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        Nanopesticide delivery system made with neem seed extract improves pesticide effectiveness
        Pesticides can be made more effective and environmentally friendly by improving how they stick to plant surfaces, thanks to new research led by Dr. Mustafa Akbulut, professor of chemical engineering at Texas A&amp;M University.

      

      
        Nanorobot hand made of DNA grabs viruses for diagnostics and blocks cell entry
        A tiny, four-fingered "hand" folded from a single piece of DNA can pick up the virus that causes COVID-19 for highly sensitive rapid detection and can even block viral particles from entering cells to infect them, University of Illinois Urbana-Champaign researchers report. Dubbed the NanoGripper, the nanorobotic hand also could be programmed to interact with other viruses or to recognize cell surface markers for targeted drug delivery, such as for cancer treatment.

      

      
        Newly designed nanocrystals can kill bacteria under visible light
        Newly developed halide perovskite nanocrystals (HPNCs) show potential as antimicrobial agents that are stable, effective and easy to produce. After almost three years, Rice University scientist Yifan Zhu and colleagues have developed a new HPNC that is effective at killing bacteria in a biofluid under visible light without experiencing light- and moisture-driven degradation common in HPNCs.

      

      
        Nanostructures pave the way for advanced robotics--and mini dinosaurs
        Researchers at the University of Sydney Nano Institute have made a significant advance in the field of molecular robotics by developing custom-designed and programmable nanostructures using DNA origami.
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Nanopesticide delivery system made with neem seed extract improves pesticide effectiveness

										

    
        
            [image: Neem seed extract improves effectiveness of pesticide with innovative delivery system 'nanopesticides']
             
                Graphical abstract. Credit: Surfaces and Interfaces (2024). DOI: 10.1016/j.surfin.2024.105190
            
        

    


Pesticides can be made more effective and environmentally friendly by improving how they stick to plant surfaces, thanks to new research led by Dr. Mustafa Akbulut, professor of chemical engineering at Texas A&M University.



										      
																																	Akbulut and his research group have developed an innovative pesticide delivery system called nanopesticides. These tiny technologies, developed through a collaboration between Texas A&M University's engineering and agricultural colleges, Dr. Luis Cisneros-Zevallo, professor of Horticultural Science and Dr. Younjin Min, professor of Chemical Environ Engineering at University of California, Riverside, could change how we use pesticides.

"The U.S. is a world leader in agricultural production, feeding not just our nation but much of the world. Yet we are using pesticides in a way that is simply not sustainable--with a substantial fraction not reaching its intended target," said Akbulut. "Our research shows that by optimizing the surface chemistry of pesticide carriers, we can make these essential crop protection tools more efficient."

The team studied different types of nanopesticide carriers, testing their "stickiness" to pepper leaves, a representative model for many important crops. They discovered that the carrier's surface chemistry plays an important role in how well the nanopesticide adheres to the plant.

Nanopesticides encapsulate the active pesticide ingredients within microscopic carriers. Think of it like delivering a targeted package directly to the pest, minimizing collateral damage. This research focused on understanding how these nanopesticides interact with plant surfaces, a crucial step in maximizing their effectiveness.


																																						
    
     




																																			Pesticides are essential for protecting crops from pests and diseases, and without them, we would lose a huge portion of our harvests--up to 70-80% of fruits, 40-50% of vegetables, and 20-30% of cereals.

However, current pesticide application methods are incredibly inefficient. More than 80-90% of sprayed pesticides miss their target entirely, ending up in the environment where they can cause harm. This waste is not only bad for the planet, but it is also economically unsustainable.

This compound, which Akbulut and Yashwanth Arcot, Ph.D candidate discuss in their paper published in Surfaces and Interfaces Journal, is a mixture of ethyl lauroyl arginate (ELA), a food preservative compound, and neem seed extract.

Arcot's interest in the research focuses on nanopesticide chemistry to ensure a higher targeting ability and the strong correlation between the nanopesticide carrier and its adsorption behavior.

Akbulut believes that by using nanopesticide, he can increase the efficacy by better targeting the plant surface. Akbulut and his team aim to achieve this by taking various pesticides and modifying their interfacial properties using carriers that are best suited to interact with the plant surface characteristics.

Overall, the goal of the research is to find a way for more efficient and environmentally friendly pesticide formulations that are sustainable for agricultural practices and global food security.
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																																			"This study addresses a critical challenge in sustainable agriculture by optimizing nanopesticide systems to enhance efficacy, reduce environmental pollution, and minimize impacts on non-target organisms and human health," Arcot said.

Neem seed is a naturally occurring pesticide that comes from the seeds of the neem tree and is used to control pests and diseases on crops. The extract from a neem seed tree grows mostly in India but is organic pesticide management.

"Organic pesticides use this formulation, and we also use this molecule in the center. Although the carriers are different, the active ingredient inhibits or inactivates the pest."

According to the paper, among various types of pesticides, nanopesticides have shown to be an advanced crop protection strategy that relies on agricultural technology, nanotechnology, and materials chemistry.

Akbulut said that this discovery has profound implications for the future of agriculture. By tailoring the surface chemistry of nanopesticides, scientists can optimize their effectiveness, ensuring that more of the pesticide reaches the target pest and less ends up polluting the environment.

"For farmers or industry who are using the pesticides, they will clearly understand the value of this research," Akbulut said. "Pesticides, in general, are considered bad for the environment; using neem seed extract ensures crop survival from pests and is non-toxic for consumption."


																																																					
																				
																						More information:
												Yashwanth Arcot et al, Influence of nanopesticide surface chemistry on adsorption to plant cuticle and wax layer: The role of zeta potential and wetting, Surfaces and Interfaces (2024). DOI: 10.1016/j.surfin.2024.105190
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Nanorobot hand made of DNA grabs viruses for diagnostics and blocks cell entry
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                Illinois researchers developed a nanorobotic hand made of DNA that can grab viruses for detection or inhibition. In this artist's rendering, three "NanoGripper" hands wrap around a COVID-19 virus. Credit: Xing Wang, University of Illinois
            
        

    


A tiny, four-fingered "hand" folded from a single piece of DNA can pick up the virus that causes COVID-19 for highly sensitive rapid detection and can even block viral particles from entering cells to infect them, University of Illinois Urbana-Champaign researchers report. Dubbed the NanoGripper, the nanorobotic hand also could be programmed to interact with other viruses or to recognize cell surface markers for targeted drug delivery, such as for cancer treatment.



										      
																																	Led by Xing Wang, a professor of bioengineering and of chemistry at the U. of I., the researchers describe their advance in the journal Science Robotics.

Inspired by the gripping power of the human hand and bird claws, the researchers designed the NanoGripper with four bendable fingers and a palm, all in one nanostructure folded from a single piece of DNA. Each finger has three joints, like a human finger, and the angle and degree of bending are determined by the design on the DNA scaffold.

"We wanted to make a soft material, nanoscale robot with grabbing functions that have never been seen before, to interact with cells, viruses and other molecules for biomedical applications," Wang said.

"We are using DNA for its structural properties. It is strong, flexible and programmable. Yet even in the DNA origami field, this is novel in terms of the design principle. We fold one long strand of DNA back and forth to make all of the elements, both the static and moving pieces, in one step."

The fingers contain regions called DNA aptamers that are specially programmed to bind to molecular targets--the spike protein of the virus that causes COVID-19, for this first application--and trigger the fingers to bend to wrap around the target. On the opposite side, where the wrist would be, the NanoGripper can attach to a surface or other larger complex for biomedical applications such as sensing or drug delivery.
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                Inspired by the human hand or bird claws, the NanoGripper has four fingers and a palm, all folded from one piece of DNA. Credit: Xing Wang, University of Illinois
            
        

    



To create a sensor to detect the COVID-19 virus, Wang's team partnered with a group led by Illinois electrical and computer engineering professor Brian Cunningham, who specializes in biosensing. They coupled the NanoGripper with a photonic crystal sensor platform to create a rapid, 30-minute COVID-19 test matching the sensitivity of the gold-standard qPCR molecular tests used by hospitals, which are more accurate than at-home tests but take much longer.


																																						
    
     




																																			"Our test is very fast and simple since we detect the intact virus directly," Cunningham said. "When the virus is held in the NanoGripper's hand, a fluorescent molecule is triggered to release light when illuminated by an LED or laser. When a large number of fluorescent molecules are concentrated upon a single virus, it becomes bright enough in our detection system to count each virus individually."

In addition to diagnostics, the NanoGripper could have applications in preventive medicine by blocking viruses from entering and infecting cells, Wang said. The researchers found that when NanoGrippers were added to cell cultures that were then exposed to COVID-19, multiple grippers would wrap around the outside of the viruses. This blocked the viral spike proteins from interacting with receptors on the cells' surfaces, preventing infection.

"It would be very difficult to apply it after a person is infected, but there's a way we could use it as a preventive therapeutic," Wang said. "We could make an anti-viral nasal spray compound. The nose is the hot spot for respiratory viruses, like COVID or influenza. A nasal spray with the NanoGripper could prevent inhaled viruses from interacting with the cells in the nose."

The NanoGripper could easily be engineered to target other viruses, such as influenza, HIV or hepatitis B, Wang said. In addition, Wang envisions using the NaoGripper for targeted drug delivery. For example, the fingers could be programmed to identify specific cancer markers, and grippers could carry cancer-fighting treatments directly to the target cells.

"This approach has bigger potential than the few examples we demonstrated in this work," Wang said. "There are some adjustments we would have to make with the 3D structure, the stability and the targeting aptamers or nanobodies, but we've developed several techniques to do this in the lab.

"Of course, it would require a lot of testing, but the potential applications for cancer treatment and the sensitivity achieved for diagnostic applications showcase the power of soft nanorobotics."


																																																					
																				
																						More information:
												Lifeng Zhou et al, Bioinspired designer DNA NanoGripper for virus sensing and potential inhibition, Science Robotics (2024). DOI: 10.1126/scirobotics.adi2084. www.science.org/doi/10.1126/scirobotics.adi2084
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Newly designed nanocrystals can kill bacteria under visible light
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                Scanning electron microscopy (SEM) and transmission electron microscopy (TEM) image of water-stable silica-coated perovskite quantum dots. Credit: Nanomaterials, Nanomechanics and Nanodevices Lab/Rice University.
            
