopic nonaffine theory of particle-level displacements under flow. This framework describes the microscopic motion of particles (atoms or ions) as a result of their interactions and collisions with other particles, under an imposed flow field.


																																						
    
     




																																			While the particles have a tendency to follow the flow field, they also deviate from it due to the interactions with other particles. These "deviations" are called "nonaffine" motions and greatly contribute to the dissipation of momentum in the fluid in motion.

In special relativity, the "momentum" that is relevant for relative motion of the object with respect to an observer is the "proper momentum", which is the ordinary momentum of the particle multiplied by the Lorentz factor (again, the latter is a number always larger than 1 and a very large number for objects traveling at or near the speed of light).

The new theory that I derived shows that the viscosity of the fluid, which is proportional to the loss of proper momentum for a fluid moving near the speed of light, is thus proportional to the ordinary viscosity of the same fluid moving at ordinary speeds multiplied by the Lorentz factor.

I was quite surprised when I checked whether my microscopic relativistic theory is able to recover, in the non-relativistic limit of low speeds, the viscosity of classical gases as is known from kinetic theory and many aerodynamic experiments. Indeed, I found that the new formula could recover the correct dependencies of viscosity on temperature, particle mass and size, and Boltzmann's constant which are known for classical gases (e.g., for air flowing near the wings of an airplane).


																																			In the opposite limit of high-energy fluids moving at extremely high speeds (e.g., quark gluon plasma or classical relativistic plasmas), the theory predicts the cubic dependence on temperature in agreement with evidence and yields a new fundamental law of physics which brings together the most important fundamental constants in nature.

Interestingly, I realized that the new theory might unveil a hitherto neglected effect of Einstein's relativity theory. For example, in analogy with length contraction and time dilation, we can speak of "fluid thickening" as a new relativistic effect that has been overlooked so far and may have important consequences for our understanding of relativistic plasmas in astrophysics and in high-energy physics, including the quark-gluon plasma obtained from high energy nuclear collision reactions.

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


																																																					
																				
																						More information:
												Alessio Zaccone, Relativistic theory of the viscosity of fluids across the entire energy spectrum, Physical Review E (2024). DOI: 10.1103/PhysRevE.110.L052101. On arXiv: DOI: 10.48550/arxiv.2406.18434

Bio: Alessio Zaccone received his Ph.D. from the Department of Chemistry of ETH Zurich in 2010. From 2010 till 2014 he was an Oppenheimer Research Fellow at the Cavendish Laboratory, University of Cambridge. After being on the faculty of Technical University Munich (2014-2015) and of University of Cambridge (2015-2018), he has been a full professor and chair of theoretical physics in the Department of Physics at the University of Milano since 2022. Awards include the ETH Silver Medal, the 2020 Gauss Professorship of the Gottingen Academy of Sciences, the Fellowship of Queens' College Cambridge, and an ERC Consolidator grant ("Multimech").

Research contributions include the analytical solution to the jamming transition problem (Zaccone & Scossa-Romano PRB 2011), the analytical solution to the random close packing problem in 2d and 3d (Zaccone PRL 2022), the theory of thermally-activated reaction rate processes in shear flows (Zaccone et al. PRE 2009), the theory of crystal nucleation under shear flow (Mura & Zaccone PRE 2016), the theoretical prediction of boson-like peaks in the vibrational spectra of crystals (Milkus & Zaccone PRB 2016; Baggioli & Zaccone PRL 2019), the theory of the glass transition in polymers (Zaccone & Terentjev PRL 2013), the theoretical and computational discovery of topological defects in glasses (Baggioli, Kriuchevskyi, Sirk, Zaccone PRL 2021), and the theoretical prediction of superconductivity enhancement effects due to phonon damping (Setty, Baggioli, Zaccone PRB 2020). Research interests range from the statistical physics of disordered systems (random packings, jamming, glasses and the glass transition, colloids, nonequilibrium thermodynamics) to solid-state physics and superconductivity.
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Scientists capture images of a new quantum phase in electron molecular crystals

										

    
        
            [image: Scientists capture images of electron molecular crystals]
             
                From top left: Scanning tunneling microscope images of electrons evolving into a single Wigner molecule (bottom right). Credit: Berkeley Lab
            
        

    


Electrons typically travel at high speeds, zipping through matter unbound. In the 1930s, physicist Eugene Wigner predicted that electrons could be coaxed into stillness at low densities and cold temperatures, forming an electron ice that would later be called the Wigner crystal.



										      
																																	Ninety years later, in 2021, a team led by Feng Wang and Michael Crommie, Berkeley Lab senior faculty scientists in the Materials Sciences Division and UC Berkeley physics professors, provided direct evidence that these electron crystals exist.

Now Wang, Crommie, and their teams have captured direct images of a new quantum phase of an electron solid--the Wigner molecular crystal. Their findings were reported in the journal Science.

Whereas Wigner crystals or electron ice are characterized by a honeycomb arrangement of electrons, Wigner molecular crystals have a highly ordered pattern of artificial "molecules" made of two or more electrons.

"We are the first to directly observe this new quantum phase, which was quite unexpected," Wang said. "It's pretty exciting."

For many years, scientists have tried to capture direct images of the Wigner molecular crystal, but their progress has been hindered by the tendency of the STM tip to destroy the material's electron configuration.

In the new study, the Berkeley Lab researchers overcame this hurdle by minimizing the electric field from the STM tip, an advance that allowed them to see the Wigner molecular crystal's delicate electronic structure.

During experiments at Wang's lab, they formed a nanomaterial called a "twisted tungsten disulfide (tWS2) moire superlattice" by placing an atomically thin bilayer of tungsten disulfide (WS2) on top of a 49-nanometer-thick layer of hBN (hexagonal boron nitride) and a graphite back gate. The WS2 layers are stacked on top of each other at a 58-degree twist angle.


																																						
    
     




																																			Using their STM technique, they found that doping the tWS2 moire superlattice with electrons filled each 10-nanometer-wide unit cell of the material with just two or three electrons. And in a surprising result, these filled unit cells formed an array of moire electron molecules throughout the superlattice--resulting in a Wigner molecular crystal.

"Low temperatures along with the energy potential created by the tWS2 moire superlattice confine the electrons locally," Wang explained, adding that "the interplay between quantum mechanics and the electron-electron interaction drives the localized electrons into Wigner molecule states."

In future experiments, Wang, Crommie, and team hope to use their new STM technique to gain a better understanding of this new quantum phase and see what potential applications it could lead to.


																																																					
																				
																						More information:
												Hongyuan Li et al, Wigner molecular crystals from multielectron moire artificial atoms, Science (2024). DOI: 10.1126/science.adk1348. On arXiv: DOI: 10.48550/arxiv.2312.07607
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Scientists capture images of a new quantum phase in electron molecular crystals (2024, November 7)
												retrieved 7 November 2024
												from https://phys.org/news/2024-11-scientists-capture-images-quantum-phase.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/2024-11-scientists-capture-images-quantum-phase.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: Mark Thomson will take over as the head of CERN in January 2026]
             
                Mark Thomson will take over as the head of CERN in January 2026.
            
        

    


The next head of Europe's CERN physics laboratory said Thursday that he favored moving forward with plans for a giant particle collider far more powerful than the collider that discovered the famous "God particle".



										      
																																	"Scientifically, I am convinced it is the right option," Mark Thomson, whom CERN has tapped to be its next director-general, said of preliminary plans for the Future Circular Collider (FCC).

It is "the right option for CERN, the right option for science", the British physicist said during an online press conference a day after CERN said he would take the helm for a five-year term starting in January 2026.

"Absolutely I wish to pursue that route," he said.

The CERN lab, which straddles the border between France and Switzerland, seeks to unravel what the universe is made of and how it works.

Its Large Hadron Collider (LHC)--a 27-kilometer (17-mile) proton-smashing ring running about 100 meters (330 feet) below ground--has among other things been used to prove the existence of the Higgs boson.

Dubbed the God particle, its discovery broadened science's understanding of how particles acquire mass.

The LHC is expected to have fully run its course by around 2040, and CERN is considering building a far larger collider to allow scientists to keep pushing the envelope.

Hunt for dark matter

A feasibility study is under way for the 91-kilometer FCC, which CERN estimated earlier this year will cost around $17 billion.

Thomson, an experimental particle physics professor at Cambridge University and the executive chair of Britain's Science and Technology Facilities Council, hailed the efforts to fully grasp the costs involved, saying a final decision was still several years off.


																																						
    
     




																																			"There is time to build a very, very strong consensus around the project based on the clear scientific argument" for it, he said.

At CERN, Thomson will replace Italian physicist Fabiola Gianotti, who a decade ago was chosen as the first woman to lead the lab. She has also expressed support for the FCC project.

"We are confronted with many crucial outstanding questions in fundamental physics and in our understanding of the structure and evolution of the universe," she told reporters.

Both Gianotti and Thomson said the search for answers was not waiting for the FCC to be built, with so-called dark matter and dark energy among the issues being explored.

Scientists believe that ordinary matter--such as stars, gases, dust, planets and everything on them--accounts for just five percent of the universe.

But dark matter and dark energy account for the rest, and scientists have yet to directly observe either.

"We know dark matter is out there, (but) we don't know the nature of dark matter," Thomson said.

"I'm optimistic that some of the experiments that have been constructed and operated at the moment have an opportunity to actually discover what dark matter really is," he said.
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                In an Electron-Ion Collider (EIC) collision, interactions between a virtual photon emitted by the colliding electron can reveal the arrangement of quarks and gluons within a hadron--in this case a proton that is part of a larger nucleus. Credit: Tiffany Bowman / Brookhaven National Laboratory
            
        

    


Nuclear physics theorists at the U.S. Department of Energy's (DOE) Brookhaven National Laboratory have demonstrated that complex calculations run on supercomputers can accurately predict the distribution of electric charges in mesons, particles made of a quark and an antiquark. Scientists are keen to learn more about mesons--and the whole class of particles made of quarks, collectively known as hadrons--in high-energy experiments at the future Electron-Ion Collider (EIC), a particle collider being built at Brookhaven Lab.



										      
																																	The predictions and measurements at the EIC will reveal how quarks and the gluons that hold them together in hadrons generate the mass and structure of nearly all visible matter.

"The fundamental science goal of the EIC is to understand how the properties of hadrons, including mesons and more familiar protons and neutrons, arise from the distributions of their constituent quarks and gluons," said Brookhaven Lab theorist Swagato Mukherjee, who led the research.

The lightest meson, the pion, plays an essential role in the nuclear strength force, which binds protons and neutrons in atomic nuclei. By probing the mysteries of pions, protons, and other hadrons, the EIC will help scientists unravel how everything made of atoms sticks together the way it does.

The new predictions, just published in Physical Review Letters, match nicely with measurements from low-energy experiments at DOE's Thomas Jefferson National Accelerator Facility (Jefferson Lab), Brookhaven's partner in building the EIC, and extend into the high-energy regime planned for experiments at the new facility. These predictions are important because they will provide a basis for comparison when the EIC experiments begin in the early 2030s.

But the findings go further than establishing expectations for a single EIC measurement. As described in the paper, the scientists used their predictions--together with additional independent supercomputer calculations--to validate a widely used approach for deciphering particle properties. This approach, known as factorization, breaks complex physical processes into two components, or factors. Validation of factorization will enable many more EIC predictions and more confident interpretations of experimental results.


    
    
    
        
        
    
            
            Animation of an Electron-Ion Collider (EIC) collision showing how interactions between a virtual photon emitted by the colliding electron can reveal the arrangement of quarks and gluons within a hadron (in this case a proton that is part of a larger nucleus). Credit: Tiffany Bowman / Brookhaven National Laboratory
  



																																						
    
     




																																			Peering into hadrons

To probe the inner makeup of hadrons, the EIC will collide high-energy electrons with either protons or atomic nuclei. Virtual photons, or particles of light, emitted from the electron help reveal the properties of the hadron--sort of like a microscope for the building blocks of matter.

Collisions at the EIC will provide precise measurements of various physical scattering processes. To transform these precise measurements into high-resolution images of the building blocks of matter within hadrons, scientists rely on factorization. This theoretical approach breaks the experimental measurement--for example, the distribution of electric charges in mesons--into two components so scientists can use knowledge of two parts of the process to infer information about the third.

Think of a mathematical equation where X = Y x Z. The full value, X--the experimental measurement--can be made up of two factors, Y and Z. One factor, Y, describes how quarks and gluons are distributed inside the hadron. The other factor, Z, describes the interactions of those quarks and gluons with the high-energy virtual photon emitted by the colliding electron.

The quark/gluon distributions are very difficult to calculate because of the strong interactions between quarks and gluons inside a hadron. Those calculations contain billions of variables described by the theory of the strong interaction, known as quantum chromodynamics (QCD). Solving QCD equations typically requires simulating the interactions on an imaginary space-time lattice using powerful supercomputers.


																																			The interactions of quarks and gluons with the virtual photon, on the other hand, are relatively weak. So, theorists can use pen-on-paper calculations to derive those values. They can then use these simple calculations combined with the experimental measurements (or predicted measurements)--and the mathematical relationship between those factors--to solve the equation and arrive at a view of the distribution of quarks and gluons inside hadrons.

"But does this actually work--separating one phenomenon into these two factors?" asked Qi Shi, a visiting graduate student in Brookhaven Lab's Nuclear Theory Group. "We needed to prove that it does."

To do that, the scientists ran factorization in reverse.

"We turned it around," Shi said.

Shi and Xiang Gao, a postdoctoral researcher in the group, used supercomputers and space-time lattice simulations to calculate the quark-antiquark distributions in the mesons (Y, in the equation above). Then they used the simpler pen-on-paper calculations of the quark/gluon interactions with photons (Z) and did the math to find the predicted value for the experimental measurement (X)--the charge distribution inside mesons.

Finally, the scientists compared these new predictions with the ones they'd done using a separate supercomputer calculation--the ones that matched the Jefferson Lab measurements at low energy. By comparing the two predictions--one calculated using factorization and one computed independently using the lattice simulation approach--they could test whether factorization is a valid way to solve such problems.


																																						
    
     




																																			The reverse factorization calculations matched their supercomputer-calculated predictions perfectly.

"In this case, we can fully compute everything using the lattice," Shi said. "We chose this specific case because we can calculate both the left- and the right-hand sides of the equation using independent calculations to show that factorization works."

Now, scientists can use factorization to predict and analyze other EIC observables, even when one side cannot be calculated directly.

"This work shows that the factorization approach works," said Peter Petreczky, the group leader and a co-author of the paper. "Scientists can now make use of future EIC data and factorization to infer other more complex quark and gluon distributions in hadrons that cannot be calculated--even using the most powerful computers and sophisticated techniques."


																																																					
																				
																						More information:
												Heng-Tong Ding et al, QCD Predictions for Meson Electromagnetic Form Factors at High Momenta: Testing Factorization in Exclusive Processes, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.181902
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Experiment reveals how Earth's magnetic field influences flow in planet's core

										

    
        
            [image: Experiment reveals how Earth's magnetic field influences flow in planet's core]
             
                Sketch of the Earth's structure with liquid outer core and solid inner core (right) and the "Little Earth Experiment," its rotating hemisphere filled with sulphuric acid, protruding heater, cooling tank, and height-adjustable PIV system (left). Credit: Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.184101
            
        

    


A trio of physicists, two with Coventry University, in the U.K., and the third with Laboratoire National des Champs Magnetiques Intenses, in France, has demonstrated how Earth's magnetic field may be influencing internal flow, using what they describe as a Little Earth Experiment.



