
        
            
                
            
        

    
    
      
        [image: masthead]
      

      Thursday, January 2, 2025

      

      
        
          	
            Nanotechnology
          
          	1
        

        
          	
            Physics
          
          	1
        

        
          	
            Space and Earth
          
          	6
        

        
          	
            Chemistry
          
          	4
        

        
          	
            Biology
          
          	13
        

        
          	
            Technology
          
          	6
        

        
          	
            Other Sciences
          
          	6
        

      

    

  
    
      
        
          	
          	
            Sections
          
          	
            Physics
          
        

      

      Nanotechnology

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


      
        Diversifying DNA origami: Generative design tool relies on grammar rules for finding best shape
        Just as the name suggests, DNA origami is a fabrication technique wherein researchers fold DNA strands to create precisely shaped 2- and 3-dimensional nanostructures. These highly programmable structures have the potential to transform drug delivery, diagnostic medicine, nanomaterials formation and molecular computing, but much like crafting paper origami, scientists are limited to the designs they can conceptualize.
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                (A) The grammar rules in this work involve triangulation of the surface mesh. The distance, d, and rotation angle, th, are user-defined values. (B) Grammar rules are randomly sampled and applied to evolve a design solution, sn, during the generative process. Credit: Nucleic Acids Research (2024). DOI: 10.1093/nar/gkae1268
            
        

    


Just as the name suggests, DNA origami is a fabrication technique wherein researchers fold DNA strands to create precisely shaped 2- and 3-dimensional nanostructures. These highly programmable structures have the potential to transform drug delivery, diagnostic medicine, nanomaterials formation and molecular computing, but much like crafting paper origami, scientists are limited to the designs they can conceptualize.



										      
																																	To overcome creative blocks, researchers in the Department of Mechanical Engineering at Carnegie Mellon University have developed a generative design tool that can produce optimally-driven wireframe DNA origami nanostructures conforming to designer-defined constraints.

"Scientists can now generate hundreds of nanostructures that fit their specific needs in minutes," said A.J. Vetturini, mechanical engineering Ph.D. candidate.

Used in the design of products and architecture, shape grammar rules are planning tools that help manipulate shapes to fit within defined rules to generate a new design. Because DNA's makeup is determined by a simple set of rules (A pairs with T, C pairs with G), applying shape grammars to DNA origami was an easy choice for the research team, who created such rules for guiding the formation of DNA structures.

The new computer-aided design tool featured in Nucleic Acids Research, relies on grammar rules to cycle through design iterations before outputting the best solution. This generative design process called shape annealing was pioneered by Jon Cagan, professor of mechanical engineering.
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                AFM (middle) and negative-stain TEM (right) images of selected DNA origami nanostructures (left). The (A) top, (B) middle and (C) bottom rows correspond to designs (v), (vii) and (viii) from the manufacturability versus utility multi-objective shape annealing process, respectively (Figure 6C). Credit: Nucleic Acids Research (2024). DOI: 10.1093/nar/gkae1268
            
        

    



"With this tool, we can manufacture structures that people wouldn't necessarily think of on their own, but now they can exist in the world with a purpose," he said.

Drawing on the team's deep knowledge of DNA nanotechnology, they realized that the vast majority of existing designs explore very little of the design space. First, the complexity of creating highly-anisotropic DNA origami shapes often prevents exploration of potentially groundbreaking designs. Further, designs are often highly constrained in terms of available material since most DNA origami have fixed sizes due to their use of standardized and commercially-available single-stranded DNA "scaffolds."


																																						
    
     




																																			"Designing nanostructures is extremely difficult because it requires carefully plotting thousands of nucleobases in a specific order," explained Rebecca Taylor, associate professor of mechanical engineering.

"Achieving a successful design that meets desired outcomes in terms of mechanics, shape and material use is a tremendous challenge without the incorporation of multi-objective optimization in the design process. For that reason, I'm delighted that our newly-released tool is so easy to use and will allow scientists of all levels to generate diverse designs. This could expedite advancements in biomedical and nanotechnology applications."

