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At 3 a.m. on a crisp May night in Chile, all seemed well with the world's largest digital camera. Until it didn't.




Inside the newly built Vera C. Rubin Observatory, site project scientist Sandrine Thomas was running tests when a flat line representing the camera's temperature started to spike. "That looks bad," she thought. She was right. Worried scientists quickly shut down the telescope.




I arrived a few hours later, jet-lagged but eager to get my first glimpse at a cutting-edge observatory that astronomers have been awaiting for more than 25 years.




Perched on a high, flat-topped mountain called Cerro Pachon, the Rubin Observatory was conceived back in the 1990s to give astronomers the unprecedented ability to probe the cosmos in every dimension. With a wide and deep view of the sky, Rubin can investigate some of the universe's slowest, most eternal processes, such as the assembly of galaxies and the expansion of the cosmos. And by mapping the entire southern sky every couple of nights, it can track some of the universe's fastest and most ephemeral events, including exploding stars and visits from interstellar comets.




[image: A photo inside the dome of the Rubin Observatory]Rubin's dome opens to let the camera survey the sky, then closes to protect it from the elements.RubinObs/NSF/DOE/NOIRLab/SLAC/AURA, H. Stockebrand





At the end of its planned 10-year survey, Rubin will have taken 2 million images with 2,300 megapixels each, capturing more of the cosmos than any other existing telescope.




"For the first time in history, the number of cataloged celestial objects will exceed the number of living people!" Zeljko Ivezic, an astronomer at the University of Washington in Seattle, and colleagues wrote in a 2019 overview paper in the Astrophysical Journal.
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As Rubin's director of construction, Ivezic might have worried that the project's scientific goals would be accomplished by other telescopes during the decades it took to build the facility. But, he says, the questions the team set out to answer when the project was dreamed up remain unresolved. "To answer them, you need something like Rubin," Ivezic says. "There is no competition."




In an unusual move, Rubin data will be made available online to anyone in the world, from professional astronomers to elementary school students. "That's a huge democratization of science," Ivezic says. The hope is that these data will help solve fundamental mysteries of the universe that can't be tackled any other way.




But first, Thomas and her team had to get the camera back online.




From dark matter to asteroids




The idea that led to Rubin's construction came during another 3 a.m. vigil almost 30 years ago, on the next mountaintop over from Cerro Pachon.




It was January 1996, and astronomer Tony Tyson, then with Bell Laboratories, and his colleagues had recently brought a new digital camera to a 4-meter telescope sitting on Chile's Cerro Tololo. The camera used what was then a relatively new technology called charge coupled devices, or CCDs. These silicon chips convert particles of light to electrons, which can then be turned into an image of the light source. CCDs started to be used in astronomy in the 1970s and quickly became the industry standard, replacing slow and bulky photographic plates. Several CCDs arranged in a mosaic act as one large camera, converting more electrons to more pixels and delivering higher-resolution images.




Tyson's camera, the most powerful in the world at the time, was made up of four CCDs. He and colleague Gary Bernstein built it to make a map of dark matter, the mysterious substance thought to make up 80 percent of all matter in the universe. Astronomers don't know what it is, but because of its gravitational effects on regular matter, they're pretty sure it's there.




One of those effects was discovered in the 1970s by astronomer Vera Rubin, the new observatory's namesake. Based on a galaxy's visible matter, you would expect stars to orbit slower the closer they are to the disk's edge, like planets in the solar system do. Instead, Rubin and her colleague Kent Ford noticed that stars at the edge were whipping around the galactic center so fast they should have been flung into space. The best explanation was that some other, unseen matter must be holding galaxies together.




There's another way dark matter can make its presence known. Matter warps the fabric of spacetime, and that changes the path of light as it speeds through the universe. Clumps of dark matter can therefore distort the images of visible objects in the background. This effect, called weak lensing, is the only way to "weigh" the distribution of dark matter in the universe, Tyson says.




That's what Tyson had come to Chile to do. But one night as he, Bernstein and some other astronomers sat in the telescope control room, Tyson had a revelation. He looked around and said, "Guys, we can do better than this." They could, in principle, build a bigger quilt of CCDs to create a much more powerful telescope. Computers were getting better and faster all the time, so they could keep up with the flood of data such a telescope would gather. All they needed were a few technical improvements.




[image: A photo of workers inside the Vera Rubin Observatory's control room]The Rubin Observatory crew works in shifts through the night from a control room in a separate part of the facility.MARCOS ZEGERS/The New York Times/Redux





Tyson decided to make this new observatory his pet project. He rushed to submit a proposal to the 2000 Decadal Survey on Astronomy and Astrophysics, the major wish list of U.S.-led missions that astronomers think should get federal funding. His project would survey the whole sky in search of weakly lensed objects and map all the dark matter we can detect.




"I had called it the Dark Matter Telescope because that's what I wanted to do," he says. "But perhaps cleverly, on the last page, I had a picture of an Earth-threatening asteroid."




Sponsor Message



  






After all, such a telescope could do a lot more than map dark matter. A large enough digital camera, combined with a wide-eyed telescope, could also "make unique inroads in the ... universe of things that move and explode," Tyson says. That includes asteroids as well as pulsating stars, hungry black holes and any doomed stars that get too close to them. Such a telescope could map out millions of objects in our solar system, plus millions of supernovas and billions of galaxies. It could help answer questions that astronomers didn't even know to ask at the time.




That first proposal wasn't selected, but the astronomy community ranked it highly enough that Tyson and colleagues thought it was worth pursuing. Start-up funding from Bell Labs, along with a $20 million gift from former Microsoft developer Charles Simonyi, $10 million from Bill Gates and support from the U.S. National Science Foundation and Department of Energy, helped them start designing and building components.




In 2010, the project got top billing in the decadal survey, setting the stage for full funding led by NSF and DOE. The team initially dubbed the instrument that would anchor the observatory the Large Synoptic Survey Telescope: the telescope that will get the big picture.




Fun house mirrors




True to that project name, the observatory has what's now the largest digital camera ever built. It weighs about 3,000 kilograms and, at 1.65 meters wide, is bigger across than I am tall. It combines 189 individual CCDs, which deliver their data within seconds of taking an image. Its sensor has roughly the same number of pixels as 260 smartphone cameras.




In addition to demanding a record-setting camera, the observatory's science goals dictated its shape and structure. Want a survey that goes wide, fast and deep all at the same time? There are only so many ways to build an instrument to do that. For instance, to cover the whole sky every three or four nights, each snapshot must include an area equivalent to 45 full moons without blurring at the edges. Rubin therefore needs an enormous, unusual set of mirrors.




