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One hundred years ago on a quiet, rocky island, German physicist Werner Heisenberg helped set in motion a series of scientific developments that would touch nearly all of physics. There, Heisenberg developed the framework of quantum mechanics. At the time, quantum theory was just a loose collection of ideas about the quirks of physics on the scale of atoms.




In June 1925, the 23-year-old Heisenberg cloistered himself on the island of Helgoland, in search of relief from a nasty attack of hay fever. With pollen scant in the sea breezes, the island, 60 kilometers off the coast of Germany, was a healing refuge. It also happened to be a distraction-free place to ponder the mysteries of atoms.
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Early one morning, Heisenberg had a breakthrough. "I had the feeling that, through the surface of atomic phenomena, I was looking at a strangely beautiful interior, and felt almost giddy at the thought that I now had to probe this wealth of mathematical structures nature had so generously spread out before me," he later recounted. "I was far too excited to sleep, and so, as a new day dawned, I made for the southern tip of the island, where I had been longing to climb a rock jutting out into the sea. I now did so without too much trouble, and waited for the sun to rise."




Physicists are now gazing upon the dawn of a new quantum era. The work of Heisenberg and his contemporaries transformed how scientists understood matter and led to new technologies based on that understanding. Current research -- what some call the second quantum revolution -- involves a new level of precision control over quantum systems, including building them from scratch and wielding them as needed. Scientists are bending quantum systems to their will to push technology further and unlock secrets of the universe.




This revolution is a collective effort of physicists around the world, chipping away at different quantum frontiers. Likewise, the first quantum revolution was no one-man show. Heisenberg's romantic and perhaps embellished narrative was only a sliver of the tale of the birth of quantum mechanics.




Upon his return from Helgoland, Heisenberg discussed his ideas with other physicists before publishing a famously inscrutable paper that July. Later, physicists Max Born and Pascual Jordan crystallized the mathematics in a paper submitted in September and in another, in collaboration with Heisenberg, in November. And physicist Erwin Schrodinger published his own influential quantum framework in 1926, which would prove mathematically equivalent to Heisenberg's. These and many other hands turned a confusing muddle of quantum effects into a cohesive mathematical framework.




The impact quantum mechanics has had on physics is difficult to overstate.




"The theory has ... been explored, developed and applied to a spectacular variety of phenomena and represents our basic current understanding of the nature of physical reality," says physicist Carlo Rovelli of the Centre de Physique Theorique of Aix-Marseille Universite in France. "It has explained phenomena ranging from the basis of chemistry to the color of objects, from the processes that give rise to the light of the sun to the formation of galaxies."




Quantum mechanics also underlies innumerable technologies, including lasers, the transistors that are integral to smartphones and other miniaturized electronics, solar panels, LEDs, MRIs and the atomic clocks that make GPS navigation possible.




To kick-start that second quantum revolution, scientists must now harness some of the most beguiling aspects of the theory: superposition and entanglement.




In quantum mechanics, particles' positions, velocities and other qualities are described by probabilities, not certainties. That means particles can be suspended in a weird purgatory known as a superposition. For example, a particle can have a chance of being found in one place or in another location entirely -- a situation often colloquially described as being in two places at once. A hypothetical feline in a superposition of alive and dead, known as Schrodinger's cat, highlights the utter peculiarity of this concept. 




Entanglement is another mind-boggler, in which the fates of two particles are intertwined, their properties correlated in a manner impossible in classical physics. Measuring one particle in an entangled pair instantaneously reveals the state of another, even if they're separated by a large distance.
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By improving their ability to precisely manipulate superposition and entanglement, physicists are building the techniques needed to construct intricate devices such as quantum computers, which could allow for new types of calculations that are impossible with standard classical computers. Similarly, quantum sensors are beginning to enable new types of measurements, and quantum communication networks promise more secure ways to transmit information.




This revolution also has scientists closing in on some of the big mysteries of quantum physics, like whether there's a fundamental limit to how much quantum effects can scale up, and if so, where that dividing line between quantum and classical lies. And they're investigating how quantum mechanics can be melded with the general theory of relativity -- Einstein's theory of gravity.




Science News spoke with five physicists pushing the quantum envelope to get their takes on the state of quantum science. These interviews have been edited and condensed for clarity.




Supersizing superposition
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The larger an object is, the more difficult it is for it to retain quantum properties. Interactions with the surroundings can wrench away its fragile quantumness and thrust it back into the everyday realm. Improved techniques for isolating larger objects have allowed researchers to scale up -- even to borderline macroscopic objects. Some physicists believe there is a hard limit to how far that enlargement can go; others believe it can continue indefinitely.




Physicist Yiwen Chu of ETH Zurich is going big. In 2023, Chu and colleagues placed a vibrating sapphire crystal, with the mass of about half an eyelash, in a "cat state," a superposition akin to Schrodinger's cat. It's the most massive cat state ever made. Here, the superposition is in the motion of the crystals' atoms; it's as if they're moving in two directions simultaneously.




SN: What are you excited about now?




Chu: We're looking into new physical platforms for making quantum sensors and quantum processors. I'm getting excited about using these systems to test some fundamental physics. Quantum mechanics works really well for a lot of things, but there's still so much that we don't understand.




SN: What are some of those questions?




Chu: Does quantum mechanics apply to macroscopic objects in our everyday world? This question has been around since the early days of quantum mechanics. We showed that these -- you could call them macroscopic -- crystals can, in fact, behave quantum mechanically. So the question is, just how far can we push that? I don't know if we'll ever get to the level of "cat" in my career. (And maybe it shouldn't be a cat -- that probably is not very ethical.) But something really complex and macroscopic, if we can see the quantum mechanical behavior of that, I think that would be superexciting and would answer this question that's been around for such a long time.




SN: What else are you planning to do with these devices?




Chu: We're moving toward using these systems as detectors in measurements of gravity or other forces. If you had a very weak gravitational wave that hits this object, it would excite vibrations. And then if we could detect that, then we could say, "Oh, something came by, maybe a gravitational wave." These devices would be used to detect gravitational waves at much higher frequencies than, say, the Laser Interferometer Gravitational-Wave Observatory.




Testing quantum gravity




Scaled-up quantum devices like Chu's also provide the opportunity to test how quantum mechanics interacts with general relativity. The two theories are incompatible with one another and resolving that clash tops many physicists' list of pressing problems. Vlatko Vedral of the University of Oxford is one of the physicists behind a proposal to test gravity for quantum effects. The test requires creating a superposition with an object with enough mass that its gravity will tug on another object in a superposition. That could cause the two objects to become entangled, solely due to their gravitational interaction. Confirming or refuting this effect would reveal whether gravity is quantum.




SN: What's so fascinating about testing quantum gravity?




Vedral: Testing the quantum nature of gravity is a completely open problem. My guess is, within the next five to 10 years at most, we are going to violate general relativity. Gravity will prove to be quantum mechanical -- that's my bet. But I know that there are some formidable opponents to that view. That already tells you that this is an extremely interesting experiment to do because there is a huge disagreement about what to expect.




SN: How would you perform this test?




Vedral: You take two massive objects and put each in a superposition of being in two different states, in two places at the same time. If gravity is quantum mechanical, each of these states will gravitationally couple to each of the other states. You are basically going to have four interactions happening simultaneously. That would be my prediction and that would be the prediction of quantum gravity. However, some people believe that gravity will force these superpositions to collapse and to go into one definitive state. And that's what the experiment is meant to test.




To me, this is possibly the most exciting experiment in physics because we've had a hundred years of huge successes, both quantum mechanically and in general relativity. But now we are able to test whether there will be a deviation in the domain where both really matter.




SN: What's needed to perform it?