										      
																					In their study published in the journal Physical Review Letters, Alban Potherat, Kelig Aujogue, and Francois Debray built and set up an experimental apparatus that mimicked the ways the Earth's magnetic field may be influencing internal planetary flow patterns and why they believe it could explain discrepancies between theoretical predictions and satellite observations of the Earth.

Prior research has shown that Earth's inner core is essentially a hot, metal ball. The outer core, beneath the mantle, is believed to be made of a colder liquid metal. Since both spin, the result is the generation of an electric current, which in turn results in the generation of a magnetic field.

The researchers noted that models describing flows within the Earth typically do not include how the magnetic field impacts the flows that generated it. Because of that, they built an apparatus that could accurately mimic the Earth's interior mechanism.

The team described the apparatus in its most basic form as a model of the Earth using a tank that was partially filled with a 30% sulfuric acid concentration set inside of a strong magnetic field. They used a laser to take measurements of the flows that resulted. To generate the strong magnetic field, they set their apparatus in the magnetic field generated by the massive magnet inside of the Grenoble High Magnetic Field Laboratory in France. The apparatus allowed for fitting a large, rotating tank inside an even larger magnetic field.

To better mimic real-world conditions, the researchers heated the tank from its center--they also gave the upper hemisphere a flat bottom and set a tank filled with water on its top to provide a cooling effect. The final step was adding tiny glass particles to the liquids to give the laser a way to see and measure the dynamics.

The team used the apparatus to map the direction of the flowing fluids and their velocity at two main sites inside the tank. They found that their setup could be used to develop new theories to describe flow motion inside the Earth more accurately than has been done in the past.


																														
																				
																						More information:
												Alban Potherat et al, Magnetic Taylor-Proudman Constraint Explains Flows into the Tangent Cylinder, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.184101
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        Ancient unicellular organism indicates embryonic development might have existed prior to animals' evolution
        Chromosphaera perkinsii is a single-celled species discovered in 2017 in marine sediments around Hawaii. The first signs of its presence on Earth have been dated at over a billion years, well before the appearance of the first animals.

      

      
        Australian dragon study reveals surprising link between motor systems control and sleep rhythms
        Sleep is one of the most mysterious, yet ubiquitous components of our biology. It has been described in all major groups of animals, including worms, jellyfish, insects or cephalopods, and in all vertebrates, from fish to humans. Common characteristics of sleep include reduced movement, decreased muscle tone, and an increased need for sleep after periods of deprivation, for example after a night out.
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Ancient unicellular organism indicates embryonic development might have existed prior to animals' evolution

										

    
        
            [image: The egg or the chicken? An ancient unicellular says egg]
             
                A cell of the ichthyosporean C. perkinsii showing distinct signs of polarity, with clear cortical localization of the nucleus before the first cleavage. Microtubules are shown in magenta, DNA in blue, and the nuclear envelope in yellow. Credit: DudinLab
            
        

    


Chromosphaera perkinsii is a single-celled species discovered in 2017 in marine sediments around Hawaii. The first signs of its presence on Earth have been dated at over a billion years, well before the appearance of the first animals.



										      
																																	A team from the University of Geneva (UNIGE) has observed that this species forms multicellular structures that bear striking similarities to animal embryos. These observations suggest that the genetic programs responsible for embryonic development were already present before the emergence of animal life, or that C. perkinsii evolved independently to develop similar processes. In other words, nature would therefore have possessed the genetic tools to "create eggs" long before it "invented chickens."

The study is published in the journal Nature.

The first life forms to appear on Earth were unicellular, i.e., composed of a single cell, such as yeast or bacteria. Later, animals--multicellular organisms--evolved, developing from a single egg cell to form complex beings. This embryonic development follows precise stages that are remarkably similar between animal species and could date back to a period well before the appearance of animals. However, the transition from unicellular species to multicellular organisms is still very poorly understood.


																																						
    
     




																																			Recently appointed as an assistant professor at the Department of Biochemistry in the UNIGE Faculty of Science, and formerly an SNSF Ambizione researcher at EPFL, Omaya Dudin and his team have focused on Chromosphaera perkinsii (C. perkinsii), an ancestral species of protist. This unicellular organism separated from the animal evolutionary line more than a billion years ago, offering valuable insight into the mechanisms that may have led to the transition to multicellularity.



    
        
            [image: The egg or the chicken? An ancient unicellular says egg!]
             
                C. perkinsii undergoes a series of cleavage divisions at constant volume. Credit: Nature (2024). DOI: 10.1038/s41586-024-08115-3
            
        

    



By observing C. perkinsii, the scientists discovered that these cells, once they have reached their maximum size, divide without growing any further, forming multicellular colonies resembling the early stages of animal embryonic development. Unprecedentedly, these colonies persist for around a third of their life cycle and comprise at least two distinct cell types, a surprising phenomenon for this type of organism.

"Although C. perkinsii is a unicellular species, this behavior shows that multicellular coordination and differentiation processes are already present in the species, well before the first animals appeared on Earth," explains Dudin, who led this research.

Even more surprisingly, the way these cells divide and the three-dimensional structure they adopt are strikingly reminiscent of the early stages of embryonic development in animals. In collaboration with Dr. John Burns (Bigelow Laboratory for Ocean Sciences), analysis of the genetic activity within these colonies revealed intriguing similarities with that observed in animal embryos, suggesting that the genetic programs governing complex multicellular development were already present over a billion years ago.

Marine Olivetta, laboratory technician at the Department of Biochemistry in the UNIGE Faculty of Science and first author of the study, observes, "It's fascinating, a species discovered very recently allows us to go back in time more than a billion years."

In fact, the study shows that either the principle of embryonic development existed before animals, or that multicellular development mechanisms evolved separately in C. perkinsii.

This discovery could also shed new light on a longstanding scientific debate concerning 600 million-year-old fossils that resemble embryos, and could challenge certain traditional conceptions of multicellularity.


																																																					
																				
																						More information:
												Marine Olivetta et al, A multicellular developmental program in a close animal relative, Nature (2024). DOI: 10.1038/s41586-024-08115-3. www.nature.com/articles/s41586-024-08115-3
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Ancient unicellular organism indicates embryonic development might have existed prior to animals' evolution (2024, November 6)
												retrieved 7 November 2024
												from https://phys.org/news/2024-11-ancient-unicellular-embryonic-prior-animals.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/2024-11-ancient-unicellular-embryonic-prior-animals.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: Australian dragon study reveals surprising link between motor systems control and sleep rhythms]
             
                A sleeping lizard. (Australian bearded dragon Pogona vitticeps). Credit: MPI f. Brain Research / S. Junek
            
        

    


Sleep is one of the most mysterious, yet ubiquitous components of our biology. It has been described in all major groups of animals, including worms, jellyfish, insects or cephalopods, and in all vertebrates, from fish to humans. Common characteristics of sleep include reduced movement, decreased muscle tone, and an increased need for sleep after periods of deprivation, for example after a night out.



										      
																																	Recent research at the Max Planck Institute for Brain Research provides important insights into how sleep rhythms are controlled in a reptile, the Australian dragon (Pogona vitticeps). The paper is published in the journal Nature.

In mammals, birds and some reptiles, sleep can be divided into two primary states: slow-wave sleep (SWS) and rapid eye movement sleep (REMS). SWS is characterized by slow brain waves and occurs first as we fall asleep, while REMS is characterized by brain activity similar to that seen when awake, along with rapid eye movements and occasional muscle twitches.

The alternation of SWS and REMS forms what is known as the ultradian sleep rhythm, whose temporal features vary significantly across species. In humans, for example, a sleep cycle of SWS followed by REMS lasts about 1 to 1.5 hours, resulting in five to six cycles per typical night.

Eight years ago, the research group led by Max Planck director Gilles Laurent discovered a REM-like state in a reptile, the Australian dragon (Pogona vitticeps), well after REM had been discovered first in mammals and later, in birds.

This finding suggested that REM sleep may be an ancestral trait that is shared by reptiles, birds and mammals (collectively called amniotes), and may have existed already in their common ancestor 320 million years ago.

The lizard's sleep had another intriguing feature: its REMS is about as long as its SWS, with both phases lasting about one minute per cycle. This pattern results in 200 to 250 sleep cycles per night, allowing the research team, including postdoctoral researchers Lorenz Fenk and Luis Riquelme, to explore the mechanisms behind the brain's alternating states during sleep.

Understanding what drives these changes has remained a challenging task, despite decades of sleep research in different species.


    
        
            [image: A surprising link between motor systems control and sleep rhythms]
             
                A sleep-like rhythm can be entrained in awake animals. Credit: Nature (2024). DOI: 10.1038/s41586-024-08162-w
            
        

    





																																						
    
     




																																			Central pattern generator controls sleep states

In their study, the researchers found that the features of the lizard's ultradian sleep rhythm are consistent with the output of a central pattern generator (CPG)--specialized neural circuits that generate rhythmic motor outputs such as walking or breathing. Although CPGs are generally known for their role in motor control, the researchers reasoned that they were well suited also to control the alternation of REM/SW sleep states.

"This idea of a sleep CPG was completely counterintuitive because CPGs control motor output, whereas sleep is characterized by the near absence of motor activity," Laurent notes.

Taking advantage of the unique features of Pogona's sleep, the researchers looked for hallmarks of CPGs, such as phase-dependent reset, and entrainment. "Phase-dependent reset means that if the rhythm is affected by a short external perturbation (akin to tripping on a stone while walking, which interrupts the walking cycle), the rhythm is immediately affected in a way that depends on the time (or phase) at which the perturbation occurred," explains Riquelme.

Entrainment is somewhat related, and describes the effects of forcing the rhythm away from its natural frequency (a little faster or a little slower) by a rhythmic input. "We found evidence for both, building on the key observation that brief light pulses delivered to the closed eyes of sleeping animals reliably reset the REM-SW cycle," Fenk explains.


																																			Partially independent alternation between sleep and sleep states

The scientists also discovered that this rhythm could be affected even when the animals were awake, suggesting that the underlying circuits could be activated under the right conditions. "This is important because it suggests that sleep and the alternation between SWS and REMS are at least partially independent," Fenk adds.

In addition, the researchers found that while the alternation between SWS and REMS occurs on both sides of the brain, the rhythm can be reset and affected on one side only. After such a unilateral perturbation, the sleep rhythms on both sides quickly re-synchronize, indicating the existence of two CPGs--one for each side of the brain--that must be interconnected to synchronize.

These findings are exciting because they link neural circuits traditionally associated with motor activity to the regulation of sleep states when the body is at rest. They also raise many questions: What are the exact components of these circuits, which are thought to reside in the brainstem? Do these findings apply to other vertebrates, such as mammals and birds?

If so, how could these circuits be flexible enough to account for the different sleep patterns observed in different species? Finally, they raise important questions about the evolution of sleep and could potentially help address one of the most important questions about sleep: how did it come about, and for what?


																																																					
																				
																						More information:
												Gilles Laurent, Central pattern generator control of a vertebrate ultradian sleep rhythm, Nature (2024). DOI: 10.1038/s41586-024-08162-w. www.nature.com/articles/s41586-024-08162-w
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Assessing the efficacy of clinical drugs targeting SARS-CoV-2 main protease
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                Chemical structures and binding modes of different Mpro inhibitors, mutations in the Mpro pocket attenuate drug activity, and the activity of four inhibitors against different coronavirus Mpro. Credit: Quantitative Biology (2024). DOI: 10.1002/qub2.60
            
        

    


Over the last few years, the SARS-CoV-2 virus, responsible for COVID-19, has undergone significant changes, evolving from the original wild-type strains to the highly transmissible omicron variant.



										      
																																	Omicron has been particularly concerning due to its ability to evade immune protection from vaccines and monoclonal antibodies developed against earlier strains. A critical player in the virus's life cycle is the main protease (Mpro), also known as NSP5 or 3CL protease, which plays a crucial role in the cleavage and maturation of SARS-CoV-2 proteins within the host cells. This makes Mpro a key target for antiviral drug development.

In 2021, the FDA approved nirmatrelvir (NTV) as the first oral antiviral drug targeting Mpro, marketed under the brand name Paxlovid. Despite its initial success, some patients treated with NTV have developed mutations in Mpro, such as the E166V mutation, making the virus up to 100 times less sensitive to the drug.

Two additional Mpro inhibitors, Ensitrelvir (ETV) and Leritrelvir (LTV), have also been approved for use. Importantly, LTV, approved in China in March 2024, does not require co-administration with ritonavir, a drug used with some antivirals to enhance their effectiveness.

However, the effectiveness of these drugs against different Mpro variants is not fully understood. In a recent study published in Quantitative Biology, research groups led by Nan Li and Xuefei Li at the Shenzhen Institutes of Advanced Technology (SIAT) at the Chinese Academy of Sciences (CAS) examined how well these drugs work against SARS-CoV-2 variants and other coronaviruses.


																																						
    
     




																																			Their article titled, "Assessing the Inhibition Efficacy of Clinical Drugs Against the Main Proteases of SARS-CoV-2 Variants and Other Coronaviruses," provides valuable insights.

The authors first compared the chemical structures and binding modes of four Mpro inhibitors. Among these, ETV is the only non-covalent inhibitor, while the other three (NTV, GC376, and LTV) are all covalent inhibitors.

NTV shares structural similarities with GC376, primarily occupying the P1-P3 pockets of Mpro, whereas ETV binds to the P1'-P2 pocket. Notably, LTV features a unique a-ketoamide warhead structure that forms hydrophobic interactions with the P1' pocket, a characteristic absent in the nitrile-based warhead of NTV.

The research team also looked at six specific locations in the Mpro protein that frequently develop mutations. By analyzing global data from the GISAID database, they found a yearly increase in mutations at these sites.

After purifying the Mpro mutant protein in E. coli BL21, the researchers assessed the fold change in inhibitory activity (IC50) of the four inhibitors against the wild-type and mutant Mpro. They found that NTV and ETV exhibited resistance to the E166 and S144 mutants, respectively, while LTV maintained superior inhibitory activity.


																																			Finally, the study examined how well these drugs worked against Mpro from other pathogenic a- and b- coronaviruses, which share sequence homology with SARS-CoV-2. Their results show LTV maintains a strong inhibitory activity (IC50 < 1 mM) against Mpro from various coronaviruses, whereas ETV had limited impact on the a-coronaviruses 229E and NL63.

Overall, the study highlights that LTV is more effective than NTV and ETV against Mpro mutants, making it a promising candidate for treating drug-resistant strains of SARS-CoV-2. Additionally, LTV shows potential as a broad-spectrum treatment for different coronaviruses.

Future research should focus on tracking SARS-CoV-2 mutations and testing LTV's effectiveness in living organisms (in vivo) to further evaluate its potential.


