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A robot named Adam was the first of its kind to do science.




Adam mimicked a biologist. After coming up with questions to ask about yeast, the machine tested those questions inside a robotic laboratory the size of a small van, using a freezer full of samples and a set of robotic arms. Adam's handful of small finds, made starting in the 2000s, are considered to be the very first entirely automated scientific discoveries.




Now, more powerful forms of artificial intelligence are taking on significant roles in the scientific process at research laboratories and universities around the world. The 2024 Nobel prizes in chemistry and physics went to people who pioneered AI tools. It's still early days, and there are plenty of skeptics. But as the technology advances, could AI become less like a research tool and more like an alien type of scientist?
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"If you would have asked me maybe a year ago, I would have said there's a lot of hype," says computational neuroscientist Sebastian Musslick of Osnabruck University in Germany. Now, "there are actually real discoveries."




Mathematicians, computer scientists and other researchers have made breakthroughs in their work using AI agents, such as the one available through OpenAI's ChatGPT. AI agents actively break down your initial question into a series of steps and may search the web to complete a task or provide an in-depth answer. At drug companies, researchers are developing systems that combine agents with other AI-based tools to discover new medicines. Engineers are using similar systems to discover new materials that may be useful in batteries, carbon capture and quantum computing.




But people, not robots like Adam, still fill most research labs and conferences. A meaningful change in how we do science "is not really happening yet," says cognitive scientist Gary Marcus of New York University. "I think a lot of it is just marketing."




Right now, AI systems are especially good at searching for answers within a box that scientists define. Rummaging through that box, sometimes an incredibly large box of existing data, AI systems can make connections and find obscure answers. For the large language models, or LLMs, behind chatbots and agents like ChatGPT, the box of information is a staggeringly huge amount of text, including research papers written in many languages.




But to push the boundaries of scientific understanding, Marcus says, human beings need to think outside the box. It takes creativity and imagination to make discoveries as big as continental drift or special relativity. The AI of today can't match such leaps of insight, researchers note. But the tools clearly can change the way human scientists make discoveries.




AI as a research buddy




Alex Lupsasca, a theoretical physicist who studies black holes, feels that he has already glimpsed the AI-driven future of scientific discovery. Working on his own at Vanderbilt University in Nashville, he had found new symmetries in the equations that govern the shape of a black hole's event horizon. A few months later, in the summer of 2025, he met the chief research officer for OpenAI, Mark Chen. Chen encouraged him to try out the ChatGPT agent running on the language model GPT-5 pro, which was brand new at the time.




Lupsasca asked the agent if it could find the same symmetries he'd found. At first, it could not. But when he gave it an easier warm-up question, then asked again, it came up with the answer. "I was like, oh my God, this is insane," he says.





Assessing AI's science




Scientists recently tested the ability of AI systems to look for new uses of old medicines and write convincing research proposals. Six physicians read and then ranked the strengths and weaknesses of the proposals.




[image: A vertical bar chart showing how physicians ranked the strengths and weaknesses of AI proposals for new medicines. Scientists mostly agreed that the AI had clear writing, organization and used original terms. It also avoided accuracy and drew a path to clinical applications, the physicians ranked.]J. GOTTWEIS ET AL/ARXIV.ORG 2025, ADAPTED BY T. TIBBITTS







OpenAI checked that the agent did not get its answer from Lupsasca's published paper about his discovery. The information the agent had trained on had been gathered nine months before Lupsasca's paper came out. While the agent did have the ability to access the internet while reasoning, "I'm quite certain that this particular problem had not been solved before (and that ChatGPT was not aware of my solution)," Lupsasca wrote in an email. That's because it had found an easier way to get there.




Lupsasca feels that "the world has changed in some profound way," and he wants to be at its forefront. He moved with his family to San Francisco to work at OpenAI. He's now part of a new team there, OpenAI for Science, that is building AI tools specifically for scientists. He calls ChatGPT his "buddy" for research. "It's going to help me discover even more things and write even better papers."




Sponsor Message



  






Other scientists are using AI as a buddy, too. In October 2025, mathematician Ernest Ryu of UCLA shared a new proof that he discovered with the help of ChatGPT running on GPT-5 pro. The proof has to do with a branch of math and computer science called optimization, which focuses on finding the best solution to a problem from a set of options. Some methods for doing this jump around, unable to settle on a single solution. Ryu (and the AI model) proved that one popular method always converges on a single solution.




Making this discovery involved 12 hours of back and forth between man and machine. "[ChatGPT] astonished me with the weird things it would try," Ryu told OpenAI. Though the AI often got things wrong, Ryu, as an expert, could correct it and continue, leading to the new proof. Ryu has since joined OpenAI as well.




Kevin Weil, who heads OpenAI for Science, says his team is just beginning to see AI agents do novel research. "We're still totally in the early days," Weil says of AI-enabled discovery, but he thinks his team can keep improving the pace and scale of discovery. "Fast forward three, six months, and it's going to be meaningful."




Building better boxes




NYU's Gary Marcus is not convinced that OpenAI will see such rapid improvement in its products. In fact, he worries that LLMs may be more detrimental than helpful. Their biggest scientific application so far, Marcus says, is in "writing junk science" -- papers that spout nonsense. Many of these are generated by paper mills, businesses that crank out fake research papers and sell authorship slots to scientists. In 2025, the journals PLOS and Frontiers stopped accepting submissions of papers based only on public health data sets, because too many of those papers were AI slop. (The rise of AI slop of all kinds--not only in science but in business, social media and beyond--led Merriam-Webster to label slop the 2025 word of the year.)




At the first scientific meeting for research led by AI agents in October, human conference attendees noted that the AI often made mistakes. One team published a paper about their experience, detailing why agents based on LLMs are not ready to be scientists.




With LLMs, dumping ideas out of a box has become too easy. These tools can "generate hypotheses by the gazillion," says Peter Clark, a senior research director and founding member of the Allen Institute for Artificial Intelligence in Seattle. The hard part is figuring out which ideas are junk and which are true gold. That's a "big, big problem," Clark says. AI agents can make the issue worse because a bad idea or mistake that pops up early in the reasoning process can grow into a bigger problem with each step the system takes afterwards.




A human expert like Lupsasca or Ryu can pick out the gold. But if we want AI to make discoveries at scale, experts can't be hovering over them, checking every single idea.




"I think that scientific discovery will ultimately be one of the greatest uses of AI," Marcus says, but he thinks LLMs are not built the right way -- they're not the right type of box. "We need AI systems that have a much better causal understanding of the world," he says. Then, the AI would do a better job vetting its own work.




[image: An illustration of a pair of hands working in a laboratory.]Outlanders Design





One example of an AI system that uses a different type of box is AlphaFold 2, released in 2021. It could predict a protein's structure. A newer version, AlphaFold 3, and its open-source cousin OpenFold3 can now predict how proteins interact with other molecules. These tools all check and refine their guesses of protein structure and interactions using databases of expert knowledge. General purpose AI agents like ChatGPT don't do that.




AlphaFold 2 was such a boon to biology and medicine that it won Demis Hassabis of Google DeepMind a share in the 2024 Nobel Prize in chemistry. In an interview about his win, Hassabis hinted at the idea that we are still figuring out what type of box to use: "I've always thought if we could build AI in the right way, it could be the ultimate tool to help scientists, help us explore the universe around us."




The work Hassabis' team began has led to recent discoveries. At Isomorphic Labs in London, a Google DeepMind spinoff, researchers are working with new versions of AlphaFold that haven't been released publicly. President Max Jaderberg, who was previously the chief AI officer, says his team is using the tech to study proteins that had previously been considered undruggable, because they don't seem to have anywhere for a drug to latch on. But the team's internal tool has identified new drug molecules that cause one of these stubborn proteins to "change its shape and open up," Jaderberg says, allowing the drug to find a spot to attach and do its job.




Discovering new medicines and materials




Scientists don't have to choose between general-purpose AI agents and specialized tools like AlphaFold. They can combine these approaches. "The people that are getting good results are studying some domain and being very careful and deliberate and thoughtful about how to connect a lot of different tools," Marcus says. This is sort of like stacking boxes together. The result is a system that combines general, predictive AI, such as agents, with more specific tools that help ensure accuracy, such as information organized into a type of network called a knowledge graph.




[image: A photo of two people standing inside a lab in Suzhou, China.]AI systems are changing the way we do science. Some scientists are already using AI to generate hypotheses, design experiments or even run tests inside robotic laboratories, such as this one at Insilico Medicine. This lab was based in Suzhou, China, but it has been upgraded and moved to Shanghai.INSILICO MEDICINE





This combo provides "vast search spaces," Musslick says, but also "verifiable tools that the system can use to make accurate predictions," to avoid junk science. These systems of boxes upon boxes have proven especially useful in drug discovery and material science.