Vedral: There is a race going on; I think there are three or four teams trying to implement this proposal. You need a massive enough object. Rough calculations suggest a nanogram. It's a very challenging experiment.
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Thermodynamics goes quantum




It's not just gravity that's being mashed together with quantum physics. So too is thermodynamics, the discipline that governs engines, heat and entropy, a measure of disorder. The study of quantum thermodynamics could suggest ways of making machines with increased efficiency by harnessing quantum principles. Physicist Marcus Huber of the Institute for Quantum Optics and Quantum Information in Vienna works in this field, as well as on quantum communication. That's a technique that uses quantum rules to send information securely, and it's already being demonstrated outside of laboratories.




SN: What's the current state of quantum physics?




Huber: I am super-enthusiastic about the questions that we can more and more experimentally access. I am worried, though. People have recognized the massive commercial potential of quantum technologies. And with this recognition come the grifters and oversellers and the hype machine, which is doing a disservice to basic science and research. And with that recognition comes a geopolitical aspect, where suddenly quantum technologies and research are deemed in the interest of national security. Instead of scientists unimpededly exploring the universe together, it starts casting all of these basic science questions in terms of geopolitical advantage.




SN: What are some of the more legitimate applications on the horizon?




Huber: There are many legitimate applications being drowned out by the noise. For one, precision measurements will be useful: We're on the verge of building more accurate clocks, more sensitive sensors. These things don't receive as much hype. Then of course, in quantum communication, in terms of data privacy and security, the applications are far advanced. We have the technological capabilities to have encrypted and secure communication between any two points. Granted, a lot of that is already possible with classical means. This extra bit of security is against very targeted attacks or against future quantum computing devices.




SN: What quantum experiments are you excited to see in the future?




Huber: One of the big questions we had is about the fundamental limits of timekeeping. There's this old idea of the thermodynamic arrow of time, basically telling you, the way I can make a clock tick is by increasing the entropy of the universe. From a classical perspective, there's a very precise relation showing that the more precise or the more accurate you want to make a clock, the more entropy you have to dissipate. We did a bit of theory showing that quantum clocks could be exponentially more efficient. We investigated this as a fundamental question: What is the fundamental cost of letting a clock tick? But the answer also makes me excited for possible experiments, because that could be useful if we can create insanely energy-efficient clocks.




Putting quantum biology on the map




Physicist Clarice Aiello is on a mission to get scientists to take quantum biology seriously. The idea that quantum effects are important in living things has been proposed in a few specific areas: Quantum mechanics might play a role in photosynthesis, and birds might use a quantum compass to sense magnetic fields. But Aiello, of the Quantum Biology Institute in Los Angeles, wants to push beyond those examples. She's seized on impacts of weak magnetic fields such as Earth's. Because that field is so weak, its effect on living things can be difficult to explain via classical means. But there's potential for those effects to be explained by a concept called an electron spin superposition. The quantum property of spin makes an electron act like a tiny magnet. If that magnet's orientation is in a superposition of directions, it could result in certain chemical reactions that are sensitive to tiny magnetic fields.




Aiello is starting from the basics, aiming to show the importance of Earth's magnetic field on life before determining the cause. One of her team's recent experiments suggested that tadpoles shielded from Earth's magnetic field developed more quickly.




SN: What could cause magnetic field effects in biology?




Aiello: The most likely explanation is a chemical reaction that depends on electron spin superpositions. If magnetic field effects in biology are explained by this type of phenomenon, the implication is that electron spin superpositions survive inside cells for long enough to be functional. The tinier the field that you want to sense, the longer those electron spin superpositions should survive with their quantumness. For example, to sense the magnetic field of the Earth, this is about 750 nanoseconds.




SN: What's the killer experiment you hope to do?




Aiello: We want to take a cell at room temperature, learn how to "talk" to the spins of relevance inside the relevant proteins, and measure how long those spin superpositions last. If we take a tadpole cell and find that the electron spin superpositions are only alive inside the cells for 100 nanoseconds, then it's probably not what's mediating the tadpoles sensing the Earth's magnetic field. On the other hand, if you find that the quantumness of the superposition is alive for two microseconds, then all of a sudden you give credence to the idea that it is possible that the electron spin superposition mediates the sensitivity of the tadpoles to the shift in the magnetic field of the Earth.




SN: What's been the reception so far to your work?




Aiello: There is a communication problem. We try to tell people that it's not only about frogs; there's evidence that this is correct in flies, worms, bacteria. I don't think the biology community gets that. This is why I advocate for quantum literacy, because if everyone with a high school degree had a little bit of quantum, we might have more people with training in biology who might be able to make the connection between biology and quantum, or materials science and quantum. We need to have people to realize how quantum interlaces with many other disciplines.




Making quantum computing work
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Quantum computers garner perhaps the most hype of any quantum technology. They function based on quantum bits, or qubits. These sensitive units can be made of a variety of materials, from tiny bits of silicon to individual atoms. They perform computations like the standard bits do in classical computers, but they are designed to use the rules of quantum mechanics to calculate. Qubits are so sensitive that they're prone to errors. The promise of quantum computes rests on scientists devising ways to fix those errors, says Barbara Terhal, a physicist at QuTech in Delft, Netherlands. A technique called quantum error correction combines multiple error -- prone qubits to create a more reliable, "logical" qubit. Scientists have recently demonstrated a variety of milestones toward error-corrected quantum computers.




SN: Why do we need quantum error correction?




Terhal: Without error correction, we can't build a quantum computer. I wouldn't say that the experiments that are being done in labs right now are quantum computers. What I call a computer is a reliable machine that can add large numbers and so on. Error correction enables the building of reliable computers which may be of interest for applications in the long term.




But it's more than that. It's also just a fundamental addition to our understanding of physics. What quantum error correction tells us is, if we very carefully control these quantum systems, we can have macroscopic quantum behavior, because these are logical qubits and they work according to the laws of quantum mechanics.




SN: In what sense are logical qubits macroscopic?




Terhal: The traditional difficulty with creating a superposition of a cat being dead and alive has little to do with the precise size of the cat. Rather due to its size, the cat consists of many "degrees of freedom." That's a feature of many macroscopic systems comprised of many atoms. We are trying to build something which has many degrees of freedom, but each physical qubit is quite well controlled and monitored for errors. So in this sense, we get quantum behavior at a macroscopic scale. It's not literally about size.




SN: Are there still skeptics who are not convinced that reliable quantum computers are possible?




Terhal: There will always be naysayers. It's a funny thing in quantum computing because it's a mix of complete overhype, of people who know absolutely nothing, and then there are skeptical people. It's good to be skeptical. It's not like there's one team that did error correction, and now we're there. Because at every scale-up, there may be new problems that pop up. But there's no theorem that says it's not going to be possible, and because that doesn't exist you have to try. You'll bump into the limits when they arrive, and those will be interesting challenges to overcome.




SN: What do you think is coming in the next 100 years of quantum physics?




Terhal: Maybe the quantum ideas will have spread further, in terms of being a common language. Or maybe we'll have built a quantum computer or quantumlike computers. There will probably be new theories that don't make other theories completely wrong but widen the applicability of what we have right now. If you had asked people before the invention of quantum mechanics, they thought physics was almost done. And now we feel like maybe we have to unify quantum mechanics and gravitational forces, but other than that it's kind of done. That might very well not be correct. That's a bit too naive.
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Early one morning in 1985, a pair of researchers trekked into a spit of Colombian rainforest surrounded by coffee plantations. Their task was to identify all the epiphytes -- plants that grow on other plants -- in the forest canopy.