        

    


Newly developed halide perovskite nanocrystals (HPNCs) show potential as antimicrobial agents that are stable, effective and easy to produce. After almost three years, Rice University scientist Yifan Zhu and colleagues have developed a new HPNC that is effective at killing bacteria in a biofluid under visible light without experiencing light- and moisture-driven degradation common in HPNCs.



										      
																																	A new method using two layers of silicon dioxide that Zhu and colleagues developed over years of work was used in experiments with lead-based and bismuth-based HPNCs to test their antimicrobial efficacy and stability in water. The study is published in Nano Letters.

HPNCs have unique optical and electrical properties that make them promising candidates for solar power applications, bioimaging and photocatalysis, the acceleration of chemical reactions caused by light in the presence of a catalyst. One such reaction is the production of reactive oxygen species that can inactivate biological contaminants in fluids. However, perovskites are highly prone to degradation in water and biological fluids, limiting their potential in biomedical applications.

"The drawback with these materials has been stability. They're cheap and easy to make but prone to degradation," said study co-author Jun Lou, professor and associate chair of materials science and nanoengineering.

The potential for HPNCs to eliminate contaminants from water has taken center stage in recent years with rising concerns about emerging pathogens and increasing rates of antibiotic resistance. Research has found that HPNCs can kill bacteria in aqueous environments by producing reactive oxygen species when exposed to light. Reactive oxygen species like singlet oxygen and hydroxide react with the proteins, lipids and genetic material in bacterial cells, effectively destroying them.


																																						
    
     




																																			In their early attempts to produce a coated HPNC, the researchers used a single layer of silicon dioxide, a material that would protect the perovskite while allowing light transmission. However, a single layer had limited effectiveness with HPNCs losing 63% of their antimicrobial ability within one day. But a thicker layer could hinder or even prevent HPNCs' mechanism of action.

"Transfer of energy from perovskites can produce reactive oxygen species," said Zhu, a postdoctoral research associate in Lou's lab. "The challenge is to get the right thickness to protect the perovskite while still allowing energy transfer."

Zhu and colleagues next developed a method that coated the HPNCs in two layers of silicon dioxide. After multiple attempts, the research team devised a strategy to consistently get optimal thicknesses for both layers.

"Two coats are more effective than one thicker coat," said Lou. "It's not just an extension of thickness. We needed a strategy because the coating has to be processed in specific ways."

Next, the researchers tested the antimicrobial properties and durability of their new double-coated HPNCs. They selected lead and bismuth because HPNCs made with both metals are highly effective under visible light and produce singlet oxygen rather than hydroxide, which can be harmful to other organisms.

Zhu and colleagues found that both HPNC varieties showed little to no antimicrobial properties without light. However, under relatively low levels of visible light, both HPNCs destroyed more than 90% of the E. coli bacteria in the solution after six hours. Additionally, both HPNCs showed very little degradation over the four-day test period.
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																																			The double-layer silicon dioxide coating proved effective at protecting HPNCs from degradation while allowing energy transfer; however, the researchers also noted an additional benefit from the coating. Analysis found that after four days in water, the lead-based HPNCs had leached only a small amount of lead into their surroundings.

"The leaching amount of lead was well below (World Health Organization) limits," Zhu said.

The lead-based HPNCs had the best antimicrobial performance, but the bismuth-based materials also performed well.

"The benefit of bismuth is avoiding the use of lead, which is always a concern if put into the body," said Lou. "You want to find the right balance with a material that has good enough performance and that is safe."

The study findings show that HPNCs coated with two layers of silicon dioxide have the potential for use as photocatalytic antimicrobial agents. Eliminating organic contaminants like bacteria in water makes these materials a good candidate for use in water treatment.

Further research could also lead to HPNCs that can address other water contaminants and even be used in therapeutics in the future. Such materials will need to undergo further testing under real-life conditions in the field and pass safety tests. However, the findings suggest that HPNCs could be useful in a variety of applications.

"After many years of investment in research into these materials, they are approaching reality," Lou said.


																																																					
																				
																						More information:
												Yifan Zhu et al, Double Layer SiO2-Coated Water-Stable Halide Perovskite as a Promising Antimicrobial Photocatalyst under Visible Light, Nano Letters (2024). DOI: 10.1021/acs.nanolett.4c03793
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                Dr. Minh Luu aligning and focusing an image on the Sydney Microscopy and Microanalysis transmission electron microscope to view a DNA origami nanostructure. Credit: Stefanie Zingsheim/University of Sydney
            
        

    


Researchers at the University of Sydney Nano Institute have made a significant advance in the field of molecular robotics by developing custom-designed and programmable nanostructures using DNA origami.



										    
																																	This innovative approach has potential across a range of applications, from targeted drug delivery systems to responsive materials and energy-efficient optical signal processing. The method uses "DNA origami," so-called as it uses the natural folding power of DNA, the building blocks of human life, to create new and useful biological structures.

As a proof-of-concept, the researchers made more than 50 nanoscale objects, including a "nano-dinosaur," a "dancing robot" and a mini-Australia that is 150 nanometers wide, a thousand times narrower than a human hair.

The research is published in Science Robotics.



    
    
    
        
        
    
            
            A nanoscale 'dinosaur' built using the new technique, imaged using the Thermo Glacios cryo-electron microscope at the University of Sydney Microscopy and Microanalysis facility. The object--just 250 nanometers wide--was created as a proof of principle object in research by Dr. Minh Tri Luu and Dr. Shelley Wickham from the University of Sydney Nano Institute. Credit: Dr. Minh Luu/University of Sydney
  

The research, led by first author Dr. Minh Tri Luu and research team leader Dr. Shelley Wickham, focuses on the creation of modular DNA origami "voxels" that can be assembled into complex three-dimensional structures. (Where a pixel is two-dimensional, a voxel is realized in 3D.)

These programmable nanostructures can be tailored for specific functions, allowing for rapid prototyping of diverse configurations. This flexibility is crucial for developing nanoscale robotic systems that can perform tasks in synthetic biology, nanomedicine and materials science.

Dr. Wickham, who holds a joint position with the Schools of Chemistry and Physics in the Faculty of Science, said, "The results are a bit like using Meccano, the children's engineering toy, or building a chain-like cat's cradle. But instead of macroscale metal or string, we use nanoscale biology to build robots with huge potential."

Dr. Luu said, "We've created a new class of nanomaterials with adjustable properties, enabling diverse applications--from adaptive materials that change optical properties in response to the environment to autonomous nanorobots designed to seek out and destroy cancer cells."


																																						
    
     




																																			Velcro DNA

To assemble the voxels, the team incorporate additional DNA strands on to the exterior of the nanostructures, with the new strands acting as programmable binding sites.

Dr. Luu said, "These sites act like Velcro with different colors--designed so that only strands with matching 'colors' (in fact, complementary DNA sequences) can connect."

He said this innovative approach allows precise control over how voxels bind to each other, enabling the creation of customizable, highly specific architectures.

One of the most exciting applications of this technology is its potential to create nanoscale robotic boxes capable of delivering drugs directly to targeted areas within the body.

By using DNA origami, researchers can design these nanobots to respond to specific biological signals, ensuring medications are released only when and where they are needed. This targeted approach could enhance the effectiveness of cancer treatments while minimizing side effects.
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                    Dr. Shelley Wickham (left) and Dr. Minh Luu review an image from the T12 transmission electron microscope of the University of Sydney Microscopy and Microanalysis facility. Credit: Stefanie Zingsheim/University of Sydney
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                    Dr. Minh Luu (left) prepares to put a sample in the Sydney Microscopy and Microanalysis transmission electron microscope with Dr. Shelley Wickham. Credit: Stefanie Zingsheim/University of Sydney
                
            

        

    

In addition to drug delivery, the researchers are exploring the development of new materials that can change properties in response to environmental stimuli. For instance, these materials could be engineered to be responsive to higher loads or alter their structural characteristics based on changes in temperature or acidic (pH) levels.

Such responsive materials have the potential to transform medical, computing and electronics industries.


																									
    
        Discover the latest in science, tech, and space with over 100,000 subscribers who rely on Phys.org for daily insights.
        Sign up for our free newsletter and get updates on breakthroughs,
        innovations, and research that matter--daily or weekly.
    


    


																																			Dr. Wickham said, "This work enables us to imagine a world where nanobots can get to work on a huge range of tasks, from treating the human body to building futuristic electronic devices."

The research team is also investigating energy-efficient methods for processing optical signals, which could lead to improved image verification technologies. By harnessing the unique properties of DNA origami, these systems could improve the speed and accuracy of optical signal processing, paving the way for enhanced techniques in medical diagnostics or security.

Dr. Luu, a postdoctoral researcher in the School of Chemistry, said, "Our work demonstrates the incredible potential of DNA origami to create versatile and programmable nanostructures. The ability to design and assemble these components opens new avenues for innovation in nanotechnology."

Dr. Wickham said, "This research not only highlights the capabilities of DNA nanostructures but also emphasizes the importance of interdisciplinary collaboration in advancing science. We are excited to see how our findings can be applied to real-world challenges in health, materials science and energy."

As researchers continue to refine these technologies, the potential for creating adaptive nanomachines that can operate in complex environments, such as within the human body, is becoming increasingly feasible.


																																																					
																				
																						More information:
												Minh Tri Luu et al, Reconfigurable nanomaterials folded from multicomponent chains of DNA origami voxels, Science Robotics (2024). DOI: 10.1126/scirobotics.adp2309. www.science.org/doi/10.1126/scirobotics.adp2309
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        Researchers find a possible solution to the cosmic ray muon puzzle
        Scientists have a problem with cosmic rays--they produce too many muons at the Earth's surface. Cascades of muons are byproducts of high-energy cosmic rays as they collide with nuclei in the upper atmosphere, and scientists see more muons at Earth's surface than standard physics models predict.

      

      
        Tiny rotating particles create vorticity in viscous fluids, yielding fascinating new behaviors
        Vorticity, a measure of the local rotation or swirling motion in a fluid, has long been studied by physicists and mathematicians. The dynamics of vorticity is governed by the famed Navier-Stokes equations, which tell us that vorticity is produced by the passage of fluid past walls. Moreover, due to their internal resistance to being sheared, viscous fluids will diffuse the vorticity within them and so any persistent swirling motions will require a constant resupply of vorticity.