The Boston-based company Insilico Medicine used AI systems of this type to take the first steps toward a cure for idiopathic pulmonary fibrosis, a deadly disease that ravages lung tissue with thick, stiff scars. First, one AI system revealed a previously unknown protein that plays a role in causing the disease. Next, a different system designed a drug molecule to block that protein's activity.




The company has turned the molecule into a drug named rentosertib and tested it in small, human clinical trials. The drug appears to be safe and effective against IPF, researchers reported last June in Nature Medicine.




"I cried when I first saw the results," says Alex Zhavoronkov, Insilico's founder and CEO. If rentosertib makes it through larger clinical trials, it could become the first drug on the market in which AI systems discovered both the protein that causes the disease and the drug that blocks it.




While Insilico developed its AI systems internally for specific use cases, other systems aim to support any area of research and development. Microsoft Discovery is one example.




Engineers can choose AI agents and datasets from their field to link into the system. It uses a knowledge graph that connects facts to "provide deeper insights and more accurate answers than we get from LLMs on their own," says John Link, product manager at Microsoft.




[image: A black computer motherboard being dipped into an oil-like liquid.]That's not water surrounding this motherboard. It's an oil-like liquid that is keeping the tech cool while running a race car game (not shown). An AI system designed the liquid to be more environmentally friendly than existing options.MICROSOFT





In a 2025 demo, Link showed how he had used the system to research and design several options for a new, environmentally friendly liquid coolant for computers. Engineers had created the most promising one in a lab. Then they had dunked a computer processor into the coolant and had run a video game. The new material did its job. Some data centers already submerge their servers in large vats filled with coolant. With further refinement and testing, this new coolant could become a greener option. "It's literally very cool," Link said.




Building its own box




In all of the examples so far, people are the ones leading the way. Developers craft boxes and fill them with data. Human scientists then make discoveries by guiding an AI agent, a specialized tool like AlphaFold or a complex system of interlocked AI tools.




Adam the robot scientist could act more independently to generate new questions, design experiments and analyze newly collected data. But it had to follow "a very specific set of steps," Musslick says.




He thinks that in the long term, it will be more promising to give AI the tools "to build its own box," Musslick says.




Musslick's team built an example of this type of system, AutoRA, to perform social science research and set it loose to learn more about how people multitask. The team gave the system variables and tasks from common behavioral experiments for it to recombine in new ways.




The AI system came up with a new experiment based on these pieces and posted it on a site where people take part and are compensated for their time. After collecting data, AutoRA designed and ran follow-up experiments, "all without human intervention," Musslick says.




Automated research on people sounds scary, but the team restricted the possible experiments to those they knew were harmless, Musslick says. The research is still underway and has not yet been published.




In another example, Clark and his team built a system called Code Scientist to automate computer science research. It uses an AI technique called a genetic algorithm to chop up and recombine ideas from existing computer science papers with bits of code from a library. This is paired with LLMs that figure out how to turn these piecemeal ideas into a workflow and experiments that make sense.




"Code Scientist is trying to design its own novel box and explore a bit of code within that," Clark says. Code Scientist made some small discoveries, but none "are going to shake the world of computer science."




Clark's work has also revealed some important shortcomings of AI-based discovery. These types of systems "are not that creative," he says. Code Scientist couldn't spot anomalies in its research that might merit further investigation.




What's more, it cheated. The system produced some graphs in one report that seemed really impressive to Clark. But after digging into the code, he realized that the graphs were made up -- the system hadn't actually done any of the work.




Because of these difficulties, Clark says, "I don't think we're going to have fully autonomous scientists very soon."In a 2026 interview, Hassabis of Google DeepMind shared a similar view. "Can AI actually come up with a new hypothesis ... a new idea about how the world might work?" he asked: then answered his own question. "So far, these systems can't do that." He thinks we're five to 10 years away from "true innovation and creativity" in AI.





AI as a tool




[image: The projections that a person is seeing through XR glasses. On the left of their view field, a scientist sees a checklist for how to process the specimens they are working on.]M. WANG





AI systems are already contributing to important discoveries. But a big bottleneck remains. In a letter to Nature in 2024, computer scientist Jennifer Listgarten pointed out that, "in order to probe the limits of current scientific knowledge ... we need data that we don't already have." AI can't get that kind of data on its own. Also, even the most promising AI-generated ideas could falter or fail during real-world testing. 




"To really discover something new ... the validation has to be done in the physical lab," says computer scientist Mengdi Wang of Princeton University. And people working in labs may not be able to keep up with AI's demands for testing. Robots that perform experiments could help, Sebastian Musslick says. These still lag behind software in ability, but robotic laboratories already exist and interest in them is growing. 




The San Francisco-based company Periodic Labs, for example, aims to funnel AI-generated ideas for materials into robotic laboratories for testing. There, robotic arms, sensors and other automated equipment would mix ingredients and run experiments. Insilico Medicine is also betting on a combination of robotics and AI systems. It has even introduced "Supervisor," a humanoid robot, to work in its Shanghai lab. 




Fully robotic laboratories are very pricey. Wang's team has developed a way to bring AI into any research lab using XR glasses, a gadget that can record what a person is seeing and project virtual information into the field of view (shown above). First, the team trained an AI model on video of laboratory actions so it could recognize and reason about what it sees. Next, they had human scientists don the XR glasses and get to work -- with an invisible AI helper looking through the glasses' cameras. 




The AI could answer questions or make suggestions. But perhaps the most important aspect of this collaboration is the fact that every interaction feeds into a new dataset of information that we didn't already have. 




Instead of using AI to search in a box, Wang says, "I want to do it in the wild."






Pushing into the wild




AI tools that can speedily and reliably perform independent research or create safe and effective new medicines and materials might help the world solve a lot of problems. But there's also a huge risk of inaccurate or even dangerous AI science because it takes time and expertise to check AI's work.




Beyond the risks, turning research into an automated process challenges the very nature of science. People become scientists because they are curious. They don't just want a quick, easy answer -- they want to know why. "The thing that gets me excited is to understand the physical world," Lupsasca says. "That's why I chose this path in life."




And the way these systems learn from data is "very different from how people learn and how we think about things," says Keyon Vafa, an AI researcher at Harvard University. Predictive power does not equate to deep understanding.




Vafa and a team of researchers designed a clever experiment to reveal this difference. They first trained an AI model to predict the paths of planets orbiting stars. It got very good at this task. But it turned out that the AI had learned nothing of gravity. It had not discovered one essential equation to make its predictions. Rather, it had cobbled together a messy pile of rules of thumb.




Weil of OpenAI doesn't see this alien way of reasoning as a problem. "It's actually better if [the AI] has different skills than you," he says.




Musslick agrees. The real power in AI for science lies in designing systems "where science is done very differently than what we humans do," he says. Most robotic labs, Musslick notes, don't use humanoid hands to pick up and squeeze pipettes. Instead, engineers redesigned pipettes to work within robotic systems, freeing up human scientists for other, less repetitive tasks.




The most effective uses of AI in science will probably take a similar approach. People will find ways to change how science is done to make the best use of AI tools and systems.




"The goal," Lupsasca says, "is to give humans new tools to push further into the wilderness and discover new things."
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I peeked in on the house-sized particle detector known as STAR just after it took its last-ever snapshot of one of the most extreme types of fireball ever created. Inside, the conditions just after the Big Bang had been re-created in miniature by colliding gold atomic nuclei, just as had been done countless times over the 25 years of the detector's existence. Now that era was nearing its end.




Physicist Alex Jentsch took stock of the moment, which he said called for an ambiguous sort of recognition: "Either celebrate or grieve, one of the two."
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A whirring fan tousled our hair as we gazed at STAR, an organized tangle of wires, tubes, electronics and particle-detection systems. Above our heads, a surprisingly thin pipe threaded into the machine, the conduit through which atomic nuclei -- positively charged ions -- were flung to their demise. In the STAR control room, alarms slowly beeped as in a hospital. Scientists flashed the latest collisions on a monitor, fireworks of curving lines in blue, green and cyan.




STAR was designed to capture the aftermath of smashups of atomic nuclei traveling at nearly the speed of light, produced by the Relativistic Heavy Ion Collider, or RHIC, at Brookhaven National Laboratory in Upton, N.Y. Now, RHIC (pronounced "Rick") had collided its last beams of gold nuclei as it neared a final shutdown in preparation for a next-generation collider-to-be.