Rubin's telescope starts out the way most do: An 8.4-meter-wide primary mirror collects a tremendous amount of light in each exposure. That mirror reflects light onto a secondary mirror. At 3.5 meters wide, Rubin's is currently the largest secondary mirror ever built for astronomy.




Normally, that secondary mirror would focus the light onto a camera or detector. But even when the mirrors are perfectly constructed, the nature of optics means objects that are not directly in the center of the telescope's view can appear blurred or distorted, creating properties called aberrations.




To correct those aberrations, Rubin uses a third mirror. In an unusual setup, the tertiary mirror is made from the same piece of glass as the first, as a 5-meter-wide dish with deeper curvature in the inner part of the primary mirror. This saves space and makes the telescope easier to align, Thomas says, because two of the mirrors can never go out of alignment.



[image: An illustration of Rubin's unique set of mirrors]Rubin's telescope uses a unique set of three mirrors, two of which are made from a single piece of glass. Light hits the 8.4-meter-wide primary mirror, reflects onto a 3.5-meter secondary mirror above it and bounces to the inner, 5-meter tertiary mirror below. Then it finally passes through a hole in the secondary mirror to enter the camera.RubinObs/NOIRLab/SLAC/NSF/DOE/AURA, adapted by B. PriceRubin's telescope uses a unique set of three mirrors, two of which are made from a single piece of glass. Light hits the 8.4-meter-wide primary mirror, reflects onto a 3.5-meter secondary mirror above it and bounces to the inner, 5-meter tertiary mirror below. Then it finally passes through a hole in the secondary mirror to enter the camera.RubinObs/NOIRLab/SLAC/NSF/DOE/AURA, adapted by B. Price





By the time the light bounces into the car-sized digital camera, which is suspended in the middle of the secondary mirror, every point of light in the whole field of view looks needle-sharp.




To catch as many faint objects as possible, the telescope has only five seconds between shutter snaps to move on to a new place in the sky. On a normal night in the control room, you can hear the shutter clicking every 30 to 50 seconds, all night long. Thomas finds the sound soothing. "When you can't hear anything, you know something might be wrong."




Snapping images at these speeds kept the telescope on the ground -- space telescopes can't move quickly enough. It also means that after the telescope slews to a new position, it has to stop on a dime, which is why the huge instrument is very compact.




"If you move, you will take a blurry image," Thomas says. "You can imagine, if you have a long telescope and you move it, it's going to vibrate a little bit."




Rubin's location on Earth is also key. Cerro Pachon is high and dry and far from the glare of city lights, which means it's an ideal place to build such a sensitive observatory.




To get to Cerro Pachon back in May, I had to take an overnight flight from New York to Santiago, then a second flight to the seaside city of La Serena. From there, a local driver who was familiar with the sinuous, dusty, unpaved roads ferried me and three other journalists into the clay-colored mountains. As the ear-popping drive wound ever higher, I kept my eyes trained on the line of telescope domes glinting in the distance. I couldn't stop smiling.




Once on the ridge, the air was so dry I could feel it parching my nostrils and throat, and so clear I could see for miles in every direction. Aside from other telescopes and temporary buildings set up to support workers, all I could see were rocks and scrubby plants, with the occasional wild horse or viscacha, a local rodent that Thomas described as a bunny with a squirrel tail.




The observatory was still an active construction site, so we all had to wear reflective yellow vests and helmets to walk around. Some of the mountaintop crew bedecked their helmets with stickers, including custom-made ones of the facility's human namesake, Vera Rubin.




For almost a year while planning this visit, I had looked forward to seeing the massive telescope in action. The team had opened the camera shutter to the sky and let in its first photons about a month earlier, and it had dutifully taken data every night since then. The idea was for me and the other journalists to watch as the telescope took some of its earliest complete images.




But when I arrived, it had been a mere eight hours since Thomas had exchanged frantic messages with the camera crew and reluctantly shut down the telescope. When Thomas took me on a tour of the observatory, the whole structure was lying motionless, aimed at the horizon. We passed the camera team on a catwalk ledge on our way up to the dome.




"Is my camera moving yet?" Thomas asked the team cheerfully. "Make it work!" She turned to me. "We try to have a positive attitude, but we are all very bummed."




The silver lining was that I had an excellent view of the unusual primary mirror. Staring into it was like looking at a fun house reflection. Stripes of light and dark, reflected from the dome and other parts of the telescope, looked nearly straight in the outer part of the mirror but warped and wobbled in the inner part. I swayed back and forth, then crouched down and slowly stood up to see how the shapes changed. It was dizzying.





Say "moon cheese"




The Rubin Observatory is built around the world's largest digital camera. It weighs about 3,000 kilograms and is 1.65 meters wide.



[image: An illustration of the components of Rubin's camera, with the silhouette of a person for scale]SLAC, adapted by B. Price; RubinObs/NOIRLab/SLAC/DOE/NSF/AURA, adapted by B. PriceSLAC, adapted by B. Price; RubinObs/NOIRLab/SLAC/DOE/NSF/AURA, adapted by B. Price




Its detector is made of a grid of sensors, each about 4 centimeters wide and grouped into 21 "rafts" of nine sensors each. Corner rafts detect guide stars for calibration. The field of view can fit 45 full moons.



[image: An illustration of Rubin's CCD detectors]SLAC, adapted by B. Price; RubinObs/NOIRLab/SLAC/DOE/NSF/AURA, adapted by B. PriceSLAC, adapted by B. Price; RubinObs/NOIRLab/SLAC/DOE/NSF/AURA, adapted by B. Price







Keeping it cool




The mystery of the malfunctioning camera led Thomas and her team to investigate another fundamental aspect of the telescope's design: temperature control.




It's crucial to keep the camera's detector cold. Thermal energy can trigger CCDs to release electrons, which could mimic signals from objects in space. Keeping the temperature as low as possible helps ensure that the detector reports only photons that actually come from the sky. And Rubin is going to collect an unprecedented number of photons. The plan is to observe the entire night sky visible in the Southern Hemisphere every three to four days. The camera shutter will open for 30 seconds per picture, for 1,000 pictures per night, every night for 10 years.




The instrument has a -123  Celsius metal cryoplate at the back of the detector, and another "cold" plate at -40  C behind that, all sealed in a vacuum. Refrigeration lines carry cooling liquids through the camera before snaking out the back of the telescope. Even the outside of the sparkling dome is specially designed to reflect sunlight away from the telescope.




Thomas and her colleagues were therefore anxious to figure out why the cryoplate had suddenly warmed up at 3 a.m. on that May night.




Crises are expected during the commissioning phase, when the crew puts a new telescope through its paces. "You test it all in the lab," says Rubin commissioning scientist Kevin Fanning, a researcher with the U.S. SLAC National Accelerator Laboratory. "And reality is always slightly different."