As Jan Wolf, a botanist now at the University of Amsterdam, measured tree trunk girth from the ground, volunteer field assistant Jan Klomp, an economist by training, clipped into a harness and climbed up a tall tree. From his high perch, Klomp called down to say he had discovered something more familiar in the Netherlands than in the rainforest: tulips. Perplexed, Wolf scoured the forest floor for fallen flowers.
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"I found a large wooden fruit with some remnant red seeds that unmistakably belonged to the Magnoliaceae, whose flowers may resemble tulips for the non-botanist," Wolf later wrote.




The seeds belonged to a previously unidentified species of magnolia tree, today fittingly named Magnolia wolfii. Wolf hoped that others would discover more of the same species. But in the 40 years since he and Klomp made their discovery, just six adult trees have been found, and M. wolfii is considered critically endangered. About half of the roughly 300 other known magnolia species are also under threat of extinction.




[image: A bruised and torn yellow flower of the critically endangered Magnolia wolfii against a backdrop of the tree's green leaves.]When scientists first identified the critically endangered Magnolia wolfii, the tree's flowers (one shown) were mistaken for tulips.M. Serna-Gonzalez





Scientists are now fighting to increase the plants' odds of survival. Thousands of kilometers northwest of the Colombian rainforest, cryobiologist Raquel Folgado of the Huntington Botanical Gardens in San Marino, Calif., has spent years sorting out how to deep-freeze magnolias using a technique called cryopreservation. The hope is that, if magnolias ever go extinct, the cryopreserved plants can be thawed out and reestablished in the wild.




"It's a garden on standby for things that can be lost," Folgado says, "a frozen garden."




Cryopreservation is an alternative to storing seeds in a facility known as a seed bank. Not all plants, magnolias included, are suitable for such preservation, either because they lack seeds or their seeds can't withstand conventional storage. By some estimates, more than a third of critically endangered plants fall into that second category. But to date, only about 1 percent of plants ill-suited for seed banks have been cryopreserved. Challenges to scaling up include species needing tailor-made deep-freezing recipes and high initial costs.




The need is urgent, Folgado says. "Cryopreservation gives us the possibility of storing the plant ... until you need it back. That can be [in] one year, two years, 50 years or a hundred years."




But some experts caution that the time and resources spent on biobanking divert attention from preserving and restoring whole ecosystems. Just as a thawed-out Captain America must live in a radically different world from the one he left behind, a cryopreserved plant may not be suited to a future environment -- it may survive only if its habitat does too.




"What is it that brought us to this situation where our only solution is to strip something of all of its context and stick it in a freezer and hope for the best?" asks Hannah Landecker, a sociologist and life sciences historian at UCLA. "There is no suspension of time."




A short history of plant conservation




In his 1703 book, Nova Plantarum Americanarum Genera, Charles Plumier, a French monk and botanist for the royal court of King Louis XIV, renders in vivid detail the flowers, seeds and fruits of a plant on the Caribbean island of Martinique. Plumier named that plant "magnolia" after Pierre Magnol, a French botanist famous for systematically grouping plants into families.




[image: A black and white print showing an example of French monk and botanist Charles Plumier's 18th century drawings of various parts of a Magnolia.]French monk and botanist Charles Plumier gave the magnolia tree its name. Plumier recorded the plant in exquisite detail in his 18th century drawings.C. Plumier/Wikimedia Commons





Plumier's account is among the first detailed European references to magnolias. As explorers brought those trees home with them, magnolias became a mainstay in European botanical gardens. The confines of these carefully manicured gardens demonstrated that plants could grow, and even thrive, far from home.




These gardens initially had little to do with conservation, says Xan Chacko, a feminist science studies scholar at Brown University in Providence, R.I., and an expert on the history of biodiversity conservation. Rather, the aim was to preserve the flavor of spices gleaned from distant locales or to cultivate wild plants, such as magnolias, for greater splendor.




Plant conservation became more important in the 20th century. The first seed bank, a repository of wild plant varieties related to food crops, appeared in the Soviet Union in the 1920s. Efforts to bank seeds intensified with the Green Revolution of the mid-20th century, when farmers increasingly switched to single, high-yield crops. With those monocultures imperiling wild crop varieties, scientists raced to collect the seeds of native plants.




Before the 1970s, most banks stored seeds at room temperature, sociologist Leon Wolff of the University of Marburg in Germany wrote last year in BioSocieties. But advances in refrigeration enabled banks to keep seeds just below freezing, thus extending their shelf life. Banks gave scientists the power to bring seeds out of cold storage for planting in fields; they could also hybridize plants in myriad ways to enhance genetic biodiversity and the plants' ability to withstand changing climate conditions or disease outbreaks.




"The idea is you store possibilities for breeding," Wolff says.




Those possibilities, for instance, inspired a committee of corn breeders, geneticists, botanists and administrators to travel across Latin America in the 1950s and collect thousands of maize seeds for storage in distant banks. Today, seed banks are a pillar of plant conservation, and food plants remain the focus. The poster child for the movement is the Svalbard Global Seed Vault in Norway, home to more than 1.3 million seeds from almost 6,300 botanical species.




[image: Cryobiologist Raquel Folgado, wearing a white lab coat and blue latex gloves, hunches over a workspace beside a microscope.]At the Huntington, cryobiologist Raquel Folgado develops protocols to deep-freeze plants.(c) The Huntington





But seed banks were never a panacea, Wolff says. Many plants lack seeds, including species that lost them during the domestication process. Estimates vary, but some suggest roughly 8 percent of plants worldwide have "recalcitrant" seeds that retain water. Many are concentrated in tropical areas. When the seeds are frozen, the water freezes and expands, rendering them sterile.




So alongside efforts to develop seed banks, scientists began experimenting with cryopreservation. Those efforts resulted in successfully freezing and thawing flax and carrot tissues in the late 1960s and early 1970s. But cryopreservation remained limited until the 1990s, when scientists worked out how to vitrify plant tissue, cooling it fast enough to prevent ice from forming -- a process that puts the tissue in a glassy state.




Today, scientists have cryopreserved everything from apples and wasabi to ferns and willow trees. As with seed banks, cryobanks remain largely devoted to food. For example, a bank in Belgium houses 1,258 banana varieties, a bank in South Korea contains 1,158 garlic varieties and a bank in Peru stores 4,086 potato varieties.




At the Huntington, Folgado and her team have been studying how to deep-freeze avocados. The majority of commercial avocados derive from just one strain, which means a single pest could wipe out the world's supply. If that happens, Folgado says, "we will not have guacamole."




How to cryopreserve plants




In early March, the Huntington's magnolia trees blaze fuchsia, yellow, white and orange. These vivid blossoms attract beetles for pollination.




[image: Close up of a Petri dish as a scientist uses a scalpel and tweezers to carefully isolate a plant shoot tip.]For many species undergoing cryopreservation, scientists must carefully isolate a shoot tip, which can regenerate the entire plant.(c) The Huntington





Magnolias, among the earliest flowering plants, once spread across much of the world. But the Ice Age wiped out magnolias in extreme northern regions, and the plants' range shrunk to include primarily eastern North America, Japan and China, areas where they have long been revered for their beauty and medicinal properties. Across the ages, people in China have used the bark of the Magnolia officinalis to treat everything from mood to stomach disorders. According to folklore, President Andrew Jackson planted Magnolia grandiflora seeds from his native Tennessee on White House grounds in memory of his late wife, Rachel.




Such beauty and a rich history may be reason enough to fight for magnolias. But saving plants that people don't eat, or saving biodiversity for biodiversity's sake, can be a tougher sell than saving food crops.




That mind-set irks many scientists. Plants are important for many reasons. In addition to food, for instance, a rainforest can provide medicines, raw materials and greenhouse gas mitigation as the plants inhale vast quantities of carbon dioxide. "My argument would be that there are all kinds of really important things that the rainforest does. Some of them serve humanity. Some are important for the maintenance of life on Earth," Chacko says.