[image: A collision measured by the STAR detector]The STAR detector measured particle hits and tracks produced in a collision of gold atomic nuclei.Brookhaven National Laboratory/Flickr (CC BY-NC-ND 2.0)





Beginning in the 2000s, experiments at RHIC unveiled the early-universe particle slurry called the quark-gluon plasma. The facility went on to reveal surprising new details of this primordial soup of the universe, from which the particles that make up stars, galaxies, planets -- and, eventually, us -- descended. And that's just the half of it. RHIC also collided protons, characterizing the subatomic particles in exquisite detail and uncovering the surprisingly tumultuous inner world of these pervasive constituents of matter.




On the day I visited, scientists were switching the collider over to proton collisions in an effort to gather every last shred of data possible before the shutdown. RHIC switched off for good at a ceremony on February 6.




"RHIC had a spectacular run ... beyond what anyone could dream," says Wolfram Fischer, an accelerator physicist at Brookhaven.




RHIC's closure marks the end for the only particle collider operating in the United States, and the only collider of its kind in the world. Most particle accelerators are unable to steer two particle beams to crash head-on into one another. That's what colliders do, and it makes them a rare and precious commodity. The country's other collider of recent memory, the Tevatron at Fermilab in Batavia, Ill., shut down in 2011.




But RHIC's ending is a hopeful one. It makes way for the Electron-Ion Collider, planned to start up in the mid-2030s. "That's where the future is, and hopefully it will be equally spectacular," Fischer says.




The Electron-Ion Collider will build on RHIC's discoveries. It will occupy the same tunnel and reuse much of RHIC's equipment and infrastructure. But instead of slamming together protons and heavy atomic nuclei, it will collide electrons with protons or atomic nuclei to produce deep insights into the structure of the proton.




"It is a 3-D imaging of the proton, really in full glory," says Brookhaven physicist Elke-Caroline Aschenauer. The collider may even reveal a mysterious substance called a color glass condensate thought to lurk within protons.
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The subatomic rabbit hole




I toured the lab, its detectors and other parts of the facility in early December. I embarked on this journey in part because Brookhaven National Laboratory holds special significance in my life. I grew up not far from the lab, where the collider's 3.8-kilometer ring nestles into the Long Island pine barrens. It's part of how I became enamored with physics, and, eventually, with writing about the field.




As a teen taking part in a student research program at the lab, I was fascinated to learn that protons are not simple balls of positive charge as they were depicted in textbooks. Instead, they are composed of smaller stuff called quarks and gluons. This was the 1990s, the era of The Matrix, and for teenaged me, this proton revelation was my "red pill," as they say in the film: I needed to know how deep the rabbit hole went. As it turns out, it went much, much deeper.




In the simplest picture, protons are made up of three quarks -- two "up" quarks and one "down" quark -- and particles called gluons, which, true to their name, act like glue. These particles transmit the strong nuclear force, which sticks quarks together within protons, neutrons and other particles.




And that's only a small piece of the immense complexity of the proton. The particles froth with the fervor of quantum mechanics, in which reality is uncertain and fluctuating. As a result, they contain a "sea" of short-lived quarks and their antimatter equivalent, antiquarks, with gluons swarming about them like the dust cloud around Peanuts character Pigpen.




The strong force is so strong that quarks and gluons can't be observed individually; they are always bound together into larger particles. "The laws of nature prohibit them from being alone," says Brookhaven physicist Abhay Deshpande.




That is, except during the fleeting existence of the quark-gluon plasma. This state of matter existed just after the Big Bang, when the universe was so hot that a mess of quarks and gluons mingled together. As this particle soup cooled, protons, neutrons and other particles condensed out of it about 10 microseconds after the birth of the universe.




[image: A photo of two scientists working on part of the STAR detector]Scientists work on a component of the STAR detector.Brookhaven National Laboratory/Flickr (CC BY-NC-ND 2.0)





As I was wrapping my teenage head around the existence of quarks, scientists at Brookhaven were trying to re-create this quark-gluon plasma.




The facility stripped the electrons off atoms before slinging them to near light speed, steering them clockwise and counterclockwise in circles using 1,740 powerful superconducting magnets and slamming the particles into one another. The idea was that when heavy atomic nuclei collided, they would produce trillion-degree temperatures that would melt their protons and neutrons into a quark-gluon plasma. Multilayered detectors would then observe the resulting debris, hopefully identifying the fingerprints of the sought-after substance.




In 2005, scientists with RHIC's four detectors -- STAR, PHENIX, PHOBOS and BRAHMS -- jointly announced the discovery of a new state of hot, dense matter in a special issue of Nuclear Physics A. The substance, now confirmed to be quark-gluon plasma, lasted about 10 quadrillionths of a nanosecond and reached trillions of degrees Celsius within a region only about 10 trillionths of a millimeter across.




"That was the first time quarks and gluons were seen, or at least observed indirectly, as being outside of protons and neutrons," Deshpande says. "That was a big deal."




But in a scientific shocker, the state of matter RHIC found was not a gas of free-floating quarks and gluons, as scientists expected the quark-gluon plasma to be. Instead, the quarks and gluons interacted with one another as in a liquid. In fact, RHIC revealed, the quark-gluon plasma is a near-perfect liquid, meaning that it has vanishingly small viscosity and can flow with almost no resistance. "It has a very distinct persona," Deshpande says. "It likes to flow."




The rise of sPHENIX




Once they had re-created the quark-gluon plasma, scientists wanted to know more about it. Researchers upgraded their detectors numerous times to better study this fleeting state of matter. The STAR detector has had new pieces cobbled onto it even in recent years. In our visit, newly added components perched on odd platforms, like books teetering on an overloaded bookshelf in a long-inhabited office.




PHENIX researchers chose a different tactic. Instead of continuing to upgrade PHENIX, they decided it was better to start fresh. Scientists knew that RHIC might not continue running much longer, so they designed a new instrument to live fast and die young. In 2023, sPHENIX switched on.




When we visited the three-story detector during my December tour, the contrast with the aging STAR was immediately apparent. If STAR was a well-used pair of hiking shoes -- sturdy, comfortable but showing their age -- then sPHENIX was a pair of kicks just off the shelf. It was shiny and modern and bright, freshly painted in cornflower blue.




With its new, faster electronics and more sensitive hardware, sPHENIX got cranking. "We've taken more data this year than the entirety of the 25 years of RHIC running," says physicist Rosi Reed of Lehigh University in Bethlehem, Pa.




[image: sPHENIX]sPHENIX, which began operating in 2023, was the newest experiment at RHIC and was designed to be a bridge to the next collider.Kevin Coughlin/Brookhaven National Laboratory





sPHENIX serves as a bridge to the Electron-Ion Collider. For one thing, the detector used a data-collection strategy that will be essential for the new facility.




Most particle collider detectors generate too much information to store it all. So they record only events that meet certain conditions for being interesting. But then you have to ask, " 'What about those things I'm not seeing?' " Reed says.




Components of sPHENIX can collect data nonstop via a method called streaming, throwing nothing away. This is how the entirety of the Electron-Ion Collider's detector will run, a feat made possible by improved computer processing and storage capabilities, as well as AI techniques that will help sift through that multitude of data.




In an office adjoining the hall that houses sPHENIX, remnants of celebratory bagels and cream cheese lay scattered on a table. Not exactly champagne, but I was raised in these parts, so I can clue you in: Bagels are the champagne of Long Island.




sPHENIX still feels fresh, so moving on from it is bittersweet, Reed says. "Nobody ever wants to see the ending of something. I think that we could, if there was more time, do more. But I'm really happy and proud of what we've managed to accomplish."




A spin on protons




In the RHIC control room, another stop on my tour, run coordinator Travis Shrey appeared relaxed, as if swapping out gold nuclei for protons along a 3.8-kilometer accelerator is no biggie. "We didn't plan on running protons this year," Shrey, an accelerator physicist, said nonchalantly. "This is kind of like a last-minute thing." Unflappability is presumably a desirable quality for someone in charge of operations for a machine so big that it's visible from outer space.




RHIC's proton beams are special: They can be polarized. That means the protons, which have tiny magnetic fields, are aligned so their magnetic poles are all pointing in the same direction, like packages with "this way up" signs cruising around a conveyor belt. But the packages are subatomic particles, and the conveyor belt has them zipping at close to the speed of light.




These polarized beams allowed RHIC to investigate the proton in ways never before possible. In particular, they brought scientists closer to resolving a puzzle so vexing to physicists that it was known as a "crisis" when it first came to light in 1987.