Still, Rubin had been working surprisingly well for the past month, Fanning says. This was its first crisis. But the effects could be worse than just detecting phony photons, commissioning scientist Sean MacBride of the University of Zurich told me during my visit.




As the temperature goes up inside the frigid case that holds the CCDs, the pressure goes up too. Materials in the camera may then release gases that could get stuck on the sensors, which would be "really, really bad for the long-term health of the system," MacBride said.




"The probability is fairly low, but the consequence is pretty serious," he said. "This is on the top-five list of scariest things that could happen to the camera."




By midafternoon, the camera seemed to have gone back to normal all on its own. That was a clue, Fanning said at the time.




Winter in Chile was just beginning, and on the night of the incident, the outside temperature had dropped to 5  C for the first time since the camera had been installed. "Today's warmer, and it seems to have recovered," he said. "So we have two data points now."




Maybe the issue was related to the outside temperature. But that was a paradox. Why would the cryoplate warm up as the outside air cooled off? And why was the critical temperature around 5  C, not zero? "There's not a lot of things that change state at that temperature," Fanning said. It was puzzling.




At a planning meeting at 4:45 p.m. on May 9, Fanning proposed an experiment: Deliberately cool the telescope dome down to 5  C and see if the cryoplate glitched in the same way. "Then we'd have three data points." The team decided to wait for the temperature outside the dome to drop below the temperature inside, then open the dome a little to let some cold air in and see how the cryoplate reacted.




At 6:30 p.m., the inside temperature was 9.74  C and the outside was 11.69  C. So the team took out a pack of Uno cards and settled in to wait.





Four reasons to scope out the night sky




The Rubin Observatory's design was driven by four main science goals, highlighted here in a section of one of its first publicly released images.




Census Taker 
Rubin's wide and deep sky survey will track about 20 billion stars and thousands of exoplanets. It's also expected to find about 20 billion previously unknown galaxies (some known ones labeled in green), offering new clues to how galaxies form.




[image: A Rubin image with known galaxies labeled]RubinObs/NOIRLab/SLAC/NSF/DOE/AURA, adapted by B. Price





In the System 
Rubin will increase the number of known asteroids (new ones shown as blue dots) by a factor of 10 to 100. It can also spot things like interstellar objects and (if it exists) a massive ninth planet in the outer solar system.




[image: A Rubin image with newfound asteroid marked by dots]RubinObs/NOIRLab/SLAC/NSF/DOE/AURA, adapted by B. Price





Dark Detection 
Rubin's galactic and extragalactic surveys will make a precision map of cosmic structure. Comparing that map with theory can help constrain dark matter and dark energy, the mysterious stuff pushing the universe apart.




[image: A Rubin image with an overlay illustration of galaxies being redshifted by the expansion of the universe]RubinObs/NOIRLab/SLAC/NSF/DOE/AURA, adapted by B. Price





Fast and Fleeting 
Quick-acting Rubin will be able to capture transients, anything that moves and changes in the sky. That includes pulsating stars (circled), feeding black holes, supernovas and the afterglows of intense gamma-ray bursts.




[image: A Rubin image with pulsars marked in yellow circles]RubinObs/NOIRLab/SLAC/NSF/DOE/AURA, adapted by B. Price







Open data, closing doors




By 10 p.m., the temperature outside the observatory hadn't dropped. It had gone up 2 degrees.




"I'm feeling personally disrespected by the weather right now," Fanning quipped. The next morning, though, he was in a good mood. The cryoplate had kept its cool, which reassured the camera crew that the failure had been triggered by the cold outside.




A few theories emerged: Maybe the oil in the refrigerant circuit started to congeal and couldn't cool the cryoplate as efficiently as it normally does. Maybe some water accidentally trapped in a thin pipe froze solid, causing a clog. If they could figure out where the cold spot is, they could wrap it in more insulation, like water pipes in a home.




The crew ended up turning the camera back on that night, and by the next night they were back to normal observations. They're still investigating the issue, Fanning told me, but they plan to add some insulation to the piping between the camera and the cryocompressors. The team is also adding heaters on the affected refrigerant lines and pumping extra heat into the dome.




"It was a difficult weekend, but I am very pleased by the progress we made and how the team got together to pivot back to an on-sky program so quickly," Fanning said by email. "This is what I love about commissioning new systems!"




In June, the telescope hit another big milestone: releasing Rubin's first images to the public. In an event in Washington, D.C., the Rubin team shared videos made up of hundreds of individual images from about 10 hours of observations.




[image: An image taken from the Rubin Observatory of the Trifid and Lagoon nebulas]This picture of the Trifid and Lagoon nebulas combines 678 images taken in just over seven hours. During Rubin's 10-year survey, scientists will combine thousands of images of the same patches of sky. Those stacked images will make bright spots brighter and dark spots darker, allowing fainter and more distant objects to pop.RubinObs/NOIRLab/SLAC/NSF/DOE/AURA





The preview swooped through a field of 10 million galaxies and tracked over 2,000 previously unknown asteroids creeping across the sky. Rubin will eventually stitch together a patchwork quilt of images, with a new patch added every minute. Stacking images of the same spot over time will help faint objects pop out from the dark background.




About 90 percent of its time will be devoted to the wide and deep survey. But some of the time will be reserved for pointing at things quickly, like responding to alerts for supernovas or the faint ripples in spacetime known as gravitational waves. That's too complicated to do by hand, Ivezic says.




"One astronomer can't do it in their head." So a software named Scheduler will respond to alerts and run the observations autonomously. "It makes our telescope a ... robot astronomer, who knows what we care about," Ivezic says.




Rubin will then put out alerts about cosmic events almost in real time, process and store the data on its own servers and let scientists bring in their analysis software. Indeed, anyone will be able to go to the telescope website and play with Rubin data, including students and amateur astronomers. "It's really your ideas and your knowledge and your persistence that determine the science you can do," Ivezic says.




But this open-door research philosophy is coming at a time of contraction for U.S. science. The White House's proposed budget for fiscal year 2026 would cut more than $5 billion from NSF's and more than $1 billion from DOE's science budget. At press time, Congress looked set to reject that proposal but had not yet passed a budget bill.




It was too late for funding cuts to prevent the telescope's completion. But scientists worry about continuity of funding over the next decade, and for the careers of the young scientists who will continue that work.




"Why would you ever build a world-class, unique facility and not ... reap the scientific gains from it?" Tyson asks.