Botanical gardens, with their centuries-old collections of noncommercial but charismatic plants, are well positioned to lead efforts to maintain wild ecosystems, Folgado says. "If I didn't have magnolias at the Huntington, I could not work in helping to cryopreserve them."




Instead of traveling widely to locate specimens, all Folgado has to do is walk about 20 meters outside of her research building and snip a twig from a stubby magnolia. She can be back in her lab within five minutes -- so quick that she doesn't have to worry about the sample getting contaminated or oxidizing.




In a seed bank, keeping seeds at temps slightly below a kitchen freezer, about [?]18deg Celsius, slows the molecular movement associated with aging. But the extreme cold of cryopreservation halts the aging process altogether. Cryopreserved tissue is, from a biological standpoint at least, suspended in time.





Growth spurt




This once-frozen shoot tip from a magnolia tree resumed normal growth after being thawed out.
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Yet deep-freezing life is incredibly finicky. Each species's unique set of genes can react differently to the nutrients and hormones used for prepping the plant. And the scientific literature is littered with hundreds of unique deep-freezing protocols.




In her lab, Folgado demonstrates one such protocol, placing a magnolia snippet under a microscope. She painstakingly trims away the minuscule leaves furled around the shoot tip, which, like stem cells, can regenerate the whole plant. "This is kind of like a surgery," Folgado says.




Next, she bathes the shoot tip in a cocktail of minerals, vitamins, hormones and antifreeze agents. That solution is hydrophilic, or water-loving, and thus draws water out of the shoot tip. In turn, the tip absorbs other substances in the solution that are less prone than water to crystallizing when frozen.




Now the plant sample is ready for the final step, vitrification. Folgado places the shoot tip in a droplet of solution on a strip of aluminum foil and rapidly cools it. She places the now-glassy tip inside a special vial and enshrouds it with liquid nitrogen so that it can live on at [?]196deg C. Once inside a holding tank, the deep-frozen magnolia can, in theory, persist in a suspended state forever.




As a proof of concept, Folgado has removed cryopreserved shoot tips from storage, thawed them out and grown them into little plants. When they're tall enough, she'll replant them on the Huntington's grounds.




Conservation in isolation




The Huntington is just eight kilometers south of Altadena, a neighborhood leveled by the wildfires that raged through parts of Los Angeles earlier this year. With climate change making such fires exponentially worse, single catastrophes can now wipe out entire ecosystems, making recovery nearly impossible.




Such risks point to the need for biobanks, proponents argue. Keeping seeds and tissues in cold storage can be an economical way to preserve botanical biodiversity.




Cryobanking has high upfront costs; deep-freezing a single plant variety ranges from $42 to $1,500 depending on tissue type and local labor costs, researchers estimated last year in the Annual Review of Plant Biology. Once frozen, though, maintenance costs drop to just $1 to $2 per year. Researchers estimate that the investment it takes to cryopreserve a single species should pay off within 10 to 15 years.




But cost is only one consideration. What happens when a plant has been isolated from the natural world for years, decades, centuries or more?




[image: The brutalist concrete entrance to the Svalbard Global Seed Vault, an underground seed bank in Norway, juts out of a snowy hillside.]The Svalbard Global Seed Vault in Norway is a secure backup facility to protect crop diversity. But not all plants can be seed banked.LISE ASERUD/NTB Scanpix/AFP/Getty Images





"What happens if you grow a magnolia tree in 250 years and there are [no] beetles?" Landecker asks. "You have a plant that will grow once and cannot reproduce."




That concern isn't totally hypothetical, says botanist Marcela Serna-Gonzalez of Tecnologico de Antioquia in Medellin, Colombia. In 2006, one of Serna-Gonzalez's students helped transplant Magnolia silvioi trees to Medellin from elsewhere in Colombia. One of those trees wound up at the city's botanical garden. The tree appears healthy. "It produces beautiful flowers, beautiful fruits," Serna-Gonzalez says, but "not a single seed."





Plant parts to freeze




When seeds aren't viable for banking, scientists look to other plant tissues to cryopreserve.




[image: Illustration of a dormant bud]




Dormant bud




Many woody species in temperate locales send their buds -- which can develop into a shoot, leaf or flower -- into a dormant state in winter. Dormant buds are a suitable target for cryopreservation because of their natural resistance to cold, and scientists have succeeded with a range of species, from raspberry bushes to mulberry trees.




[image: Illustration of a shoot tip]




Shoot tip




The small growing points in plants, shoot tips consist of tissue that, like stem cells, can regenerate the entire plant. Scientists have cryopreserved a variety of species using shoot tips, including those that reproduce asexually, like tubers and bulbs.




[image: Illustration of a plant embryo]




Embryo




Even if a plant's entire seed isn't amenable to seed banking, part of it may be stored through cryopreservation. For citrus fruits, coffee plants and some other species, scientists have removed the embryonic axis, which contains the rudimentary root and shoot, from the seed and frozen it.




[image: Illustration of a pollen molecule ]




Pollen




Pollen is produced by male plant parts to fertilize flowers that will develop into fruit and seeds. Thought it won't grow a whole plant, cryopreserved pollen can aid in conservation and breeding efforts. 




ICONS BY BRODY PRICE






The large beetles that naturally pollinate the trees aren't present. And though bees have taken up magnolia pollination in some other parts of the world, including at the Huntington, pollination is more specialized in the tropics. Bees in Medellin have not shown interest in the isolated magnolias.




"It's easy to forget that [conservation should not be] just about preservation of certain plants but their entire life worlds," Wolff says.




Specimens in cryobanks are genetically frozen in time. Given the rapid pace of climate change, banked plants and their life worlds can start getting out of sync within years, research suggests. For instance, over the last 20 years, the mountainous Apennines region of Italy has grown drier and warmed by 0.6 degrees C. Scientists simulated those new climate conditions in a lab and compared the growth of alpine plants germinated from ancestral seeds collected in the early 2000s with that of seeds from the same type of plant collected in the last couple years.




Plants grown from the recent seeds were smaller than the ancestral plants -- a size reduction that may enable the plants to conserve more water and reduce evapotranspiration, the team reported in 2023 in Biological Conservation. In other words, the plants that stayed on the mountain had adapted to a more arid life.




Both seed banks and cryobanks shift people's focus from saving ecosystems in the present to preserving bits and pieces of those systems for an unknowable future, Chacko says.




Those concerns have prompted some scientists, farmers and activists to turn to alternative ways of preserving diversity, such as living seed banks. Unlike large seed banks, where access is often limited to scientists, living seed banks encourage, or even require, growers to regularly deposit and take out seeds. Farmers then grow crops under varying conditions and select for those that fare the best. That keeps the diversity alive.




For example, as part of Brazil's conservation strategy, the government collaborates with small-scale farmers, who get seeds from a handful of related and under-utilized crops. The farmers experiment to see which varieties, or combinations of those varieties, grow best. Those seeds then go to other farmers and the plants to markets and restaurants.




Adherents of saving biodiversity in the field tend to dispute the idea that a plant can be isolated from its ecological and cultural context and stored in a museum for later use, Chacko says. The belief that plants can thrive without their surroundings, she adds, "is the science fictional element of the seed bank."




Cryopreservation's long odds




But sometimes science fiction can have some bearing in reality. Research hints at the possibility that scientists generations from now might be able to thaw out cryopreserved plants and reestablish them in the wild.




On occasion, scientists have discovered ancient plants or seeds frozen in nature and then grown them. In one case, squirrels buried the fruits of a small Arctic plant known as the narrow-leafed campion (Silene stenophylla) in burrows in Siberia some 32,000 years ago. Russian scientists found some of those fruits, which had been encased in permafrost. They extracted tissue and successfully coaxed the ancient plant into flowering, the researchers reported in 2012.