[image: A visualization]The Electron-Ion Collider will fling electrons (matte red) into protons (gold), revealing snapshots of the quarks (multicolored balls) and gluons (springs) contained within.Brookhaven National Laboratory/Flickr (CC BY-NC-ND 2.0)





At issue is the proton's spin, the quantum property that gives it a magnetic field. Spin is a quantum version of angular momentum, a sort of rotational oomph. That might seem abstract, but it's as important to a particle as its mass or electric charge. Spin comes in either integer or half-integer values and determines a particle's role. Building blocks of matter, such as protons, electrons and neutrons, have spins of 1/2 and are known as fermions. Particles that transmit forces, like gluons or photons, have integer spins and are known as bosons. If protons were bosons instead of fermions, atomic nuclei -- and the universe as we know it -- wouldn't exist.




At first, physicists expected that the quarks, which each have spin of their own, made up the spin of the proton. But experiments indicated that only about 30 percent of the spin was coming from quarks. "That was a bit of a shock," says Jentsch, of Brookhaven. "Where does the rest of it come from?"




RHIC's polarized proton beams revealed that gluons contribute to the spin, making up about 20 to 30 percent. But that still leaves about half of the spin unexplained.





RHIC's Greatest Hits




2005  
Discovery of a hot, dense "perfect liquid"




2010  
The liquid's temperature, at 4 trillion degrees Celsius, confirms it is a
quark-gluon plasma




2014  
Gluons are found to contribute to the spin of the proton




2015  
Discovery that antiprotons attract each other just like regular protons




2017  
The quark-gluon plasma is deemed to be the "swirliest" fluid ever




2021  
Discovery that colliding photons, particles of light, may make matter and antimatter




2023  
Spins of gluons are found to align with the spin of the proton they're inside, further evidence that gluons make up proton spin




2024  
Discovery of the heaviest antimatter nucleus, antihyperhydrogen-4






This is where the new Electron-Ion Collider comes in. When it starts up in the mid-2030s, it will provide maps of the positions and momenta of the particles that make up the proton. And that will allow scientists to investigate another potential source of spin. In addition to the intrinsic spins of the quarks and gluons, their swirling motions within the proton may also add to the proton's spin.




The "electron" in the Electron-Ion Collider is crucial here. The collider will use electrons to probe protons, rather than colliding protons with protons. That's a game changer because, while protons have smaller constituents, electrons do not. So an electron is a more precise probe that provides a fine-grained view of protons' inner world.




"You can think about it like an electron microscope," Aschenauer says. "It's really a precision machine which will give us all the secrets of the visible matter which can be unraveled."




Doing that requires a collider that is unlike any built before. The Electron-Ion Collider will have polarized electron beams and polarized ion beams. Polarizing both is not an easy ask: The two types of particles behave quite differently in an accelerator. That means the collider is "everything hard about an electron machine and everything hard about an ion machine," Shrey says. "And then you're going to add them together, so that adds a whole new level of complication. It is the most challenging machine there is."




To construct it, Brookhaven is partnering with Jefferson Lab in Newport News, Va. And scientists are not starting from scratch. RHIC consisted of two rings of equipment for steering, focusing and monitoring the two beams, one of which traveled clockwise and the other counterclockwise through the tunnel. The counterclockwise ring will stay mostly as-is to accelerate the protons and ions. The other will be removed and replaced by a new electron ring. Also remaining in place are the multiple stages of pre-accelerators the protons and ions go through before entering the collider.




Some of the magnets for steering the electron beams will be recycled from an electron accelerator at Argonne National Laboratory in Lemont, Ill., called the Advanced Photon Source, which itself was upgraded in 2024, leaving its magnets up for grabs. The bright yellow, minifridge-sized electromagnets are already at Brookhaven, laid out in rows upon rows in a storage room, like a farm growing an unusual crop.




Components of STAR and sPHENIX will also find new life in the Electron-Ion Collider's detector. You can think of RHIC's shutdown not as an end, but as a metamorphosis.




The proton's quantum essence




Fittingly, the Electron-Ion Collider could give scientists an even better understanding of RHIC's signature discovery, the quark-gluon plasma.




Some of the biggest uncertainties in studies of the quark-gluon plasma come from unknowns about the initial states of the protons and neutrons within the atomic nuclei that are being collided. So one way to better grasp that state of matter is to understand the proton itself.




Protons are subject to the laws of quantum physics, in which objects don't exist as concrete entities with fixed properties. That feature "really encapsulates the essence of quantum mechanics," says Brookhaven theoretical physicist Raju Venugopalan. "What you see depends on how you probe the object." Like that optical illusion that can appear as either a rabbit or a duck depending on your perspective, scientists get a different view of the proton depending on how they look at it.




When studied at low energies, protons appear as simple, three-quark objects. At higher energies, the sea of transient quarks and antiquarks comes into play. At the highest energies, like those at RHIC and eventually the Electron-Ion Collider, scientists believe the proton becomes clogged with multitudes of gluons, making a dense wall called a color glass condensate.




[image: An illustration of proton appearances depending on how they are probed]Protons' appearances vary depending on the energy at which they're probed. At low energies, three quarks (colored balls) appear along with gluons (yellow springs). At higher energies, transient pairs of quarks and antiquarks crop up. At the highest energies, a dense wall of gluons dominates.Brookhaven National Laboratory/Flickr (CC BY-NC-ND 2.0)





In the collisions of atomic nuclei at RHIC, it's thought that the gluons of their color glass condensates interacted with one another, producing the quark-gluon plasma. But scientists haven't been able to fully confirm the existence of that color glass condensate or study it in detail. The Electron-Ion Collider could allow that. And that could have repercussions across physics.




Protons and the quark-gluon plasma are described by a theory called quantum chromodynamics. The mathematics of that theory are so complex that there's still a mystery behind how quarks and gluons are confined within the proton. How do the gluons of the color glass condensate know how far to extend from the proton's center, for example? Understanding the color glass condensate could shed light on that question of confinement.




Perhaps the weirdest thing about the color glass condensate is that when the gluons condense into these globs, they somehow shake off their quantum nature. "You think of the stuff inside a proton as being this intensely quantum mechanical stuff, right? All these quarks and gluons kind of fluctuating around," Venugopalan says. But, he says, the "globs of glue" that make up the color glass condensate behave like classical, not quantum, objects. That means studying the color glass condensate could also help scientists study where the boundary lies between the quantum world and the classical world, another major quandary of physics.




Exposing the color glass condensate could unveil some of physics' deepest mysteries. "The Electron-Ion Collider, in that sense, is kind of the ultimate machine," Venugopalan says.




A refuge for curiosity




When I was a senior in high school, we were assigned to write essays about our favorite place in the community. Most people wrote about the beach. A bit cliche, but we did live on an island. I wrote about Brookhaven National Lab.




Before my December trip, though, I hadn't visited the site in decades. Why did I feel compelled to see RHIC one last time? Perhaps it's because I'm still amazed this facility existed -- a testament to what humans can accomplish when we're allowed to follow pure scientific curiosity. What, exactly, the universe is made of is perhaps the most fundamental information one might want to know. The experiments at RHIC have undoubtedly gotten us closer to that. In the process, they produced more than 600 Ph.D.s (and inspired at least one journalist).




I also wanted to visit RHIC because I'm worried. At this moment in history, when U.S. science funding is being threatened, I fear a facility like the Electron-Ion Collider could be hard to see through to completion. Its construction is expected to cost nearly $3 billion, with the majority of the money coming from the Department of Energy's Office of Science. When I asked Deshpande about funding concerns at a meeting of the American Physical Society last March, he noted that the project is an international collaboration, with some funding coming from foreign governments and other sources. But, he said at the time, "we are always worried."





Inside a Next-Gen Collider




In the Electron-Ion Collider, protons and atomic nuclei will be created and pre-accelerated (orange) before being injected into the collider's counterclockwise ring (yellow). The electron beam will be created and accelerated in a separate ring before entering the clockwise ring (red). Particles will collide at one or more detectors (green) that will measure
the results.



[image: An illustration showing what happens during a collision using a Electron-Ion Collider]Brookhaven National Laboratory/Flickr (CC BY-NC-ND 2.0)Brookhaven National Laboratory/Flickr (CC BY-NC-ND 2.0)






And the United States is not the only one at this game. The proposed Electron-ion collider in China, to be located in Huizhou, is earlier in the planning process than the U.S. effort, but if it goes ahead, it's projected to begin operations in the late 2030s.




In my college years, I spent a summer doing research at Stony Brook University in New York, which neighbors Brookhaven and had many scientists working on RHIC experiments. My mentor from back then, physicist Thomas Hemmick, a member of the sPHENIX team, is an optimist. He reassured me: "The track record of DOE Nuclear Physics is that their highest priority for new construction has always been built, and so that gives a lot of confidence to the field." According to a 2023 U.S. Nuclear Science Advisory Committee report, the Electron-Ion Collider is the highest priority. In a statement to Science News, a DOE spokesperson expressed excitement about "the possibilities for world-leading science that will be enabled by the Electron-Ion Collider." To Hemmick, the transition to the new collider marks "the birth of hope at the end of an era."