Further, the team manufactured and characterized multiple designs produced by this new tool, allowing them to show that this new pipeline is fully compatible with existing approaches to converting 3D meshes into base-level representations of DNA origami.


																																																					
																				
																						More information:
												Anthony J Vetturini et al, Generative design-enabled exploration of wireframe DNA origami nanostructures, Nucleic Acids Research (2024). DOI: 10.1093/nar/gkae1268
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        Building better infrared sensors: Novel photodiode design boosts responsivity
        Detecting infrared light is critical in an enormous range of technologies, from remote controls to autofocus systems to self-driving cars and virtual reality headsets. That means there would be major benefits from improving the efficiency of infrared sensors, such as photodiodes.
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                The new, more sensitive infrared sensor brings benefits to many different technologies. Credit: Aalto University/Xiaolong Liu
            
        

    


Detecting infrared light is critical in an enormous range of technologies, from remote controls to autofocus systems to self-driving cars and virtual reality headsets. That means there would be major benefits from improving the efficiency of infrared sensors, such as photodiodes.



										      
																					Researchers at Aalto University have developed a new type of infrared photodiode that is 35% more responsive at 1.55 mm, the key wavelength for telecommunications, compared to other germanium-based components. Importantly, this new device can be manufactured using current production techniques, making it highly practical for adoption.

"It took us eight years from the idea to proof-of-concept," says Hele Savin, a professor at Aalto University.

The basic idea is to make the photodiodes using germanium instead of indium gallium arsenide. Germanium photodiodes are cheaper and already fully compatible with the semiconductor manufacturing process--but so far, germanium photodiodes have performed poorly in terms of capturing infrared light.

Savin's team managed to make germanium photodiodes that capture nearly all the infrared light that hits them.

The study was published on 1 Jan 2025 in the journal Light: Science & Applications.

"The high performance was made possible by combining several novel approaches: eliminating optical losses using surface nanostructures and minimizing electrical losses in two different ways," explains Hanchen Liu, the doctoral researcher who built the proof-of-concept device.

The team's tests showed that their proof-of-concept photodiode outperformed not only existing germanium photodiodes but also commercial indium gallium arsenide photodiodes in responsivity. The new technology captures infrared photons very efficiently and works well across a wide range of wavelengths. The new photodiodes can be readily fabricated by existing manufacturing facilities, and the researchers expect that they can be directly integrated into many technologies.

"The timing couldn't be better. So many fields nowadays rely on sensing infrared radiation that the technology has become part of our everyday lives," says Savin.

Savin and the rest of the team are keen to see how their technology will affect existing applications and to discover what new applications become possible with the improved sensitivity.


																														
																				
																						More information:
												Hanchen Liu et al, Near-infrared germanium PIN-photodiodes with >1A/W responsivity, Light: Science & Applications (2025). DOI: 10.1038/s41377-024-01670-4
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        Humans will soon be able to mine on the moon--but should we? Four questions to consider
        By the end of this decade, nations and private companies may well be mining the surface of the moon.

      

      
        A new mission watches meteoroids hit the far side of the moon
        Sometimes, it's hard to remember that Earth is constantly being bombarded by literally tons of space debris daily. The larger bits form what we know as shooting stars, and most burn up in the atmosphere. Still, throughout our planet's history, giant versions have caused devastation unlike anything else seen on this planet. Tracking these types of objects is typically done from the Earth, but a new mission set out by researchers in Italy has a novel idea--why not try to learn more about potential i...

      

      
        New Glenn NG-1 rocket completes a hotfire test
        Blue Origin has achieved an important milestone with its New Glenn NG-1 rocket, successfully completing a 24-second hotfire of the rocket's BE-4 engines in preparation for an expected test flight in the coming days.