The feat demonstrated that long-frozen plants can be thawed and regenerated.




[image: A group of tiny purple squid-shaped flowers blooms amongst its grassy leaves amongst a field of gray rocks. This narrow-leafed campion is native to Siberia. Scientists grew an ancient version of the plant from fruits buried in permafrost.]The narrow-leafed campion (shown) lives in Siberia. Scientists grew an ancient version of the plant from fruits buried in permafrost.piemags/nature/Alamy Stock Photo





In another instance, reported last year, a team of Italian scientists collected some 20,000 seeds from 26 species stored in herbarium collections in Italy and Belgium. Some of those seeds, such as those from the Silene flos-cuculi, a wildflower with ragged white or purplish petals, were over a century old. The team helped those seeds germinate using a variety of techniques known to help plants grow. Roughly 1 percent of seeds, drawn from 10 species, germinated, the team reported in Taxon.




Many of these plants are related to now-extinct species, so it's another hint that seed banking or cryopreservation might work to bring back long-lost plants, says Giulia Albani Rocchetti, a botanist at Roma Tre University in Italy. The fact that seeds stored in such poor conditions still grew is amazing, she adds. Imagine what that means for resurrecting plants stored in optimal conditions.




Despite the long odds of successfully transplanting and maintaining a thawed-out plant in some future ecosystem, cryopreservation and seed banking research is worthwhile, Folgado argues. Even if the whole plant never winds up back in the wild, the genes that have been saved may one day prove crucial for medicines. Or, she adds, perhaps the hormones used to cryopreserve plants could point to ways for scientists to encourage plants to grow outside their normal ecological range -- think warm-weather-loving avocado trees thriving in drizzly, cold Seattle -- no genetic modification required.




"I always question myself whether this can have a real value or not," Folgado says. "What I know is that there will be some things that will have a big value. If we don't preserve them, we will not know."




Reflecting on the Italian experiment, she says: "Even if you have 1 percent germination, that's more than 0."
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After 35 years, the Hubble Space Telescope is still churning out hits. In just the last year or so, scientists have used the school bus-sized observatory to confirm the first lone black hole, reveal new space rocks created by a NASA asteroid-impact mission and pinpoint the origin of a particularly intense, mysterious burst of radio waves.




These findings are a testament to the fact that there's still plenty of science for the telescope to do. And there are some observations that simply can't be done with any other telescope, including Hubble's younger sibling, the James Webb Space Telescope.
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To date, Hubble has observed more than 100 million objects ranging from comets in our solar system to dying stars in the Milky Way to distant galaxies that formed not long after the Big Bang. Researchers have collectively written more than 21,000 peer-reviewed publications using Hubble data (this astronomer-turned-science journalist wrote two of them).




Simply put, "it's been a huge asset," says Peter Senchyna, an astronomer at Carnegie Science Observatories in Pasadena, Calif.




Hubble can see what other telescopes cannot




Hubble was launched into space aboard the space shuttle Discovery in 1990 and shepherded into low Earth orbit by astronauts. It's been there ever since, at an altitude of roughly 515 kilometers above Earth's surface. From that vantage point, Hubble has a nearly unobstructed view of the cosmos, largely free of the absorbing and blurring effects of our planet's atmosphere.




A key attribute that differentiates Hubble from other telescopes is that it can collect data in the ultraviolet part of the electromagnetic spectrum. That's crucial for understanding celestial objects that have temperatures measuring tens of thousands of degrees Celsius or more, such as massive stars and the chaotic regions near black holes. UV light is "telling us something about the hottest objects," Senchyna says.




Telescopes on the ground cannot observe UV light from space since our planet's atmosphere blocks most of it. (That's a good thing, given that UV rays can cause cells to mutate and trigger cancer.) While some other space-based telescopes are sensitive to UV light, their images are much fuzzier; Hubble can resolve objects one-tenth as large as these other telescopes can. And the James Webb Space Telescope, also renowned for spectacular images, isn't sensitive to UV light at all. (It excels at observing in infrared, which allows it to probe dust-enshrouded objects and particularly distant galaxies.)




"At shorter ultraviolet and optical wavelengths, [Hubble] is still the best thing we've ever done as a species in terms of sensitivity and resolution," says Kevin Hainline, an astronomer at the University of Arizona's Steward Observatory in Tucson.




Every year, hundreds of scientists propose new observations using Hubble, but only about 20 percent of those proposals are granted. Aoife Brennan, an astronomer at Trinity College Dublin, is among the lucky few. She studies debris disks, amalgams of rock and dust akin to our solar system's Kuiper Belt, in other planetary systems. And on April 24 -- exactly 35 years to the day after Hubble was launched -- the telescope will begin observing one of Brennan's targets: a debris disk roughly 200 light-years from Earth. Brennan hopes that the new data will help reveal the prevalence of gas in debris disks, which has implications for how planets form.




Hubble images continue to inspire




Even people who don't study the sky for a living appreciate Hubble, Brennan says. "When I say that I work with Hubble data, all of my friends and family immediately know what that is," she says. "We're very used to seeing Hubble images."
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Joe DePasquale helps to create some of those images. DePasquale is the principal science visuals developer at the Space Telescope Science Institute, the Baltimore-based organization that coordinates Hubble's science operations. He and colleagues select, process and colorize Hubble observations for release to the press and the general public.




Raw data are collected at ultraviolet, visible and near-infrared wavelengths and must be corrected to account for artifacts caused by, for instance, cosmic rays, DePasquale says. "I take data from the telescope and turn it into beautiful color images." One of DePasquale's favorite Hubble images shows the Lagoon nebula, a region of active star formation roughly 4,000 light-years away. "It's a beautiful composition, and the colors are amazing," he says.




Hubble images tend to stick in one's brain. Senchyna remembers seeing pictures of comet Shoemaker-Levy 9 crashing into Jupiter in 1994 captured by Hubble. He was just a few years old, but those visuals stuck with him. "That was the sort of thing that got me hooked on astronomy," he says. Hubble can inspire a sense of curiosity and wonder about the universe, he adds, and that's a powerful thing. "That's a huge part of why we need to be funding these flagship observatories."




Here are some of the Hubble images from the last 35 years that have informed and inspired both scientists and the general public alike.




A cosmic mash-up




[image: A streak of white, speckled light spans from across a mostly black image. At one end of the band, the light ends abruptly with the suggestion of dark, roundish shape.]NASA, ESA and D. Jewitt/UCLA





In 2010, astronomers discovered a puzzling asteroid, one with a cometlike tail of dust. Hubble data revealed that this object, called P/2010 A2, probably formed during the collision of two asteroids. It was the first time scientists had observed the aftermath of such a crash.




A light show on Jupiter




[image: White, brown and reddish bands of clouds on the planet Jupiter. At the top of the image, narrow blue circles of light sit.]NASA, ESA and J. Nichols/Univ. of Leicester; Acknowledgment: A. Simon/GSFC/NASA and the OPAL team





An aurora near Jupiter's north pole glows brightly at ultraviolet wavelengths. Hubble has revealed that Jupiter's strong magnetic field makes auroras on the giant planet particularly intense and long-lasting, unlike those on Earth.




A solar system collision




[image: Four images of Jupiter show, in sequence, a black spot forming on the planet's clouds then growing and splitting into two smudges.]NASA, R. Evans, J. Trauger, H. Hammel and the HST Comet Science Team





In July 1994, over 20 fragments of comet Shoemaker-Levy 9, which had been torn apart by tidal forces from Jupiter's gravity, collided with the planet. Over the course of several days, Hubble revealed the evolution of this titanic collision (starting with the bottom image).