Recently, my teenage niece has begun asking me about physics, delving into the same kinds of deep questions that grabbed my attention as a kid. I hope that the country still has room for a collider that can serve as inspiration for her, and for others of her generation.
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Chris Buck stands barefoot in his kitchen holding a glass bottle of unfiltered Lithuanian farmhouse ale. He swirls the bottle gently to stir up a fingerbreadth blanket of yeast and pours the turbulent beer into a glass mug.




Buck raises the mug and sips. "Cloudy beer. Delightful!"




He has just consumed what may be the world's first vaccine delivered in a beer. It could be the first small sip toward making vaccines more palatable and accessible to people around the world. Or it could fuel concerns about the safety and effectiveness of vaccines. Or the idea may go nowhere. No matter the outcome, the story of Buck's unconventional approach illustrates the legal, ethical, moral, scientific and social challenges involved in developing potentially lifesaving vaccines.
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Buck isn't just a home brewer dabbling in drug-making. He is a virologist at the National Cancer Institute in Bethesda, Md., where he studies polyomaviruses, which have been linked to various cancers and to serious health problems for people with weakened immune systems. He discovered four of the 13 polyomaviruses known to infect humans.




The vaccine beer experiment grew out of research Buck and colleagues have been doing to develop a traditional vaccine against polyomavirus. But Buck's experimental sips of vaccine beer are unsanctioned by his employer. A research ethics committee at the National Institutes of Health told Buck he couldn't experiment on himself by drinking the beer.




Buck says the committee has the right to determine what he can and can't do at work but can't govern what he does in his private life. So today he is Chef Gusteau, the founder and sole employee of Gusteau Research Corporation, a nonprofit organization Buck established so he could make and drink his vaccine beer as a private citizen. His company's name was inspired by the chef in the film Ratatouille, Auguste Gusteau, whose motto is "Anyone can cook."




Buck's body made antibodies against several types of the virus after drinking the beer and he suffered no ill effects, he and his brother Andrew Buck reported December 17 at the data sharing platform Zenodo.org, along with colleagues from NIH and Vilnius University in Lithuania. Andrew and other family members have also consumed the beer with no ill effects, he says. The Buck brothers posted a method for making vaccine beer December 17 at Zenodo.org. Chris Buck announced both publications in his blog Viruses Must Die on the online publishing platform Substack, but neither has been peer-reviewed by other scientists.




A second ethics committee at the NIH objected to Buck posting the manuscripts to the preprint server bioRxiv.org because of the self-experiment. Buck wrote a rebuttal to the committee's comments but was loathe to wait for its blessing before sharing the data. "The bureaucracy is inhibiting the science, and that's unacceptable to me," he says. "One week of people dying from not knowing about this is not trivial."




On February 2, 2026, Science News reached out to Jonathan Green, director of the Office of Human Subjects Research Protections, seeking comment for an additional story on the ethical considerations of Buck's work. On February 4, Buck received notification that he was being placed on paid administrative leave pending an investigation. "Your placement on administrative leave does not constitute an adverse action," James Gulley, acting codirector of the Center for Cancer Research and NCI clinical director, wrote in the notification. The letter did not specify the nature of the investigation.




Buck says he intends to file a complaint against Green for withholding his application to do his self-experiment from the full NIH ethics committee, and for initiating the investigation. When asked for comment, Green referred Science News to the NIH press office. A spokesperson replied that "NIH does not comment on personnel matters."




Buck's unconventional approach has also sparked concerns among other experts about the safety and efficacy of the largely untested vaccine beer. While he has promising data in mice that the vaccine works, he has so far  reported antibody results in humans from his own sips of the brew. Normally, vaccines are tested in much larger groups of people to see how well they work and whether they trigger any unanticipated side effects. This is especially important for polyomavirus vaccines, because one of the desired uses is to protect people who are about to get organ transplants. The immune-suppressing drugs these patients must take can leave them vulnerable to harm from polyomaviruses.




Michael Imperiale, a virologist and emeritus professor at the University of Michigan Medical School in Ann Arbor, first saw Buck present his idea at a scientific conference in Italy in June. The beer approach disturbed him. "We can't draw conclusions based on testing this on two people," he says, referring to Buck and his brother. It's also not clear which possible side effects Buck was monitoring for. Vaccines for vulnerable transplant patients should go through rigorous safety and efficacy testing, he says. "I raised a concern with him that I didn't think it was a good idea to be sidestepping that process."




Other critics warn that Buck's unconventional approach could fuel antivaccine sentiments. Arthur Caplan, who until recently headed medical ethics at the New York University Grossman School of Medicine, is skeptical that a vaccine beer will ever make it beyond Buck's kitchen.
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"This is maybe the worst imaginable time to roll out something that you put on a Substack about how to get vaccinated," he says. Many people won't be interested because of antivaccine rhetoric. Beer companies may fear that having a vaccine beer on the market could sully the integrity of their brands. And Buck faces potential backlash from "a national administration that is entirely hostile to vaccines," Caplan says. "This is not the place for do-it-yourself."




But the project does have supporters who say it could instead calm vaccine fears by allowing everyday people to control the process. Other researchers are on the fence, believing that an oral vaccine against polyomavirus is a good idea but questioning whether Buck is going about introducing such a vaccine correctly.




In his day job at the U.S. National Institutes of Health, Chris Buck is working toward making an injectable vaccine against polyomaviruses. But Buck founded a private company to experiment with an oral vaccine produced in yeast. Buck brewed beer with yeast he engineered to make a polyomavirus vaccine. Here he discusses part of his inspiration for the project.FARIVAR HAMZEYI





"I'm of two minds on this," says Bryce Chackerian, a virologist at the University of New Mexico Health Sciences Center in Albuquerque. Sometimes the government makes choices about who can take a vaccine based on what age you are or whether you have preexisting health conditions, he notes. "I'm sympathetic to Chris's frustration with those sorts of constraints on vaccine uptake."




Chackerian adds that he personally has no safety concerns about this particular type of vaccine. Still, he says, "I believe in our system of testing vaccines. I think it's really important for making sure that we have safe products that go into people and that we don't undermine the public trust in vaccines." He calls Buck's approach "a bold choice by him, but interesting and, I would say, not out of character."




The painful dangers of polyomaviruses




Buck and his NCI colleagues have been working for more than 15 years to develop an injectable polyomavirus vaccine. Polyomaviruses are icosahedrons (think of 20-sided dice) with surface proteins that have a particular repeating pattern. The immune system views this pattern as "an innate danger signal," Buck says. That makes them attractive vaccine candidates.




Polyomaviruses are everywhere and infect many people, causing serious problems for some but lying dormant in most humans. Up to 91 percent of people are infected with BK polyomaviruses by the time they turn 9 years old. BK is the species of polyomavirus that Buck is developing his vaccine against. Polyoma means "many tumors," and the viruses are suspected to be involved in bladder cancers. Some evidence suggests these viruses also cause interstitial cystitis, a painful bladder condition in which people have a frequent or urgent need to pee. It affects about 1 to 3 percent of people in the United States.




[image: Clusters of green spiky round shapes are on a tan background.]Polyomaviruses like these in a colorized transmission electron micrograph have been linked to some cancers and to kidney and brain damage in people with weakened immune systems.Dr. Erskine Palmer/CDC





In the blog post announcing the new results, Buck recounts a visit to a pediatric hospital where he learned that children with BK hemorrhagic cystitis screamed so loudly from bladder pain that the hospital had to install soundproofing. "There are screaming children at the back of my mind after that experience," he says.




In addition, organ transplant recipients may suffer organ damage from polyomaviruses. That happens because transplant recipients take immune-suppressing drugs given to prevent rejection of the donated organ. Kidney transplant recipients may lose the organ because their weakened immune systems allow dormant BK polyomavirus in the donor kidney to reawaken and cause damage.




Other transplant patients can develop a brain disease caused by BK's cousin JC polyomavirus. But transplant patients who have high levels of antibodies against polyomaviruses prior to surgery are often protected from such complications. Buck says transplant surgeons practically shake him by the shoulders to demand polyomavirus vaccines for their patients.




Those patients are part of what spurred Buck's work -- and his own experiences drove him to try and make it accessible outside the typical government approval process.