      

      
        A long-term lunar infrastructure hub named after the object that created the moon
        Getting back to the moon is the primary goal of NASA's Artemis program, but what do we do once we get there? That is the challenge tackled by a group of students at the University of Illinois Urbana-Champaign, who wrote a proposal for a lunar infrastructure module they call the Trans-lunar Hub for Exploration, ISRU, and Advancement--or THEIA, after the proposed object that crashed into the Earth that created the moon as we know it today.

      

      
        Two luminous flares detected from a nearby tidal disruption event
        A group of astronomers from numerous institutions have investigated a recently discovered nearby tidal disruption event known as ASASSN-22ci. They detected two luminous flares from this event. The finding was reported in a paper published Dec. 19 on the preprint server arXiv.

      

      
        Unusual binary system hosts a massive fast-spinning white dwarf
        In a recent study, an Italian astronomer has investigated the nature of a binary system known as HD 49798/RX J0648.0-4418. Results of the new research, published Dec. 24 on the preprint server arXiv, yield important insights into the properties of the system, proving that it contains a massive and fast-spinning white dwarf.
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By the end of this decade, nations and private companies may well be mining the surface of the moon.



										      
																																	But as space becomes accessible to more nations and corporations, we need to stop and ask ourselves what commercial activities we want to allow, including on the moon.

Now is the time to create the rules and regulations that will protect humanity's shared future in space and ensure the moon remains a symbol and inspiration for generations to come.

1. Why mine the moon?

NASA's multibillion-dollar Artemis program isn't just about sending astronauts back to the moon. It's about paving the way for mining operations.

China is also on a similar trajectory.

All of this has set in motion a new lunar race with private companies competing to figure out how to extract the moon's resources, potentially selling it back to governments in a cosmic supply chain.

Currently, all supplies for space exploration are shipped from Earth, making essentials like water and fuel eye-wateringly expensive.

By the time a single liter of water reaches the moon, its cost beats that of gold.

But by converting water ice on the moon into hydrogen and oxygen, we can refuel spacecraft on-site. This could make deeper space journeys, especially to Mars, far more feasible.

The moon's wealth of rare Earth metals, essential for technologies like smartphones, also means lunar mining could ease the strain on Earth's dwindling reserves.

Private companies might beat space agencies to the punch; a startup could be mining the moon before NASA lands its next astronaut.


																																						
    
     




																																			2. Could mining change how we see the moon from Earth?

When material is extracted from the moon, dust gets kicked up. Without an atmosphere to slow it down, this lunar dust can travel vast distances.

That surface material is "space weathered" and duller than the more reflective material beneath. Disturbing the lunar dust means some patches of the moon may appear brighter where the dust has been kicked up, while other patches may appear more dull if dust resettles on top.

Even small-scale operations might disturb enough dust to create visible changes over time.

Managing lunar dust will be a crucial factor in ensuring sustainable and minimally disruptive mining practices.

3. Who owns the moon?

The Outer Space Treaty (1967) makes it clear no nation can claim to "own" the moon (or any celestial body).

However, it is less clear whether a company extracting resources from the moon violates this non-appropriation clause.

Two later agreements take up this issue.

The 1979 moon Treaty claims the moon and its natural resources as the "common heritage of mankind." This is often interpreted as an explicit ban on commercial lunar mining.

The 2020 Artemis Accords, however, allow for mining while reaffirming the Outer Space Treaty's rejection of any claims of ownership over the moon itself.

The Outer Space Treaty also notes the exploration of space should benefit everyone on Earth, not just the wealthier nations and corporations able to get there.

When it comes to resource extraction, some argue this means all nations should share in the bounty of any future lunar mining endeavor.
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																																			4. What would miners' lives be like on the moon?

Imagine you've worked 12 hours straight in hot and dirty conditions. You are dehydrated, hungry and overwhelmed. Some of your co-workers have collapsed or been injured due to exhaustion. You all wish you could just get another job with good safety standards, fair pay and reasonable hours. But you can't. You're stuck in space.