      

      
        Why did Louis de Broglie, Nobel laureate in physics, abandon his own pilot wave theory?
        This week marks the centenary of the French physicist Louis de Broglie's doctoral thesis, which later earned him a Nobel prize for "his discovery of the wave nature of electrons." This discovery constitutes a central aspect of quantum mechanics, and it led to his famous "pilot wave" theory, which provides an alternative way to formulate the theory of quantum mechanics itself. However, de Broglie quickly denied his own theory. But for what reasons?

      

      
        Astrophysicists find evidence that Alfven waves lead to heat generation in the magnetosphere
        A small team of astrophysicists at the University of California, Los Angeles, working with colleagues from the University of Texas at Dallas and the University of Colorado, Boulder, has found evidence that Alfven waves in space plasmas speed up ion beams, resulting in the creation of small-scale acoustic waves that in turn generate heat in the magnetosphere.

      

      
        Improved spin and density correlation simulations give researchers clearer insights on neutron stars
        When a star dies in a supernova, one possible outcome is for the remains to become a neutron star. Inside a neutron star, the protons and electrons combine into uncharged neutrons. This substance is called neutron matter.

      

      
        
          	
            Nanotechnology
          
          	
            Sections
          
          	
            Space and Earth
          
        

      

    

  
	
	Articles
	Sections
	Next



Researchers find a possible solution to the cosmic ray muon puzzle

										

    
        
            [image: Researchers find a possible solution to the cosmic ray muon puzzle]
             
                Illustration of the particle showers created by cosmic rays colliding in Earth's upper atmosphere. Credit: Simon Swordy (U. Chicago), NASA
            
        

    


Scientists have a problem with cosmic rays--they produce too many muons at the Earth's surface. Cascades of muons are byproducts of high-energy cosmic rays as they collide with nuclei in the upper atmosphere, and scientists see more muons at Earth's surface than standard physics models predict.



										      
																																	Explaining these excess muons has been a challenge for several years. But now a team of researchers say they can explain the surplus by invoking "gluon condensation" in the first cascade collision. Their work has been published in The Astrophysical Journal.

Every second, millions of high-energy cosmic rays traveling at nearly the speed of light bombard Earth's upper atmosphere, where they collide with atomic nuclei, primarily nitrogen, oxygen and argon. The nuclei explode into a shower of particles, primarily pions, kaons and baryons. These then decay into primarily muons, the heavier copy of the electron. (About 90% of the muons come from decays of pions and kaons.)

These muons suffer only a small energy loss as they proceed through the atmosphere until they reach the surface. (Their ability to reach the surface, despite their lifetime being too short to apparently do so, is triumphally explained by special relativity.) About one muon per square-centimeter reaches the Earth's surface per minute, with an average energy of 4 GeV but a very broad energy spectrum.

Yet, compared to the results of standard physics models derived from particle accelerator experiments such as at the Large Hadron Collider and the Super Proton Synchrotron at CERN, too many muons are observed at the surface. For muon energies between 6 and 16 exa-electronvolts (1.0 to 2.5 joules!), the muon flux is 30% to 60% higher than expected.


																																						
    
     




																																			"Although the research about the muon puzzle is becoming increasingly detailed," Bingyang Liu and his colleagues from East China Normal University write, "the truth remains elusive, necessitating further investigations."

In tackling the excess problem, the team wrote that they "tend to believe" that the main difference between experiments and theory is the initial collision in air showers--when the high-energy cosmic ray particle first interacts with a nucleus in the atmosphere. (These incoming cosmic rays can have energies as high as the "Oh my God" particle observed in 1991, which had an energy of 320 exa-eV. That's 25 million times the highest accelerator energies created on Earth, 13 TeV at CERN.)

Twenty-five years ago it was proposed that in ultrahigh-energy collisions, as the incoming cosmic ray particle (primarily protons and helium nuclei) collides with hadrons in atmospheric nuclei, the gluon distribution in the hadrons might undergo condensation, forming a gluon condensate. The formation of these gluon condensates would then influence the hadrons subsequently produced, which in turn affects the final muon production.

Hadrons are particles consisting of two or more quarks--examples are the proton and neutron, with three quarks each, and pions and kaons with two quarks. Just as molecules are composed of atoms held together by the electrical force, hadrons are composed of quarks held together by the strong force.
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																																			A photon carries the electrical force between electrically charged electrons and protons in atoms and molecules and is described by the theory of quantum electrodynamics (QED); gluons carry the strong force between quarks and is described by quantum chromodynamics (QCD).

The difference is that, whereas photons have no electrical charge, gluons are charged--charged with the colors of the strong force. (Quarks, of course, also carry one of three types of color charge.) This "nonlinearity" makes states governed by the strong force much more complex than atoms and molecules. Even with the quantum field theory QCD, strong interaction states are very difficult to analyze, model and compute.

We know that accelerated electric charges emit QED radiation (photons), and these will contribute to the hadron cascades from the initial cosmic ray collision. So too, accelerated colored quarks (and gluons themselves) emit QCD radiation (gluons). Unlike the uncharged photons though, the gluons have their own charge and therefore emit further radiation, leading to much bigger particle showers.

Gluon distributions in hadrons may form "gluon condensates." Such high-energy states consist of a large number of gluons at a certain energy level that can generate a number of the constituent quarks of hadrons, making the hadron cascades more effective, and increasing the number of pions and strange quarks, which makeup kaons.


																																						
    
     




																																			In a reference frame centered on the cascades' center-of-mass, almost all available collision energy is used to produce these pions and kaons, and subsequently produce the final muon that streams to the surface.

The researchers used the gluon condensation model described by QCD to analyze the initial collision of the cascades in an attempt to resolve the muon excess problem.

They found that temporary quark-gluon plasmas can be formed by the high collision energies of gluons; in particular, their theoretical analysis found that the appearance of a quark-gluon plasma leads to an increased number of strange quarks and antistrange quarks.

"The occurrence of the gluon condensate requires a higher collision energy," they wrote, "and we find that it leads to more strange quarks (antiquarks) production than in the quark-gluon plasma conditions."

After a complicated calculation, the team found that the production of strange quark pairs was two to 10 times larger--depending on energy--when beginning with a gluon condensate state than if they began with a quark-gluon plasma state.

They conclude by writing, "In high-energy collision experiments, the existing research suggests that QGP [quark-gluon plasmas] may occur, but considering only the conventional QGP effect cannot solve the muon excess problem in the air shower. We consider that GC [gluon condensate] may occur in extremely high-energy collisions.

"In the GC state, the production of strange quarks will be greatly enhanced," thus leading to more muons at Earth's surface than would otherwise be the case without gluon condensates.


																																																					
																				
																						More information:
												Bingyang Liu et al, Explaining Muon Excess in Cosmic Rays Using the Gluon Condensation Model, The Astrophysical Journal (2024). DOI: 10.3847/1538-4357/ad6b9a
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Tiny rotating particles create vorticity in viscous fluids, yielding fascinating new behaviors

										 by Ingrid Fadelli										 										 , Phys.org
										 									

									
										

    
        
            [image: Researchers observe new fascinating behaviors in fluids]
             
                Suspensions of spinning particles and their vortlets self-organize into flocks. Credit: Chen et al.
            
        

    


Vorticity, a measure of the local rotation or swirling motion in a fluid, has long been studied by physicists and mathematicians. The dynamics of vorticity is governed by the famed Navier-Stokes equations, which tell us that vorticity is produced by the passage of fluid past walls. Moreover, due to their internal resistance to being sheared, viscous fluids will diffuse the vorticity within them and so any persistent swirling motions will require a constant resupply of vorticity.



										      
																																	Physicists at the University of Chicago and applied mathematicians at the Flatiron Institute recently carried out a study exploring the behavior of viscous fluids in which tiny rotating particles were suspended, acting as local, mobile sources of vorticity. Their paper, published in Nature Physics, outlines fluid behaviors that were never observed before, characterized by self-propulsion, flocking and the emergence of chiral active phases.

"This experiment was a confluence of three curiosities," William T.M. Irvine, a corresponding author of the paper, told Phys.org. "We had been studying and engineering parity-breaking meta-fluids with fundamentally new properties in 2D and were interested to see how a three-dimensional analog would behave.

"At the same time, we were interested in building active matter at intermediate Reynolds numbers to see what new behaviors inertia would give rise to, and finally, we had been playing with building turbulence by combining vortex loops and were interested if it could be done by combining 'point' vortices."



    
        
            [image: Researchers observe new fascinating behaviors in fluids]
             
                A spinner's shape harvests the active pressure to drive self-propulsion. Credit: Chen et al.
            
        

    



To carry out their experiments, Irvine and his colleagues first created a large number of cylindrical millimeter-sized particles. They then used magnetic fields to drive these particles to spin while suspended in a viscous fluid.

They observed that individual particles generated a localized three-dimensional region of vorticity around it. This swirling region, which they dubbed a "vortlet," produced various fascinating fluid behaviors.


																																						
    
     




																																			"Driving the particles to spin creates point-like patches of vorticity in a 3D fluid," explained Irvine. "The fluid then needs to spin in turn, to close the vorticity field. How it would do so was an open question, and what the dynamics of such 'vortlets' were was unknown.

"By confining our spinners in a density-matched fluid and driving them to rotate using an external magnetic field, we were able to take video data from which we could observe several new behaviors."
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                Three-dimensional chiral active fluid in different geometries and under external force. Credit: Chen et al
            
        

    



Interestingly, the researchers observed that slight asymmetries in the shape of a particle could deform the vortlet it produced. This caused the particle to self-propel within the fluid.

"Numerical simulations of such rotating particles moving in a viscous fluid showed excellent agreement with the experiments, both in terms of the structure of the vortlet and the speed of self-propulsion," explained researcher Michael Shelley, from the Flatiron Institute in New York.

"And when combined with a mathematical analysis of the Navier-Stokes equations, the simulations showed that the self-propulsion arose from the tilting of a pressure boundary-layer, itself a consequence of rotation, along the particle side-wall."



    
    
    
        
        
    
            
            Flocks of spinners (ReO = 19) in a vial. The movie is accompanied by the corresponding kymograph. Two counter-propagating flocks can be seen to propagate towards each other followed by merging and splitting events that alter their composition and speed. The playback speed is 5x real time. Credit: Nature Physics (2024). DOI: 10.1038/s41567-024-02651-5
  

The researchers also found that the spinning particles interacted through their vortlets, producing new and dynamic group behaviors.