																																																					
																				
																						More information:
												Wenlong Zhao et al, Assessing the inhibition efficacy of clinical drugs against the main proteases of SARS-CoV-2 variants and other coronaviruses, Quantitative Biology (2024). DOI: 10.1002/qub2.60
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                The team used Argonne's Aurora exascale supercomputer to develop and demonstrate their end-to-end workflow for protein design, achieving a peak performance of 5.57 exaflops. Credit: Argonne National Laboratory.
            
        

    


Harnessing the power of artificial intelligence (AI) and the world's fastest supercomputers, a research team led by the U.S. Department of Energy's (DOE) Argonne National Laboratory has developed an innovative computing framework to speed up the design of new proteins.



										      
																																	On the heels of this year's Nobel Prize in Chemistry, which recognized advances in computational protein design, Argonne's AI-driven approach has been selected as a finalist for the prestigious Gordon Bell Prize. Presented by the Association of Computing Machinery, the annual prize recognizes breakthroughs in using high performance computing to solve complex science problems.

One of the key innovations of the team's MProt-DPO framework is its ability to integrate different types of data streams, or "multimodal data." It combines traditional protein sequence data with experimental results, molecular simulations and even text-based narratives that provide detailed insights into each protein's properties. This approach has the potential to accelerate protein discovery for a wide range of applications.

"Say you want to build a new vaccine or design an enzyme that can break down plastics for recycling in an environmentally friendly way," said Arvind Ramanathan, Argonne computational biologist. "Our AI framework can help researchers zero in on promising proteins from countless possibilities, including candidates that may not exist in nature."

Navigating the vast protein design space

Mapping a protein's amino acid sequence to its structure and function is a long-standing research challenge. Each unique arrangement of amino acids--the building blocks of proteins--can yield different properties and behaviors. The sheer volume of potential variations makes it impractical to test them all through experiments alone.

To put this in perspective, modifying just three amino acids in a sequence of 20 creates 8,000 possible combinations. But most proteins are far more complex, with some research targets containing hundreds to thousands of amino acids.

"For example, if we change the position of 77 amino acids within a 300-amino-acid protein, we're looking at a design space of a Googol, or 10100, unique possibilities," said Gautham Dharuman, Argonne computational scientist and lead author on a paper introducing the framework. "This is why we need large language models and supercomputers to help explore this vast space in a reasonable amount of time."

Large language models (LLMs), which form the basis of chatbots like ChatGPT, are AI models that are trained on large amounts of data to detect patterns and generate new information. In the realm of science, LLMs help researchers sift through massive datasets, providing insights and predictions for complex problems like protein design.


																																						
    
     




																																			Leveraging AI and exascale computing power

Building and training the framework's LLMs required using powerful supercomputers, including the Aurora exascale system at the Argonne Leadership Computing Facility (ALCF). The ALCF is a DOE Office of Science user facility.

"The language models we trained are on the order of a few billion parameters," said Venkat Vishwanath, AI and machine learning team lead at the ALCF. "Supercomputers are crucial not only for training and fine-tuning the models, but also for running the end-to-end workflow. This includes performing large-scale simulations to verify the stability and catalytic activity of the generated protein sequences."

In addition to Aurora, the team deployed their framework on other top systems: Frontier at DOE's Oak Ridge National Laboratory, Alps at the Swiss National Supercomputing Centre, Leonardo at CINECA center in Italy and the PDX machine at NVIDIA. They achieved over one exaflop of sustained performance (mixed precision) on each machine, with a peak performance of 5.57 exaflops on Aurora. The Argonne system recently earned the top spot in a measure of AI performance, achieving 10.6 exaflops on the HPL-MxP benchmark.

Surpassing an exaflop, which equals a quintillion calculations per second, highlights the immense computational power required for this effort.

"By adapting our workflow to run on multiple top supercomputers spanning diverse architectures, we've demonstrated the framework's portability and scalability," Vishwanath said. "This was important because it shows that our tool can be used by researchers regardless of the machine or location."


																																			Learning from preferred outcomes

The DPO in MProt-DPO stands for Direct Preference Optimization. The DPO algorithm helps AI models improve by learning from preferred or unpreferred outcomes. By adapting DPO for protein design, the Argonne team enabled their framework to learn from experimental feedback and simulations as they happen.

"If you think about how ChatGPT works, humans provide feedback on whether a response is helpful or not. That input is looped back into the training algorithm to help the model learn your preferences," Ramanathan said. "MProt-DPO works in a similar way, but we replace human feedback with the experimental and simulation data to help the AI model learn which protein designs are most successful."

While generative AI techniques like LLMs have been developed for biological systems, existing tools have been limited by their inability to incorporate multimodal data. MProt-DPO, however, includes experimental data and text-based narratives that give added context to each protein's behavior. This approach builds on earlier work by Ramanathan and colleagues, who created a text-guided protein design framework.

"Our motivation was to create a framework that can use LLMs and an end-to-end workflow to generate protein sequences with specific properties of interest such as fitness or catalytic activity," Dharuman said.

"DPO then uses these measures as feedback to align the LLMs, enabling them to generate more preferred outcomes in the subsequent iterations. We employed supercomputers to show that we can greatly reduce the time-to-solution by incorporating this feedback in the design process."

Ramanathan noted that using experimental data also helps improve the trustworthiness of their AI models.

"Bringing validated results into the design loop helps prevent the models from hallucinating wild or unrealistic sequences," he said. "This results in more reliable protein designs."

The team tested MProt-DPO on two tasks to demonstrate its ability to handle complex protein design challenges. First, they focused on the yeast protein HIS7, using experimental data to improve the performance of various mutations. For the second task, they worked on malate dehydrogenase, an enzyme that plays a key role in how cells produce energy. Using simulation data, they optimized the design of the enzyme to improve its catalytic efficiency.

The team is collaborating with Argonne biologists to validate the AI-generated designs in a laboratory, where initial tests have shown they are performing as expected.

Paving the way for AuroraGPT and autonomous discovery

The creation of MProt-DPO is also helping to advance Argonne's broader AI for science and autonomous discovery initiatives. The tool's use of multimodal data is central to the ongoing efforts to develop AuroraGPT, a foundation model designed to aid in autonomous scientific exploration across disciplines.

"Demonstrating that this approach delivers strong scientific results at extreme scales is an important step toward building more robust AI models," Ramanathan said. "It also moves us closer to autonomous discovery, where AI can help streamline not only experiments but the entire scientific process."


																																																					
																				
																						More information:
												MProt-DPO: Breaking the ExaFLOPS Barrier for Multimodal Protein Design Workflows with Direct Preference Optimization, sc24.conference-program.com/pr ... d=gb101&sess=sess497
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                Xuehua Zhong (right), professor of biology at WashU, studies the evolutionary strategies that plants use to thrive and survive. She frequently studies Arabidopsis thaliana, or thale cress. Credit: Sean Garcia, WashU
            
        

    


Biologists at Washington University in St. Louis have discovered the origin of a curious duplication that gives plants multiple ways to override instructions that are coded into their DNA. This research could help scientists exploit a plant's existing systems to favor traits that make it more resilient to environmental changes, like heat or drought stress.



										      
																																	The study led by Xuehua Zhong, a professor of biology in Arts & Sciences, was published Nov. 6 in Science Advances.

Zhong's new research focuses on DNA methylation, a normal biological process in living cells wherein small chemical groups called methyl groups are added to DNA. This activity controls which genes are turned on and off, which in turn affects different traits--including how organisms respond to their environments.

Part of this job involves silencing, or turning off, certain snippets of DNA that move around within an organism's genome. These so-called jumping genes, or transposons, can cause damage if not controlled. The entire process is regulated by enzymes, but mammals and plants have developed different enzymes to add methyl groups.

"Mammals only have two major enzymes that add methyl groups in one DNA context, but plants actually have multiple enzymes that do that in three DNA contexts," said Zhong, who is the Dean's Distinguished Professorial Scholar and program director for plant and microbial biosciences at WashU. "This is the focus of our study. The question is--why do plants need extra methylation enzymes?"

Looking forward, Zhong's research could pave the way for innovations in agriculture by improving crop resilience. "Certain genes or combinations of genes are contributing to certain features or traits," Zhong explained. "If we find precisely how they are regulated, then we can find a way to innovate our technology for crop improvement."


																																						
    
     




																																			Evolving different functions

The new study is centered around two enzymes specifically found in plants: CMT3 and CMT2. Both enzymes are responsible for adding methyl groups to DNA, but CMT3 specializes in the parts of DNA called the CHG sequences, while CMT2 specializes in different parts called CHH sequences.

Despite their functional differences, both enzymes are a part of the same chromomethylase (CMT) family, which evolved through duplication events that provide plants with additional copies of genetic information.

Using a common model plant called Arabidopsis thaliana, or thale cress, Zhong and her team investigated how these duplicated enzymes evolved different functions over time. They discovered that somewhere along the evolutionary timeline, CMT2 lost its ability to methylate CHG sequences. This is because it's missing an important amino acid called arginine.

"Arginine is special because it has charge," said Jia Gwee, a graduate student in biology and co-first author of the study. "In a cell, it's positively charged and thus can form hydrogen bonds or other chemical interactions with, for example, the negatively charged DNA."

However, CMT2 has a different amino acid--valine. "Valine is not charged, so it is unable to recognize the CHG context like CMT3. That's what we think contributes to the differences between the two enzymes," said Gwee.

To confirm this evolutionary change, the Zhong lab used a mutation to switch arginine back into CMT2. As they expected, CMT2 was able to perform both CHG and CHH methylation. This suggests that CMT2 was originally a duplicate of CMT3, a backup system to help lighten the load as DNA became more complex.


																																			"But instead of simply copying the original function, it developed something new," Zhong explained.

This research also provided insights into CMT2's unique structure. The enzyme has a long, flexible N-terminal that controls its own protein stability. "This is one of the ways plants evolved for genome stability and to fight environmental stresses," Zhong said. This feature may explain why CMT2 evolved in plants growing in such a wide variety of conditions worldwide.

Much of the data for this study came from the 1001 Genomes Project, which aims to discover whole-genome sequence variation in A. thaliana strains from around the globe.

"We're going beyond laboratory conditions," Zhong said. "We're looking at all of the wild accessions in plants using this larger data set."

She believes part of the reason A. thaliana has evolved to thrive despite environmental stresses is because of the diversification that happens during the methylation process, including those jumping transposons. "One jump might help species deal with harsh environmental conditions."


																																																					
																				
																						More information:
												Jianjun Jiang et al, Substrate specificity and protein stability drive the divergence of plant-specific DNA methyltransferases, Science Advances (2024). DOI: 10.1126/sciadv.adr2222. www.science.org/doi/10.1126/sciadv.adr2222
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Grocery stores are more reliable than sushi restaurants in labeling salmon properly, Seattle study finds
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                Salmon mislabeling rates in grocery stores vs. sushi restaurants in Seattle, WA. Mislabeling rates identified by DNA sequencing are displayed (percent per category) as stacked bars. Percent per stack was calculated as follows = [(total mislabeled samples in a category)/(total samples of all categories)]*100%. Correctly labeled samples are also shown. Credit: Garcia et al., 2024, PLOS ONE, CC-BY 4.0 (creativecommons.org/licenses/by/4.0/)
            
        

    


In a study of salmon samples from Seattle, Washington, grocery stores and sushi restaurants, DNA analysis revealed that 18% were mislabeled. Tracie Delgado and colleagues at Seattle Pacific University, WA, U.S., present these findings in the open-access journal PLOS ONE on November 6, 2024.



										      
																																	Washington State is one of the top suppliers of wild salmon eaten in the United States. The price of salmon depends on the species and whether it is farmed or wild caught. Prior studies have revealed frequent mislabeling of salmon in Washington markets and restaurants. In 2013, the state made it illegal to mislabel salmon, citing negative effects for customers, fishers, distributors, vendors, and ecosystems.

To help illuminate the impact of that legislation, Delgado and colleagues collected and analyzed salmon samples from 67 grocery stores and 52 sushi restaurants across Seattle from fall of 2022 through fall of 2023.

DNA analysis revealed that 18% of all 119 fish were mislabeled. Mislabeling farmed salmon as wild occurred for 32.3% of the restaurant samples and none of the grocery samples. The mislabeling of one wild-caught species as another occurred for 38.7% of the restaurant samples and 11.1% of the grocery samples.

Financial analysis revealed that mislabeling at sushi restaurants was at the expense of the customer, while mislabeling at stores had no significant effect. The researchers note that it is unknown where along the supply chain mislabeling tends to occur, but that it is unlikely at the point of harvest.

A prior study found a 20% rate of mislabeling in Washington between 2009 and 2011, and a 2% rate was observed in Seattle in 2012, soon after a nearby major distributor was sentenced to jail for fraudulently mislabeling salmon.


																																						
    
     




																																			The new rates cannot be directly compared to the old, given different study designs and other underlying factors. However, as most samples in the new study were collected when salmon were in season, the researchers expressed surprise at the high rate of mislabeling they found.

On the basis of the findings, the researchers call for continued development and enforcement of legislation against salmon fraud.

Tracie Delgado adds, "Despite recent legislation that makes mislabeling of salmon illegal, salmon mislabeling fraud is still a problem in Seattle. We found Seattle sushi restaurants are far more likely to give you farmed salmon in place of vendor-claimed wild salmon.

"Failure to properly label wild salmon is a serious problem because it prevents accurate tracking of supply chains and therefore makes it more difficult to sustain and conserve wild salmon. It's important to continue to develop and enforce legislation that requires accurate seafood labeling, from fisher to plate, and educate the public on how commercial salmon fraud impacts wild salmon conservation."


																																																					
																				
																						More information:
												Fishy business in Seattle: Salmon mislabeling fraud in sushi restaurants vs grocery stores, PLOS ONE (2024). DOI: 10.1371/journal.pone.0311522
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Pathogens that cling to microplastics may survive wastewater treatment
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                Wastewater handling in the lab. Credit: Ingun Lund Witso., CC-BY 4.0 (creativecommons.org/licenses/by/4.0/)
            
        

    


Wastewater treatment fails to kill several human pathogens when they hide out on microplastics in the water, reports a study led by Ingun Lund Witso of the Norwegian University of Life Sciences, published November 6, 2024 in the open-access journal PLOS ONE.



										      
																					Wastewater treatment plants are designed to remove contaminants from wastewater, but microplastics persist and can become colonized by a sticky microbial biofilm. Previous research has suggested that these microbial communities, called plastispheres, include potential pathogens, and thus might pose a risk to human health and the environment when treated wastewater and sludge are released.

In the new study, researchers identified food-borne pathogens in plastispheres living on three types of plastic in wastewater. They cultured the microorganisms and used genetic techniques to understand the diversity and members of the plastisphere communities.

The team found evidence of pathogenic bacteria and viruses, including Listeria monocytogenes, Escherichia coli, norovirus and adenovirus. They also successfully grew Klebsiella pneumoniae and Acinetobacter spp. from raw and treated wastewater, indicating that the plastisphere biofilms likely protect the pathogens from wastewater treatment.

These findings highlight the potential of plastispheres to harbor and spread pathogens, which poses a challenge to safely reusing wastewater. Without efficient wastewater treatment and plastic waste management, wastewater could act as a vehicle for transferring plastic-associated pathogens into the food chain.