This dystopian vision highlights the potential dangers of rushing into lunar mining without addressing the risks to workers.

Working in low gravity conditions brings health hazards. Lunar miners are more likely to suffer:



																																						
    
     




																																			Exposure to cosmic radiation not only carries an increased risk of various cancers but can also affect fertility.

Lunar miners will also face prolonged isolation and intense psychological stress. We'll need good laws and guidelines to protect the health and well-being of the space workforce.

Regulatory bodies to enforce worker rights and safety standards will be far away on Earth. Miners may be left with little recourse if asked to work unreasonable hours in unsafe conditions.

British astrobiologist Charles S. Cockell claims this makes space "tyranny-prone." Powerful individuals could, he argues, be able to abuse people who have nowhere else to go.

The moon holds incredible promise as a stepping stone for human exploration and a potential source of resources to sustain life on Earth and beyond.

But history has shown us the consequences of unchecked exploitation. Before we mine the moon, we must establish robust regulations that prioritize fairness, safety and human rights.
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A new mission watches meteoroids hit the far side of the moon
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                Depiction of LUMIO's orbital path to the L2 Earth-moon point. Credit: ESA
            
        

    


Sometimes, it's hard to remember that Earth is constantly being bombarded by literally tons of space debris daily. The larger bits form what we know as shooting stars, and most burn up in the atmosphere. Still, throughout our planet's history, giant versions have caused devastation unlike anything else seen on this planet. Tracking these types of objects is typically done from the Earth, but a new mission set out by researchers in Italy has a novel idea--why not try to learn more about potential impactors by watching them hit the far side of the moon?



										      
																																	The mission, known as the Lunar Meteoroid Impact Observer, or LUMIO, is a 12U CubeSat weighing around 22 kg. Its primary payload is the LUMIO-Cam, a visible light camera meant to detect flashes of impacts of the micrometeoroids it is intended to track.

So far, so typical--plenty of asteroid and meteoroid tracking missions are already in space, so why need another one? The most interesting thing about LUMIO is its location--at the L2 Earth-moon Lagrange point. That puts it exactly opposite the Earth on the far side of the moon.

This location has advantages and disadvantages--the moon's disk is much smaller than the Earth's, so LUMIO could capture the entire hemisphere and watch for any impacts on the lunar surface. It's important to note that most of the impacts would indeed be on the surface itself, since the lunar atmosphere is negligible in terms of providing energy for a micrometeoroid to burn up before impact. That is why the moon is pockmarked with so many craters.

Also, while it's commonly referred to as the "dark side" of the moon, the far side is lit up half the time--and fully lit when we down on the planet experience a "new moon." But, when it is dark on the lunar surface, it is genuinely dark--there aren't any lights that could be misconstrued as an asteroid strike. The L2 point has the added advantage of not suffering from "Earthshine"--reflected light from Earth that could diminish the effectiveness of the LUMIO-cam when trying to detect faint light streaks.



    
    
    
        
        
    
         
             
         

        One of LUMIO's creators discusses how the navigation system will work.
  

Difficulties abound with the placement, though, including a lack of a direct line of communication and the necessity of an automated navigation and control system. Since the moon is literally between the CubeSat and any ground receiver that could send commands or receive data, it must be bounced off a relay satellite in order to do so.


																																						
    
     




																																			LUMIO will also capture a large amount of data, not all of which will be useful. Since the flashes it's looking for are very fast, LUMIO-Cam will capture about 15 frames per second. Then, onboard processing will use an algorithm to sort through the image to see if there are any flashes visible in it. Those interesting images will then be the ones sent back to Earth.

Estimates put the number of micrometeoroids striking the moon's surface at as high as 23,000 times per year for micrometeoroids as small as 30 grams. Even if LUMIO only watches half of that area, it will observe impacts multiple times every day. Each is a little look into the types of debris that still exist in our local part of the solar system and maybe into what asteroids and comets they were initially a part of.