The Trump administration has also cut funding for and removed programs focused on diversity, which has included initiatives to encourage women in astronomy. The observatory was named after Vera Rubin in 2019, during the first Trump administration. Trump himself signed a congressional act declaring the moniker, which makes Rubin the first major U.S. observatory named after a woman. The project has had outreach and diversity initiatives baked into the mission since the beginning.




But shortly after Trump's second inauguration, Rubin's biography on the observatory website was altered to remove references to present-day bias in astronomy. The website's Diversity, Equity and Inclusion page was taken down.




Even before concerns about funding set in, experts were worrying about an emerging threat to all ground-based astronomy: satellite megaconstellations.




Rubin is beginning its survey of things that move in the cosmos during an explosion in the number of satellites in the sky. SpaceX began launching its Starlink megaconstellation in 2019, and other companies are getting in on the action. To date, more than 9,000 new satellites have launched as part of megaconstellation projects, and some experts expect we'll have between 50,000 and 500,000 satellites in low Earth orbit in the coming decade. When those satellites cross Rubin's field of view, they leave a long white streak on the detectors, blocking or otherwise marring the telescope's images.




Scientists are finding clever work-arounds, such as data processing software that can tell the difference between cosmic objects and satellite streaks. A 2022 paper also suggested a way to change the Scheduler algorithm to avoid streaks as much as possible, though it would sacrifice about 10 percent of the instrument's observing time. Whether that trade-off is worth it depends on how much science the survey would lose, which isn't clear.




Waking the dragon




About an hour before I headed down from the mountain back in May, the crew decided everything was healthy enough to activate the telescope. Everyone working on-site that morning, about 15 people, hustled upstairs into the dome to watch. When we entered, the dome was rotating, and it felt like the floor beneath us was moving instead.




The dome was like a cathedral, cavernous and round. But nothing echoed: The telescope filled most of the space, and the dome walls were covered with black corrugated baffling to absorb stray light that also soaked up much of the sound.




Seated in a rolling desk chair with a laptop, Fanning commanded the telescope to do a series of pre-choreographed moves designed to test its range of motion: Look up, slew from low to high on an angle, spin around 180 degrees. Rubin in motion was like a dragon waking up. It moved smoothly, purposefully, with surprising elegance and speed. It leaned its head back, shook out its shoulders and turned its face to the sky, ready to open its eyes.
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Fifty years ago, "fractal" was born.




In a 1975 book, the Polish-French-American mathematician Benoit B. Mandelbrot coined the term to describe a family of rough, fragmented shapes that fall outside the boundaries of conventional geometry. Mathematicians had been describing these types of shapes since the late 19th century. But by giving them a name -- derived from fractus, Latin for "broken" -- Mandelbrot gave fractals value. He introduced a way to measure and analyze them. With a name, he recognized order in complexity.




If you know anything about fractals, it's probably this: Their hallmark trait is self-similarity. No matter how much you zoom in or out, you find similar patterns. Take a snowflake. The overall shape of the crystal is repeated at smaller and smaller scales as the snowflake branches out. (A snowflake and other natural forms are considered only "fractal like," though, because the pattern breaks down at the level of molecules and atoms.) In a nod to this self-similarity, Mandelbrot often told people that his middle initial, B., stood for "Benoit B. Mandelbrot." So his full name becomes "Benoit Benoit B. Mandelbrot Mandelbrot." And spelling out the middle initial again results in "Benoit Benoit Benoit B. Mandelbrot Mandelbrot Mandelbrot." No matter how many times you iterate, you find him behind his middle initial.




[image: A cluster of green cones with raised bumps.]The florets of Romanesco broccoli follow the rules of fractals, to a degree. At the teeniest level, molecules and atoms don't resemble the shape of the vegetable. Ivar Leidus/Wikimedia Commons (CC BY-SA 4.0)





Fractals can take multiple forms -- rough lines, jagged shapes or porous solids. They stand out for defying our usual idea of dimension, defined casually as the minimum number of coordinates needed to specify any point within it. A line is one-dimensional, the area inside a circle is two-dimensional, the space inside a sphere is three-dimensional.




Fractals don't fit neatly in these categories, and Mandelbrot introduced a mathematical definition for fractal dimension, which characterizes the roughness of a curve area or other shape. A shape known as the Koch Snowflake, for instance, has a fractal dimension of about 1.2619.
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Fractal-like patterns are ubiquitous, basking on the edges of clouds or the craggy ridges on mountains. "Clouds are not spheres, mountains are not cones, coastlines are not circles," Mandelbrot once wrote.




Fractal-like structures even appear in the body. "If you don't have a fractal network of blood vessels, we would probably die every second, every time our heart beats, because it's a very powerful pump," says Michel Lapidus, a mathematician at the University of California, Riverside and editor in chief of the Journal of Fractal Geometry. A branching structure, he says, both slows the flow and gets the blood where it needs to go. Fractal-like forms also appear in cancer cells and the lungs.




[image: A 3-D image of two pairs of lungs]Scientists have used fractals to study lung disease, such as emphysema, which damages the walls of the lungs' air sacs. Using CT scans, doctors can use fractal analyses to characterize the size and distribution of clusters of damaged areas and monitor emphysema progression. Shown in 3-D reconstructions, the airway on the left, with many small clusters, is healthier than the right airway, with many small clusters and several large ones.N. Tanabe et al/Frontiers in Physiology 2020





In the last half century, fractals have led mathematicians into unknown terrain, like fractal calculus and fractal algebra. But fractals are more than just a subfield of math. Their characteristic roughness helps scientists visualize chaos and model the evolution of changing systems. They help engineers find new designs for practical gizmos. They even inspire artists and musicians.




In the world of mathematics, Lapidus, who counts Mandelbrot as a friend and was the last person to talk to him before his death in 2010, has unearthed deep connections between fractals and the mathematical field of number theory. He and others have used fractals to analyze the
Riemann zeta function, which is connected to the distribution of prime numbers along the number line. The Riemann hypothesis, which makes a claim about this function, is widely regarded as the most important unsolved problem in all of mathematics, and an underlying fractal structure may one day figure into its proof.




Fractals also permeate society. Mandelbrot and others long suspected that financial markets could be modeled with chaotic fractal processes, though it's yet to be proved. Researchers have measured the fractal dimension of the drip patterns in Jackson Pollock paintings. Some Johann Sebastian Bach compositions contain fractal-like self-similarity, as the combinations of long and short individual notes repeat at larger scales, in longer and shorter phrases.




While some mesmerizing fractal patterns might be considered art in their own right, they can also be a gateway to practical innovations. "It begins with, 'Oh, that's really interesting that you could make these complicated pictures,' but mathematicians get drawn in, far beyond the pictures," says Michael Barnsley, a mathematician at the Australian National University in Canberra who was inspired by fractals to design an image-compression strategy.