The researchers emphasize that continued research and innovation are essential to remove microplastics--and their pathogens--from wastewater.

The authors add, "Plastics in wastewater treatment plants are colonized by microbial biofilms, or 'plastispheres,' which can harbor pathogens, including Listeria, E. coli, Klebsiella pneumoniae, and Acinetobacter spp., that persist through treatment processes.

"This study highlights the potential for plastispheres to contribute to the spread of pathogens from treated wastewater, posing challenges for environmental health and water reuse efforts."


																														
																				
																						More information:
												Wastewater-associated plastispheres: A hidden habitat for microbial pathogens?, PLOS ONE (2024). DOI: 10.1371/journal.pone.0312157
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Making 'stressed' potatoes more climate-resilient
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                A researcher from Utrecht University measuring photosynthesis in a greenhouse. Credit: Manon Sas/Utrecht University
            
        

    


Heat, dry spells and flooding--the whole of nature is under stress, and potatoes are no exception. As a food staple, there is particular interest in getting potatoes fit for the new climate reality. As part of the EU's four-year ADAPT project, an international team led by the University of Vienna and involving the University of Bonn has now investigated how this might be done.



										      
																																	The researchers have succeeded in defining specific characteristics and molecular reactions that could be crucial for potato cultivation in the future. These latest findings are set to be put into practice in a follow-up project.

The potato is one of the most important food crops in the world. One major threat to the reliability of tuber yields and the high quality of this basic foodstuff in the future is how susceptible potato plants are to heat and dry spells--two phenomena that climate change is causing ever more frequently, either together or in succession.

Periods of hot weather and drought often follow on from regional flooding caused by heavy rain, which can destroy entire harvests within the space of a few days. Up until recently, however, little was known about how potatoes respond to these multiple stresses.

After four years of intense research, an international team led by the University of Vienna has now supplied some important fundamental insights into how the crop can be made to cope with climate change. The researchers have made some valuable findings about how potato plants respond to hot and dry weather and to waterlogging caused by flooded fields.

They took samples from potato plants during critical phases in their growth and obtained measurements in order to study specific characteristics and adaptive reactions at molecular level that will help to cultivate better-adapted potato varieties in the future.


																																						
    
     




																																			In field tests, which covered an area from Spain and Serbia to Austria and the Netherlands and involved some 50 varieties grown in a range of climatic conditions, the team identified some significant differences in the yield stability of individual varieties.

Although many varieties often produce higher yields under ideal conditions, the extreme stress conditions that we have seen at times in recent years revealed that varieties whose yields tended to be somewhat smaller proved particularly stable in yield terms when placed under stress. The question that now needed answering was what made these varieties so much better at handling extreme drought and heat.

To this end, the field tests were supplemented with experiments conducted in greenhouses and laboratories, where the stress conditions can be regulated precisely and responses to stress can be observed at cellular level--"live," as it were.

At the University of Bonn, for example, the working group led by Professor Ute Vothknecht from the Institute for Cellular and Molecular Botany worked with colleagues from Durham University and Friedrich-Alexander-Universitat Erlangen-Nurnberg to develop potato varieties that enable secondary messengers such as calcium to be analyzed. These are key to translating perceived changes in environmental conditions into cellular responses.


																																			The experiments allowed the ADAPT team to monitor metabolic changes based on patterns of gene expression, hormones or metabolites and to identify specific stress signatures. The researchers have thus laid some valuable foundations for developing markers for how potatoes might be grown in the future.

The EU's ADAPT project brought together the mutually complementary expertise of 10 leading scientific research institutions, four potato growers, a developer of screening technologies, an agency and a nonprofit EU alliance in order to study the mechanisms that underpin the potato's resistance to multiple stresses.

"It was this combination that enabled us to tackle these complex challenges at such a high level and base ourselves on the needs of the community and the various stakeholders," says project lead Dr. Markus Teige, a cellular biologist at the University of Vienna, explaining the team's approach. "I believe this is the right path for future research to take in terms of more climate-resilient crops, and it is one that should be followed in subsequent projects."
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                A new study shows that multicelled organisms like the metazoan daphnia (pictured) require a tenfold increase in energy compared with protists for their growth, maintenance and survival. The high cost of multicellular existence is offset by the many evolutionary advantages afforded to advanced organisms, from simpler forms like daphnia all the way up to vertebrate species, including humans. Credit: Marek Mis
            
        

    


Between 1.8 billion and 800 million years ago, earthly life was in the doldrums. During this period, called the "boring billion," the complexity of life remained minimal, dominated by single-celled organisms with only sporadic ventures into multicellular forms. This era set the stage for the later emergence of complex multicellular life, marking a key chapter in evolutionary history.



										      
																																	In a new study, Arizona State University researcher Michael Lynch explores the substantial energy demands required to maintain and evolve multicellular life. The study, using the water flea Daphnia as a model organism, reveals that multicellular organisms require significantly more energy than single-celled ones. In fact, studies show that these organisms require more than a tenfold increase in energy compared with protists--simpler, mostly single-celled organisms.

The findings highlight how respiration and other metabolic processes are crucial for the development of advanced organisms, shedding light on the conditions required to support the abundance of complex life we are surrounded by today. Further, the study emphasizes fundamental biological processes likely to be relevant in any carbon-based, oxygen-respiring life form, regardless of its planetary origin.

"No one doubts that multicellularity can bring substantial advantages to the table, but the privilege of attaining such benefits comes at a steep investment cost," says Lynch, a professor in ASU's School of Life Sciences who also directs the Biodesign Center for Mechanisms of Evolution at ASU. The research appears in the current issue of the Proceedings of the National Academy of Sciences.


																																						
    
     




																																			Powering complexity

Every organism, from a single-celled bacterium to a human, relies on energy for survival. Single-celled organisms need relatively little energy to grow and reproduce since they lack complex tissues and systems. But multicellular organisms--organisms made of many cells, like plants, animals and fungi--need significantly more energy to sustain additional structures, like tissues that help cells communicate and stick together.

This leap in energy needs stems from the evolution of structures that don't directly contribute to growth or reproduction but are essential for multicellular life. These features have allowed organisms to become larger and more versatile, but they also drive up the energy cost of simply being alive.

One way to understand the energy demands of multicellular life is to examine ATP synthase, a molecular machine in cells that produces ATP, the universal currency of energy in biology. Multicellular organisms rely heavily on ATP synthase because each cell in a multicellular body needs to pay for energy, and the cost of energy grows with the number of cells.

The research shows that multicellular creatures, or metazoans, need vastly more ATP synthase complexes compared to simpler single-celled organisms. With each new cell, the need for energy compounds. In multicellular organisms like Daphnia, a type of tiny aquatic animal, the energy demands increase significantly with size, but this general principle appears to extend to all other animals, including vertebrates.

For every unit of their body mass, these organisms require 30 to 50 times more oxygen than protists. This extra oxygen supports their complex needs for cellular communication and tissue maintenance. Using Daphnia allows researchers to closely examine these energy dynamics due to their relative simplicity among multicellular organisms and their ease of cultivation in a lab setting.


																																			Growing larger isn't cheap

While larger unicellular organisms, such as some amoebas, become more efficient as they grow, multicellular organisms require more energy per unit of biomass as they increase in size. This difference highlights the unique challenges introduced by multicellularity during evolution. The growth of tissues and the development of systems to support multicellular functions demand more ATP--leading to a metabolic "speed limit" on how fast these organisms can grow and mature.

Why did multicellularity evolve, given the steep energy costs? The answer may lie in the evolutionary advantages that multicellular life provides, including the ability to consume single-celled organisms in large quantities, avoid predators and inhabit diverse environments. But this lifestyle came with a price: a high baseline energy cost that organisms must constantly meet to survive.

Even though the energy demands of multicellular life are substantial, these costs are balanced by survival benefits. Metazoans that could meet these energy needs found greater evolutionary success, shaping the complex ecosystems we see today. Yet this high-energy lifestyle also places limits on how fast organisms can grow and reproduce, influencing the shape and lifespan of multicellular species across the tree of life.


																																						
    
     




																																			Toward new discoveries

This study focuses on aerobically respiring, animal-like organisms. To fully understand the energy costs of complexity, researchers plan to extend these findings to other forms of life, including plants and fungi, which may have unique energy strategies. The research offers additional clues for understanding why multicellular life forms took considerable time to appear and diversify on Earth.

Insights into the high energy demands of multicellular life suggest that the constraints of bioenergy could be a universal phenomenon. The principles of energy conversion and consumption, such as the role of ATP synthase and its energy costs are essential biological processes. They are likely applicable to any carbon-based, oxygen-breathing life, no matter where it exists in the universe.


																																																					
																				
																						More information:
												Michael Lynch et al, The bioenergetic cost of building a metazoan, Proceedings of the National Academy of Sciences (2024). DOI: 10.1073/pnas.2414742121
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      Technology

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


      
        Could we ever decipher an alien language? Uncovering how AI communicates may be the key
        In the 2016 science fiction movie "Arrival," a linguist is faced with the daunting task of deciphering an alien language consisting of palindromic phrases, which read the same backwards as they do forwards, written with circular symbols. As she discovers various clues, different nations around the world interpret the messages differently--with some assuming they convey a threat.

      

      
        Supersonic microprojectiles reveal new insights into metal bonding
        Using a custom-built machine to launch microprojectiles at supersonic speeds, Cornell researchers have uncovered new details about how high-speed metallic collisions can form strong, durable atomic bonds, offering insights that could enhance 3D printing and other manufacturing techniques.

      

      
        Off-the-shelf thermoelectric generators can upgrade CO2 into useful chemicals, which could aid Mars colonization
        Readily available thermoelectric generators operating under modest temperature differences can power CO2 conversion, according to a proof-of-concept study by chemists at the University of British Columbia (UBC).

      

      
        Electric vehicles in Africa: What's needed to grow the sector
        In sub-Saharan Africa, high levels of particulate matter (PM2.5) pollution from vehicle tailpipe emissions cause poor health, developmental stunting, and even death. Vehicle emissions also contribute to global warming.

      

      
        Tiny electronic nose rivals animal scent detection
        Imagine a robot that can detect scents in the air and track down their sources as efficiently as a dog or a mouse. If realized, it could detect small wildfires in dense forests, find people buried in debris after an earthquake, or even hunt for truffles.

      

      
        Waste heat from London sewers eyed to warm UK parliament
        London landmarks including the UK parliament could be warmed by low-carbon heat powered by the River Thames, the London Underground train system and even the sewer network under new government plans.

      

      
        This SAP industry center uses artificial intelligence to streamline manufacturing
        When Hurricane Helene damaged western North Carolina in September, filling medical facilities with people who couldn't be cared for at home, Jim Polk, a tech executive at Exela Pharmaceutical Sciences in Lenoir, North Carolina, got a call from the Atrium Health hospital group in flooded Asheville. Could his company make intravenous saline bags for the expected crush of patients?

      

      
        Scientists stir bizarre 'supersolid' matter for first time
        Scientists on Wednesday said that they have successfully stirred a strange matter called a "supersolid"--which is both rigid and fluid--for the first time, providing direct proof of the dual nature of this quantum oddity.

      

      
        What a second Trump presidency could mean for big tech
        On election night, as Republican Donald Trump inched closer to reclaiming the U.S. presidency, some tech executives and venture capitalists rejoiced.

      

      
        Unique memristor design with analog switching shows promise for high-efficiency neuromorphic computing
        The growing use of artificial intelligence (AI)-based models is placing greater demands on the electronics industry, as many of these models require significant storage space and computational power. Engineers worldwide have thus been trying to develop neuromorphic computing systems that could help meet these demands, many of which are based on memristors.

      

      
        When should kids start using social media? Australia's government proposes age limit of 16
        The Australian government announced on Thursday what it described as world-leading legislation that would institute an age limit of 16 years for children to start using social media, and hold platforms responsible for ensuring compliance.

      

      
        A tiny grain of nuclear fuel is pulled from ruined Japanese nuclear plant, in a step toward cleanup
        A robot that has spent months inside the ruins of a nuclear reactor at the tsunami-hit Fukushima Daiichi plant delivered a tiny sample of melted nuclear fuel on Thursday, in what plant officials said was a step toward beginning the cleanup of hundreds of tons of melted fuel debris.

      

      
        Tech giants brace for AI revamp, antitrust pullback in Trump's second term
        Silicon Valley is bracing for a vastly different relationship with the U.S. government as Donald Trump returns to the White House with promises to undo many of his predecessor's policies, and Elon Musk poised to play an influential role.

      

      
        Researchers unveil capacitorless solid-state power filter for single-phase DC-AC converters
        A study led by Dr. Haitham Kanakri and Dr. Euzeli Dos Santos, Jr., has unveiled a novel capacitorless solid-state power filter (SSPF) for single-phase DC-AC converters. This innovative technology employs a high-frequency planar transformer to eliminate the need for both LC filters and dc-link capacitors. Operating at 30 kHz, the H-bridge converter injects voltage harmonics to generate a sinusoidal output voltage.

      

      
        Photothermal materials improve aqueous battery efficiency in low-temperature conditions
        Aqueous batteries have emerged as a promising option for large-scale energy storage due to their affordability, safety, and environmental benefits. However, their application in cold climates has been hindered by performance issues at subzero temperatures, where electrolyte freezing and reduced ion transfer slow down the system.
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In the 2016 science fiction movie "Arrival," a linguist is faced with the daunting task of deciphering an alien language consisting of palindromic phrases, which read the same backwards as they do forwards, written with circular symbols. As she discovers various clues, different nations around the world interpret the messages differently--with some assuming they convey a threat.


                                        
                                              
                                        
                                                                                                                                    If humanity ended up in such a situation today, our best bet may be to turn to research uncovering how artificial intelligence (AI) develops languages.

But what exactly defines a language? Most of us use at least one to communicate with people around us, but how did it come about? Linguists have been pondering this very question for decades, yet there is no easy way to find out how language evolved.

Language is ephemeral, it leaves no examinable trace in the fossil records. Unlike bones, we can't dig up ancient languages to study how they developed over time.

While we may be unable to study the true evolution of human language, perhaps a simulation could provide some insights. That's where AI comes in--a fascinating field of research called emergent communication, which I have spent the last three years studying.

To simulate how language may evolve, we give agents (AIs) simple tasks that require communication, like a game where one robot must guide another to a specific location on a grid without showing it a map. We provide (almost) no restrictions on what they can say or how--we simply give them the task and let them solve it however they want.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Because solving these tasks requires the agents to communicate with each other, we can study how their communication evolves over time to get an idea of how language might evolve.

Similar experiments have been done with humans. Imagine you, an English speaker, are paired with a non-English speaker. Your task is to instruct your partner to pick up a green cube from an assortment of objects on a table.

You might try to gesture a cube shape with your hands and point at grass outside the window to indicate the color green. Over time you'd develop a sort of proto-language together. Maybe you'd create specific gestures or symbols for "cube" and "green." Through repeated interactions, these improvised signals would become more refined and consistent, forming a basic communication system.

This works similarly for AI. Through trial and error, they learn to communicate about objects they see, and their conversation partners learn to understand them.

But how do we know what they're talking about? If they only develop this language with their artificial conversation partner and not with us, how do we know what each word means? After all, a specific word could mean "green," "cube," or worse--both. This challenge of interpretation is a key part of my research.