There's a good chance the LUMIO team will be able to capture that data as well--the mission was accepted as a finalist in ESA's Lunar CubeSat for Exploration (LUCE) SYSNOVA Competition and is currently planned for launch in 2027. Once it reaches its stable orbit, expect to see some brilliant flashes on the lunar surface popping up in new reports regularly.
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New Glenn NG-1 rocket completes a hotfire test
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                New Glenn during successful integrated vehicle hotfire on December 27. Credit: Blue Origin
            
        

    


Blue Origin has achieved an important milestone with its New Glenn NG-1 rocket, successfully completing a 24-second hotfire of the rocket's BE-4 engines in preparation for an expected test flight in the coming days.



										      
																																	This was the first time the entire vehicle, including the first and second stages, was tested as a fully integrated system, alongside the ground systems at the launch pad. It gave the engineers a chance to do a dress rehearsal of all the procedures required for launch, and check how well simulation data matches real-world scenarios.

Blue Origin confirmed in a press release that "all seven engines performed nominally, firing for 24 seconds, including at 100% thrust for 13 seconds." The pressurization systems for the first and second stages also performed nominally.

Although New Glenn has yet to fly, its BE-4 methane engines have already reached orbit.

Twice in 2024 ULA's Vulcan rocket--the successor to the Atlas V, which had been ULA's heavy-lift workhorse for two decades--reached orbit using BE-4 engines provided by Blue Origin.

In both instances, the engines performed nominally, even demonstrating that they could compensate for eventualities: When one of Vulcan's solid rocket boosters had an anomaly on the second flight, the main engines extended their burn by 20 seconds to keep the rocket on a nominal trajectory.

New Glenn, which has been in development since 2013, uses BE-4 engines on its first stage as well. The rocket is expected to have its maiden flight imminently, with liftoff tentatively set for late evening on January 5 (EST).


																																						
    
     




																																			The first stage of the rocket is intended to be reusable, and Blue Origin has playfully nicknamed the first booster So You're Telling Me There's a Chance. It will attempt to land aboard a vessel in the Atlantic following launch.

According to Reuters, Blue Origin has received FAA approval for the first flight, and the payload will include equipment related to Blue Ring, a Blue Origin program that will provide maneuverable spacecraft to the U.S. Department of Defense.

Upcoming New Glenn launches are expected to carry payloads for NASA, various telecommunications providers, and will also launch Amazon's planned Project Kuiper, a mega-constellation competitor to SpaceX's Starlink.

NASA's Escape and Plasma Acceleration and Dynamics Explorers (ESCAPADE), a two-pronged Mars mission that was expected to launch in Fall 2024, was postponed to Spring 2025, and will now be carried on New Glenn's third flight.

The 98-meter-tall rocket has a 7-meter diameter and can carry 45,000km to Low Earth Orbit. With the full stack hotfire test complete, the path to New Glenn's maiden flight is wide open.

"This is a monumental milestone and a glimpse of what's just around the corner for New Glenn's first launch," said Jarrett Jones, senior vice president, New Glenn, after the hotfire test. "Today's success proves that our rigorous approach to testing--combined with our incredible tooling and design engineering--is working as intended."


																																																					
																					
																					
                              										                                        
										
										
											 
												Citation:
												New Glenn NG-1 rocket completes a hotfire test (2025, January 2)
												retrieved 2 January 2025
												from https://phys.org/news/2025-01-glenn-ng-rocket-hotfire.html
											 

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

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2025-01-glenn-ng-rocket-hotfire.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A long-term lunar infrastructure hub named after the object that created the moon
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                THEIA Concept of Operations. Credit: Bonjinov et al
            
        

    


Getting back to the moon is the primary goal of NASA's Artemis program, but what do we do once we get there? That is the challenge tackled by a group of students at the University of Illinois Urbana-Champaign, who wrote a proposal for a lunar infrastructure module they call the Trans-lunar Hub for Exploration, ISRU, and Advancement--or THEIA, after the proposed object that crashed into the Earth that created the moon as we know it today.