[image: An aerial view of a river.]Traditional geometric shapes like circles and straight lines don't describe everything we see in nature. The edges of lakes and rivers, for example, are irregular.NASA





Barnsley began scrutinizing fractals in the 1980s because he was interested in chaos theory, the study of how random processes evolve from simple, deterministic starting points. He recognized that images often include self-similar details -- the way a line crosses a pixel in one part of an image might look the same as in another pixel.




From that observation came an image-compression method that could reduce or enlarge parts of an image. By the early 1990s, Microsoft began using the method. Fractal-inspired designs have also been explored for signal processing and data analysis. Fractal-like antennas with tortuous curves enable communication over multiple frequencies and occupy a tiny area in some wireless devices.
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Fractals may even prove vital to today's most transformative technology: AI. Barnsley suspects that as AI companies race to improve algorithms and architectures, they will recognize benefits in exploiting self-similarity. "Our brain is pretty much a fractal-like object," he says. Connections between neurons are like a self-similar branching system. "And if you're going to arrive at consciousness, an artificial consciousness," he says, "it's got to have a self-referential template inside it."
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An underwater gold rush may be on the horizon -- or rather, a rush to mine the seafloor for manganese, nickel, cobalt and other minerals used in electric vehicles, solar panels and more.




Meanwhile, scientists and conservationists hope to pump the brakes on the prospect of deep-sea mining, warning that it may scar the seafloor for decades -- and that there's still far too little known about the lingering harm it might do to the deep ocean's fragile ecosystems. 
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"The deep sea cannot become the Wild West," said United Nations Secretary-General Antonio Guterres at a U.N. oceans meeting in June.




That prospect is closer than ever before. In July, delegates to the U.N. body charged with stewardship over international waters are meeting to discuss whether to issue its first deep-sea mining permits. To date, the International Seabed Authority has issued 31 exploration permits to companies scanning the seafloor for likely prospects, but none yet for actual removal of ore.




But this year, the ISA is facing an unprecedented situation, says Emma Wilson, a policy officer at the Deep Sea Conservation Coalition, a nonprofit organization based in Amsterdam. "It's the first time that an application for exploitation in international waters is actually on the table."




[image: A photograph of polymetallic nodules, one target for deep sea mining, strewn on the seafloor.]Polymetallic nodules are chunks of rock enriched in elements like manganese, cobalt, copper and nickel, found strewn in patches on the deep ocean floor. Proponents of deep-sea mining are eyeing these nodules as potential sources of elements valuable to technology; detractors say mining could cause long-term harm to fragile deep-sea ecosystems.Image courtesy of NOAA Ocean Exploration, 2021 North Atlantic Stepping Stones: New England and Corner Rise Seamounts





That application is tied to recent actions by the United States. In April, U.S. President Donald Trump issued an executive order that would expedite deep-sea mining licenses in international waters to U.S.-based companies -- by issuing them through the National Oceanic and Atmospheric Administration, rather than through the ISA.




The next day, Canada-based The Metals Company, which has a U.S. subsidiary, applied to NOAA for the world's first deep-sea mining permit. 




Gerard Barron, CEO of the Metals Company, had expressed frustration in March in an open letter on the company's website that, after years of wrangling, ISA's member states have still not agreed upon regulations for seabed mining, necessary to issue permits. "We are increasingly concerned that the ISA may not adopt the [mining regulations] in a timely manner, and that the regulations may be written in a way so as to not allow commercial enterprises to operate," Barron wrote.




For the United States to circumvent the ISA's authority to issue seabed mining permits would "violate international law and undermine the principle of the seabed as the common heritage of humankind," said ISA Secretary-General Leticia Reis de Carvalho, in response to the executive order.




What will come out of this year's meeting is uncertain. But one possibility is that after years of dispute and negotiation, the ISA might feel pressured into fast-tracking its own mining permits, Wilson says.




That's especially worrisome, she says, because the ISA is also charged with protecting these deep-sea environments -- and there is not yet a regulatory framework in place to do so.
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In the dark




Determining how best to protect deep-sea ecosystems is especially challenging because there are so many unknowns -- not just about the possible impacts of mining, but also about what sorts of creatures live in the deep.




Two-thirds of the planet is covered by deep ocean waters, mysterious ecosystems and murky stretches of seafloor hidden at least 200 meters below the surface. The deep ocean is Earth's lifeline in myriad ways: It sequesters carbon dioxide from the surface, helping to regulate the planet's climate; upwelling of deep ocean waters brings nutrients to the surface, nurturing phytoplankton that generate up to 80 percent of Earth's oxygen; seafood feeds a fifth of the world's population each year; and discoveries of chemical compounds from marine sponges and other organisms have been the source of treatments for HIV, breast cancer and COVID-19, among other diseases.




But only a minuscule fraction of the deep ocean -- less than 0.001 percent -- has ever been observed over decades of deep-sea exploration, researchers reported May 7 in Science Advances. And that dearth of knowledge is especially problematic because human activities, including deep-sea mining, are now threatening to cause irreparable damage to the region, says oceanographer Katy Croff Bell, founder and president of the nonprofit Ocean Discovery League, based in Narragansett Pier, R.I.




"There have been amazing strides, especially in the last decade, to study the deep ocean," says Julia Sigwart, a marine biologist at Senckenberg Natural History Museum in Frankfort, Germany. "But there is so much left to discover ... unnamed and unprotected."




In 2001, a curious snail called the scaly-foot gastropod -- or, more formally, Chrysomallon squamiferum -- was found living near deep-sea hydrothermal vents, scavenging iron sulfide spewing from the vents to incorporate into its shell. In 2015, C. squamiferum was added to the International Union for Conservation of Nature's Red List of threatened species -- the first deep-sea creature designated as endangered by the prospect of deep-sea mining.




But there are likely many others. For example, there's a tiny deep-sea crustacean that lives on polymetallic nodules, chunks of rock scattered in regions of the Pacific Ocean seafloor that are enriched in manganese, nickel, cobalt and copper. Researchers describing the creature in 2020 dubbed it Macrostylis metallicola, after the band Metallica. Scavenging the nodules for their metals would also remove its home, Sigwart says. "Mining could cause potentially irreversible impacts" for these and many other still-unnamed species. 