In the throes of death




[image: Concentric rings of teal light sit in front of a black backdrop dotted with stars. At the center of rings lies a multicolored, roughly rectangular feature with a mottled appearance.]NASA, ESA and J. Kastner/RIT





A dying star in the Milky Way, nicknamed the Jewel Bug nebula for its resemblance to the vivid insect, sloughs off layers of gas and dust. Researchers think that the intricate shapes seen here may be due to the presence of a stellar companion merging with the dying star. 




Cosmic sculptor




[image: A vibrant image of a nebula, showcasing swirling clouds of gas and dust in shades of red, orange, blue and purple, with scattered stars throughout.]NASA, ESA and STScI





The Lagoon nebula is a stellar nursery located about 4,000 light-years from Earth. This image shows dust and gas being sculpted by a star roughly 30 times as massive as the sun. Different colors in the image represent four different wavelengths of light observed by Hubble's Wide Field Camera 3.




A group of stellar youngsters




[image: A dense cluster of red, white and blue stars sits in front of a brownish wisp of cloud arcing across the background]NASA, ESA and N. Bastian/Donostia International Physics Center, Gladys Kober/NASA





This agglomeration of stars, a globular cluster known as NGC 1850, is held together by the stars' mutual gravity and resides in the Large Magellanic Cloud, a galaxy near the Milky Way. Unlike typical globular clusters, this grouping contains relatively young stars, creating a cache of stars born across two generations. Hubble observed NGC 1850 over a range of wavelengths of light, but UV observations were especially useful in detecting the youngest, hottest stars.




Turbulent times




[image: A spiral of light dotted with stars with a dark, reddish brown splotch stretching across much of the spiral. The center of the spiral glows with yellowish light.]Hubble/ESA and NASA, J. Lee and the PHANGS-HST Team; Acknowledgement: Judy Schmidt





Known officially as NGC 4826, this spiral galaxy is also dubbed the Black Eye galaxy due to the dark band of dust covering part of its center. Turbulent motions of gas within this galaxy are responsible for the birth of new stars, which appear blue in this image.




Filling in the blanks




[image: Hundreds of galaxies, some reddish, some blueish, some white, fill the black background of space.]R. Williams/STScI, the Hubble Deep Field Team, NASA, ESA





In 1995, Hubble took this composite picture of what, to the naked eye, looks like a speck of empty space. Scientists were astounded to discover thousands of previously unseen galaxies in different stages of evolution.
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	Some science seems silly, but it's still worthwhile

	A new book argues basic science can unexpectedly better human lives

			
				




[image: The Salmon Cannon and the Levitating Frog Book Cover by author Carly Anne York. York discusses how unappreciated, overlooked, and simply curiosity-driven science has led to breakthroughs. ]




The Salmon Cannon and the Levitating Frog
Carly Anne York
Basic Books, $30




What's the purpose of your study? It's the question many basic-science researchers dread. And it's the question that Carly Anne York received about 10 years ago from a fellow volunteer at the Virginia Zoo. At the time, York was a Ph.D. student studying squid biomechanics. When the volunteer, a retired army officer, probed why taxpayer dollars should be spent on what he called "silly science," all York could do was mutter about the inherent value of knowledge.
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Today, York, an animal physiologist at Lenoir-Rhyne University in Hickory, N.C., still doesn't know how her doctoral research can directly benefit humankind. But after a decade of studying how animals interact with their environments, York has come to recognize that the pursuit of immediate applications is not the goal of basic science. Rather, it seeks to fundamentally understand natural phenomena. That doesn't mean the research is worthless. As York details in her new book, The Salmon Cannon and the Levitating Frog, projects that could be considered silly or useless can lead to scientific advances that better our lives.




Take the study of sea fireflies. By the 1950s, the tiny crustaceans' glow had puzzled scientists for more than 20 years. Researchers knew that a molecule-enzyme pair generated the shine, but they had not been able to isolate and study the molecule. Many avoided the work because it was considered difficult and unpredictable. Plus, it probably didn't seem relevant to humans. That is until Japanese chemist Osamu Shimomura isolated it in 1956.




Shimomura's work on sea fireflies attracted the attention of a U.S. researcher, who later recruited him to help unravel the light-emitting mechanism of luminescent jellyfish. Shimomura and his team identified two of the proteins responsible for the jellyfish's mysterious glow -- aequorin and green fluorescent protein.




The groundbreaking work revolutionized biological research and medicine. For instance, doctors now use green fluorescent protein to better visualize and avoid nerves during surgery, as well as to track the spread of cancer cells in the body. The discovery earned Shimomura the 2008 Nobel Prize in chemistry.




But such examples don't stop politicians from questioning the value of basic science time and time again, York writes. David Hu, a fluid dynamics researcher at Georgia Tech in Atlanta, knows this firsthand through a confrontation that York amusingly dubbed "a pissing match."




In 2016, three of Hu's projects were featured in "Wastebook", a report of government spendings that then-Sen. Jeff Flake, R-Ariz., deemed wasteful. Having not only one but three of his grants listed made Hu the "most wasteful scientist of the year," according to Hu himself.




But Hu's work on how long mammals take to pee -- one of the featured projects -- revealed that, regardless of species, it takes about 21 seconds to empty a bladder. This "other Golden Rule," as Hu often calls it, helped establish healthy urination time. Doctors now use it to detect prostate problems early. Engineers use it to design prosthetic urethras that can generate a proper urine stream. At his university's urging, Hu defended his research and the importance of scientific exploration in a Scientific American opinion piece. Flake publicly acknowledged Hu's "thoughtful response," though he also invited Hu to pitch ideas on how to better identify science projects that are indeed wasteful, which Hu chose not to respond. Regardless, the experience launched Hu's public advocacy of curiosity-driven research.




Masterfully deploying her wit, York reminds us that it's nearly impossible for a science project to follow a straightforward path that results in an immediately applicable outcome. It is an especially timely reminder as the U.S. government cuts science funding today. "I am also endlessly appreciative of the scientists who paved the path of advocacy for basic research," York writes. "I hope that after reading this book you will be as well."









Buy The Salmon Cannon and the Levitating Frog 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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 Plastic 'fossils' help scientists reconstruct the history of bird nests

 Common coot nests preserve layers of plastic dating back decades

 
 




One man's trash is a common coot's treasure, at least when it comes to plastic.




In Amsterdam, the birds have been constructing nests out of plastic food wrappers, masks and other waste for at least 30 years, researchers report in the February Ecology.
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 A 'talking' ape's death signals the end of an era

 Kanzi the bonobo, who understood spoken English and could communicate symbolically, died this year

 
 




Barbara J. King remembers the first time she met Kanzi the bonobo. It was the late 1990s, and the ape was living in a research center in Georgia.
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 Don't wait until menopause to strengthen your bones 

 Bone density begins to decline in midlife, raising the risk of osteoporosis

 
 




I confess: If I think about skeletons, it's around Halloween. I especially enjoy the yard displays of larger-than-life skeletons engaging in mundane activities, like walking skeleton dogs.
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Controlling sound has long been a staple of science fiction and fantasy. In Dune, the cone of silence allows characters to converse privately, even in open spaces. The eerie billboards of Blade Runner 2049 whisper advertisements into the ears of those passing by.
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Their names are Romulus, Remus and Khaleesi, and they're the first dire wolves to walk the Earth in over 10,000 years -- or so one biotech company and a flurry of recent headlines say.




On April 7, Colossal Biosciences announced what they called the "world's first de-extinction," the births of three dire wolves, extinct animals that lived during the ice ages of the Pleistocene.
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 Fermenting miso in orbit reveals how space can affect a food's taste

 On the ISS, the Japanese condiment developed nuttier notes than earthbound versions

 
 




Fermenting foods in space could provide a new culinary frontier.