Buck often recounts how a friend was denied the vaccine for human papilloma virus, or HPV, because he was an adult man at a time when vaccine access was limited to adolescent girls. The friend later died of head and neck cancer sparked by that virus. Buck says that withholding vaccines from people who want them is morally equivalent to the evils of the Tuskegee experiment, a deeply racist and unethical program in which Black men with syphilis were denied penicillin so scientists could observe the effects of not treating the disease.




Ultimately, he hopes to win official approval for the yeast-based vaccine from the U.S. Food and Drug Administration. But, he writes in the blog post, "there's a glacial wall of license-wrangling, technical barriers, and impenetrable regulatory bureaucracy between me and the desperate families literally screaming for my help."




The rise of a yeast-based vaccine




Buck's NCI team has been working with a vaccine maker in India that holds the license to a traditional, injectable version of a polyomavirus vaccine that's being tested in animals. That vaccine consists of BK polyomavirus' outer shell protein, VP1, which is made in insect cells and then purified to strip out all but the viral proteins. These proteins naturally assemble into empty viruslike particles. When injected, the purified viruslike particles cause antibody levels in rhesus monkeys to shoot up well beyond a level that may protect against infection, the researchers reported in Vaccine in 2023. The protective response lasted for the length of the study; about two years.




The results were so encouraging that Buck wondered if the vaccine could be delivered in other ways. And he wondered if it was really necessary to purify viruslike particles at all. For his virus factories, Buck decided to use Saccharomyces cerevisiae, the baker's and brewer's yeast that leaven bread and ferment wines, many beers, chocolate and coffee.




In his lab at NCI, his team sprayed ground-up yeast that make empty polyomavirus-like particles in mice's noses, scratched it into their skin and fed it to them. Squirting particles up mice's noses worked, though not as well as injecting purified particles did. Scratching the skin was also effective, Buck and colleagues report in their December papers. But feeding mice ground-up dead yeast didn't work at all.




That's not a surprise, Chackerian says. Oral vaccines against rotavirus, cholera and polio exist, so it's a viable strategy. But in this case, the viruslike particles probably "just fall apart" in the acidic environment of the stomach, Chackerian says. Another challenge with developing oral vaccines is that many viral particles don't interact with cells in the intestine. Viruses like polio naturally infect intestinal cells, so it's no problem for weakened viruses in the oral polio vaccine to invade intestinal cells and prompt the immune system to erect defenses. Many scientists, including Buck, used to think oral vaccines work only if they consist of live, weakened viruses or bacteria that can infect intestinal cells.




Polyomaviruses are primarily found in the urinary tract. And Buck's group wasn't making a live virus. The yeast produce empty viral shells that can't establish infection. S. cerevisiae yeast also do not cause infections in people, so Buck didn't expect an oral polyomavirus vaccine to work.




Just to be thorough, the team fed mice whole, live yeast carrying the viruslike particles mixed with their kibble. The mice "love it and have a party when you give them the food," Buck says.





Brewing up a vaccine beer




Click through to see the steps that Chris Buck took to create his vaccine beer. 





	


	


	
		
			
	
	
		[image: Red geometric shapes like 20-sided die represent empty polyomavirus particles.]
		
			
				A scientist built a version of a gene that produces the coat protein (VP1) of BK polyomavirus.				Hrejsa medical Illustration			


			




	
	
		[image: This diagram shows a circular piece of DNA with a pullout indiciting two genes in the DNA.]
		
			
				He engineered a circular piece of DNA called a plasmid to carry that gene and one for green fluorescent protein (GFP).				Hrejsa Medical Illustration			


			




	
	
		[image: A cluster of yellow blobby yeasts are next to a bigger one which has two circular pieces of DNA shown inside and labeled as plasmids.]
		
			
				The plasmid is inserted into yeast, which will then glow green under fluorescent light.				Hrejsa Medical Illustration			


			




	
	
		[image: On left is a drawing of a full beer stein with yeast visible floating in it. On the right, is an illustration of a yeast with empty viral shells inside.]
		
			
				The engineered yeast, which make empty, noninfectious viruslike particles, are used to brew beer.				Hrejsa Medical Illustration			


			




	
	
		[image: A person is drinking beer. His gut is imaged to the right, showing yeast entering it.]
		
			
				Live yeast in the beer can ferry the viruslike particles through stomach to the intestines, where the yeast break open to release their cargo.				Hrejsa Medical Illustration			


			




	
	
		[image: This image shows Y-shaped antibodies.]
		
			
				The immune system produces antibodies to the viral protein.				Hrejsa Medical Illustration			


			



		

	








Live yeast sprayed in the nose didn't work -- but the party kibble produced antibodies in the mice. That indicates that if they make it through the stomach, empty polyomavirus-like particles can interact with immune cells in the gut to produce antibodies, Chackerian says. It's also a sign that live yeast might be able to ferry other types of proteins to build immune defenses against other diseases. "That's a very exciting possibility," he says, "because that would potentially mean that his findings aren't just limited to this vaccine."




With a little tinkering, Buck thinks yeast could deliver vaccines against a wide variety of diseases, including COVID-19 and H5N1 bird flu, as well as cancers caused by HPV.




A seismic shift in making a vaccine




The initial results from feeding mice the live yeast came as a shock even to Buck.




"We repeated this experiment a couple of times. I was reluctant to believe it," Buck said at the World Vaccine Congress Washington in April. "It felt like an earthquake when I first saw the results emerging."




The rumbling he felt was triggered by his knowledge of the way food and drugs are regulated in the United States. Buck realized he may not need FDA approval to get a polyomavirus vaccine into the hands of people who might benefit from it. "If you can eat something, you can sell it as a dietary supplement product" or food, he says. Such products are regulated differently than drugs or vaccines.




Vaccine and drug testing involves multiple rounds of clinical trials. These trials typically start with a few hundred people to establish whether there are obvious safety concerns. If there are no safety issues, larger trials involving thousands to tens of thousands of volunteers are conducted. There, scientists look for rare side effects that might not have been apparent in the smaller trial. Bigger trials can also give researchers clues about how well the vaccine works. Even after vaccines are approved, they are monitored for safety.




But Buck envisions vaccine beer as a food first. Food and dietary supplements don't have to undergo multiple rounds of testing. Manufacturers of dietary supplements are supposed to establish their products' safety before selling them, but that might be as simple as feeding samples to a few volunteers. Food and supplement makers also don't have to prove to the FDA that their products work as advertised, although the FDA and the Federal Trade Commission ensure that manufacturers aren't falsely advertising their products as cures for specific diseases.




Buck says the ingredients in his vaccine beer are already part of the food supply, and that the components meet the FDA definition of "generally regarded as safe" for people to eat. In addition, polyomaviruses are shed in massive quantities in urine and are aerosolized with every flush to float in the air and coat every bathroom door handle, so people probably unwittingly breathe in or consume millions of them daily, he says.




People who don't drink beer could pour off the alcohol and eat the yeast. Buck is also experimenting with dried yeast chips or capsules of yeast but doesn't have manufacturing infrastructure to produce large quantities of yeast. He hopes to enlist companies that make yeast for home brewers to make his vaccine beer yeast.




[image: A petri dish with yeast in it glows a fluorescent green.]Yeast glow green on a culture dish in Chris Buck's dining room lab. The fluorescent green color indicates the yeast carry a piece of DNA with instructions for making empty virus-like particles.Farivar Hamzeyi





And here's where things get sticky. "Vaccines are drugs. We all know this. There's no hiding or costuming of vaccines. You should think of it as a drug," Buck says. "But just because something is a drug does not mean it can't also be a food."




For instance, wormwood has been used for hundreds of years as a remedy against malaria. Nobel laureate Tu Youyou developed its active ingredient into the malaria drug artemisinin. Wormwood can be sold as dietary supplement or food but by law can't claim to treat or prevent malaria. Vague claims, such as "supports immune health," are allowed. But if someone wants to sell a product as both a drug and a food or supplement, the product must first be a food or supplement before being developed as a drug.




Andrew Buck set up a corporation specifically to sell the yeast strains Chris developed and has made sales to two scientists who are friends and supporters. The Buck siblings flirted with calling their invention "vaccine-style beer" to indicate that it is reminiscent of a vaccine, much the way India pale ales or Belgian-style beer are made in the mold of beers from those countries. They finally decided to call it vaccine beer so people would know its intended purpose even though the siblings don't have irrefutable evidence that it works. "The place that we cannot go is saying that it is effective for any specific disease state," Buck says. "The only way to do that is with full FDA approval" of the yeast as a vaccine.




Stirring up debate about trust in vaccines




Buck drank the first batch a pint a day over five days in late May. He followed that with two five-day booster flights seven weeks apart. Buck pricked his finger before and at regular intervals after drinking the beer to measure whether he was making antibodies against the virus. He already had antibodies against one of the four subtypes of BK polyomavirus but he was reassured to see levels of antibodies against BK type IV slowly climb after he drank beer containing the protein from that subtype. Antibodies against subtype II shot up even more rapidly.