[image: A photograph showing a model of a deep sea crustacean that lives on polymetallic nodules in the deep sea. Its habitat could be harmed by deep sea mining.]The eyeless, wormlike, deep-sea crustacean Macrostylis metallicola (a model of the animal, named for the band Metallica, is shown here) lives on polymetallic nodules in a region of the Pacific Ocean called the Clarion-Clipperton Zone.(c) Senckenberg Trankner





"There are a variety of different habitats within the abyssal landscape, and it is likely that they respond differently to disturbance, and have different sensitivities," says Daniel Jones, an oceanographer at the National Oceanography Centre in Southampton, England. Deep-sea research is beginning to reveal abundant new forms of life, and diverse new habitats. But "their resilience to impact [is a] big remaining question."




Long-lasting scars




Scientists have warned for years that the hunt for metals and minerals in the deep sea could hurt deep-sea ecosystems, including microbes that are at the base of the ocean food web. Grooves cut in the seafloor by dragging equipment to scoop up polymetallic nodules could disturb the microbial populations in the sediment for decades, given the very slow sediment accumulation rates in the deep sea. Similarly, a recent study of the impact of striations cut by years of ships anchoring in the seafloor below Antarctic waters showed crushed sponge colonies and little to no marine life at the disturbed sites.




In March, Jones and his colleagues reported that four decades after a company tested out a strategy for the collection of polymetallic nodules, the seafloor ecosystem has still not fully recovered. In 2023, the team visited the site of the original 1979 mining operation, a mere four-day test of equipment in a region of the North Pacific Ocean known as the Clarion-Clipperton Zone.




The operation had used a remote-operated mining vehicle to scoop up the nodules, and "the tracks ... looked very similar to when they were created 44 years ago," Jones says. The test mining also kicked up sediment across an area of about half a square kilometer -- a relatively small plume, compared with full-scale mining plumes that are expected to spread across tens of square kilometers of seafloor each year, he adds. Sediment plumes can clog seafloor organisms' filtration and breathing structures, create visual and mobility barriers for organisms, and introduce heavy metals into the food chain.




[image: A photograph of the scaly-foot snail, the first animal officially listed as endangered due to deep sea mining.]Chrysomallon squamiferum, or the scaly-foot snail, was found in hydrothermal vents on the seafloor. In 2015, it was added to the International Union for Conservation of Nature's Red List -- the first animal listed as endangered by deep-sea mining.(c) Chong Chen





In the aftermath of the 1979 test, some creatures have begun to reestablish themselves, Jones says. Generally, those are more mobile creatures and larger-bodied denizens of the deep. But the scars persist, the team says -- suggesting that impacts in the abyss could linger for decades.




The Metals Company points to dozens of research studies it has contributed to public databases over the last decade, including data on the possible impact of mining collected during a 2022 deep-water test of equipment to test polymetallic nodules. "We believe preliminary analysis is demonstrating that much of the conjecture around environmental impacts of nodule collected is not supported by the science," said Michael Clarke, the company's Environmental Manager, in a 2024 statement.




But what has been observed still just barely scratches the surface of what is down there, opponents say. "We can't know what the impacts of human activities are going to be until we have the baseline knowledge of what's there," Bell says. "And we don't have that. Every cruise, every dive, we find something new. And there's so much left to be explored and understood."




Hitting pause




As the ISA meeting gets under way, researchers and environmental groups like the Deep Sea Conservation Coalition are calling for a moratorium on seabed mining, at least until ISA finalizes a framework of environmental protections from that mining. The current draft of the mining code that is under discussion is "deeply flawed and incomplete," the coalition states.




Developing an effective set of protections could delay deep-sea mining activities by at least a decade, given how little is currently known. "We are hearing from independent scientists that at least another 10 to 15 years of research is required to be able to inform such a regulatory network," Wilson said June 30 at a webinar held by the coalition for news media ahead of the ISA meeting. "The rush is out of step with the knowledge," she added. "It's an unreasonably accelerated pace of work."




[image: A photograph of protestors against deep sea mining ahead of a United Nations oceans conference in Nice, France.]Protestors call for a moratorium on deep-sea mining on June 7, two days before the start of the United Nations Ocean Conference in Nice, France.Communications Inc.





And by that time, battery technology may have moved past the urgent need for these elements for renewable energy technologies. Lithium-ion batteries, which incorporate cobalt, helped drive the push to mine elements from the seafloor, but they "are in many respects yesterday's technology," said venture capitalist Victor Vescovo, founder and CEO of Dallas-based Caladan Capital, at the same webinar.




"China produces more EV batteries than anyone on Earth, and most of them are lithium-iron-phosphate," Vescovo said. "There's no cobalt, manganese or copper. They don't have quite the energy density [of lithium-ion batteries], but they have a longer life cycle and are cheaper to produce." Other next-generation batteries that are based on sodium and iron are in development, would be even cheaper, and may be available in the next few years.




Proponents of deep-sea mining, including The Metals Company, assert that it's needed because these metals are essential to fueling a green transition away from fossil fuels. "The biggest threat to the oceans is climate change," the company's website states. "We believe the top priority for the entire planet -- including the oceans -- should be achieving net-zero emissions." Mining the oceans can also "alleviate some of the pressures on fragile terrestrial ecosystems" due to land-based mining, the company suggests.




But it's "neither economically nor politically plausible" for deep-sea mining to replace terrestrial mining of these elements, which are both more abundant and more accessible on land, counters Justin Alger, a political scientist at the University of Melbourne in Australia, and colleagues May 10 in npj Ocean Sustainability. As a result, deep sea mining would do little to actually alleviate social or environmental pressures of terrestrial mining, he and his colleagues say. "To date, the record indicates that deep-sea mining is a risky and unprofitable investment. [It] is a multibillion-dollar solution to problems that do not exist."
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	Scientists are people too, a new book reminds readers

	The Shape of Wonder humanizes researchers and demystifies the scientific process

			
				




[image: Cover of The Shape of Water]




The Shape of Wonder
Alan Lightman and Martin Rees
Pantheon, $28




One of my closest friends is a neuroscientist, investigating how brain cells develop and how they search for and choose other brain cells to connect with. Her research can sound intimidating, but when she's not trying to decode the mysteries of one of the body's least understood organ, she's like anyone else. In her free time, she watches Netflix and goes for runs. When we meet for brunch, we talk about the books we're reading (we're avid nonfiction readers).
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About 0.1 percent of the global population, some 8.8 million people, identifies as scientists, which means only a small fraction of people personally know a scientist. Perhaps that unfamiliarity is why almost a quarter of Americans say they're not confident that scientists have the public's best interest at heart. In their new book, The Shape of Wonder, physicists Alan Lightman and Martin Rees aim to win the public's trust by demystifying what scientists do, what their motivations are and what they're striving for.




Lightman and Rees bring us into the minds of scientists, illuminating how they think and operate. By observing the physical world and applying critical thinking skills, scientists devise and test hypotheses about how the universe works. This basic process is behind countless societal advancements, including increased food production, longer life expectancies and treatments for diseases.