When fermented aboard the International Space Station, the Japanese condiment miso tasted nuttier than two earthbound versions, researchers report April 2 in iScience.
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 A map of 14 million galaxies and quasars deepens a dark energy mystery

 New data from the DESI survey reaffirm a previous hint that dark energy may vary over time

 
 




ANAHEIM, Calif. -- Change is in the air. New data strengthen a hint that dark energy, long thought to be a constant force in the universe, might change over time.

Dark
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 New computer chips do math with light

 The photonic devices could pave the way for cheaper AI processing

 
 




It's a bright day for computing -- literally.




Two tech companies have unveiled computer components that use laser light to process information. These futuristic processors could soon solve specific real-world problems faster and with lower energy requirements than conventional computers.
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 Babies can form memories, and they do it a lot like adults

 Why these early memories fade remains a mystery

 
 




A baby's early life has a lot of milestones: first giggle, first tooth, first step. A brain scanning study adds to the list: first memory.




Infants can form memories, and they use a memory structure in the brain called the hippocampus to do it, researchers report in the March 21 Science. The results shore up the idea that memories can in fact be made during the earliest years of our lives, though what happens to these memories as the days, weeks and years roll by remains mysterious.
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 Splitting seawater offers a path to sustainable cement production

 The technique could convert cement manufacture from carbon superemitter to carbon sequesterer

 
 




A new cement-making process could shift production from being a carbon source to a carbon sink, creating a carbon-negative version of the building material, researchers report March 18 in Advanced Sustainable Systems.
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 Parrots and humans share a brain mechanism for speech

 Budgerigar's language centers use a "vocal keyboard" that's surprisingly humanlike

 
 




When it comes to speech, parrots have the gift of gab. And the way the brains of small parrots known as budgerigars bestow this gift is remarkably similar to human speech, researchers report March 19 in Nature. 




So far, budgerigars are the only animals known to have language-producing centers akin to those in humans, says Michael Long, a neuroscientist at New York University Langone Health.
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 Stone Age hunter-gatherers may have been surprisingly skilled seafarers

 Malta's first settlers arrived from mainland Europe 1,000 years earlier than thought

 
 




Prehistoric hunter-gatherers were likely skilled seafarers who could make long and challenging journeys.




Stone tools, animal bones and other artifacts unearthed in Malta indicate that humans first inhabited the Mediterranean island 8,500 years ago, about a thousand years earlier than previously thought, researchers report April 9 in Nature.
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	Rare books covered with seal skin hint at a medieval trade network

	Cistercian monks in France protected their tomes with furs from faraway marine mammals

			
				




Science is helping researchers judge books by their covers -- and revealing surprising beneficiaries of medieval trading routes in the process.




Dozens of rare, fur-covered volumes from 12th and 13th century French monasteries are wrapped with seal skins that may have come from as far away as Greenland, researchers report April 9 in Royal Society Open Science. The findings challenge the assumption that the books' makers used only locally sourced materials and suggest that they were part of an extensive trade network.
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The books hail from Clairvaux Abbey, founded in 1115 by Cistercian monks in northern France, and its daughter monasteries. Some tomes are nearly 900 years old. Researchers had thought they were wrapped with boar or deer skin. But when book conservator Elodie Leveque looked at them through a microscope, she was stumped.




The primary covers were obviously made of sheepskin, but Leveque struggled to identify the skin used for the furry chemise -- the outermost protective cover. So she had scientists compare proteins from chemise samples with known animal proteins. It turns out that the skins belonged to seals.




"I was like, 'that's not possible. There must be a mistake,'" says Leveque, of Pantheon-Sorbonne University in Paris. Seals didn't frequent France's northern coast at the time, she says. "I sent it again, and it came back as seal skin again."




Comparing DNA from five chemises with DNA from seals confirmed that the covers were indeed seal skin. Four of the chemises are genetically similar to harbor seals from Scandinavia, Denmark and Scotland, while the fifth chemise is genetically similar to harp seals, likely from Greenland or Iceland. The researchers visually identified other furry chemises and eventually cataloged 43 seal-skin books.




Norse hunters in those regions may have caught seals and brought their skins to northern France through trading routes, Leveque and colleagues say. The monks may not have known that they were covering their books with seal skins, the team suggests.

The worn, brownish covers may have been furrier and a different color in their heyday, Leveque says. "At the time, it would have looked completely like a teddy bear, but light in color."
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 Is that shark ticking? In a first, a shark is recorded making noise

 When handled, a small crustacean-munching shark from New Zealand clacked its teeth together

 
 




Sharks may not be the sharp-toothed silent type after all.




The clicking of flattened teeth, discovered by accident, could be "the first documented case of deliberate sound production in sharks," evolutionary biologist Carolin Nieder, of Woods Hole Oceanographic Institution in Massachusetts, and colleagues propose March 26 in Royal Society Open Science.
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 An mRNA cancer vaccine may offer long-term protection 

 A small clinical trial suggests the treatment could help keep pancreatic cancer from returning

 
 




A new mRNA vaccine could prevent pancreatic cancer from returning -- potentially for the long haul.




In a small clinical trial, some patients who received the vaccine remained cancer-free for more than three years, researchers reported February 19 in Nature.
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 Physicists have confirmed a new mismatch between matter and antimatter 

 Charge-parity violation occurs in a class of particles called baryons 

 
 




There's a newfound mismatch between matter and antimatter.
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 JWST spots the earliest sign yet of a distant galaxy reshaping its cosmic environs

 The marker is an unexpected bubble that could signal cosmic reionization earlier than thought
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	Elite athletes' poop may hold clues to boosting metabolism

	Mice given fecal transplants from elite cyclists and soccer players had increased energy stores

			
				




One of the keys to performing like an elite athlete -- or at least having the metabolism of one -- may be pooping like one. Transplanting feces from certain top-level cyclists and soccer players into mice boosted levels of a molecule that fuels intense workouts, researchers report March 27 in Cell Reports.




Our gut microbiota -- the collection of bacteria and other microorganisms living in our digestive tract -- play a crucial role in helping us digest food. When digestion goes terribly awry, a refresh of these gut bacteria may provide relief. Fecal microbiota transplants, in which a donor's poop is transplanted into another person's gut, have been used to treat inflammatory bowel disease and other conditions.
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Frederic Derbre, a physiologist at Rennes 2 University in France, and his colleagues wanted to analyze the gut microbiota of top-level athletes and see how mice fared when they received fecal transplants from these athletes. The team focused on both athletes and nonathletes who maintained healthy diets to rule out gut microbiota differences caused by varying eating habits.  




Analysis of the cohort's poop revealed that athletes with the highest exercise capacities had less diverse gut microbiota and lower overall amounts of gut bacteria compared to other study participants. Despite that, they also had higher levels of metabolites called short-chain fatty acids, produced by gut bacteria and used as energy sources. Derbre says the bacteria in these athletes' guts may extract nutrients from food more efficiently -- a hypothesis that requires further study.




Mice given fecal transplants from athletes with very high exercise capacity were more sensitive to insulin and had increased stores of a molecule called glycogen, an important energy source, compared to other transplanted mice.




Still, the mice didn't show increased running endurance, suggesting that more than a fecal transplant is needed to act like an elite athlete.




Nonetheless, the possible metabolic benefits suggest that a person's exercise capacity should be considered when selecting donors for fecal microbiota transplantation, Derbre says.




"It's a long-winded way of just showing that being more physically active and having a healthy diet is very good for you," says Edward Chambers, a physiologist at Imperial College London who was not involved in the research. As for how the treatment might translate to humans, Chambers says that supplementing a diet with short-chain fatty acids might be less invasive and expensive than fecal microbiota transplantation.
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 AI is helping scientists decode previously inscrutable proteins

 The tools could help uncover better cancer treatments, illuminate rare diseases and more

 
 




Generative artificial intelligence has entered a new frontier of fundamental biology: helping scientists to better understand proteins, the workhorses of living cells.