Antibodies against subtypes I and II reached the threshold considered protective for transplant patients, but those against type IV didn't make the mark. There are no blood test results from his brother or the other family members who quaffed the beer.





Boosting immunity




Chris Buck measured antibody levels in his blood to three subtypes of BK polyomavirus before and after drinking a vaccine beer against subtype IV. Buck previously had antibodies to subtype I. Those levels stayed roughly the same, but antibody levels to subtypes II and IV rose after an initial dose of vaccine beer and two booster flights (indicated by beer steins).




Antibody levels against subtypes of BK polyomavirus



[image: A graph showing antibody levels to certain subtypes of a virus after drinking a beer meant to stimulate the body to make antibodies.]S. Soleymani et al./Zenodo.org 2025S. Soleymani et al./Zenodo.org 2025






Buck says his self-experiment illustrates that a person can be safely immunized against BK polyomaviruses through drinking beer. But even though Buck produced antibodies, there is no guarantee others will. And right now, people who drink the vaccine beer won't know whether they produce antibodies or if any antibodies they do produce will be sufficient to protect them from developing cancer or other serious health problems later.




Other scientists familiar with Buck and his yeast project also have conflicting opinions about how it might influence public trust and acceptance of vaccines.




If something were to go wrong when a person tried to replicate Buck's beer experiment, Imperiale worries about "the harm that it could do to our ability to administer vaccines that have been tested, tried and true, and just the more general faith that the public has in us scientists. Right now, the scientific community has to think about everything it does and answer the question, 'Is what we're doing going to cause more distrust amongst the public?'"




That's especially true now that health officials in the Trump administration are slashing funding for vaccine research, undermining confidence in vaccines and limiting access to them. A recent poll by the Pew Research Center found that a majority of Americans are still confident that childhood vaccines are highly effective at preventing illness. But there has been an erosion of trust in the safety of those vaccines, particularly among Republicans.




"Coming up with new modes of administration of vaccines is way overdue," Caplan says. But given all the controversies swirling around vaccines, Buck's do-it-yourself approach could backfire and "take a good idea he has and ruin it," he says. "Vaccine doubts and fears and antivaccine attitudes could easily undercut what could be something useful."




Preston Estep, a geneticist and entrepreneur who made his own DIY nasal spray vaccine against COVID-19, disagrees with Caplan's assessment. "Bioethicists and public health officials often say that X, Y or Z is going to erode public trust in vaccines, and they actually don't have any idea either whether or not that's true," says Estep, founder and chief scientist of the Rapid Deployment Vaccine Collaborative, a COVID-19 vaccine research and development nonprofit group. The group of scientists and citizen scientists from around the world tested Estep's nasal vaccine on themselves months before COVID-19 vaccines became available, though there is only anecdotal data on its effectiveness. In 2024, the group shifted to a vaccine formulation that has been shown to produce immunity in animals.




If the vaccine beer proves effective and safe, it could build, not erode, public trust, Estep says. "It allows people to experience vaccines in a really prosaic sort of comfort food or comfort beverage approach." And since Buck's brother is selling yeast that people would need to homebrew into a liquid vaccine, "what I argue is that they're not selling a vaccine, they're selling a vaccine factory," Estep says.




Buck says it's more important than ever for people who want protection against diseases to have another option. Even with the Trump administration's "saber-rattling, they cannot stop people from cooking in their own kitchen." It's not ideal to have to home brew your own vaccine, he admits. But "if nothing else works, or if the administration goes bananas and tries to shut it all down commercially, this is what we're going to have to resort to."




In late May 2025, Chris Buck drank his first batch of vaccine beer against BK polyomavirus. Buck engineered yeast to make one of the virus's proteins, then brewed beer containing the yeast. Science News was there to witness some of his first sips.FARIVAR HAMZEYI





Buck feels a moral imperative to move forward with his self-experiments and to make polyomavirus vaccine beer available to everyone who wants it. "This is the most important work of my whole career," he says. "It's important enough to risk my career over." What he's doing in his home lab is consistent with his day job, he adds. "At the NIH in my contract it says my job is to generate and disseminate scientific knowledge," he says. "This is my only job, to make knowledge and put it out there and try to sell it to the public."




He doesn't see himself as a maverick. "I'm not a radical who's trying to subvert the system. I'm obeying the system, and I'm using the only thing that is left available to me."
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	The Story of Stories traces the arc of storytelling across human history

	Technological upheavals have shaped how we tell stories, but not our love of them

			
				




The Story of Stories
Kevin Ashton
Harper, $32




Back in 1944, two psychologists performed a somewhat mundane experiment. The researchers asked people to simply watch a short film and describe it. Most of the viewers spun elaborate tales involving lovers, violence and abandonment. That's pretty amazing, considering the film featured only shapes: two triangles and a circle that moved in and out of a rectangle.




Our brains, as it turns out, can find a story in anything.
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That's the central truth at the heart of The Story of Stories. In this wide-ranging book, technologist Kevin Ashton dips into the often strange history of storytelling itself, as he describes the technologies that have evolved alongside these tales and makes the case for why stories matter. It's a compelling effort, particularly today when everyone with a smartphone can be a storyteller.




Ashton sets himself an audacious goal of tracing an overarching story of all stories from the earliest tales. Chapter 1 begins with fire, around which our ancestors sat at night. Around these fires, the imperatives of the day's work fell away. "In the warmth and security of their flames, they communicated about events remembered and imagined, from places and times near and far. Or, they started telling stories," Ashton writes.




The chapters that follow offer scattershot history lessons, curious anecdotes of the ways stories have been passed from person to person, and lively descriptions of revolutionary technologies -- from the printing press to electricity to Facebook.




Ashton has a knack for pulling out memorable bits from historical records, scientific studies and other sources for readers. For instance, in the mid-1800s in the United States, before paper was regularly made from wood pulp, paper was made from cloth rags. Some of those rags were pulled off Egyptian mummies and stank to high heaven. "Paper mills did not always admit that their 'Egyptian rags' had once wrapped mummies, perhaps for fear of upsetting a delicate public," he writes.




The narrative arc of The Story of Stories can at times be hard to follow; readers are occasionally left without a strong anchor line as the book flits from anecdote to anecdote. But stick with it and eventually the soft orange glow of Chapter 1's ancient fires turn blue -- the harsh light of smartphone screens.




In the digital age, especially with the ubiquity of social media, "we have gone from a world where a few people could tell stories to a few people, to a world where everyone can tell stories to everyone," Ashton writes. Storytelling (and listening) has reached a fever pitch.




The implications of this expansion are many, and they're certainly not all positive.




Misinformation and disinformation about COVID-19 and vaccines spread far and wide during the pandemic. Ashton details how digital lies contributed to some people refusing to get vaccinated, more cases of severe disease and more preventable deaths.




Manipulative stories that convincingly represent fiction as fact -- due to generative AI's ability to create realistic fake images, video and audio -- continue to spread.




Playing with people's perceptions will become even easier as generative AI gets better at mimicking reality. Will powerful people "rewind time to say things they did not say, and to unsay things they did?" Likely yes, Ashton says. Popular digital platforms "are not shaping the online reality of billions, but reality itself," he writes.
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The only way out of this jam is to recognize that our minds are often gullible. That means that vigilance, doubt and humility are the ways ahead, Ashton says.




If that sounds bleak, consider the greater arc of history: While this current age of hatred, as Ashton describes modern online vitriol, is a step back, it is also "a reaction, a backlash, a squeal of dismay, a counterrevolution encouraged and exploited by powerful people." That reaction is up against a multitude of other narratives. Today's proliferation of stories, Ashton writes, hold power to show "the heterogeneous beauty and glory of all humanity."









Buy The Story of Stories: The Million-Year History of a Uniquely Human Art 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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	This fish may play a hole in its head like a drum

	The rockhead poacher's mysterious head pit may be an instrument rising above a noisy habitat

			
				




For the rockhead poacher, the noises are all in its head. 




The fish is a pint-size, unassuming inhabitant of nearshore shallows, but it has a conspicuous divot in the top of its skull that appears to work like a drum. New research suggests that flattened, mobile ribs may rap against the pit's underside like drumsticks, possibly so the fish can communicate with other members of its species.




"No fish has anything like this," says functional morphologist Daniel Geldof, who defended the work in December for his master's thesis at Louisiana State University in Baton Rouge.
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Rockhead poachers (Bothragonus swanii) are armored, teardrop-shaped fish found from Alaska to California, where they spend much of their time in shallow waters perched on sea bottoms and camouflaged to resemble rocks or sponges. Scientists had long noted the deep pit -- about as large as the fish's brain -- scooped out of the top of its head. But its function remained mysterious. Did it create sound or collect it like a satellite dish? Or was it used in other senses? 