                                                                                                                                            Cracking the code

The task of understanding AI language may seem almost impossible at first. If I tried speaking Polish (my mother tongue) to a collaborator who only speaks English, we couldn't understand each other or even know where each word begins and ends.

The challenge with AI languages is even greater, as they might organize information in ways completely foreign to human linguistic patterns.

Fortunately, linguists have developed sophisticated tools using information theory to interpret unknown languages.

Just as archaeologists piece together ancient languages from fragments, we use patterns in AI conversations to understand their linguistic structure. Sometimes we find surprising similarities to human languages, and other times we discover entirely novel ways of communication.

These tools help us peek into the "black box" of AI communication, revealing how artificial agents develop their own unique ways of sharing information.

My recent work focuses on using what the agents see and say to interpret their language. Imagine having a transcript of a conversation in a language unknown to you, along with what each speaker was looking at. We can match patterns in the transcript to objects in the participant's field of vision, building statistical connections between words and objects.

For example, perhaps the phrase "yayo" coincides with a bird flying past--we could guess that "yayo" is the speaker's word for "bird." Through careful analysis of these patterns, we can begin to decode the meaning behind the communication.

In the latest paper by me and my colleagues, to appear in the conference proceedings of Neural Information Processing Systems (NeurIPS), we show that such methods can be used to reverse-engineer at least parts of the AIs' language and syntax, giving us insights into how they might structure communication.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Aliens and autonomous systems

How does this connect to aliens? The methods we're developing for understanding AI languages could help us decipher any future alien communications.

If we are able to obtain some written alien text together with some context (such as visual information relating to the text), we could apply the same statistical tools to analyze them. The approaches we're developing today could be useful tools in the future study of alien languages, known as xenolinguistics.

But we don't need to find extraterrestrials to benefit from this research. There are numerous applications, from improving language models like ChatGPT or Claude to improving communication between autonomous vehicles or drones.

By decoding emergent languages, we can make future technology easier to understand. Whether it's knowing how self-driving cars coordinate their movements or how AI systems make decisions, we're not just creating intelligent systems--we're learning to understand them.
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Supersonic microprojectiles reveal new insights into metal bonding

									    

    
        
            [image: Supersonic microprojectiles reveal new insights into metal bonding]
             
                A laser-induced launch platform in Cornell's Extreme Mechanics, Materials and Manufacturing Lab can accelerate microprojectiles at supersonic speeds for research into solid-state bonding. Credit: Charissa King-O'Brien/Cornell University
            
        

    


Using a custom-built machine to launch microprojectiles at supersonic speeds, Cornell researchers have uncovered new details about how high-speed metallic collisions can form strong, durable atomic bonds, offering insights that could enhance 3D printing and other manufacturing techniques.


                                        
                                              
                                        
                                                                                                                                    When a microparticle collides with a metallic substrate at supersonic speed, a process known as solid-state bonding can occur, in which two metals are joined at the atomic level. While the conditions for bonding are relatively well understood, the microstructure and the material properties formed in these high-speed collisions have remained mostly uncharacterized.

A study published in Nature Communications details at the micrometer scale the strength and gradient of atomic bonds across supersonic impact interfaces, and presents a framework for predicting the outcomes of solid-state bonding.

"This marks a paradigm shift in our understanding of the process-microstructure-property relationships in impact-induced bonding," said senior author Mostafa Hassani, assistant professor in the Sibley School of Mechanical and Aerospace Engineering and in the Department of Materials Science and Engineering. "These findings will enable reliable and performance-oriented design of surface modification, repair and additive manufacturing technologies that rely on supersonic impact bonding."


                                                                                                        
    
        
        
        
    

                                                                                                                                            Supersonic 3D printing, also known as "cold spray," enables materials production without heating or melting, resulting in superior mechanical properties compared to conventional manufacturing processes. These advantages make it particularly well-suited for structural applications in aerospace and energy.



    
    
    
        
        
    
            
            In-situ observation of the microtensile test and load-displacement measurements for an Al specimen without an interface. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-53990-z
  

To create the solid-state bonding, the researchers built a laser-induced launch platform capable of precisely accelerating micrometer-sized aluminum particles to more than 2,200 miles-per-hour toward an aluminum substrate. Following the impact, micromechanical tensile testing was conducted using a scanning electron microscope to directly measure the bond strength at different locations across the impact interface.

The study revealed that the bond strength is not uniform, but varies significantly from the center of the impact to the edges. In particular, a weak bond exists at the center of the impact, followed by a rapid twofold increase in bond strength that eventually plateaus toward the outer edges.

"A key finding is that the form of the native oxide at the interface--whether layers, particles or debris--dictates the level of bond strength locally," Hassani said. "Specifically, regions with scattered oxide debris exhibited much stronger bonds than regions where the oxide layer remained mostly intact."

To explain the variation in bond strength, the researchers developed a predictive model that accounts for two primary factors: contact pressure and surface exposure. As a microparticle impacts the substrate, the shear forces caused by the collision fracture the oxide layer, exposing more metal surface. Simultaneously, the pressure generated by the impact forces this newly exposed surface into atomic-scale proximity, creating a strong metallic bond.
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                In situ single particle impact test and site-specific measurements of bond strength. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-53990-z
            
        

    



"This understanding opens up new possibilities for tailoring interfacial properties and designing impact conditions--such as particle and substrate materials, particle size, velocity and temperature--to enhance bonding and interfacial strength," said Qi Tang, doctoral student and lead author of the study.

"It also offers insights for preventing bonding. For example, engineering surface material structures to prevent contamination from supersonic space dust impact-bonding on spacecraft shields or telescope lenses."
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												Qi Tang et al, Strength gradient in impact-induced metallic bonding, Nature Communications (2024). DOI: 10.1038/s41467-024-53990-z
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Off-the-shelf thermoelectric generators can upgrade CO2 into useful chemicals, which could aid Mars colonization

									    

    
        
            [image: Off-the-shelf thermoelectric generators can upgrade CO2 into chemicals]
             
                Thermoelectric CO2 electrolysis to help colonize Mars. Readily available thermoelectric generators operating under modest temperature differences can power CO2 conversion, according to a proof-of-concept study by chemists at the University of British Columbia (UBC). Credit: University of British Columbia
            
        

    


Readily available thermoelectric generators operating under modest temperature differences can power CO2 conversion, according to a proof-of-concept study by chemists at the University of British Columbia (UBC).


                                        
                                              
                                        
                                                                                                                                    The findings open up the intriguing possibility that the temperature differentials encountered in an array of environments--from a typical geothermal installation on Earth to the cold, desolate surface of Mars--could power the conversion of CO2 into a range of useful fuels and chemicals.

"The environment on Mars really got me interested in the long-term potential of this technology combination," says Dr. Abhishek Soni, postdoctoral research fellow at UBC and first author of the paper published in Device.

"This is a harsh environment where large temperature differences could be leveraged to not only generate power with thermoelectric generators, but to convert the abundant CO2 in Mars' atmosphere into useful products that could supply a colony."

Thermoelectric generators produce electricity by being attached to places with two different temperatures--in this case, a hot plate and an ice bath in the lab. The research team determined that when the temperature difference between the two faces was at least 40degC, standard model thermoelectric generators provided enough steady current to power an electrolyzer that converts CO2 to CO.

Close to home, a refinement of the technology could be attached to geothermal installations. "Our results in the lab indicate the temperature difference between hot geothermal pipes returning from underground and the relatively cooler surface temperature is enough for thermoelectric generators to power a convertor," says Dr. Soni.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The vision for Mars would be a bit more extreme. Any biodome on Mars would need to be maintained at room temperatures. Thermoelectric generators clamped over a dome's surface would leverage the difference between indoor temperatures and the frigid temperatures outside to generate power.

That power could in turn be used to drive CO2 conversion into useful carbon-based products like fuels and chemicals. The Martian atmosphere is 95% carbon dioxide, and temperatures range from 20degC to -153degC.

"This paper shows a fun way to make carbon-neutral fuels and chemicals," says Professor Curtis P. Berlinguette, principal investigator at UBC. "We'll need plastic on Mars one day, and this technology shows one way we can make it there."

The next steps will be to see how the thermoelectric generators work with our electrolyzer in the real world, here on Earth.


                                                                                                                                                                            
                                        											
																								More information:
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In sub-Saharan Africa, high levels of particulate matter (PM2.5) pollution from vehicle tailpipe emissions cause poor health, developmental stunting, and even death. Vehicle emissions also contribute to global warming.


                                        
                                              
                                        
                                                                                                                                    Electric vehicles could help solve these problems but they've been slow to take off in the region. Its biggest economy, South Africa, had only about 1,000 electric vehicles by 2022.

We are specialist transport engineers whose research has focused on electric vehicles and road freight transport in sub-Saharan Africa. In our work we look at how electric vehicles could contribute to reducing emissions in the region, and what is standing in the way of electrifying transport.

One of the reasons for low uptake is the high cost of electric vehicles. They also have limited range and their batteries are slow to charge: a problem for long-distance or frequent driving.

The inability of countries to generate and distribute enough clean electricity is also a barrier to electrifying vehicles. Just over half of all electricity in the region comes from burning fossil fuels. Powering electric vehicles with electricity generated by burning fossil fuels wouldn't necessarily reduce carbon emissions.

However, the rollout of electric motorcycles and small public transport vehicles has already begun. If all vehicles could be made locally, using clean energy, there would be tremendous economic benefits for the region.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Electric mobility is some way off

Transitioning to electric mobility requires clean energy provision, which means investing in electricity infrastructure. Electric vehicle charging stations can be installed fast: South Africa already has a very high electric vehicle ratio of one charger for every five cars, compared to the UK at 1:20. But these charging stations must be able to deliver electricity when vehicles need it. They need reliable, renewable energy stored in large battery systems to do so--and these large battery systems are still being developed.

In sub-Saharan Africa, informal public transport moves about 72% of the region's passengers. Freight moves goods in the absence of adequate rail. Electrifying these sectors needs careful planning.

Informal "paratransit" or "popular transportation" is made up of minibuses (matatu, ndiaga ndiaye, danfo, trotro), three-wheelers (tuk-tuk) and motorbikes (boda boda, moto).

Planning for the eventual electrification of informal taxis is complicated by the sector's unscheduled, decentralized, often chaotic and demand-driven nature.

Freight transport is a leading indicator for economic growth, and for economies to grow, freight transport must grow. This means that national and local governments must plan and invest in high-powered, fast-charging stations along transport routes. These must be able to charge different sizes and kinds of trucks. The freight industry cannot absorb these costs alone.


                                                                                                                                            Need for rapid change

The transport sector must make the transition to electric mobility faster than the breakneck speed at which smartphones were adopted if it is to meet Net Zero--an end to carbon emissions--by 2050. Costly electrical and civil infrastructure (roads, minibus termini, truck stops, electricity distribution networks) will be needed--and soon.

However, our results show that fleets will have to contain a mix of electric and combustion-based engines if countries want to continue to transport the same amount of goods and people they are currently transporting. This is because electric vehicles charge slowly. While a diesel minibus taxi takes only one minute to fill up with enough diesel to travel 750 kilometers, the fastest currently available electric minibus recharges at a mere 2km per minute with DC and 0.3km per minute with AC. The electric taxi's range is also only 21% of the diesel equivalent.

Filling stations in the region generally store the equivalent of up to 225,000km worth of fuel for a diesel minibus. The same size of stationary electric battery storage will store a mere 16,000km for an electric equivalent minibus. Range-extending and potentially swappable battery storage can be used (where a trailer acts as a mobile battery bank to the vehicle, and is charged from a solar charging station to reduce emissions). But this will increase the cost so much that it may not be financially viable for the freight industry at all.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Building a local electric vehicle industry

Except for South Africa, the region has been a dumping ground for second-hand vehicles from developed countries. The comparatively simple designs of electric vehicles provide an opportunity for sub-Saharan Africa to move away from accepting second-hand vehicles and towards a new local electric vehicle industry.

Workers in hundreds of thousands of jobs making combustion engines could be reskilled to make electric vehicles. Africa already has the skills to design and produce the powertrain components, such as batteries and electric motors. Setting up local industries would also spare sub-Saharan Africa from being flooded by cheap electric vehicle imports that don't contribute to local employment.

Ethiopia has recently banned the import of combustion vehicles. Africa's first all-electric mass rapid transit was set up in Dakar, Senegal in 2023. The Golden Arrow bus company in South Africa purchased 120 electric buses this year. Heavy haul electric trucks are also entering the South African market space.


                                                                                                                                            Africa has already produced tens of thousands of electric two- and three-wheelers used for public transport and last-mile delivery. These include Ampersand in Rwanda, Roam Electric in Kenya, and Spiro in Benin. Batteries are usually provided through swapping and payment by mobile phone. In South Africa, Mellowvans produce a last-mile three-wheeler.

A Roam Air electric motorbike recently completed the 6000km journey from Nairobi to Stellenbosch using only the region's abundant solar power. In Kenya, BasiGO assembled buses locally and now provides finance for electric buses. Roam Electric makes locally designed electric buses (and motorbikes). Meanwhile, a project owned by the South African National Energy Development Institute at Stellenbosch University in South Africa has converted a petrol minibus taxi and a 65-seater diesel bus to electric.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Electrification is inevitable

The shift to electric vehicles is inevitable. These steps are needed first:


To make the most of the electric mobility revolution, sub-Saharan African countries need policies and incentives to localize production and invest in green energy, lest they miss the bus.
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            [image: We built a tiny electronic nose that can beat a mouse at its own game]
             
                Odors and air flow over the 'electronic nose,' which can rapidly sense changes. Credit: Adapted from Science Advances (2024). DOI: 10.1126/sciadv.adp1764
            
        

    


Imagine a robot that can detect scents in the air and track down their sources as efficiently as a dog or a mouse. If realized, it could detect small wildfires in dense forests, find people buried in debris after an earthquake, or even hunt for truffles.


                                        
                                              
                                        
                                                                                                                                    Our research team has brought this vision one step closer to reality, by creating a compact electronic nose capable of identifying odors within milliseconds.

In our study, the goal was to explore this artificial sense of smell, and test how fast we can extract valuable information about the environment from the air. We show that the "speed of smell" matches and sometimes even exceeds those of mammals.

Our study is now published in Science Advances.

Complex and informative odor landscapes

Animals perceive smells incredibly quickly, and this ability has evolved over millions of years to optimize their chances of survival. But why is such speed necessary?

The answer lies in the complex nature of how odors move through the air. Unlike what you might think, odors don't just grow steadily weaker as you move away from their source to where they are detected.

Instead, air movements create a highly chaotic environment where odors travel in irregular plumes that can be extremely brief and spaced out over time. These plumes are shaped by a mix of small- and large-scale turbulent air dynamics, including wind shearing and molecular diffusion, as well as by environmental boundary conditions.

Understanding these odor plumes is crucial for animals. Each brief encounter with an odor can carry valuable information.

For instance, by analyzing the timing and frequency of these odor bursts, an animal can estimate how far it is from the source. If the animal notices that two different odors always occur together, it could mean their sources are in close proximity to each other. Variations in the concentration of these bursts can also hint at the size and spread of the odor plume.