Scientists have developed two new AI tools to decipher proteins often missed by existing detection methods, researchers report March 31 in Nature Machine Intelligence.
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	The unsung women of quantum physics get their due

	A new book celebrates the women in a field once called Knabenphysik, or "boys' physics"

			
				




[image: cover of "Women in the History of Quantum Physics"]




Women in the History of Quantum Physics
Edited by Patrick Charbonneau, Michelle Frank, Margriet van der Heijden and Daniela Monaldi
Cambridge Univ., $49.99




In the 1920s, when quantum mechanics was young, physicists Jane Dewey and Laura Chalk performed some of the first experimental tests of the theory, based on a phenomenon called the Stark effect. Later, famed quantum physicist Werner Heisenberg gushed over the beauty of a Stark effect measurement by a male colleague, Canadian physicist John Stuart Foster. In doing so, Heisenberg neglected the contributions of both women.
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That obscuring of women's contributions was common in the history of quantum mechanics, the theory that describes the physics of atoms and other small-scale phenomena. As scientists mark 100 years since the development of the theory's foundations, a new book, Women in the History of Quantum Physics, provides a crucial accounting of the lives of those unsung trailblazers. With nuance and care, the book delves into the oft-forgotten stories of 16 female quantum physicists, each one thoroughly researched by a different author or authors.




In its early years, quantum mechanics was known as Knabenphysik, German for "boys' physics," highlighting the youth of many of the physicists involved -- and simultaneously assuming their gender. But women were working in the field all along. For instance, Dewey's measurements of the Stark effect -- in which the wavelengths of light an atom absorbs and emits are altered by an external electric field -- paralleled those of Foster. Each measured the Stark effect in helium. And Chalk, then Foster's Ph.D. student, studied the Stark effect in hydrogen. But while Foster went on to a lengthy career as an esteemed physicist, Chalk and Dewey eventually left academic research. 




Chalk's and Dewey's stories exemplify some of the themes prominent throughout the book. Women's contributions were often attributed to their supervisors or otherwise erased. And women were cut out of the old boys' clubs through which male physicists championed one another's work.




Even when women found supportive mentors, discrimination was so rampant that their careers were often impeded or cut short. Dewey struggled to secure a permanent position in academic research. When a prominent physicist-mentor went on a quest to find her a position, the only colleague who expressed interest reported that his colleagues refused to have a woman on staff. She eventually found a position at Bryn Mawr College in Pennsylvania, but even there, at a women's school, she was replaced by a male physicist after taking a leave of absence for health reasons. 




Chalk, meanwhile, was turned down for a scholarship based on a false rumor that she was engaged to be married. At the time, many wedded women were expected to give up their jobs, a norm that ended the careers of multiple women profiled in the book. When Chalk did marry, she transitioned to a part-time role as a professor at McGill University in Montreal, where she worked alongside her physicist-husband. But she was eventually laid off due to anti-nepotism policies, which prohibited spouses from working in the same department -- another stumbling block for innumerable women scientists.




What's more, Dewey often was not referred to by her own name, but rather by the name of a man associated with her. She was called Mrs. Clark -- her husband's name -- despite her preference for her original surname in scientific publications. Or even worse, "Magie's Folly," after William Francis Magie, a physicist who had supported Dewey's career.




Women are still woefully underrepresented in quantum physics. Conventional narratives of the field's history, which champion mostly male "geniuses," may have something to do with it, the book's editors suggest.




To combat this notion of a lone genius, the book intentionally skips over legendary women scientists, such as Marie Curie. Celebrating such towering figures, the editors write, may paradoxically reinforce this harmful trope that keeps women out of the field.




Instead, the book highlights women who have remained in the shadows. These include American physicist Katharine Way, creator of a crucial database of atomic and nuclear data; Carolyn Parker, a Black American physicist who worked in military research and at Fisk University in Nashville during the oppressive Jim Crow era; Maria Lluisa Canut, a prolific X-ray crystallographer who worked in Spain during the Francoist dictatorship; and Ana Maria Cetto, a modern quantum physicist from Mexico who made numerous contributions to the foundations of quantum mechanics and who is one of the organizers of 2025's International Year of Quantum Science and Technology, a celebration of the 100th anniversary.




The choice to represent previously unsung women highlights the fact that it's not necessary to be an exceptional genius to make contributions to quantum research -- a statement that goes for men and women alike. Many of the women were regular people with a drive to investigate the wonders of physics even in challenging circumstances.




Scientific concepts in the book are probably most suited to an audience with a background in physics. Equations pepper the text, and important concepts, such as the Bohr model of the atom, are often discussed without explanation. Still, the compelling life stories of the women can be understood by anyone.









Buy Women in the History of Quantum Physics 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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	Math puzzle: The conundrum of sharing

			
				




This month, we visit a trendy (but fictional) spa with an unusual feature: hot mud beds.




You lay a plastic sheet on the mud. Then you lay your body upon the sheet. Without any direct contact between mud and body, you spend several minutes enjoying the soft and saunalike heat, sweating all over the plastic. Even though the spa session doesn't last long, it is said to be wonderfully restorative.




One day, three friends arrive. Unfortunately, only two plastic sheets are available. No one wants to miss out; then again, no one wants to lie on someone else's sweat.




"Wait!" says one. "It's simple! I'll use one side of the sheet, and you can use the other."




"Are you kidding?" another replies. "That side will be covered in mud."




The first friend smiles. "Not if we plan ahead."




[image: Three figures stand in front of a rectangle, next to two sheets, illustrating the math puzzle from our June 2025 issue]




#1: How can all three friends partake in the spa using just two sheets?




#2: The next day, five friends visit the spa, and only three sheets are available. Can they all partake? (Let's assume the spa now forbids laying an already-sweaty side of a sheet directly on their precious mud.)




#3: Soon, 10 friends visit the spa. Only five sheets are available. "Someone will have to miss out," one of them declares. "There's no way to know that," says another, "until we at least look for a solution." Who's right?




#4: Later, the spa introduces a second kind of mud, which must not be mixed with the first. If three friends want to try both muds, how many sheets do they need at minimum? (Let's assume each person is begrudgingly willing to lie twice on the same sheet.)




#5: Lurking here is a fully general question, one that mathematical researchers have yet to solve: What's the minimum number of sheets that allows N friends to experience M kinds of mud if each side of a sheet may touch only a single person or a single kind of mud? (You might begin by assuming M = 1.)




While trying these puzzles, I recommend grabbing some index cards or sheets of paper to manipulate. Or if you're feeling ambitious, grab some plastic sheets, some sweaty friends and a convenient mud patch.




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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 The long and short of science

 
 




Scientists seek out what's new -- discovery is at the core of science, and scientific journals and news organizations often focus on the latest breakthroughs. But getting to an innovation is usually a long game. In this issue, we note the 100th anniversary of the framework of quantum mechanics, the theory that describes how physics at very small scales behaves very differently from the classical world we live in.




The quantum world is more like a fun house with seriously warped mirrors: Quantum effects can connect two objects at great distances, or make it possible for a hypothetical cat to be both alive and dead at the same time.
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 Readers discuss the biology of sex, plastic in the brain and more
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It's a matter of size




A January executive order by President Donald Trump designates people as female if they make the "large" reproductive cell (the egg) and male if they make the "small" one (the sperm). But the human sexes don't fit neatly into a male-female binary due to factors such as genetics and hormones, senior molecular biology writer Tina Hesman Saey reported in "The real biology of sex."




Reader Root Gorelick, a biologist at Carleton University in Ottawa, appreciated the feature and wrote in to add some nuanced points.
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