"We found that our spinners spontaneously self-propel, form bound flocks and, in sufficient numbers, give rise to a 3D chiral active phase with a chaotic background flow," said Irvine. "Each of these was a surprise to us and demonstrates new behaviors uniquely tied to the inertial regime achieved in our experiments."

This recent study by Irvine, Shelley and their research teams opens interesting possibilities for research, as it introduces a new platform that could be used to study 3D flocking behaviors and 3D active chiral fluids in an experimental setting. The researchers now plan to build on their recent observations in the hope of better understanding the intriguing behaviors they reported.

"We will now be exploring each discovery in greater depth, starting with probing the bulk properties of our new 3D chiral active phase, especially its interplay with turbulence," added Irvine.


																																																					
																				
																						More information:
												Panyu Chen et al, Self-propulsion, flocking and chiral active phases from particles spinning at intermediate Reynolds numbers, Nature Physics (2024). DOI: 10.1038/s41567-024-02651-5
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This week marks the centenary of the French physicist Louis de Broglie's doctoral thesis, which later earned him a Nobel prize for "his discovery of the wave nature of electrons." This discovery constitutes a central aspect of quantum mechanics, and it led to his famous "pilot wave" theory, which provides an alternative way to formulate the theory of quantum mechanics itself. However, de Broglie quickly denied his own theory. But for what reasons?



										      
																																	The theory of quantum mechanics describes the behavior of matter at small scales, such as that of atoms or electrons. Its discovery dates from the beginning of the 20th century, but many questions about it remain debated. This is largely due to the puzzling characteristics of the theory. For example, quantum particles such as electrons seem to behave sometimes like particles, sometimes like waves.

The Copenhagen interpretation, developed at the beginning of the 20th century, concluded that the quantum world cannot be analyzed according to classical physical concepts. This view has met with a number of objections, and numerous scientists, including Albert Einstein, have looked for a causal and mechanistic understanding of the weirdness of quantum behavior. De Broglie was among those who refused the Copenhagen reading, and he proposed his pilot wave theory in 1927. According to this model, matter is made up of particles, whose movement is guided by a "quantum wave," thus explaining the reasons for the wave behavior of particles.

However, a few years after de Broglie made his discovery, he renounced his theory. What prompted this change of heart, and how did his work impact the scientific community?


																																						
    
     




																																			The weirdness persists

There are multiple causes for the abandonment of the pilot wave theory. However, two characteristics of the model have made it particularly dubious. First, it suggests that the motion of one particle can depend on that of another, even if their distance, according to Einstein's theory of relativity, should prohibit any interaction.

Furthermore, the pilot wave does not have a clear physical meaning. Unlike conventional waves, such as ocean waves or electromagnetic waves, it is not a wave that evolves in our three-dimensional physical space. Rather, it is a wave that unfolds in an abstract mathematical space with a large number of dimensions, making its interpretation difficult.

These aspects of the pilot wave were very disturbing for de Broglie, who explicitly abandoned his theory in his subsequent writings. His deeper ambition was to develop a somewhat different approach, called the "double solution theory". Its main object would have been a less abstract wave, which would unfold within the space familiar to our perception. This alternative model would have been much more intuitive and easy to understand.

However, the mathematical complexity of this approach was considerable. De Broglie worked on this project until the end of his life, despite the limited interest it garnered from his fellow physicists.

The rediscovery of pilot wave theory

De Broglie's work has deeply influenced the scientific community. The US physicist David Bohm independently rediscovered pilot wave theory in 1952. Rather than rejecting the model because of its strangeness, Bohm and many other subsequent researchers have undertaken the challenge of giving it meaning. Questions relating to the exact content and interpretation of the theory are still debated today.

Furthermore, the double solution theory that de Broglie worked on has not been completely abandoned. Some contemporary physicists are still working on its formulation. This approach may one day help us better understand our world on a small scale, with a reduced impact on our classical intuitions.


																																																					
																					
																					
                              																					 
												  This article is republished from The Conversation under a Creative Commons license. Read the original article.[image: The Conversation]
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Astrophysicists find evidence that Alfven waves lead to heat generation in the magnetosphere

										

    
        
            [image: Evidence that Alfven waves accelerate ion beams, creating small-scale acoustic waves, generating heat]
             
                An artist's impression shows the four spacecraft of the Magnetospheric Multiscale Mission, which fly in a tetrahedral formation and gather information about the microphysics of reconnecting magnetic-field lines and the associated processes. Credit: NASA/GSFC
            
        

    


A small team of astrophysicists at the University of California, Los Angeles, working with colleagues from the University of Texas at Dallas and the University of Colorado, Boulder, has found evidence that Alfven waves in space plasmas speed up ion beams, resulting in the creation of small-scale acoustic waves that in turn generate heat in the magnetosphere.



										      
																					In their study, published in the journal Physical Review Letters, the group used data from the four-spacecraft Magnetospheric Multiscale (MMS) mission that took place in 2015 to prove a theory about heat generation in the magnetosphere.

For several years, astronomers have been studying the impact of the solar wind striking the magnetopause, which defines the outer edges of the magnetosphere. Prior research has shown that as the solar wind arrives, Alfven waves are generated and the resulting energy heats up the plasma in the magnetosphere. However, the plasma there is too thin to result in a cascade.

To explain what happens, researchers have theorized that Alfven waves speed up the ion beams, resulting in the creation of acoustic waves, which in turn generate heat. In this new effort, the researchers found evidence of such a chain of events, backing up the theories.

The researchers analyzed data from MMS. The unique venture involved four spacecraft that flew together in a special configuration through the magnetosphere above regions of the Earth experiencing dusk. This allowed the craft to observe large-scale topical transformations and the movement of an Alfven wave. The configuration also allowed the spacecraft to monitor the motion of the ions in the surrounding plasma.

Such data, the research team discovered, could be used to prove a theory suggesting that heat generated by ion beams was the means by which Alfven waves were converted to heat.



    
        
            [image: Evidence that Alfven waves accelerate ion beams, creating small-scale acoustic waves, generating heat]
             
                Propagation characteristics of Alfven waves and IAWs in the spatiotemporal domain in the simulation. Credit: arXiv: DOI: 10.48550/arxiv.2406.14782
            
        

    



The instruments aboard the spacecraft showed that magnetic pressure variation in the Alfven waves was synched with ion density fluctuations and the surrounding electric field. They also showed the speed of the ion beams matched those of the Alfven wave.

Confident that the data had proven theories surrounding heat generation in the magnetosphere, the researchers created simulations of the action as it unfolded. The simulations matched both the theory and the observations they had made.


																														
																				
																						More information:
												Xin An et al, Cross-Scale Energy Transfer from Fluid-Scale Alfven Waves to Kinetic-Scale Ion Acoustic Waves in the Earth's Magnetopause Boundary Layer, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.225201. On arXiv: DOI: 10.48550/arxiv.2406.14782
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Improved spin and density correlation simulations give researchers clearer insights on neutron stars

										

    
        
            [image: Improved spin and density correlation simulations give researchers clearer insights on neutron stars]
             
                A neutrino moves through a gas of neutrons and is sensitive to correlations in spin and density in the neutron matter. These correlations determine how much energy transfers from the neutrino to the neutrons. Credit: Dean Lee
            
        

    


When a star dies in a supernova, one possible outcome is for the remains to become a neutron star. Inside a neutron star, the protons and electrons combine into uncharged neutrons. This substance is called neutron matter.



										    
																					A team of researchers from the United States, China, Turkey, and Germany has performed ab initio (i.e., from the most fundamental principles) simulations to calculate spin and density correlations in neutron matter. They used realistic nuclear interactions at higher densities of neutrons than previously explored. Spin and density are the probability of finding a neutron in a particular position with a particular direction of spin. These correlations determine key aspects of how neutrinos scatter and heat up in a core-collapse supernova.

The research is published in the journal Physical Review Letters.

To perform the calculations, the researchers introduced a new algorithm called the "rank-one operator method" that greatly reduces the computational effort needed to calculate observables involving several particles. The rank-one operator method exploits a simplification in the complicated mathematics used in computing neutrino transport through dense nuclear matter, resulting in much more efficient computation. The rank-one operator method has since been applied to calculations of other observables in nuclear physics as well as other fields.

Researchers can use the results of this new study in realistic simulations of supernova explosions. Nearly all the energy released in a core-collapse supernova is carried away by neutrinos. The outward flow of neutrinos energizes the neutron-rich matter in the supernova. This increases the likelihood of an explosion.


																														
																				
																						More information:
												Yuan-Zhuo Ma et al, Structure Factors for Hot Neutron Matter from Ab Initio Lattice Simulations with High-Fidelity Chiral Interactions, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.132.232502. On arXiv: DOI: 10.48550/arxiv.2306.04500
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AI can create a reasonable facsimile of a person's personality after two-hour interview

                                        by Bob Yirka                                                                                , Tech Xplore
                                                                            

                                    
									    

    
        
            [image: Using AI to create a reasonable facsimile of a person's personality]
             
                The interview interface. a) The main interview interface: A 2D sprite representing the AI interviewer agent is displayed in a white circle that pulsates to match the level of the audio, visualizing the interviewer agent's speech during the AI interviewer's turn. b) Participant's response: The 2D sprite of the AI interviewer agent changes into a microphone emoji when it is the participant's turn to respond, with the white circle pulsating to match the level of the participant's audio being captured. c) Progress bar and subtitles: A 2D sprite map shows the participant's visual avatar traveling from one end point to the other in a straight line, indicating progress. The interface also features options to display subtitles or pause the interview. Credit: arXiv (2024). DOI: 10.48550/arxiv.2411.10109
            
        

    


A small team of computer scientists and sociologists, working with Google DeepMind, has developed an AI application that can generate a simulation of a person's personality after interviewing them for just two hours. The group has written a paper describing their work and where they believe such efforts are heading; it is available on the arXiv preprint server.


                                        
                                              
                                        
                                                                                    As scientists continue to push the boundaries of AI research, they continue to find new and interesting applications. In this latest effort, the research team used the LLM model ChatGPT as a basis for creating a new model that can be used to learn enough about a person being interviewed and to accurately give answers that the same person would have given if asked.

The model works by asking a string of questions to a given person and listening to the answers. After two hours, the model stops and processes what it has heard. It then generates a simulated personality for the person who was just interviewed.