These subtle clues help animals make quicker decisions about where to find food, avoid predators, or locate mates. But to unlock this information, their sensory and nervous systems must be fast enough to pick up and process these rapid changes in the odor landscape.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The speed of smell in animals and machines

The speed at which animals can detect and react to smells varies by species. Insects like grasshoppers and fruit flies process scent signals in just a few milliseconds, helping them move in and react to their environments with ease. Mosquitoes can detect tiny bursts of carbon dioxide as short as 30 milliseconds, which is why they find you so easily at night.

Mammals were once thought to have slower smell detection, but recent studies have shown otherwise. A landmark study in 2021 revealed mice could tell apart odors from mixed and separate sources in mere milliseconds. A paper published last month found that even humans can distinguish between different scents delivered just 60 milliseconds apart.

While fast odor sensors exist--devices such as photo-ionization detectors--they are too bulky, power-hungry and often not selective enough to be used in robots. The device we developed now bridges this gap.

We found it could accurately identify odors in bursts as short as 50 milliseconds. Even more, it could decode patterns between odors switching up to 40 times per second, which is similar to what mice can do when they perform source-separation tasks. This means our device can "smell" at speeds that match those of animals.


                                                                                                                                            How did we do it?

Our electronic nose is built on a multi-layer circuit board a little smaller than a credit card. It's equipped with multiple metal-oxide gas sensors as well as temperature and humidity sensors.

What sets our device apart from others is the use of high-end electronics that can sample and control these sensors extremely fast and precisely, as well as custom-designed algorithms and processing methods.

The sensors work by changing their electrical properties based on how different gases react with an oxide layer on the surface. A crucial part of making the sensors so responsive is heating the tiny sensing sites to several hundred degrees.

In turbulent air, sensor temperature tends to fluctuate, which makes odor detection and identification more difficult. By constantly measuring and re-adjusting the temperature with a high level of precision, we achieved a highly sensitive sensor response that could detect even slight, fast changes in odors.

We also discovered that rapidly switching the temperature back and forth between 150degC and 400degC about 20 times per second produced quick, distinctive data patterns that made it easier to identify specific smells. This approach allowed our device to pick up odors with remarkable speed and accuracy.

Applications and impact

Equipping robots with fast odor sensors will allow them to detect and react to environmental cues in real time. This will enable more efficient navigation and decision making in challenging scenarios, opening doors for many promising applications.


                                                                                                        
    
        
        
        
    

                                                                                                                                            For example, the early detection of wildfires could save gigatons of carbon dioxide emissions. Conventional detection methods like satellites and planes only spot fires once they reach a significant size. Fires burning below the forest canopy or behind clouds can be missed entirely.

Drones equipped with fast electronic noses could change that by patrolling the forests, identifying small plumes of smoke, then navigating towards and localizing the source. With this, large areas could be covered efficiently and fires detected before they grow out of control.

Another critical application may be found in disaster response. After earthquakes or building collapses, finding survivors quickly is crucial.

Olfactory robots equipped with fast electronic noses could play a life-saving role by detecting the unique scent signatures of humans trapped under debris. By rapidly scanning through complex environments and identifying human scent traces, these robots could guide rescue teams to victims faster than traditional methods, increasing the chances of survival.

And for the truffles? Perhaps one day, our robot could give truffle-hunting pigs a run for their money, proving that even technology has a nose for fine dining.
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            [image: Waste heat could be used to warm the UK parliament in central London]
             
                Waste heat could be used to warm the UK parliament in central London.
            
        

    


London landmarks including the UK parliament could be warmed by low-carbon heat powered by the River Thames, the London Underground train system and even the sewer network under new government plans.


                                        
                                              
                                        
                                                                                    Around 1,000 buildings could be in line to receive the alternatively sourced warmth.

Under the plans to develop the UK's biggest heat network to provide decarbonised heat, pipes designed to carry excess heat taken from various sources would power hot water and central heating systems in the Westminster area of central London, where parliament is located.

The PS1.0-billion ($1.3-billion) low-carbon heating infrastructure project--initiated by Westminster Council and the government's Department for Energy Security and Net Zero (DESNZ)--aims to harness waste heat from a small area and distribute it locally.

Such networks are considered the cheapest way to decarbonize compared to each building having its own air source heat pump.

They are expected to play an increasingly important role in supplying UK energy over coming years as the government attempts to wean the country's power grid off fossil fuel energy sources by the end of the decade.

DESNZ minister Miatta Fahnbulleh said the project represented "bold new strides towards boosting our energy security, as one of seven heat network zones we're backing with over PS5.0 million funding".

Prime Minister Keir Starmer's new Labour government promised at the election in July to deliver "zero-carbon electricity by 2030".

It means the production of electricity, previously dominated by coal and currently reliant on natural gas, would not contribute to overall carbon dioxide emissions.

Wind, solar, nuclear and tidal power would instead generate the vast majority of electricity used in Britain from the beginning of the next decade.

Labour says its plans will reduce reliance on fossil fuels from overseas and lead to cheaper household energy bills.

Construction of the South Westminster Area Network (SWAN) project is due to start in 2026.
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When Hurricane Helene damaged western North Carolina in September, filling medical facilities with people who couldn't be cared for at home, Jim Polk, a tech executive at Exela Pharmaceutical Sciences in Lenoir, North Carolina, got a call from the Atrium Health hospital group in flooded Asheville. Could his company make intravenous saline bags for the expected crush of patients?


                                        
                                              
                                        
                                                                                                                                    "That could take six months," Polk thought, going over in his mind the familiar steps of meeting government and hospital requirements, hiring, lining up machinery and suppliers, writing and sharing reports, and weeks of factory trial and error to get production right.

But Exela had upgraded its manufacturing technology--and not just on the floor of its 600-person plant in Lenoir. Exela had also installed new software to connect factory production data to materials-sourcing, labor-supply, government-compliance, market demand, shipping, pricing and other functions, using artificial intelligence applications to automatically pinpoint and fix problems.

This use of self-improving AI software to rapidly boost efficiency was dubbed a "Fourth Industrial Revolution" in a widely read 2011 book by Swiss engineer Klaus Schwab. He projected AI-enhanced manufacturing would transform factories as thoroughly as earlier steam power, mass production, and computer-control technologies. The Helene crisis gave Exela a chance to test these "Industry 4.0" software applications on a new product line.

In less than three weeks, Exela was producing IV bags ready to ship.

"It was beyond miraculous," Polk said. "We bring up a line now without adding heads. We don't need to make and copy and retain all those documents. We are saving many weeks. We can immediately rock and roll."


                                                                                                        
    
        
        
        
    

                                                                                                                                            Polk and his colleague Don Overton, Exela's finance chief, had seen demonstrations of what their new software could do--designing, mixing, bottling, and shipping chemicals, drugs, and soft drinks, among other sample products, as they provided a few directions, and watched the machines kick in.

They had seen how this could work on a late summer visit to the Industry 4.0 Center, a model factory complex at Exela's main business software supplier, SAP, at its glass-walled U.S. headquarters in Newtown Square, Pennsylvania.

"It's the future of manufacturing--purely digital, completely paperless," and heavily automated, said Overton. "It's seamless, and integrated in real time: Accounts payable is tied directly into purchasing, which is tied directly into warehousing, which is tied directly into production, which ties directly into shipping, and that ties into sales, and into HR.

"So when we moved product, there's no delay. There's no paper to reconcile. Records don't accumulate. We call it Bye Bye Paper."

The typical cost for SAP's digital manufacturing execution system includes an annual subscription fee of around $100,000--but also an outlay of at least $300,000 worth of new hardware to make it run. According to a June 2024 study by International Data Corp., users could expect 10% productivity savings--plus a tripling of their profitability over three years, IDC added.

SAP's "copilot" AI application, Joule, takes questions from users across a manufacturer's network. Asked about sources for popular materials, Joule will list prices, shipping times, reliability, labor and political factors, and other variables for suppliers around the world, varying results by producer and customer needs and locations.


                                                                                                                                            Germany-based SAP employs around 3,000 at its U.S. headquarters in Newtown Square. The company also has Industry 4.0 Centers at a handful of other sites in the U.S., Europe, and Asia.

But with its suburban Philadelphia location near the center of the Northeastern United States, the Newtown Square center expanded last year from a smaller facility. It's now about 8,000 square feet, roughly the size of a Super Wawa.

"I love that center. We have hosted customers, IT and business stakeholders there to explore (how to speed up) supply chains and make continuous improvements," Asif Poonja, CEO of Fujitsu Americas, said in a phone interview from his office in Toronto.

Once a Japanese manufacturer best known for its film and cameras, Fujitsu is now a global manufacturing adviser to companies such as ABB, the Swedish generator and electrical equipment maker. Fujitsu has brought engineers and managers from ABB and other global companies to Newtown Square to demonstrate AI's impact on factory automation and business processes.

The center, with its design and control centers, factory robots, and bottling and filling machines, makes software use more tangible: "Sitting on a Zoom call or on a laptop is not always effective" at engaging factory professionals, Poonja said. "To see these solutions in action" on actual machines designing, producing, and packaging chemicals, drugs, or beverages "is very powerful."

Poonja says the new-generation manufacturing software also helps hire and train workers faster.

"It's hard to get into factories these days. In Newtown Square you can go right on their [working model] factory floors and have discussions with their engineers. It's amazing the details you can get into," Poonja added.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Will software replace us all?

SAP employs 112,000 worldwide. SAP shares have risen twice as fast as rival Oracle over the past five years, and also beaten its U.S.-based rival over the past one- and two-year periods.

Does all this automation destroy jobs? Exela said it's been hiring even as it's been automating production, because overall sales are up.

But automation has had a marked impact on next-generation factories. For example, GSK, the pharmaceutical giant that once employed thousands stamping pills at Philadelphia-area sites, plans to invest up to $800 million (including $21 million in state funds) in a factory near the Susquehanna in Marietta, Pa., that projects a modest 200 jobs.

SAP's multinational workshop

SAP's Industry 4.0 Center includes machines from a constellation of companies, many based in SAP's homeland.

There are mixing machines from Beckoff, a real-time location system from Kinexon, a storage-and-retrieval system from Gebhardt, and high-speed inspection machines from Krones, all based in Germany.

There are handheld and wearable scanners from Illinois-based Zebra. There are robotic carriers from a Danish company, Universal Robot, mounted with cameras from based-in-Germany Asentics; Mobile Industrial Robots from MiR, another Danish company; and a "hands-free" maintenance system using Germany-based Frontline's TeamViewer software and Washington State-based RealWare's Navigator headsets.

"With all the changes going on with the supply chain, all the disruptions" in recent years from COVID shutdowns, attacks on Red Sea shipping, and port labor strikes, "we wanted a facility where we could highlight our solutions and show how these applications work together to solve problems--instead of having folks use a lot of Power Points," said Darcy MacClaren, SAP's chief revenue officer for digital supply chain, during a visit to the center.


                                                                                                                                            Though SAP competes with other big software makers, it also uses and integrates with products made by rivals including Amazon, Google, Microsoft, Nvidia, and many others.

"North America is the most competitive part of the world" for business software makers, said Lloyd Adams, head of SAP Americas, in an interview. "We are bringing more of our customers into the 4.0 center, it's a magnet for organizations all over North America. It really helps crystallize what's possible."

At the center, SAP Vice President Rakesh Gandhi demonstrated how staff who remain on the factory floor wear cameras and sensors that pour data into company software systems that adjust machinery, purchasing, and pricing. "We are automating all steps," he added. "Our big message is the importance of collecting all this information so you can seamlessly embed it with the AI and understand, real time, what is going on in your supply chain.

"The customer wants everything to run from one control center. It is important to visualize how all the technology will work. The shop floor operator can see all the analytics," such as whether a flood in China, a strike in Britain, or a port closing in California will make it more efficient to replace one supplier with another. "They become data-driven companies."
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                Simulation of quantum vortices superimposed with experimental data. Credit: University of Innsbruck, Austria
            
        

    


Scientists on Wednesday said that they have successfully stirred a strange matter called a "supersolid"--which is both rigid and fluid--for the first time, providing direct proof of the dual nature of this quantum oddity.


                                        
                                              
                                        
                                                                                                                                    In everyday life, there are four states of matter--solid, liquid, gas and the rarer plasma.

But physicists have long been investigating what are known as "exotic" states of matter, which are created at incredibly high energy levels or temperatures so cold they approach absolute zero (-273.15 degrees Celsius or -459.67 degrees Fahrenheit).

Under these extreme conditions, matter starts behaving very differently from what we are used to.

Fluids such as liquid or gas may get more or less resistance to flow, which is measured by viscosity. Honey, for example, is more viscous than water.

Superfluids, an extremely cold exotic matter, have zero viscosity--there is no resistance so they flow freely.

If a superfluid was stirred in a cup, it would flow around indefinitely without ever slowing down.

More than half a century ago, physicists predicted the existence of a "supersolid" state.

It is matter that has the properties of both a solid and a superfluid, in which a fraction of the atoms flow friction-free through the lattice--a regular arrangement of points or objects--of a rigid crystal structure.

'Like holes in Gruyere cheese'

Researchers had previously managed to observe these crystal structures inside supersolids in several ways.

But a direct observation of the bizarre manner in which this matter flows has remained elusive, said Francesca Ferlaino, a physicist at Austria's University of Innsbruck.

Until a new study led by Ferlaino was published in the journal Nature on Wednesday.

The team managed to stir a supersolid to observe the tiny whirlpools--called quantized vortices--which are the "smoking gun of superfluidity", Ferlaino told AFP.

"Imagine you have a cup of coffee, and you give it a little swirl with a spoon," she explained.

"You'll see the coffee spinning around the center, and if you look closely, there might be a whirlpool in the middle where the liquid is swirling the fastest. This is a classic example of a vortex in a regular fluid."

Now imagine the coffee is replaced with a superfluid.

"If you swirl the spoon slowly, you'll be surprised to see that the superfluid doesn't rotate along with the spoon at all--it remains perfectly still, as if nothing disturbed it," Ferlaino said.

"However, if you swirl the spoon faster, instead of forming one large whirlpool in the center, something remarkable happens. A series of tiny whirlpools, or quantized vortices, begin to appear," she said.

"These are like small holes in the fluid, each rotating at a specific speed," she explained.

"Instead, they arrange themselves in beautiful, regular patterns across the surface of the superfluid, almost like the holes in a piece of Gruyere cheese, but perfectly organized."


                                                                                                        
    
        
        
        
    

                                                                                                                                            Exploding stars

In 2021, the Innsbruck University team created a long-lived, two-dimensional supersolid by cooling particular atoms and molecules to extremely low temperatures in the lab.

"The next step--developing a way to stir the supersolid without destroying its fragile state--required even greater precision," lead study author Eva Casotti said.

The team used magnetic fields to carefully rotate their supersolid, stirring it up to create the pretty quantized vortices.

"Our findings give us strong, direct proof of the dual nature of a supersolid state," Ferlaino said.

The researchers say the breakthrough will make it possible to simulate phenomena in the lab that normally only occur under truly extreme conditions.

This includes what happens at the heart of neutron stars, the incredibly dense and compact cores left behind when massive stars go supernova.