Just like any other human being, the authors acknowledge, scientists as individuals can be swayed by emotions and have their own biases. But as a group, they aim to continuously improve the collective understanding of the world in an objective way. How they arrive at their discoveries can differ -- some findings are accidental while others come from incremental studies. But the common thread is what the authors call a "prepared mind," which is obtained through years of study and allows scientists to recognize findings that are remarkable.




Perhaps the most engaging parts of the book are the profiles of scientists, which pull back the curtain on their daily lives, motivations and influences. Unlike the monolith of geeky and awkward people commonly portrayed in pop culture, scientists are a diverse bunch. Readers meet contemporary scientists, such as Lace Riggs, a mid-30s American neuroscientist from a working-class background, and Magdalena Lenda, a Polish ecologist in her 40s who loves Argentine tango. Historical scientists also get spotlighted, including Barbara McClintock, an American biologist who won the 1983 Nobel Prize in physiology or medicine for her discovery of jumping genes, and Govind Swarup, remembered as "the father of radio astronomy in India."




While the book's intended audience seems to be people without science training, the authors sometimes throw out academic lingo and references without explanation, such as PubMed (a science paper database that biomedical researchers often use). It was also disappointing to see numerous mentions of the scientific achievements of James Watson, the Nobel Prize-winning biologist who helped discover DNA's double helix structure in the 1950s, without noting that his repeated racist, sexist and homophobic comments later sullied his legacy.




In the end, the authors argue that scientists must act as resources for policy makers and the public. In this fractured era of post-truth, evidence-based thinking is slipping away. Scientists' technical expertise can help us navigate some of today's biggest ethical concerns, related to topics such as artificial intelligence and gene editing. By connecting with the humans behind science, more people will perceive scientists not as elusive elites but as fellow members of society.









Buy The Shape of Wonder from Bookshop.org. Science News is a Bookshop.org affiliate and will earn a commission on purchases made from links in this article. 
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The sky abounds with aerosols, tiny particles with large sway over Earth's temperature. A new NASA visualization reveals how these airborne particles swirl through the atmosphere.




The agency's Goddard Earth Observing System tracks major aerosol types -- sulfates, black carbon, dust and sea salt. It combines satellite and ground-based observations with advanced computer simulations to show how aerosols can affect air quality and visibility far from their sources. See where they loft in this visualization spanning August 1 to September 14, 2024.
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Unlike greenhouse gases, which can persist for years and disperse globally, aerosols remain aloft for only days and form regional plumes. These high-flying motes counter climate warming by reflecting solar radiation back into space and acting as condensation nuclei, increasing the number of droplets in clouds and making the poofy masses more reflective.




"Those two effects together have offset about a third of climate warming ... about a half a degree Celsius," says atmospheric scientist Sarah Doherty of the University of Washington in Seattle.







This NASA visualization shows the distribution of aerosols, tiny particles that can influence global temperature, from August 1 to September 14, 2024. Major aerosol types include sulfates (green), black carbon (red), dust (purple) and sea salt (teal). 





Sulfates (green, in the visualization) are often linked to fossil fuel burning, especially coal. While some countries, including the United States, have curbed coal usage, many Asian nations rely on it, generating lots of sulfates. Volcanoes also spew sulfates; had the NASA visualization captured the 1991 eruption of Mount Pinatubo in the Philippines, Doherty says, the globe would have been blanketed in green.




The Sahara is the planet's largest source of atmospheric dust (purple). Trade winds blow Saharan dust across the Atlantic Ocean, where it is thought to fertilize Earth's largest rainforest -- the Amazon. Some studies suggest Saharan dust may reduce Atlantic hurricane activity by stifling atmospheric moisture flow.




Unlike most aerosols, black carbon (red), which is emitted by biomass burning, absorbs solar radiation and warms the climate. Major sources include agricultural fires in sub-Saharan Africa as well as blazes in the Amazon and North America.




Sea salt (teal) is kicked up by wind and crashing waves, so its abundance is usually tied to wind speed, Doherty says. A lot of salt gets lofted over the Southern Ocean, where strong winds called the Roaring Forties race around the globe, unobstructed by landmasses.




As countries take steps to tackle air pollution, the cooling influence of aerosols is expected to fade. In fact, this may already be occurring. "We've seen a recent acceleration in the rate of warming," Doherty says. "There are some analyses that are indicating that that's at least in part attributable to the decline in aerosols."
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At the end of its life, the phoenix goes out in style.
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 Measure blood sugar with a grain of salt

 Food, stress and poor sleep can all mess with blood sugar levels in people without diabetes.

 
 




Nicole Spartano does not have diabetes.
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 A new diabetes treatment could free people from insulin injections

 In a small trial, 10 of 12 type 1 diabetes patients no longer needed supplemental insulin

 
 




A new therapy for type 1 diabetes could nix the need for insulin injections.





This article was downloaded by calibre from https://www.sciencenews.org/article/type-1-diabetes-cell-therapy-insulin



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




 Two spacecraft created their first images of an artificial solar eclipse

 The Proba-3 mission focuses on the corona, the sun's mysterious outer atmosphere

 
 




It takes two to tango.
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 Earth's oldest rocks may be at least 4.16 billion years old

 An unconventional dating method aims to settle a dispute over the age of some Canadian rocks 

 
 




A remote outcrop in Canada harbors rocks that are at least 4.16
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 This paint 'sweats' to keep your house cool

 An experimental, cement-based paint cools buildings by combining sunlight reflection and water evaporation

 
 




A cool house without air conditioning may soon be possible.
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 A 3-D printed, plastic beaker could help algae grow on Mars

 Algae could make bioplastics to craft sustainable habitats for future humans

 
 




The future of plant life on Mars may be bioplastic.
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 How much energy does your AI prompt use? It depends

 Experts explain what we know about AI model emissions, and what you can do to help.

 
 




A chatbot might not break a sweat every time you ask it to make your shopping list or come up with its best dad jokes.
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 Cancer DNA is detectable in blood years before diagnosis

 Blood samples taken from people more than three years before a diagnosis show tumor traces

 
 




Cancer's genetic fingerprints may lurk in people's blood long before they find out about the disease.