It is then tested by asking the simulated personality many different questions, then asking the original person the same questions and comparing the answers they gave. Thus far, the researchers have found an accuracy rate of approximately 85%.

The research team notes that their aim is not to make people redundant but to make sociology research easier. The main tool available to sociologists is surveys. Developing them, writing them up, giving them, and then analyzing them to learn something about a given group of people is time-consuming and expensive.

The researchers on this new effort wonder if it might be possible to capture how people view things or their opinion on them and then use those captured views as the basis for surveys--if so, they would be far less expensive. And that would allow for many more surveys to be conducted, greatly expanding understanding of the biggest issues facing a given society.

The team developed their model by paying a thousand people to sit for interviews with their system. They call the simulated personalities "agents," which they note are nothing like the AI agents (or assistants) currently used to help people get their work done. It is notable, however, that similar models could be used to vastly improve the utility of work agents or, someday, perhaps, to help personal robots better interact with their human companions.
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            [image: Swiss 'AI Jesus' project to bridge digital and the divine draws users' praise, as questions remain]
             
                An experimental art installation with an AI Jesus entitled, Deus in Machina, installed in a confessional in St. Peter's Chapel in the old town of Lucerne, Switzerland, Sunday, Aug. 25, 2024. Credit: Urs Flueeler/Keystone via AP
            
        

    


Would you trust an "AI Jesus" with your innermost thoughts and troubles?


                                        
                                              
                                        
                                                                                                                                    Researchers and religious leaders on Wednesday released findings from a two-month experiment through art in a Catholic chapel in Switzerland, where an avatar of "Jesus" on a computer screen--tucked into a confessional--took questions by visitors on faith, morality and modern-day woes, and offered responses based on Scripture.

The idea, said the chapel's theological assistant, was to recognize the growing importance of artificial intelligence in human lives, even when it comes to religion, and explore the limits of human trust in a machine.

After the two-month run of the "Deus in Machina" exhibit at Peter's Chapel starting in late August, some 900 conversations from visitors -- some came more than once -- were transcribed anonymously. Those behind the project said it was largely a success: Visitors often came out moved or deep in thought, and found it easy to use.

A small sign invited visitors to enter a confessional -- chosen for its intimacy -- and below a lattice screen across which penitent believers would usually speak with a priest, a green light signaled the visitor's turn to speak, and a red one came on when "AI Jesus" on a computer screen on the other side was responding.

Often, a lag time was needed to wait for the response--a testament to the technical complexities. After exiting, nearly 300 visitors filled out questionnaires that informed the report released Wednesday.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Of love, war, suffering and solitude

Philipp Haslbauer, an IT specialist at the Lucerne University of Applied Sciences and Arts who pulled together the technical side of the project, said the AI responsible for taking the role of "AI Jesus" and generating responses was GPT-4o by OpenAI, and an open-source version of the company's Whisper was used for speech comprehension.



    
        
            [image: Swiss 'AI Jesus' project to bridge digital and the divine draws users' praise, as questions remain]
             
                An experimental art installation with an AI Jesus entitled, Deus in Machina, installed in a confessional in St. Peter's Chapel in the old town of Lucerne, Switzerland, Sunday, Aug. 25, 2024. Credit: Urs Flueeler/Keystone via AP
            
        

    



An AI video generator from Heygen was used to produce voice and video from a real person, he said. Haslbauer said no specific safeguards were used "because we observed GPT-4o to respond fairly well to controversial topics."

Visitors broached many topics, including true love, the afterlife, feelings of solitude, war and suffering in the world, the existence of God, plus issues like sexual abuse cases in the Catholic Church or its position on homosexuality.

Most visitors described themselves as Christians, though agnostics, atheists, Muslims, Buddhists and Taoists took part too, according to a recap of the project released by the Catholic parish of Lucerne.

About one-third were German speakers, but "AI Jesus"--which is conversant in about 100 languages--also had conversations in languages like Chinese, English, French, Hungarian, Italian, Russian and Spanish.


                                                                                                                                            'Work of the Devil'?

"What was really interesting (was) to see that the people really talked with him in a serious way. They didn't come to make jokes," said chapel theologian Marco Schmid, who spearheaded the project. Most visitors were aged 40 to 70, and more Catholics respondents found the experience stimulating than did Protestants, the report showed.

Schmid was quick to point out that the "AI Jesus"--billed as a "Jesus-like" persona--was an artistic experiment to get people thinking about the intersection between the digital and the divine, not substitute for human interaction or sacramental confessions with a priest, nor was it intended to save pastoral resources.

"For the people it was clear that it was a computer ... It was clear it was not a confession," Schmid said. "He wasn't programmed to give absolutions or prayers. At the end, it was more summary of the conversation."
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                An experimental art installation with an AI Jesus entitled, Deus in Machina, installed in a confessional in St. Peter's Chapel in the old town of Lucerne, Switzerland, Sunday, Aug. 25, 2024. Credit: Urs Flueeler/Keystone via AP
            
        

    



The Catholic Church from the Vatican on down has been wrestling with the challenges -- and possible opportunities -- presented by the explosion in public interest in AI since generative artificial intelligence captured the world's attention two years ago when OpenAI's ChatGPT made its debut.

The Vatican has appointed a friar from a medieval Franciscan order as its top expert on AI, and a Lutheran church in Bavaria served up sermons delivered by a chatbot last year. Pope Francis, in his annual peace message for this year, pushed for an international treaty to ensure the ethical use of AI technology.

Chatbots like ChatGPT are powered by algorithmic models trained on vast pools of text and other data to mimic speech and generate seemingly unique and human-like responses.

Haslbauer is sensitive to public reaction and has noted chatter on social media saying the project is "blasphemous" or the "work of the devil."

"If you read comments on the internet about it, some are very negative--which is scary," Haslbauer, whose long-haired look featured as a basis for the image of the virtual Jesus.

In a demonstration of the technology in the chapel, Haslbauer queried "AI Jesus" about its message for a troubled world, and about whether AI could be helpful as a way for people to find God.

"All knowledge and wisdom ultimately come from God," the chatbot said in a soothing voice, after a pause to respond, and the image briefly crackled. "If used wisely, AI can indeed be a tool to explore the wonders of creation, deepen our understanding of Scripture, and foster connections among people."

"Yet it remains essential to seek God with all your heart and soul beyond any technology," it added.
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                                                                                                                                            A good side, and downsides

Kenneth Cukier, a journalist, author and expert with the U.S.-based nonprofit group called "AI and Faith," said if "AI Jesus" helps people connect deeper to themselves and the world, it "has to be a good thing."

"It will lead to better individuals and a better world," he said. "However--and there's a big however--this does feel a little bit infantile, and pardon my pun, machine-like."

"The risk is that it pulls people, ultimately, farther away from that which is more meaningful, deeper and authentic in spirituality," said Cukier, co-author of "Big Data: A Revolution that Will Transform How We Work, Live and Think."

For Schmid, the exhibit was a pilot project--and he doesn't foresee a second coming of "AI Jesus" anytime soon.

"For us, it was also clear it was just a limited time that we will expose this Jesus," he said, adding that any return would need to be done after deeper thought.

"We are discussing ... how we could revive him again," he said, noting interest from parishes, schoolteachers, researchers and others as the project got media attention in Switzerland and beyond. "They all are interested and would like to have this 'AI Jesus'. So we have now a little bit to reflect on how we want to continue."


                                                                                                                                                                            
                                        											
										                                                                                    
                                                (c) 2024 The Associated Press. All rights reserved. This material may not be published, broadcast, rewritten or redistributed without permission.
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Brazil's top court takes on regulation of social media
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Brazil's Supreme Court on Wednesday started examining four cases that turn on how far social media should be regulated, and what responsibilities platforms have in cracking down on illegal content.


                                        
                                              
                                        
                                                                                                                                    The judicial review comes a month after the same court forced Elon Musk's X platform to obey rulings aimed at battling online disinformation.

That issue has taken on heat in recent days in Brazil, with federal police accusing far-right ex-president Jair Bolsonaro and allied officials of using social media disinformation as part of a 2022 "coup" plot against Luiz Inacio Lula da Silva, then the country's president-elect.

The alleged plot involved using online posts to undermine public trust in the electoral system to justify Bolsonaro holding onto the presidency after Lula defeated him at the polls. Bolsonaro says he is innocent.

The Supreme Court's deliberations in the cases are not expected to be concluded until sometime next year.

One key point it is looking at is whether social media platforms can be fined for illegal content posted by users.

Another is whether the platforms should themselves be required to monitor and remove any illegal content without a prior court order to do so.

The court's rulings will become precedents that will have to be applied generally to all social media platforms operating in Brazil.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Brazil--many of whose 216 million inhabitants are heavy users of WhatsApp and Facebook--does not have legislation in that area.

Global social media networks, however, already have to abide by laws in the EU against illegal online content, under the bloc's Digital Services Act (DSA), which could guide them in terms of Brazilian compliance.

One of the Brazilian Supreme Court's judges, Alexandre de Moraes, in August ordered Musk's X be blocked across the country for failing to comply with a series of court orders against online disinformation.

On October 9, the platform was allowed to resume activities after paying around $5 million in fines and deactivating the accounts of several Bolsonaro supporters accused of spreading disinformation and online hate speech.

The court's presiding judge, Luis Roberto Barroso, told AFP that "digital platforms... open paths to disinformation, hate, deliberate lies and conspiracy theories."

He added, "In the whole democratic world there are debates about protecting free speech without permitting everyone to fall into a pit of incivility."

He pointed to the European Union's DSA as a form of regulation "that seeks a point of ideal equilibrium".

Brazil, in his opinion, should carve out its own regulation "with a minimum of government intervention where it comes to freedom of thought, while preventing increased criminality and inciting violence."


                                                                                                                                                                            
                                        											
										                                                                                    
                                                (c) 2024 AFP
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By providing flexibility services to renewable energy systems, consumers can both help in balancing power grids and receive financial benefits. Hosna Khajeh's doctoral dissertation from the University of Vaasa, Finland, introduces new methods that enable the efficient utilization of energy users' flexibility resources in distribution and transmission networks.


                                        
                                              
                                        
                                                                                                                                    As the use of weather-dependent renewable energy sources increases, power systems need to become more flexible to guarantee energy supply at all times. One of the necessary steps for the future is making it possible for consumers to support both national and local power grids with their existing flexibility resources--such as home batteries, air conditioners, and renewable energy setups.