To find out, Geldof and colleagues scanned a preserved specimen with X-rays. Compiling thousands of individual images gave the team a detailed, 3-D model of the poacher's strange head and everything within.




[image: A 3-D cross-section model of a rockhead poacher fish]Researchers used high-powered X-rays to build 3-D models of a rockhead poacher's insides. The head visualization shown here includes the brain (dark orange) and skull pit (depression to the rear of the brain), which is so large the poacher's entire brain could fit inside. Daniel Geldof and the LSU Advanced Microscopy and Analytical Core





The rib bones underlying the bottom of the head hole are unusually dense, large and flattened, Geldof says. They're also quite mobile and attached to powerful muscles. Geldof thinks these ribs are adapted for striking the bottom of the pit, creating noise.




"This fish basically has a tiny drum kit or maraca in its head," he says. "I've handled lots of other annoyed poacher [species], and you can feel them vocalizing. It feels very similar to if you have a cell phone in your hand that's on vibrate mode."




The phenomenon of striking or scraping elements together to make noise is called stridulation. While other fish are known to stridulate, the rockhead poacher "seems to be a rather extreme example of it," Geldof says.




It's possible all this drumming and buzzing is an adaptation for startling predators. But Geldof thinks it's more likely for calling and courting other poachers in a challenging acoustic environment. The wave-pounded intertidal shallows the poachers call home are turbulent and noisy. Rockhead poachers may be sending their buzzing vibrations into the rocks they rest upon.




"They have to work around all these crazy challenges if they want to hear and be heard in this din," Geldof says.




Audrey Looby, a fish ecologist at the University of Victoria in British Columbia who was not involved with the research, notes that there's increasing evidence that fish might be using sounds transmitted through surfaces they touch. For instance, mottled sculpins (Cottus bairdi) slap their heads against rocks and gravel to send vibrations through the substrate. "Just like we would want to study bird sounds to understand more about their communication," she says, we can do the same to understand fish communication.




Ecomorphologist Eric Parmentier of the University of Liege in Belgium isn't convinced the fish are stridulating. The pit may amplify sound, he says, but the ribs might not be hitting the pit's underside to create that sound. The sounds from bones hitting bones would mostly be at a far higher frequency than the roughly 20 Hertz Geldof and his colleagues predict -- above 1,000 Hertz, he says.
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"This would not match the types of sounds suggested in the report," he says. 




So far, the proposed drum mechanism hasn't been seen in action, and the fish hasn't been recorded underwater making its sounds. Experiments and observations in the lab would help confirm just how this percussion pit may work, Geldof says, and why such a weird quirk evolved in the first place.
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	Home HPV tests won't replace the ob-gyn

	Annual well-woman visits were never just about the Pap smear
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	How cheetah mummies could help bring the species back to Arabia

	Ancient big cats were closely related to an African population that could seed reintroduction
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	Earth's last 3 years were its hottest on record

	An analysis of global climate data shows sustained warming even as El Nino faded
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	In a Quebec park, a science game brings predator-prey dynamics to life

	Using humans as both the hunters and the hunted, the game aims to demystify ecology data
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	In a new kind of plant trickery, this yam fools birds with fake berries

	Ecologists find a seedless plant that snookers birds into spreading it far and wide
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	An all-female wasp is rapidly spreading across North America's elms

	The elm zigzag sawfly is spreading fast. Now it targets trees planted to replace diseased elms
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	Canadian humpback whales thrive with a little help from their friends

	The whales may have learned from Alaskan humpbacks how to make bubble nets to corral fish

			
				




For one population of whales, teamwork makes the dream work.
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	A double cosmic explosion could be the first known 'superkilonova'

	The blast may have come from a collision of tiny neutron stars forged in a supernova
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	Hidden tree bark microbes munch on important climate gases

	Knowing these vast microbiomes' preferences might help customize reforestation plans
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	Earth is bathed in droves of neutrinos spewed by the Milky Way's stars

	About 1,000 of the subatomic particles, born in stars other than the sun, pass through a thumbnail every second
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	A newly spotted asteroid spins faster than any of its size ever seen

	The asteroid was found in the first images from the Vera C. Rubin Observatory
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	An underwater volcano off Oregon didn't erupt in 2025 after all. Why not?

	Signs now point toward a 2026 eruption of the volcano on the Axial seamount
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	Botox could be used to fight snakebite

	Botulinum toxin is dangerously potent, but it may dampen inflammation from viper venom
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	Tell Me Where It Hurts sets the record straight on pain -- and how to treat it

	The book helps readers understand the intricacies of pain, and points out ways to reduce it

			
				




Tell Me Where It Hurts
Rachel Zoffness
Grand Central Publishing, $30.00




It's a rare book that both expands an issue into a dizzyingly complex problem and offers to solve it. In Tell Me Where It Hurts, pain psychologist and scientist Rachel Zoffness pulls off both.




Pain, she argues, has been deeply misunderstood. Sure, pain signals can come from damaged body parts. But that's not the whole story. Through compelling patient stories and clear scientific descriptions, Zoffness leads readers to understand that pain is created by a complicated cocktail of elements, including emotions, trauma, beliefs and social ties. These ingredients can combine to form pain just as eggs, flour, butter and cocoa powder can coalesce into brownie batter. The pain recipe is one of Zoffness' central metaphors that helps convey a variety of scientific explanations. It's a simple approach, but it works.
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Consider the ingredient of expectations. To illustrate the power of beliefs in shaping pain, Zoffness tells us the tale of two nails. A young construction worker accidentally jumped off a plank and onto the first nail -- a 7-incher. The nail's sharp end was sticking up out of his boot, leaving him in anguish. He was rushed to an emergency department and given powerful medicine to ease his significant pain. When the boot finally came off, the sight was shocking: The nail had missed the man's foot. "But despite the absence of injury, his pain was real," Zoffness writes.




The second nail came from a nail gun used by a different man. The gun misfired. As the man's head slammed back, he saw a nail shoot out of the nail gun into the wall in front of him. Lucky break, or so he thought. Six days later, a toothache took him to the dentist, where x-rays revealed a 4-inch nail lodged in his face just a few ticks away from his right eye. "In this case, there was significant damage -- but very little pain," Zoffness writes.




Together, these stories remind us of an easily overlooked truth: Pain is not an accurate indicator of bodily harm. Damaged body parts certainly can be painful but the other ingredients matter too. Pain is a biopsychosocial creation, Zoffness writes. "Our short-sighted focus on the bio alone means we've been missing two-thirds of the pain problem." 




This expansive view of pain sounds grim -- impossibly complex even. But Zoffness offers a salve. We can control some of the ingredients we use in our recipe. We can choose low-pain ingredients, and this book describes a lot of options. One section offers a menu of behavioral changes, broken down into specific, detailed plans for people in pain and their healthcare providers. For instance, "Never tell patients their pain is incurable," she writes. While a disease may be incurable, a person's pain may ebb.




As scientific prose, this book threads a fine needle. The writing is swift and not overstuffed with technicalities. Still, Zoffness provides details in footnotes and citations for the curious reader. The neuroscience journalist in me delighted at the following footnote explaining the overly simple phrase, pain pathway: "There is no one single, universal 'pain pathway' in the human body." Another fabulous footnote tells us that the phrase "pain receptor" is a misnomer. "There is no pain until sensory data reaches the brain and is interpreted as such." These nuanced, careful explanations make clear that we're in capable hands.




The reality is that the United States' healthcare system isn't set up to handle the complexities of pain, Zoffness points out. That's particularly true for chronic pain, which afflicts millions of people in the United States alone, and is often defined as lasting three months or longer (a somewhat arbitrary marker, Zoffness argues). Clinicians are adept at writing prescriptions or recommending procedures. It can be harder to ease a person's chronic pain with strengthening social ties, improving sleep hygiene or finding a therapist who can help address trauma.




Despite these big challenges, Tell Me Where It Hurts provides hope. The overall message is that there are paths forward, lots of them. These possibilities emerge when considering pain in a holistic way. After all, as Zoffness puts it, "a whole-person problem requires a whole-person solution."









Buy Tell Me Where It Hurts 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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	Crossword: Copy That!

			
				










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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	Finding the story

			
				




Having a nose for news may be a cliche. But it's key to a reporter's ability to sniff out stories that are important and unique. This issue's coverage of a scientist intent on using yeast to create vaccine beer· is a prime example of this style of enterprise journalism.
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