										      
																																	Their submission was part of the NASA Revolutionary Aerospace Systems Concepts--Academic Linkage project, where teams from various academic institutions submitted papers focusing on the theme of Sustained Lunar Evolution for 2024.

To be clear, THEIA is not meant to serve as the central hub of NASA's lunar exploration activities. The responsibility would still go to the Artemis base the agency has been working on. It is meant to serve as a hub for four main things that the team believes every long-term lunar mission will need: power, communications, transportation, and In-situ resource utilization (ISRU).

The project's mission requirements include providing local positioning, communications, and power to an area surrounding the lunar south pole. Various organizations are developing several pieces of infrastructure to do so.

First would be the delivery method to get there--like much of the overall Artemis project, THEIA would rely on delivery from a SpaceX Starship. The team calculated the initial launch requirements to get a basic setup up and running to be around 73 tons, well below the threshold of 100 tons the rocket is expected to be able to carry to the lunar surface.

That first set of equipment would include two other vital pieces of infrastructure--some LUNARSABER poles and robots to set them up. We previously did an entire article on the LUNARSABER project from Honeybee Robotics.


																																						
    
     




																																			Still, as a succinct overview, it is an extendable tower with solar panels along its sides to collect energy. Then, it uses a series of transmitters and receivers at its top to broadcast both power and communication signals. They can also bounce signals between two towers, creating a basic mesh network on the lunar surface.



    
    
    
        
        
    
         
             
         

          

A LUNARSABER is essential for supplying power and communications, but the UIUC team needs robotic help to deploy it. They suggest using several robotic rovers, including a multilimbed one designed on NASA's Athlete prototype and a more traditional lunar rover based around the current Lunar Terrain Vehicle contract NASA has outstanding, with several companies still vying to provide the final design.

Other essential infrastructure pieces include ground antennas to transmit data and communications back to the Lunar Gateway and habitats that would allow both scientific experiments to operate and, eventually, crew to live. An essential additional part of THEIA's design philosophy is that there should be space for experiments to operate inside a semi-controlled environment.

That would still be a long time from now, with original missions to launch THEIA not planned until 2035 and crewed missions to follow years later. However, THEIA was initially drawn up by a group of undergraduates, who presented a technical paper in response to the NASA RASC-AL proposal.

It was one of many such proposals that resulted in groups from Virginia Polytechnic, the University of Maryland, and South Dakota University winning prizes. We'll look at some of the other projects submitted by teams shortly, but congratulations to the UIUC team, who made it through the competition as a finalist, for the effort they put into theirs.
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Two luminous flares detected from a nearby tidal disruption event

										 by Tomasz Nowakowski										 										 , Phys.org
										 									

									
										

    
        
            [image: Two luminous flares detected from a nearby tidal disruption event]
             
                Broad-band (0.3-10.0 keV) merged Swift XRT observations of ASASSN-22ci during the second flare. The green circle marks the location of ASASSN-22ci. Credit: arXiv (2024). DOI: 10.48550/arxiv.2412.15326
            
        

    


A group of astronomers from numerous institutions have investigated a recently discovered nearby tidal disruption event known as ASASSN-22ci. They detected two luminous flares from this event. The finding was reported in a paper published Dec. 19 on the preprint server arXiv.



										      
																																	Tidal disruption events (TDEs) are astronomical phenomena that occur when a star passes close enough to a supermassive black hole and is pulled apart by the black hole's tidal forces, causing the process of disruption.

Such tidally disrupted stellar debris starts raining down on the black hole and radiation emerges from the innermost region of accreting debris, which is an indicator of the presence of a TDE. All in all, the debris stream-stream collision causes an energy dissipation, which may lead to the formation of an accretion disk.