In her doctoral dissertation in electrical engineering, Hosna Khajeh shows how individual energy users, local energy communities, and industrial hydrogen systems can become flexibility service providers for both transmission and distribution system operators.

"While flexibility services for transmission system operators are well-developed, less attention has been given to those for distribution system operators," points out Khajeh, who will defend her dissertation on 3 December at the University of Vaasa.

Khajeh states that consumers providing flexibility services not only benefits the system operators, but also the energy users themselves, since they would profit financially from harnessing their own resources.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Practical methods for providing flexibility services

In her dissertation, Khajeh introduces different mathematical methods that enable consumers to improve grid stability. "The presented methods help flexibility providers in effectively scheduling their resources, controlling their energy use based on the needs of system operators, and boosting their profits."

Distribution system operators, such as Vaasan Sahkoverkko in Finland, can also utilize the findings to strengthen their networks, create new services, and make the electrical network more flexible.

Implementation requires global improvements from automation to planning

Khajeh points out that to deploy these new methods for providing flexibility services from household customers, improvements and investments are required both in Finland and globally. "We need flexibility utilization enabling advanced automation and telecommunication solutions, common transmission and distribution network planning and operating principles as well as market platforms and tariff solutions."

In her research, Khajeh used price and frequency data from Finnish national electricity transmission grid operator Fingrid's open data platform, along with modified energy consumption data from Finnish households provided by Vaasan Sahko, a Finnish electricity company.
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Retrieve-Revise-Refine: A novel framework for retrieval of concise entailing legal articles
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                Overall architecture of Retrieve-Revise-Refine framework. Credit: Information Processing & Management (2024). DOI: 10.1016/j.ipm.2024.103949
            
        

    


Artificial intelligence (AI) continues to redefine the boundaries of legal technology, offering to automate advanced tasks such as legal question answering and consultation. In the domain of statute law, a particular challenge is the task of retrieving the concise set of entailing legal articles to a query. In this context, we refer to this task as entailing legal article set retrieval or, more briefly, legal article set retrieval.


                                        
                                              
                                        
                                                                                                                                    The task of retrieving entailing legal article sets differs markedly from traditional information retrieval (IR) in two main aspects. First, unlike the traditional IR which returns a ranked list of articles, the legal article set retrieval task seeks a concise set of articles. This level of specificity extends to the nature of the legal queries and legal articles themselves: They are inherently complex and steeped in specialized legal language, demanding a retrieval system with deeper legal reasoning and linking capacity.

Second, while traditional IR efforts primarily involve ranking candidates by relevance, our task requires that the retrieved articles not just relate to but jointly entail the contents of a query or its negation. These characteristics set this task apart from the broader goals and methods of traditional IR tasks.

Previous research in legal article set retrieval has predominantly employed two approaches. The first approach combines classical IR models with fine-tuned language models (LMs), and then ensembles the retrieval results to consolidate the final retrieved sets. Meanwhile, the second approach uses classical IR models exclusively for preliminary candidate filtering, which prepares inputs for further LM fine-tuning; the final results are often ensembled from various fine-tuned LMs.

To address the task of legal article retrieval, a team of researchers from the Japan Advanced Institute of Science and Technology (JAIST), led by Professor Le-Minh Nguyen and including doctoral students Chau Nguyen proposed a framework, called Retrieve-Revise-Refine. The framework is designed to pinpoint the concise set of legal articles that either entail a query or its negation, advancing the current understanding of this task.


                                                                                                        
    
        
        
        
    

                                                                                                                                            In addition, their approach leverages the unique advantages of combining both small LMs and large LMs to improve the accuracy of the articles retrieved (i.e., precision), while endeavoring to limit the loss in coverage (i.e., recall). The paper is published in the journal Information Processing & Management.

The framework consists of three stages:


	Retrieve: Maximizing the comprehensive retrieval of entailing articles using an ensemble of multiple small LMs, fine-tuned with various tailored strategies.

	Revise: Large LMs are utilized to assess the validity of the query with respect to each combination of articles from the top retrieval results, aiming to derive a more compact subset of entailing legal articles.

	Refine: Further distilling the outputs from the second stage, using insights derived from the small LMs' predictions as refiners for the predictions of the large LMs.



As shown in the empirical results, their proposed framework achieved state-of-the-art results for the task across two datasets, showing improvements of 3.17% and 4.24%, respectively.


                                                                                                                                                                            
                                        											
																								More information:
												Chau Nguyen et al, Retrieve-Revise-Refine: A novel framework for retrieval of concise entailing legal article set, Information Processing & Management (2024). DOI: 10.1016/j.ipm.2024.103949
																								
																							


                                        											
										                                            
                                                                                                                        
                                        
                                        
                                            
                                                Citation:
                                                Retrieve-Revise-Refine: A novel framework for retrieval of concise entailing legal articles (2024, November 27)
                                                retrieved 28 November 2024
                                                from https://techxplore.com/news/2024-11-refine-framework-concise-entailing-legal.html
                                            

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

                                        

                                        
									

								



This article was downloaded by calibre from https://techxplore.com/news/2024-11-refine-framework-concise-entailing-legal.html



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Technology
          
          	
            Sections
          
          	
        

      

      Other Sciences

      The latest science news on archaeology, fossils, mathematics, and science technology from Phys.org


      
        Evidence found of only known familial practice of long-term embalming in Early Modern France
        A team of bioarchaeologists from the Austrian Archaeological Institute at the Austrian Academy of Sciences, Universite de Bordeaux, and Aix-Marseille Universite has found evidence of an aristocratic family in France embalming their loved ones after death for nearly two centuries. In their paper published in the journal Scientific Reports, the group describes the find as the first of its kind.
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        Education should promote deep inquiry and individual autonomy, but often, it has been used as a vehicle for indoctrination. That's what Agustina S. Paglayan, a UC San Diego assistant professor of political science in the School of Social Sciences and the School of Global Policy and Strategy, argues in her new book, "Raised to Obey: The Rise and Spread of Mass Education."
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Evidence found of only known familial practice of long-term embalming in Early Modern France
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A team of bioarchaeologists from the Austrian Archaeological Institute at the Austrian Academy of Sciences, Universite de Bordeaux, and Aix-Marseille Universite has found evidence of an aristocratic family in France embalming their loved ones after death for nearly two centuries. In their paper published in the journal Scientific Reports, the group describes the find as the first of its kind.



										    
																					Prior research has shown that people in Ancient Egypt and parts of South America practiced the art of embalming their dead. In this new effort, the research team has found evidence of similar efforts for people born to an aristocratic family in France during the early parts of the 16th to the latter parts of the 17th century.

In studying the techniques used by the embalmers, the researchers have found that the goal was not to preserve the bodies for as long as possible but just long enough for a burial ceremony to be undertaken.

The work by the researchers involved the study of the skeletal remains of 12 people buried in a shared crypt used by the Caumont family at Chateau des Milandes for nearly two centuries. The researchers found approximately 2,000 bone fragments, all from seven adults and five children, and embalmed similarly.
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                (a) Location of the Chateau des Milandes in Castelnaud-la-Chapelle, Dordogne, France. Map: https://www.openstreetmap.org/relation/2377311#map=5/45.416/3.691; (b) Aerial view of the Chateau des Milandes (left) and the chapel (right), (c) D. Castex; (c) Map of the chapel, modified after the map of F. Mandon (Atemporelle Archaeological service). In gray: elevations dating from the second half of the 15th century; in yellow: elevations dating from the beginning of the 16th century; in blue: crypt dating from the 2nd half of the 16th century; in purple: individual burial ML2021; (d) Entrance to the crypt in the chapel, (c) F. Mandon; (e) interior of the crypt, details (c) F. Mandon. Credit: Scientific Reports (2024). DOI: 10.1038/s41598-024-78258-w
            
        

    



The process, the researchers found, involved removing all the deceased person's internal organs, including the brain--the skulls were sliced open cleanly to allow for replacement afterward. The body was thoroughly washed and filled with an embalming substance made of balsam and other aromatic materials.

The research team notes that the embalming process was identical to that described by French surgeon Pierre Dionis in a 1708 autopsy instruction manual. They also noted that the embalming process was the same for the children as it was for the adults--and that it had been handed down over generations.

The researchers note that their find is the first of its kind, pointing out that multiple embalmings of people from the same family are quite rare in any part of the world. They suggest that such long-term practice of the rite shows that the Caumont family was very wealthy and likely held high prestige.


																														
																				
																						More information:
												Caroline Partiot et al, First bioarchaeological evidence of the familial practice of embalming of infant and adult relatives in Early Modern France, Scientific Reports (2024). DOI: 10.1038/s41598-024-78258-w
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Education should promote deep inquiry and individual autonomy, but often, it has been used as a vehicle for indoctrination. That's what Agustina S. Paglayan, a UC San Diego assistant professor of political science in the School of Social Sciences and the School of Global Policy and Strategy, argues in her new book, "Raised to Obey: The Rise and Spread of Mass Education."



										      
																																	Paglayan uses evidence from both the past and the present to argue that schools around the world are failing to cultivate critical thinking skills in students--and that these institutions are actually designed to promote conformity. The book has already been praised by 2024 Nobel Laureate James Robinson as "path-breaking and iconoclastic," and Paglayan's perspective promises to open new debates in politics and education.

UC San Diego Today talked with Paglayan to learn more about the research and the implications of her findings.

What led you to question the conventional narrative that universal primary education was driven by democratic ideals?

While I was advising education policymakers in different countries, I dug into the history of their education systems, and I noticed an intriguing pattern: Primary education was created well before the arrival of democracy, sometimes under oligarchic or absolutist regimes. That made me doubt the conventional wisdom that democracy was the main driver behind the expansion of primary education.

I was curious to know if the pattern I'd noticed in a few countries held globally, so I analyzed data on the rise of primary education worldwide and discovered that the majority of children in most countries gained access to primary schooling long before democracy took root. This is true not only for countries like China or Russia, but also for most Western countries.

This led me to ask: Why were non-democratic regimes so interested in mass schooling, and what legacies and implications do these non-democratic origins hold for modern education systems? These questions ultimately became the heart of "Raised to Obey."


																																						
    
     




																																			In the book, you argue that elites introduced mass education as a way to control and discipline lower-class children. How was this done, and why was it seen as necessary?