"It is assumed that the change in rotational speed observed in neutron stars--so-called glitches--are caused by superfluid vortices trapped inside neutron stars," Thomas Bland, who worked the project, said in a statement.
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On election night, as Republican Donald Trump inched closer to reclaiming the U.S. presidency, some tech executives and venture capitalists rejoiced.


                                        
                                              
                                        
                                                                                                                                    "The people of America gave@realDonaldTrump a crystal clear mandate for change tonight," Elon Musk posted on his social media platform X, formerly known as Twitter.

The eccentric billionaire, who shared a Photoshopped image of himself carrying a sink into the Oval Office, has been a vocal supporter of Trump, who defeated Vice President Kamala Harris to win the White House.

The 2024 U.S. presidential election has been a wild ride, highlighting a divide between venture capitalists and tech executives--some of whom spent millions of dollars backing Trump while others poured money into Harris' campaign. Both sides argued the candidates they support would benefit the tech industry.

Box Chief Executive Aaron Levie, who backed Harris and made the case the Democrat is pro-business, congratulated Trump on his win late Tuesday night. "What's great about America is that we're on a rocket ship right now and can keep accelerating with the right policies and execution," Levie posted on X.

Musk stands to benefit from a second Trump presidency. He runs companies such as Tesla and SpaceX that hold billions of dollars in government contracts, but has also clashed with regulators. Trump said he would make Musk the head of a new "government efficiency commission," sparking concerns about potential conflicts of interest. Once critical of policies that benefit electric vehicles, Trump softened his tone after Musk endorsed him.

Trump's and Harris' campaigns didn't respond to requests for comment.

Here's how a Trump presidency could reshape the tech industry:


                                                                                                        
    
        
        
        
    

                                                                                                                                            Artificial intelligence

Trump plans to repeal President Biden's 2023 AI executive order, which aims to ensure businesses develop technology responsibly because he thinks it hinders innovation.

"In its place, Republicans support AI Development rooted in Free Speech and Human Flourishing," according to a document that outlines policies he supports.

There will probably be some form of AI regulation under Trump, analysts say, but exactly what that will look like is unclear.

"Knowing what you're going to be dealing with really matters for the business community," said Todd O'Boyle, senior director of technology policy with the Chamber of Progress, a tech industry advocacy group. "We are entering really uncharted waters."

Under Trump, there could be "rejuvenated interest" for state AI regulation, he said.

In California, lawmakers proposed a slew of AI-related bills this year and O'Boyle expects that will continue. Gov. Gavin Newsom vetoed Senate Bill 1047, a hotly contested bill that aimed to require developers of advanced AI models to adopt safety measures.

Trump could make a big push into AI innovation, analysts say. As the use of AI in the military rises, Trump's campaign says he would "invest in cutting edge research and advanced technologies" in part to modernize the military, which would benefit tech firms such as Palantir and Anduril Industries.

Palmer Luckey, who founded Anduril Industries and supports Trump, urged his followers on X to "Pokemon Go to the polls." As Trump moved closer to victory on election night, Luckey posted a photo of Pokemon character Ash Ketchum with a tear (apparently of joy) streaming down his face.

"When it comes to AI, what will rule is, if there's money to be made, it'll be supported," said Olaf Groth, faculty member at UC Berkeley's Haas School of Business and chief executive of think tank Cambrian Futures.

Trump could also punish companies that cross him.

His campaign has said he would pass a digital bill of rights and legislation to "drastically limit the ability of big social media platforms to restrict free speech." Trump, who operates his own social media platform, Truth Social, has been critical of Facebook's parent company Meta Platforms and Google, accusing them of censoring his speech, allegations they deny.

Citing competition with China, Trump has proposed imposing tariffs so businesses prioritize American suppliers. In the past, tech titans such as Apple that rely heavily on China to manufacture products such as the iPhone and the Apple Watch have managed to get tariffs waived.

O'Boyle said that the tech industry is "tariffs skeptical."

"Tariffs are a tax on consumers," O'Boyle said. "It's hard to see how tariffs are going to address the economic challenges in the country. Tariffs slow trade. They create friction to trade."


                                                                                                                                            Cryptocurrency

Some of Trump's vocal supporters include investors and twins Cameron and Tyler Winklevoss, who co-founded cryptocurrency exchange Gemini, and have accused the Biden administration of trying to destroy their industry.

A Trump presidency is a "huge win for crypto," said Daniel Ives, a managing director at Wedbush Securities.

The Biden administration has proposed tax reporting requirements for cryptocurrency brokers and issued an executive order in 2022 to crack down on cryptocurrency scams, fraud and theft. The executive order also mentions exploring the creation of a digital U.S. dollar.

In his policy document, Trump's campaign signaled he would be more friendly toward the cryptocurrency industry and roll back the Biden administration's actions. Republicans oppose the creation of a digital U.S. dollar.

"To the extent that the Biden administration was skeptical of fintech and crypto, it's a reasonable bet that the Trump administration will reverse any fintech and crypto-skeptical policies that the Biden administration stood up," O'Boyle said.

Antitrust and TikTok

U.S. regulators have been trying to rein in the power of tech heavyweights such as Meta, Amazon and Google, which the U.S. government is considering breaking up after a federal judge declared that the search giant has an illegal monopoly on search.

For all his concerns about the power of tech companies, Trump signaled he's wary about breaking up Google. In an October interview moderated by Bloomberg News, Trump said he would "do something" but stopped short of saying he would break up the search giant.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "It's a very dangerous thing because we want to have great companies," he said. "We don't want China to have these companies. Right now, China is afraid of Google."

Some tech industry observers expect that Trump will name a new Federal Trade Commission chair, pushing Lina Khan out of the role.

The previous Trump administration pushed for Chinese tech company ByteDance to sell TikTok due to the U.S. government's security concerns with the popular video app's ties to China. Trump, who has raised free speech concerns about banning TikTok, might be open to allowing the tech platform to stay in the U.S. so it can compete with Google and Meta, analysts say.

"The irony is, even though Trump started the TikTok ban narrative, he's changed his tune significantly and would actually support TikTok within the U.S. with restrictions, and any talk of a ban would actually dissipate for TikTok," Ives said.

In a video posted on social media in September, Trump said, "We're not doing anything with TikTok."
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Unique memristor design with analog switching shows promise for high-efficiency neuromorphic computing

                                        by Ingrid Fadelli                                                                                , Tech Xplore
                                                                            

                                    
									    

    
        
            [image: Using van der Waals metallic cathodes to create memristors with analogue switching and high on/off ratios]
             
                Chip-level implementation of a CNN. a, Architecture of the 8-layer VGG-8 CNN for image recognition from the CIFAR-10 dataset. b, Schematic of the hardware implementation for the VGG-8 neural network. c, Image recognition accuracy versus epochs. d, Accuracies of the ideal device-based CNN (conductance levels of 64/64 for LTP/LTD, and perfect linearity and symmetry) and CNNs based on Ag/IPS/GR and Ag/IPS/PtTe2 memristors. Credit: Nature Electronics (2024). DOI: 10.1038/s41928-024-01269-y
            
        

    


The growing use of artificial intelligence (AI)-based models is placing greater demands on the electronics industry, as many of these models require significant storage space and computational power. Engineers worldwide have thus been trying to develop neuromorphic computing systems that could help meet these demands, many of which are based on memristors.


                                        
                                              
                                        
                                                                                                                                    Memristors are electronic components that regulate the flow of electrical current in circuits while also "remembering" the amount of electrical charge that previously passed through them. These components could replicate the function of biological synapses in the human brain, thus improving the efficiency with which machine learning-based models analyze data and perform computations.

Despite their potential, most memristors developed to date have exhibited significant limitations, including small on/off ratios. These small ratios hinder the ability of the memristors to represent precise weights, thus increasing noise and reducing the accuracy of an algorithm's predictions.

Researchers at Wuhan University recently developed promising new memristors with analog switching and high on/off ratios. These memristors, introduced in a paper published in Nature Electronics, were fabricated using two-dimensional (2D) van der Waals metallic materials as cathodes.

"Analog memristors with multiple conductance states are of particular use in high-efficiency neuromorphic computing, but their weight mapping capabilities are typically limited by small on/off ratios," Yesheng Li, Yao Xiaong and their colleagues wrote in their paper.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "We show that memristors with analog resistive switching and large on/off ratios can be created using two-dimensional van der Waals metallic materials (graphene or platinum ditelluride) as the cathodes. The memristors use silver as the top anode and indium phosphorus sulfide as the switching medium."

The unique memristor design proposed by Li, Xiaong and their colleagues introduces a extra high diffusion barrier that limits the migration of silver ions. This ultimately enables analog switching, as well as on/off ratios comparable to those reported in digital memristors.

"Previous approaches have focused on modulating ion motion using changes to the resistive switching layer or anode, which can lower the on/off ratios," wrote Li, Xiaong and their colleagues.

"In contrast, our approach relies on the van der Waals cathode, which allows silver ion intercalation/de-intercalation, creating a high diffusion barrier to modulate ion motion. The strategy can achieve analog resistive switching with an on/off ratio up to 108, over 8-bit conductance states and attojoule-level power consumption."

To evaluate their memristors, the researchers performed a chip-level simulation of a convolutional neural network (CNN) for image recognition. Their findings were highly promising, as in this simulation, the model performed remarkably well, achieving high image recognition accuracies of up to 91%.

In the future, the team's newly developed memristor could be improved further and used to run other advanced AI-based computational models. In addition, other researchers could set out to develop similar memristors using alternative materials as the switching medium or other van der Waals materials as cathodes.
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When should kids start using social media? Australia's government proposes age limit of 16

                                        by ROD McGUIRK                                                                                                                    

                                    
									    

    
        
            [image: When should kids start using social media? Australia's government proposes age limit of 16]
             
                Australian Prime Minister Anthony Albanese discusses legislation that would male 16 years as a minimum age for children to use social media at a press conference in Canberra, Thursday, Nov. 7, 2024. Credit: Mick Tsikas/AAP Image via AP
            
        

    


The Australian government announced on Thursday what it described as world-leading legislation that would institute an age limit of 16 years for children to start using social media, and hold platforms responsible for ensuring compliance.


                                        
                                              
                                        
                                                                                                                                    "Social media is doing harm to our kids and I'm calling time on it," Prime Minister Anthony Albanese said.

The legislation will be introduced in Parliament during its final two weeks in session this year, which begin on Nov. 18. The age limit would take effect 12 months after the law is passed, Albanese told reporters.

The platforms including X, TikTok, Instagram and Facebook would need to use that year to work out how to exclude Australian children younger than 16.

"I've spoken to thousands of parents, grandparents, aunties and uncles. They, like me, are worried sick about the safety of our kids online," Albanese said.

The proposal comes as governments around the world are wrestling with how to supervise young people's use of technologies like smartphones and social media.

Social media platforms would be penalized for breaching the age limit, but under-age children and their parents would not.

"The onus will be on social media platforms to demonstrate they are taking reasonable steps to prevent access. The onus won't be on parents or young people," Albanese said.

Antigone Davis, head of safety at Meta, which owns Facebook and Instagram, said the company would respect any age limitations the government wants to introduce.

"However, what's missing is a deeper discussion on how we implement protections, otherwise we risk making ourselves feel better, like we have taken action, but teens and parents will not find themselves in a better place," Davis said in a statement.


                                                                                                        
    
        
        
        
    

                                                                                                                                            She added that stronger tools in app stores and operating systems for parents to control what apps their children can use would be a "simple and effective solution."

X did not immediately respond to a request for comment on Thursday. TikTok declined to comment.

The Digital Industry Group Inc., an advocate for the digital industry in Australia, described the age limit as a "20th Century response to 21st Century challenges."

"Rather than blocking access through bans, we need to take a balanced approach to create age-appropriate spaces, build digital literacy and protect young people from online harm," DIGI managing director Sunita Bose said in a statement.

More than 140 Australian and international academics with expertise in fields related to technology and child welfare signed an open letter to Albanese last month opposing a social media age limit as "too blunt an instrument to address risks effectively."

Jackie Hallan, a director at the youth mental health service ReachOut, opposed the ban. She said 73% of young people across Australia accessing mental health support did so through social media.


                                                                                                                                            "We're uncomfortable with the ban. We think young people are likely to circumvent a ban and our concern is that it really drives the behavior underground and then if things go wrong, young people are less likely to get support from parents and carers because they're worried about getting in trouble," Hallan said.

Child psychologist Philip Tam said a minimum age of 12 or 13 would have been more enforceable.

"My real fear honestly is that the problem of social media will simply be driven underground," Tam said.

Australian National University lawyer Associate Prof. Faith Gordon feared separating children from there platforms could create pressures within families.

Albanese said there would be exclusions and exemptions in circumstances such as a need to continue access to educational services.

But parental consent would not entitle a child under 16 to access social media.

Earlier this year, the government began a trial of age-restriciton technologies. Australia's eSafety Commissioner, the online watchdog that will police compliance, will use the results of that trial to provide platforms with guidance on what reasonable steps they can take.

Communications Minister Michelle Rowland said the year-long lead-in would ensure the age limit could be implemented in a "very practical way."

"There does need to be enhanced penalties to ensure compliance," Rowland said.

"Every company that operates in Australia, whether domiciled here or otherwise, is expected and must comply with Australian law or face the consequences," she added.
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A tiny grain of nuclear fuel is pulled from ruined Japanese nuclear plant, in a step toward cleanup

                                        by Mari Yamaguchi                                                                                                                    

                                    
									    

    
        
            [image: A tiny grain of nuclear fuel is pulled from ruined Japanese nuclear plant, in a step toward cleanup]
             
                This photo released by Tokyo Electric Power Company Holdings (TEPCO), shows a robot, top right, clips a tiny gravel of what it believed to be melted fuel debris at the No. 2 reactor of the Fukushima Daiichi nuclear power plant in Okuma, Fukushima, northern Japan, on Oct. 30, 3024. Credit: Tokyo Electric Power Company Holdings via AP
            
        

    


A robot that has spent months inside the ruins of a nuclear reactor at the tsunami-hit Fukushima Daiichi plant delivered a tiny sample of melted nuclear fuel on Thursday, in what plant officials said was a step toward beginning the cleanup of hundreds of tons of melted fuel debris.


                                        
                                              
                                        
                                                                                                                                    The sample, the size of a grain of rice, was placed into a secure container, marking the end of the mission, according to Tokyo Electric Power Company Holdings, which manages the plant. It is being transported to a glove box for size and weight measurements before being sent to outside laboratories for detailed analyses over the coming months.

Plant chief Akira Ono has said it will provide key data to plan a decommissioning strategy, develop necessary technology and robots and learn how the accident had developed.

The first sample alone is not enough and additional small-scale sampling missions will be necessary in order to obtain more data, TEPCO spokesperson Kenichi Takahara told reporters Thursday. "It may take time, but we will steadily tackle decommissioning," Takahara said.

Despite multiple probes in the years since the 2011 disaster that wrecked the. plant and forced thousands of nearby residents to leave their homes, much about the site's highly radioactive interior remains a mystery.

The sample, the first to be retrieved from inside a reactor, was significantly less radioactive than expected. Officials had been concerned that it might be too radioactive to be safely tested even with heavy protective gear, and set an upper limit for removal out of the reactor. The sample came in well under the limit.