Therefore, TDEs are perceived by astronomers as potentially important probes of strong gravity and accretion physics, providing answers about the formation and evolution of supermassive black holes.

ASASSN-22ci (also known as AT2022dbl) is a TDE discovered by the All-Sky Automated Survey for Supernovae (ASAS-SN) in February 2022. It occurred in the nucleus of a galaxy designated WISEA J122045.05+493304.7, at a redshift of approximately 0.0284.

Shortly after the discovery, a team of astronomers led by University of Hawaii's Jason T. Hinkle commenced spectroscopic and photometric follow-up observations of ASASSN-22ci with the Zwicky Transient Facility (ZTF), Asteroid Terrestrial Impact Last Alert System (ATLAS), and ASAS-SN. This resulted in the detection of two flares from the source.

According to the paper, each of the two flares has a temperature of about 30,000 K, a rising time of approximately 30 days, and a peak bolometric luminosity at a level of 200-1,000 tredecillion erg/s. They also showcase a blue optical spectrum with broad hydrogen, helium, and nitrogen lines. The second flare occurred some 720 days after the first one.


																																						
    
     




																																			The astronomers noted that pre-discovery survey observations of ASASSN-22ci rule out the existence of earlier flares within the past 6,000 days, which suggests that the discovery of this TDE likely coincides with the first flare. They predict that the next flare of ASASSN-22ci should occur near February 4, 2026.

The discovery made by Hinkle's team makes ASASSN-22ci one of only five TDEs that have been reported to experience multiple flares. The researchers added that its two flares have good coverage with multiwavelength photometry and high signal-to-noise optical spectroscopy, when compared to other multiple-flaring TDEs.

"We have now observed five optically-selected TDEs that exhibit multiple flares, some of which are likely to be repeating partial tidal disruptions. Although small, this sample is nevertheless sufficient to begin exploring the theoretical implications of the observed trends among these events," the authors of the paper concluded.


																																																					
																				
																						More information:
												Jason T. Hinkle et al, On the Double: Two Luminous Flares from the Nearby Tidal Disruption Event ASASSN-22ci (AT2022dbl) and Connections to Repeating TDE Candidates, arXiv (2024). DOI: 10.48550/arxiv.2412.15326
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Unusual binary system hosts a massive fast-spinning white dwarf

										 by Tomasz Nowakowski										 										 , Phys.org
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                X-ray spectrum (left panel) and pulse profiles in two energy ranges (right panel) of HD 49798/RX J0648.0-4418. Credit: arXiv (2024). DOI: 10.48550/arxiv.2412.18546
            
        

    


In a recent study, an Italian astronomer has investigated the nature of a binary system known as HD 49798/RX J0648.0-4418. Results of the new research, published Dec. 24 on the preprint server arXiv, yield important insights into the properties of the system, proving that it contains a massive and fast-spinning white dwarf.



										      
																																	HD 49798 is a bright blue star in the southern sky, a subdwarf of O spectral type (sdO), located some 1,700 light years away. It is the most luminous known sdO, with an absolute magnitude of [?]0.24 and a bolometric luminosity of 4,400 solar luminosities. The effective temperature of this star is estimated to be 47,500 K.

HD 49798 has been observed for decades and its spectrum was found to showcase prominent helium and nitrogen lines, while the star also experienced radial velocity variations. These findings indicated the presence of a companion object. However, its nature remained elusive.

More recent studies have detected soft X-ray emission with a highly significant periodicity from the source designated RX J0648.0-4418, positionally coincident with HD 49798. This periodicity suggested the rotation of either a neutron star or a white dwarf. Now, a new analysis of the available data conducted by Sandro Mereghetti of the Institute of Space Astrophysics and Cosmic Physics of Milano in Italy, provides further evidence supporting the white dwarf scenario.

"There are now several arguments indicating that the companion of HD 49798 is a massive white dwarf, with interesting implications for the future evolution of this system," Mereghetti wrote in the paper.