Mass education was really crafted as a clever system to instill obedience to the state and its laws. Schools used rewards and punishments to enforce rules, moral education dominated the curriculum and even basic reading and writing exercises taught compliance, like when students were asked to spell words like "duty" and "order."

School routines--following schedules, marching in lines, asking permission--all reinforced discipline. The entire system, from teacher training to school inspections, aimed to create citizens who wouldn't question authority or disrupt the status quo.

Governments saw schools as essential to maintaining internal security, viewing primary education less as a means to reduce poverty or promote industrialization than as a way to prevent social disorder.

The timing of when primary education expanded is revealing: It often followed episodes of mass violence or rebellion. Prussia created its public primary education system after peasant revolts, Massachusetts passed its first education law after Shays' Rebellion in the late 1780s, and Colombia accelerated education access after La Violencia, which lasted from 1948 to 1958.

In each case, internal threats heightened elites' anxieties about mass violence and the breakdown of social order, intensifying their fear of the masses and driving them to support mass education to transform "unruly" and "savage" children into compliant, law-abiding citizens.
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																																			How can your findings about the history of education inform current political debates over textbook bans and curriculum changes?

The anti-critical race theory curriculum reforms and textbook bans of the last four years and Donald Trump's recent announcement that he'll promote "patriotic education" and prohibit "radicalized" ideas from entering the classroom--while these may sound unprecedented--are no anomaly. They fit the cross-national pattern I uncover in the book. For the last 200 years, politicians in Western societies have become especially interested in teaching children that the status quo is okay following episodes of mass uprising against existing institutions.

This is precisely what has happened in the U.S. The Black Lives Matter protests of summer 2020 made Republican politicians especially anxious about institutional reform. Then-President Trump responded by setting up the 1776 Commission to strengthen patriotic education and to prevent children's exposure to the concept of institutionalized racism. Republican state legislators and governors followed suit with curriculum reforms in red states, and the president-elect has made it clear he intends to extend these efforts to blue states too.

A key lesson from my book is that curriculum reforms tend to stick around for a very long time, outlasting the government that adopted them. It's important for people to be aware of this fact. If you care about the content of education, now is the time to become involved in shaping the curriculum.


																																						
    
     




																																			How do you respond to those who might argue that, despite its origins, mass education has been a positive force for societal progress and equality in many places?

I wouldn't be where I am today if not for teachers who equipped me with the capabilities to live an autonomous and prosperous life. Education should do this for everyone, but schools worldwide are failing to deliver on that promise. Most education systems are still more focused on instilling a specific set of values than on cultivating the critical thinking skills essential for individual autonomy.

Roughly a third of children remain unable to read a simple sentence even after four years of schooling. This deficit of skills disproportionately affects low-income students. It exists in both developing and developed countries, and the problem has been recognized by numerous international organizations.

In the U.S., for example, children from high-income families enter kindergarten with much stronger literacy skills than low-income children, and K-12 schools fail to close that gap. I argue that these problems are rooted in the very origins of modern education systems, which were not designed to promote skills or equity.

What do you hope policymakers, educators, and readers in general will take away from 'Raised to Obey' in terms of how we approach the future of education?

For public schools to live up to their promise, education systems need to be deeply transformed. The systems we have today were inherited from a time when promoting compliance was the goal, a time when critical thinking was considered dangerous. In the 21st century, critical thinking skills are essential to safeguard liberal democracy, to get a good job and to remain internationally competitive.

The task ahead is not about fine-tuning the specific subjects taught. The challenge is to reimagine K-12 public schools as spaces that genuinely foster critical inquiry and creative, independent thought.

As artificial intelligence becomes more integrated into education, do you have any words of hope or caution about the advent of these technologies?

The rise of AI has made the need to promote critical thinking skills urgent. Because of how most schools operate, students often develop a tendency to memorize and repeat what their teacher says. In doing so, they give away their power to think for themselves.

AI tools are no different in this respect; the main difference is that we give our power to think for ourselves to an algorithm instead of a person. Having strong critical thinking skills can help guard against this, which is why such skills have never been more important.
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New paper provides insight into 'boycott and buycott' of Russian goods in China
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More than 10% of Chinese citizens who took part in a survey say they are willing to boycott Russian goods and most likely disapprove of Russia's actions in Ukraine, says new research led by Lancaster University.



										      
																																	This important finding, say the researchers, indicates that a substantial minority of the Chinese population might not share the official position of the Chinese Communist Party despite widespread propaganda and censorship.

Published this week in the Journal of Contemporary China, the research, titled "Willingness to Boycott Russian Goods in China: How Political Ideology Shapes Consumer Preferences in an Authoritarian Context," is authored by Dr. Barbara Yoxon and Xue Bai of Lancaster University, and Richard Turcsanyi, of Palacky University, Olomouc, Czech Republic.

Since Russia's invasion of Ukraine, says the article, the government of the People's Republic of China has refused to condemn the violence and developed stronger economic and diplomatic ties with its authoritarian neighbor.

Recent surveys show that most Chinese people hold a positive view of Russia, despite its war with Ukraine. Unlike previous research, the article investigates the motives of those Chinese citizens who are likely to oppose Russia's invasion of Ukraine.

It uses original survey data from 3,029 respondents in China collected as part of the "Sinophone Borderlands--Interaction at the Edges" project to better understand the patterns of political engagement in an authoritarian regime.

The paper suggests there is potential for anti-Russian political action in China and suggests that more organized anti-Russian and pro-Ukrainian campaigns are possible in the future. That action, says the paper, would have the scope to disrupt the profit margins of Russian companies hoping to escape Western sanctions.


																																						
    
     




																																			In 2023, Russian consumer goods made up 5.1% of China's 2023 imports and are likely to become even more common in China as Russia becomes more isolated from the Western world.

"While this share of the Chinese market might seem like a low figure, it is important to note that China is home to more than 1.5 billion consumers and even small decreases in the Sino-Russian trade volume would be a significant loss to Russian companies as the war with Ukraine continues," says the article.

By focusing on the interaction between political ideology and political consumerism, the article has identified a group of individuals who are most likely to participate in activities that go against the ideological status quo in China.

This is a new avenue of research which goes beyond previous studies that focus on ethnocentric and nationalist causes of Chinese "boycott and buycott" practices.

To help determine who is willing to boycott Russian goods, the article delineated three broad political leanings in China: liberals, neo-authoritarians, and the New Left. The results indicated that liberals, who show higher support for free market policies and lower support for social authoritarianism, are more likely than others to express willingness to boycott Russian goods.

The paper argues that liberal individuals are more supportive of the liberal international order and believe that Russia and China should work with, rather than against, multilateral institutions. This means liberals are more likely to interpret NATO's actions in Eastern Europe as defensive and see Russian actions against Ukraine as unprovoked, aggressive and disproportional.
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																																			The article found that individuals with neo-authoritarian and New Left leanings are less likely to support the boycott of Russian goods.

Neo-authoritarians, who desire free market reform but support the existing sociopolitical structures, were against boycotting Russian goods. They believe that the Russian-Ukrainian conflict is an extension of the rivalry between authoritarian China and the liberal United States. They believe that supporting Russia, an allied autocracy, is in China's national interest.

For the New Left, the belief that NATO and the liberal international order is a form of neocolonial domination by the United States has also led to greater levels of support for Russian goods.

While it is not surprising that individuals with more liberal leanings are likely to oppose Russian actions, adds the paper, this is the first study to date to clearly demonstrate such a link.

Commenting on the paper, Dr. Yoxon says, "The surprising level of anti-Russian attitudes in China suggests that an organized campaign to boycott Russian products might already be underway in China.

"Our findings are important because they show that alternative forms of political participation can be a safe and convenient way for citizens of authoritarian regimes to express their political preferences."


																																																					
																				
																						More information:
												Barbara Yoxon et al, Willingness to Boycott Russian Goods in China: How Political Ideology Shapes Consumer Preferences in an Authoritarian Context, Journal of Contemporary China (2024). DOI: 10.1080/10670564.2024.2427941
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                The COVID-19 pandemic exposed critical vulnerabilities within the craft beer industry, but many had been brewing beneath the surface. Ivey prof Andreas Schotter studied what it takes to make it as an artisanal business. Credit: Elevate/Pexels
            
        

    


The craft beer industry, once the darling of consumers and entrepreneurs alike, has faced unprecedented challenges in recent years. Closed taprooms, canceled festivals, and changing consumer habits have led many to declare the end of its golden era.



										      
																																	But is the craft beer party truly over--and with it, the artisanal movement as a whole?

A new study from Ivey Business School professor Andreas Schotter, published in the Journal of Business Venturing, suggests otherwise.

The rise of craft beer

For years, craft beer was the toast of the town, with a meteoric rise that rewrote the rules of the brewing industry. By 2019, it claimed an impressive 10.1% of beer consumption in Canada and 13.6% in the U.S., becoming a cultural phenomenon.

The industry prided itself on tradition and individuality, a collective of small-scale brewers who stood as the scrappy David to Big Beer's Goliath. With their hands-on craftsmanship, endless creativity and uniquely collaborative spirit, craft brewers built an identity rooted in authenticity and community.

Just as craft beer reached its zenith, the COVID-19 pandemic struck. Sales plunged. Small breweries--the soul of the craft movement--were hit hardest. The once-vibrant spirit of collaboration unraveled as businesses fought to stay afloat.

Driven to understand how disruptions shape craft ventures, Schotter and his U.S. colleagues conducted interviews with brewery stakeholders and analyzed industry data. What they discovered was unexpected: the craft sector isn't going stale. Instead, it's evolving, undergoing a profound transformation that could redefine the very meaning of "craft."


																																						
    
     




																																			The great craft shakeup

Like industries across the globe, COVID-19 exposed critical vulnerabilities within the craft beer sector. Schotter said three that had long been brewing beneath the surface:


	David becomes Goliath: In the craft world, smallness was the hallmark of authenticity, with purists casting doubt on brands who had invested in larger operations. Yet, it was these small, independent companies that proved most vulnerable in crisis, while the bigger players' growth became a vital lifeline. "It leads us to the question: in today's craft landscape, does size erode authenticity? Or might it just be the key to survival?" asked Schotter.

	The comfort in the known: The industry's passion for novelty--a defining trait--suddenly gave way to a craving for consistency and familiarity throughout the pandemic. In uncertain times, consumers sought comfort in trusted brands and classic styles, challenging the industry's reliance on constant innovation.