This article was downloaded by calibre from https://www.sciencenews.org/article/cancer-tumor-dna-blood-test-screening



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




 At early ages, autism in girls and boys looks similar

 A sizable new study aims to settle uncertainty around sex differences in symptoms

 
 




Autism in toddlerhood looks the same in boys and girls.
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 Modified bacteria convert plastic waste into pain reliever

 With a little help, E. coli converted 92 percent of broken-down plastic into acetaminophen

 
 




Dealing with plastic waste is a real headache.
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 The biggest black hole smashup ever detected challenges physics theories

 Gravitational waves reveal the birth of a black hole with about 225 times the mass of the sun

 
 




Talk about epic.
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 A third visitor from another star is hurtling through the solar system

 The interstellar comet will whip past Mars

 
 




For only the third time in history, astronomers have detected a new interstellar visitor -- an object from another star -- blitzing into our solar system.
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 Harmful heat doesn't always come in waves

 Scientists are calling for greater attention to be placed on chronic heat exposure

 
 




In recent weeks, extreme heat waves have broiled the United States, China and Europe.
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 Why these zombie caterpillars can't stop eating 

 Real-life "The Last of Us" Cordyceps fungus messes with the "blood sugar" of its insect victims

 
 




Here's a new detail of how a real-life Cordyceps fungus zombifies still-living animals: Crashing their "blood sugar.
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 Genetics reveal the origin story of East Asia's favorite sweet bean

 Genome sleuthing reveals that red beans were first domesticated in Japan, not China

 
 




Tucked inside mochi, swirled into moon cakes or layered beneath custard in taiyaki, a sweet paste made from red beans is a beloved staple in East Asia.
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 How fast did dinosaurs really go? Birds walking in mud provide new clues

 The math used to calculate speed from dinosaur footprints may be off, a new study suggests

 
 




Over a video call from a dig site near Oxford, England, Peter Falkingham points his phone down to show a fossilized footprint of what was probably a large sauropod.
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 An ancient Earth impact could help in the search for Martian life

 Strange cone-shaped rocks are remnants of one of Earth's earliest impact craters

 
 




In a remote desert, scientists have discovered one of Earth's oldest asteroid impacts.
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 A newly discovered cell helps pythons poop out the bones of their prey

 The specialized cells turn a skeleton into semisolid poo

 
 




Burmese pythons and other carnivorous snakes are well-known for swallowing their prey whole.
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	How alien 'canals' sparked debate over life on Mars

	A new book details the turn-of-the-century Mars craze
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The Martians
David Baron
Liveright, $29.99




It's not aliens. It's never aliens.




Claims of extraterrestrial life are so common that experts now have this cheeky retort at the ready. In The Martians, journalist David Baron considers an early, influential example of the "it's not aliens" phenomenon: the turn-of-the-century Mars craze, during which many people became convinced that earthlings had neighbors on Mars. By digging through historical archives, Baron dredges up new details on some of the major players and events of the time.




From the late 1800s through the early 1900s, a Mars mania gripped the world, and the United States in particular. Newspapers blared with sensationalist headlines. (One example: "Scientists now know positively that there are thirsty people on Mars.") Astronomy lectures tantalized the public. Theater performances envisioned hypothetical interactions with Martians. Advertisers hitched themselves to the trend to sell their products. Even Alexander Graham Bell was convinced.




The frenzy was sparked by apparent linear features on Mars, observed by multiple astronomers through various telescopes. The lines were dubbed "canals," which were claimed by one faction of astronomers, despite shaky evidence, to have been constructed by intelligent life for irrigation. The canals, we now know, were illusions. More detailed observations taken in 1909 suggested that they were either irregular natural features or didn't exist at all. But until then, the canals seemed very real to some particularly vocal observers.




Among the most notable proponents was American astronomer Percival Lowell, an aristocrat who used his wealth to fund his observations of the planet. Alongside Lowell, the book follows several other scientists, including inventor Nikola Tesla, who claimed to have detected Martian messages to Earth. Other Mars enthusiasts make cameos, including science fiction writer H.G. Wells, who published his famous extraterrestrial-invasion story, The War of the Worlds, during this period, and journalist Garrett Serviss, who was agnostic about the canals' existence but supplied eager readers with the latest information.




Greedily encouraged by the yellow journalism of the era, canal believers engaged in wild speculation, debating the possibilities for Martians' appearance, their culture and the purported vegetation of the planet they supposedly inhabited. That clamor mostly drowned out the sober voices of many other scientists, who argued there was no evidence for canals, much less for life that created them.




The idea of life on Mars lodged itself in the public consciousness in ways that persist today. Baron recounts a comment by zoologist Edward S. Morse, who suggested that Martians might be similar to creatures on Earth that thrive under diverse conditions, including ants. Henceforth, Martians became antennaed.




Baron doesn't shy away from calling out the racism in the public's view of Martians, which sometimes seemed an extension of the exotification of people of color: During a trip to Algeria, Lowell compared the locals to Martians. And Martians were sometimes depicted with exaggerated features reminiscent of racist imagery of Black people.




The saga of Mars' canals poses a cautionary tale for scientists who followed Lowell. He aimed to follow scientific principles but was misled by his own bias. Still, his work pushed science forward. He financed an expedition to take hundreds of photos of the Red Planet. The Mars craze also inspired innumerable children who would grow up to be scientists or science popularizers, including rocketry pioneer Robert Goddard, astronomer Carl Sagan and science fiction editor Hugo Gernsback.




Baron mostly confines his commentary to the era of the Mars craze, but in reading, one can't help but consider current events. In recent years, prominent astronomers have claimed to have seen potential signs of life on an exoplanet and evidence of an alien spacecraft in the solar system in announcements that quickly drew criticism from other scientists. More broadly, the warping of science to argue for unsubstantiated but sensational conclusions -- that vaccines cause autism or that climate change is a hoax, for example -- is a persistent problem.




Part of the reason the Martian craze took off, Baron argues, was because people wanted to believe. The creatures, apparently capable of irrigating their entire planet and sharing water with one another, were depicted as wise and good, living in harmony -- a vision of a civilization earthlings could only dream of.









Buy The Martians from Bookshop.org. Science News is a Bookshop.org affiliate and will earn a commission on purchases made from links in this article. 
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			Senior physics writer Emily Conover has a Ph.D. in physics from the University of Chicago. She is a two-time winner of the D.C. Science Writers' Association Newsbrief award and a winner of the Acoustical Society of America's Science Communication Award.
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	Cold Cuts Crossword

			
				










Will Nediger, a crossword constructor and Ph.D. in linguistics, edited this puzzle.




Looking for answers? Go to sciencenews.org/puzzle-answers. We'd love to hear your thoughts. Email us at puzzles@sciencenews.org.
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 Seeing the world in new ways

 
 




Seeing is believing, as the saying goes, so it's no surprise people would be eager for any technology that would help them see even more of the world around them. Using principles from a landmark series of books on optics by Arab astronomer Ibn al-Haytham, glassmakers in Italy created the first magnifying lenses in the 13th century, supposedly for older monks who strained to read manuscripts.
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