    
        
            [image: A tiny grain of nuclear fuel is pulled from ruined Japanese nuclear plant, in a step toward cleanup]
             
                Tokyo Electric Power Company Holdings, also known as TEPCO, the operator of Japan's wrecked Fukushima Daiichi nuclear power plant, reveals a robot to be used to retrieve debris at the power plant in Kobe, western Japan, May 28, 2024. Credit: Kyodo News via AP, File
            
        

    



That's led some to question whether the robot extracted the nuclear fuel it was looking for from an area in which previous probes have detected much higher levels of radioactive contamination, but TEPCO officials insist they believe the sample is melted fuel.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The extendable robot, nicknamed Telesco, first began its mission August with a plan for a two-week round trip, after previous missions had been delayed since 2021. But progress was suspended twice due to mishaps--the first involving an assembly error that took nearly three weeks to fix, and the second a camera failure.

On Oct. 30, it clipped a sample weighting less than 3 grams (.01 ounces) from the surface of a mound of melted fuel debris sitting on the bottom of the primary containment vessel of the Unit 2 reactor, TEPCO said.

Three days later, the robot returned to an enclosed container, as workers in full hazmat gear slowly pulled it out.

On Thursday, the gravel, whose radioactivity earlier this week recorded far below the upper limit set for its environmental and health safety, was placed into a safe container for removal out of the compartment.



    
        
            [image: A tiny grain of nuclear fuel is pulled from ruined Japanese nuclear plant, in a step toward cleanup]
             
                A device to remove debris from a reactor at the damaged Fukushima Nuclear power plant demonstrates to pinch a stone, as revealed in Kobe, western Japan, May 28, 2024. Credit: Kyodo News via AP, File
            
        

    



The sample return marks the first time the melted fuel is retrieved out of the containment vessel.

Fukushima Daiichi lost its key cooling systems during a 2011 earthquake and tsunami, causing meltdowns in its three reactors. An estimated 880 tons of fatally radioactive melted fuel remains in them.

The government and TEPCO have set a 30-to-40-year target to finish the cleanup by 2051, which experts say is overly optimistic and should be updated. Some say it would take for a century or longer.

Chief Cabinet Secretary Yoshimasa Hayashi said there have been some delays but "there will be no impact on the entire decommissioning process."

No specific plans for the full removal of the fuel debris or its final disposal have been decided.
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                                        by Jackie Davalos, Leah Nylen and Mackenzie Hawkins, Bloomberg News                                                                                                                    
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Silicon Valley is bracing for a vastly different relationship with the U.S. government as Donald Trump returns to the White House with promises to undo many of his predecessor's policies, and Elon Musk poised to play an influential role.


                                        
                                              
                                        
                                                                                                                                    On artificial intelligence, Trump has vowed to rip up an executive order from President Joe Biden aimed at putting safety guardrails on the emerging technology. In antitrust, the new administration is expected to seek a lighter touch with merger oversight, while on semiconductors, the president-elect has expressed misgivings about a bipartisan program using government investment to boost domestic chip production.

Industry leaders could see a reprise of the tense relations during Trump's first term, when he clashed with tech executives including Amazon.com Inc. founder Jeff Bezos, and cultivated cordial ties with others such as Apple Inc. CEO Tim Cook. Since leaving office, Trump has complained that Alphabet Inc.'s Google suppresses good news about him and has accused Meta Platforms Inc. of unfairly banning him from Facebook and Instagram in 2021.

Trump had support from some of tech's biggest names, led by Musk, the world's richest man, who poured more than $130 million of his own money into a pro-Trump super-PAC and Republican congressional campaigns. Musk addressed a rally in Pennsylvania for Trump and used his ownership of X--the social-media site formerly known as Twitter--to amplify the Republican's message to hundreds of millions of users.

Musk's proximity to the president-elect positions him to shape policies affecting his biggest ventures, including Tesla Inc. and SpaceX, potentially leaving his competitors in the electric-vehicle and space industries at a disadvantage in contracts and government oversight.

Other tech billionaires found ways to boost their standing with Trump. Meta CEO Mark Zuckerberg called Trump's response to the July 13 assassination attempt "badass," while Facebook removed many of its guardrails aimed at combating misinformation. Washington Post owner Bezos spiked the newspaper's editorial endorsing Vice President Kamala Harris less than two weeks before the election.

How much Trump can accomplish as president will depend on whether Republicans retain control of the House. They've already retaken the Senate from Democrats, making it easier for him to get his nominees confirmed. Here's a closer look at what tech can expect from the incoming Trump administration:


                                                                                                        
    
        
        
        
    

                                                                                                                                            Artificial intelligence

Trump intends to replace the measure that Biden signed last year setting voluntary security and privacy guidelines for AI developers. That order sought more funding for AI research, gave the National Institute of Standards and Technology a larger role in crafting guidance to mitigate risk and created a new agency to test and evaluate AI models before they're released.

While offering few specifics, the president-elect has called the Biden policy "dangerous" and claimed it hinders innovation. Trump has said he would replace it with "AI development rooted in free speech," echoing criticism from other Republicans of Biden's effort to ensure AI use is equitable and free from algorithmic bias.

"In some right-wing policy circles, safety is seen as a synonym for censorship," said Gregory Allen, director of the Wadhwani AI Center at the Center for Strategic and International Studies.

Parts of Biden's AI agenda could survive, including his push for more AI infrastructure. The Trump campaign has highlighted the need to expand U.S. energy capacity to stay competitive in AI, which could result in loosened permitting hurdles for land and electricity usage, Allen said.

Trump may seek to preserve Biden's recent memorandum making AI a national security priority and pressing agencies to maintain U.S. leadership by keeping the technology that underpins it away from adversaries like China. Trump could also take action through export controls that go further than Biden's current restrictions.

It's not yet clear who Trump would appoint to lead AI policy. However, Vice President-elect JD Vance could play a major role, given his Silicon Valley experience. Vance has already expressed skepticism about regulation, arguing that guardrails would only tighten large AI companies' grip on the industry while stifling smaller startups. He has also supported open-source technology to guard against perceived left-wing bias in AI models.


                                                                                                                                            Antitrust enforcement

A second Trump administration may be friendlier to business tie-ups, but is likely to keep up the aggressive pursuit of antitrust cases targeting Big Tech.

Federal Trade Commission Chair Lina Khan will be asked to step down, making way for Trump to appoint a third Republican to the agency. In the meantime, he will likely select one of the agency's sitting GOP members--Andrew Ferguson or Melissa Holyoak--to serve as the acting chair. The Justice Department's top antitrust officials, including Biden appointee Jonathan Kanter, will also step aside, leaving the agency in the hands of career staff until Trump's picks take the helm.

Both agencies are likely to continue lawsuits aimed at the tech giants. Some companies, such as Amazon.com, which faces an antitrust suit aimed at its core e-commerce business, may seek to settle with the new leaders. Other monopolization cases could see changes or settlements, including the Justice Department's lawsuits against Live Nation Entertainment Inc. and Visa Inc.

Republicans at the FTC are also likely to pull back on the agency's rulemaking efforts, a priority under Khan that GOP members have staunchly opposed. Though it would be a drastic and unlikely move, the Trump administration could simply drop any Biden-era cases it doesn't like.

The greatest shift may be in the agencies' approach to mergers. While the first Trump administration challenged some high-profile transactions, such as Visa's move to buy fintech startup Plaid Inc., it generally took a friendlier approach, often allowing major deals to move forward with conditions.

Some major firms contemplating deals--including Qualcomm Inc. and health insurance giants Cigna Group and Humana Inc.--have delayed finalizing proposed transactions until after the election, hoping for a more favorable attitude under the new administration.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Reversal on TikTok ban

Trump has said he opposes banning TikTok, a reversal from his stance in his first term when he signed an executive order requiring the popular app to shut down unless its Chinese owner ByteDance Ltd. divests. It's unclear how he would spare the platform from enforcement of a new federal law--now tied up by a court challenge--that would bar TikTok without a sale by Jan. 19, a day before his inauguration.

The president-elect now sees the video-sharing app as a viable competitor to Meta, which drew his ire for barring him from its sites after his supporters attacked the U.S. Capitol on Jan. 6, 2021. Americans are less supportive of a possible ban than they were a year ago, according to Pew Research data released in September that found only 32% in favor, down from 50% in March 2023.

Semiconductors and export controls

Trump's victory introduces significant uncertainty for U.S. semiconductor policy, which under Biden has included spending tens of billions on domestic chip manufacturing and using trade and investment restrictions to counter China's efforts in critical electronic components.

The president-elect recently assailed the 2022 Chips and Science Act, a landmark bipartisan law that's accelerated investments from companies including Intel Corp. and Taiwan Semiconductor Manufacturing Co.--the latter of which was announced during Trump's first term.

He suggested that tariffs against foreign chipmakers would be more effective than direct subsidies to revitalize American semiconductor manufacturing, raising fears in the industry that his administration may seek to change preliminary Chips Act awards. That adds to pressure on Biden administration officials who are seeking to reach binding agreements with companies before the president leaves office.


                                                                                                                                            On the international front, Trump has pledged sweeping tariffs on Chinese exports and would likely increase duties on older-generation chips, which Biden raised to 50%. He may also tighten export curbs on advanced semiconductors, a Biden measure that has roots in Trump's first administration, though diplomats and industry lobbyists are preparing for a range of possibilities given the transactional nature of Trump's foreign policy.

Perhaps the biggest question is how Trump would approach Taiwan, the beating heart of the global chip industry. He has claimed Taiwan "stole" the U.S. semiconductor business and argued the island should pay more for its own security. The stakes are enormous: A Chinese invasion of Taiwan--where more than 90% of advanced chips are produced--would be a $10 trillion hit to the global economy, according to estimates from Bloomberg Economics.
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Researchers unveil capacitorless solid-state power filter for single-phase DC-AC converters

                                        by                                         CES Transactions on Electrical Machines and Systems                                    

                                    
									    

    
        
            [image: Capacitorless solid-state power filter for single-phase DC-AC converters]
             
                Experimental setup that shows: the inverter board part, SSPF board part and the customized control board utilizing dspic33ck256MP508 microcontroller. Credit: CES Transactions on Electrical Machines and Systems (2024). DOI: 10.30941/CESTEMS.2024.00033
            
        

    


A study led by Dr. Haitham Kanakri and Dr. Euzeli Dos Santos, Jr., has unveiled a novel capacitorless solid-state power filter (SSPF) for single-phase DC-AC converters. This innovative technology employs a high-frequency planar transformer to eliminate the need for both LC filters and dc-link capacitors. Operating at 30 kHz, the H-bridge converter injects voltage harmonics to generate a sinusoidal output voltage.


                                        
                                              
                                        
                                                                                    The research is published in the journal CES Transactions on Electrical Machines and Systems.

Theoretical analyses, simulations, and experiments conducted on a 60 Hz, 120 V system demonstrated an impressive total harmonic distortion of just 1.29%, meeting IEEE 519 standards. Additionally, the research reveals a significant reduction in three critical components, underscoring the SSPF's potential to enhance both the efficiency and reliability of power electronics systems.

Looking ahead, the power electronics research team aims to expand the concept of capacitorless topologies to a wider range of power converters, enhancing their reliability. Currently, the team is exploring innovative strategies, including harnessing the stray capacitance naturally found in these converters to improve power density, reduce component count, and boost overall efficiency.

A key focus is to lay the groundwork for miniaturizing electric vehicle chargers by integrating stray capacitance into the operation of various DC-DC converters, effectively reducing or eliminating reliance on external capacitors. To achieve this, the team is introducing a novel material, calcium copper titanate (CCTO), which is expected to enhance stray capacitance and serve as a valuable component in multiple converter designs.
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Photothermal materials improve aqueous battery efficiency in low-temperature conditions

                                        by                                         Tsinghua University Press                                    

                                    
									    

    
        
            [image: Chilling conquest: Aqueous batteries get a sun-powered warm-up]
             
                The illustration demonstrates a photothermal aqueous battery system designed for low-temperature environments. Sunlight is captured by a solar collector and directed through a light shutter to heat the battery, rapidly increasing its internal temperature from -20degC to +23degC. The system also integrates a light/temperature controller to maintain stable operation, ensuring efficient performance even in sub-zero conditions. Credit: Energy Materials and Devices, Tsinghua University Press
            
        

    


Aqueous batteries have emerged as a promising option for large-scale energy storage due to their affordability, safety, and environmental benefits. However, their application in cold climates has been hindered by performance issues at subzero temperatures, where electrolyte freezing and reduced ion transfer slow down the system.


                                        
                                              
                                        
                                                                                                                                    Conventional solutions like external heating are energy-intensive and inefficient, prompting researchers to explore new strategies that can enhance the low-temperature performance of aqueous batteries without compromising efficiency or adding complexity.

Now, researchers from the University of New South Wales and Shenzhen University of Advanced Technology have developed an aqueous battery that operates efficiently in sub-zero temperatures.

Published in Energy Materials and Devices, the study reveals how photothermal current collectors and suspension electrodes enable the battery to generate its own heat and maintain a stable performance in cold climates. The system utilizes Ketjen black-based materials to convert sunlight into thermal energy, providing a practical solution for energy storage in polar and cold regions.

The core innovation of this study is the integration of photothermal materials within the battery's current collectors, allowing it to self-heat and operate effectively at low temperatures. The Ketjen black-based collectors absorb sunlight across a wide spectrum (98% efficiency from 200 to 2,500 nm), quickly generating heat that raises the battery's core temperature from -18degC to 20degC in just 22 minutes. The heat is then evenly distributed by suspension electrodes with high thermal conductivity.


                                                                                                        
    
        
        
        
    

                                                                                                                                            To enhance stability, the system includes a light concentrator and temperature control mechanism, enabling the battery to maintain a core temperature of 20degC during charge-discharge cycles, even when external temperatures fluctuate between -5degC and 5degC. This technology effectively addresses the electrochemical limitations faced by aqueous batteries in cold regions, offering a viable solution for large-scale energy storage.

The work presents a joint success from the University of New South Wales (UNSW) and Shenzhen University of Advanced Technology (SUAT) The principal investigator, Dr. Dawei Wang, a former researcher at UNSW, will integrate the intellectual resources and technology platforms at SUAT and UNSW to enable technology translation.

He remarked, "We endeavor to drive innovative design of net zero energy technologies. In this particular example, we sketched the concept and made the system to achieve solar-driven heating of a complex battery device. We expect the translation of this solution will accommodate the emerging industrial demand for wide-temperature batteries."

This advancement in battery technology holds great promise for expanding the use of aqueous batteries in grid-scale energy storage, especially in cold regions. With enhanced low-temperature performance, these batteries could be deployed in polar areas, providing a cost-effective and sustainable alternative to lithium-ion systems.

The incorporation of photothermal technology opens the door to further innovations in battery self-heating mechanisms, increasing energy efficiency across a range of applications, from renewable energy storage to electric vehicles operating in cold climates.


                                                                                                                                                                            
                                        											
																								More information:
												Zhichun Yu et al, Rapid photothermal heating of aqueous batteries for low-temperature conditions, Energy Materials and Devices (2024). DOI: 10.26599/EMD.2024.9370043
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