	The collaboration myth: In crisis, the "rising tide lifts all boats" mentality that defined craft's early days has been put to the test. As resources became scarce, many businesses turned inward, focusing on self-preservation--raising uncomfortable questions about the limits of collaboration in a maturing industry.



"These trends point to an industry--and a broader movement--that's growing up," Schotter said.

"The idealism of craft's early days is giving way to a more nuanced, resilient approach to artisanal business."

To support craft enterprises in building resilience and adapting to this evolving landscape, Schotter outlined key recommendations:


	Embrace scale smartly: Growth doesn't have to mean selling out. Craft businesses need to find ways to scale that preserves their ethos while building resilience against future shocks.

	Redefine innovation: Innovation isn't just about the product, it's about the business model. Craft industries need to innovate in how they reach customers and deliver experiences, not just in what they produce.

	Reimagine collaboration: The spirit of collaboration isn't dead, but it needs reimagining. Strategic partnerships that go beyond feel-good gestures to create real value will define the next phase of craft industries.

	Reclaim real: As craft businesses grow, they need to find new ways to maintain the connection with consumers that made them special in the first place. This might mean leveraging technology to create personalized experiences or doubling down on local engagement even as distribution expands.
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																																			Craft businesses need creativity

As global markets regain stability, Schotter's team is noticing the stirrings of a craft revival, but it's far from business as usual. The pandemic's aftershocks, coupled with shifting consumer preferences, have flung the doors wide open to a new wave of players.

With competition intensifying and the old playbook tossed aside, Schotter said the path ahead will be daunting for entrepreneurs in this space. He called on craft businesses to embrace creativity, striking a balance between artisanal passion and business savvy, authenticity and adaptability.

"Be it in beer, furniture design or artisanal chocolates, for entrepreneurs the message is clear: the craft party isn't over, it's just moving to a bigger, more interesting venue," Schotter said. "The question is, are you ready to adapt and join the celebration?"


																																																					
																				
																						More information:
												Daniel S. Andrews et al, Trouble brewing: Craft ventures during market disruption, Journal of Business Venturing (2024). DOI: 10.1016/j.jbusvent.2024.106433
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                The Jamuna River in Bangladesh swells more and more during the summer monsoon, flooding the delta and eroding the riverbanks, sometimes hundreds of metres inland. Credit: Sish Dinar / ETH Zurich
            
        

    


People are already being forced to flee the consequences of climate change to an alarming extent in the Global South, says Jan Freihardt. He believes, however, that Europe's fear of mass climate migration is exaggerated, since international migration has other root causes. Here he shares his viewpoint.



										      
																																	Climate change displacement

In my research, I deal with climate-induced migration. This is when the consequences of climate change displace people. The topic is increasingly becoming the focus of media and political attention. But I'm not happy about the way this conversation goes. I do think it is extremely important that we face the reality of climate-affected communities in faraway countries. However, an objective discussion of the topic is hardly possible in the current discourse.

What is clear, however, is that climate change is already jeopardizing the livelihoods of millions of people around the world. Impacts such as droughts, rising sea levels or extreme weather events will make many of them leave their homes one day and start afresh elsewhere.

An outlook that is causing political controversy in the Global North: The specter of excessive climate migration is regularly circulating in the media. There are fears in many places that there will be a massive rush of "climate refugees" to the North.

So the central question is: Where do people go when they flee climate change?

A real-world laboratory for climate migration

For the past five years, we have been looking for answers to this question in a research project in Bangladesh, which is particularly hard hit by climate change. Whether it is due to rising sea levels and the salinization of groundwater or cyclones and increasingly heavy monsoon rains--in Bangladesh, as if under a burning glass, we can already see what Europe can expect in the years to come: the environment is changing rapidly and is threatening our livelihoods.

This can be impressively observed on the Jamuna River. While the water meanders majestically through the landscape in the dry season, something monstrous happens in the rainy season: the river swells dramatically and tears at the sandy soils of its steeply sloping banks. Farmland and settlement areas break off piece by piece, houses and entire villages disappear in the floods.

Since 2021, we have been accompanying 1,700 families, all of whom were still living on the banks of the Jamuna River at the time. During our most recent visit in spring 2024, we observed that the river had eroded more than 500 meters inland in some places, destroying thousands of homes.

Together with local students, I did some detective work for my doctoral thesis to track down all the participants who had to leave their homes. What I learned in the process touched me deeply on a human level--and often surprised me scientifically.
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																																			Nothing like leaving

We had expected people to turn their backs on this land-devouring force as quickly as possible--but the opposite is the case: those affected remain surprisingly loyal to the river. Even those who have already lost their homes several times usually want to stay in their village at all costs. For many, moving is only a last resort.

There are many reasons for this. Some still have a piece of land nearby that they cultivate. Others are held back by social ties such as family and friends. What impressed me the most was people's optimism and willingness to help. Even if the ground is eroding under their feet, they help to dismantle their neighbor's house, which is even closer to the abyss, and rebuild it a few meters inland.

Our results confirm what other studies have already suggested: Of all the people who have had to leave their village due to erosion, most have only shifted a few kilometers away. Some have moved to the capital Dhaka. But only very few have left Bangladesh. Their main motivation was not climate change--but the hope of finding a better job abroad.

We have documented our research on climate-induced migration in Bangladesh in a video. Last week, I presented the video together with our findings at the UN Climate Change Conference COP29 in Azerbaijan.

My message to the delegations: climate migration is not a distant future scenario, but already a bitter reality for millions of people today. However, they hardly ever flee across national borders to other countries.


    
    
    
        
        
    
         
             
         

        A team of ETH researchers led by Jan Freihardt and a local team in Bangladesh investigated how people react when they lose their livelihoods to a raging river. Credit: Anna Campert & Jan Freihardt / ETH Zurich
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																																			A clarifying look at climate migration

In my view, the current discourse about climate migration is misguided: it is factually wrong, politically dangerous and morally reprehensible. The much-touted "climate migration wave" is based on thin foundations. Corresponding media reports are usually based on dubious studies that simply assume all potentially climate-affected people in a region to become international climate migrants, but they neglect internal migration and "stay and adapt" approaches.

Such exaggerated forecasts are being misused by populist forces in Europe and the U.S. to fuel fears of mass migration and create an anti-immigrant atmosphere.

Finally, the Global North fails to recognize its responsibility when it points to climate change as the main cause of migration to Europe and the U.S.

People have always migrated to find better living conditions elsewhere--and not just since the onset of climate change. However, climate change exacerbates existing economic inequalities, which are the real driver behind international migration patterns.

Anyone who is seriously concerned about increasing migration to Europe should therefore focus on reducing these inequalities. This would also best serve the people on the ground.
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Early North Americans made needles from bones of fur-bearing animals, archaeologists find
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                An eyed needle made from the bone of a red fox found at the LaPrele archaeological site in Wyoming's Converse County. Credit: Todd Surovell
            
        

    


A Wyoming archaeological site where people killed or scavenged a Columbian mammoth nearly 13,000 years ago has produced yet another discovery that sheds light on the life of these early inhabitants of North America.



										      
																																	Wyoming State Archaeologist Spencer Pelton and colleagues at the University of Wyoming and other institutions have found that these Paleolithic humans made needles from the bones of fur-bearers--including foxes; hares or rabbits; and cats such as bobcats, mountain lions, lynx and possibly even the now-extinct American cheetah. The needles were likely used to create garments from the animals' furs to keep the early foragers warm in what was a cool climate.

The findings appear in the journal PLOS ONE.

"Our study is the first to identify the species and likely elements from which Paleoindians produced eyed bone needles," the researchers wrote. "Our results are strong evidence for tailored garment production using bone needles and fur-bearing animal pelts. These garments partially enabled modern human dispersal to northern latitudes and eventually enabled colonization of the Americas."

The LaPrele site in Converse County preserves the remains of a killed or scavenged sub-adult mammoth and an associated camp occupied during the time the animal was butchered almost 13,000 years ago. Also discovered in the archaeological excavation--led by UW Department of Anthropology Professor Todd Surovell--was a bead made from a hare bone, the oldest known bead in the Americas.


																																						
    
     




																																			Identification of the origins of both the bone bead and bone needles was made possible through the use of zooarchaeology by mass spectrometry, also known as ZooMS, and Micro-CT scanning. Collagen was extracted from the artifacts, and the chemical composition of the bone was analyzed.
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                An aerial view of the LaPrele archaeological site near Douglas, Wyoming. Credit: Todd Surovell
            
        

    



The researchers examined 32 bone needle fragments collected at the LaPrele Mammoth site, comparing peptides--short chains of amino acids--from those artifacts with those of animals known to have existed during the Early Paleoindian period, which refers to a prehistoric era in North America between 13,500 and 12,000 years ago.

The comparison concluded that bones from red foxes, bobcats, mountain lions, lynx or the American cheetah, and hares or rabbits were used to make needles at the LaPrele site. This is the first such analysis ever conducted.

"Despite the importance of bone needles to explaining global modern human dispersal, archaeologists have never identified the materials used to produce them, thus limiting understanding of this important cultural innovation," the researchers wrote.

Previous research has shown that, in order to cope with cold temperatures in northern latitudes, humans likely created tailored garments with closely stitched seams, providing a barrier against the elements. While there's little direct evidence of such garments, there is indirect evidence in the form of bone needles and the bones of fur-bearers whose pelts were used in the garments.
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																																			"Once equipped with such garments, modern humans had the capacity to expand their range to places from which they were previously excluded due to the threat of hypothermia or death from exposure," Pelton and his colleagues wrote.

How did the people at the LaPrele site obtain the fur-bearing animals? Pelton and his colleagues say it was likely through trapping--and not necessarily in pursuit of food.

"Our results are a good reminder that foragers use animal products for a wide range of purposes other than subsistence, and that the mere presence of animal bones in an archaeological site need not be indicative of diet," the researchers conclude.

"Combined with a review of comparable evidence from other North American Paleoindian sites, our results suggest that North American Early Paleoindians had direct access to fur-bearing predators, likely from trapping, and represent some of the most detailed evidence yet discovered for Paleoindian garments."


																																																					
																				
																						More information:
												Early Paleoindian use of canids, felids, and hares for bone needle production at the La Prele site, Wyoming, USA, PLOS ONE (2024). DOI: 10.1371/journal.pone.0313610
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