The study found that the companion object is a white dwarf with a mass of 1.22 solar masses and a spin period of approximately 13.2 seconds, one of the shortest known among white dwarfs. Mereghetti explained that although the mass and spin period of the companion are also compatible with the neutron star scenario, its X-ray luminosity, spin period evolution and the size of the X-ray emitting region indicate a white dwarf nature.


																																						
    
     




																																			According to the paper, the white dwarf emits pulsed X-rays with a very soft spectrum, powered by accretion from the stellar wind of the subdwarf, which has a radius of about 1.08 solar radii and its mass is around 1.41 solar masses. The orbital period of HD 49798/RX J0648.0-4418 was measured to be approximately 1.55 days.

Mereghetti noted that HD 49798/RX J0648.0-4418 is the only known accretion-powered X-ray binary in which the mass donor is a hot subdwarf. Moreover, the white dwarf's large mass and high spin frequency, together with the subdwarf's high luminosity, relatively low surface gravity and peculiar chemical abundances, make HD 49798/RX J0648.0-4418 unusual when compared to similar systems.

"These properties make HD 49798/RX J0648.0-4418 particularly interesting, not only in the context of stellar evolution models, but also for the study of hot subdwarfs and white dwarfs in general," the author of the paper concluded.
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Small milk fat globules promote growth of good bacteria, study reveals
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A new study has unveiled fascinating insights into the complex relationship between milk fat globules and bacteria. The research, published in Food Chemistry, explores how the structural properties of these microscopic fat droplets influence their interactions with both beneficial and harmful bacteria, shedding light on milk's natural mechanisms for promoting health and protecting against pathogens.



										      
																																	The study was led by Professor Nurit Argov-Argaman from the Robert H. Smith Faculty of Agriculture, Food and Environment at the Hebrew University of Jerusalem, in collaboration with researchers from the Agriculture Research Organization.

Milk fat globules, secreted by mammary gland epithelial cells, have long been recognized for their role in delivering essential nutrients. This new study takes a closer look at how their structure, rather than just their chemical composition, shapes interactions with bacteria.

The research tested milk fat globules obtained from mammary gland epithelial cells and raw milk, examining their impact on bacterial growth and biofilm formation. Remarkably, the size of the globules emerged as a decisive factor. Small milk fat globules promoted the growth of Bacillus subtilis, a commensal bacterium, while large milk fat globules triggered biofilm formation, a behavior often linked to bacterial resilience and adaptation.

These findings were supported by metabolomic profiling of the bacteria secretions, supporting the different metabolic response of the bacteria to the various sizes of the milk fat globules from both sources (raw milk and secretions of mammary gland cells).


																																						
    
     




																																			Interestingly, the size variations of milk fat globules did not influence the behavior of Escherichia coli, a common pathogenic bacterium, highlighting the specificity of the interactions. Furthermore, a synthetic lipid mixture mimicking the chemical composition of small milk fat globules failed to stimulate bacterial growth, underscoring the critical role of structural properties over mere chemical makeup.

The study concluded that the unique structure of milk fat globules plays a central role in regulating the interaction with bacteria. The results will be used to further explore if the structure can be utilized to provide a competitive advantage to beneficial bacteria, potentially enhancing the safety and health properties of dairy and other food products.

Moreover, the findings also confirmed that milk components secreted by mammary gland epithelial cells share functional similarities with raw milk fat globules, reinforcing the idea that nature's design plays a pivotal role in shaping the microbial ecosystem.

Professor Argov-Argaman stated, "Our research highlights the intricate ways in which the physical characteristics of milk fat globules can influence microbial dynamics, offering potential pathways to enhance health through natural dietary components."

This research opens the door to a deeper understanding of how milk's natural properties influence microbial communities, with implications for dairy science, infant nutrition, and food safety. Professor Argov-Argaman's work exemplifies how delving into the microscopic details of nature can reveal profound insights into the mechanisms that sustain health.
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