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Our species likes it cold.




Homo sapiens evolved in -- and still inhabits -- one of Earth's rare and fragile ice ages, periods distinguished not by an abundance of saber-toothed cats and woolly mammoths but by ice caps at the poles. For most of its 4.5-billion-year history, our planet was too warm for polar ice. Tyrannosaurus rex's steamy Cretaceous kingdom 66 million years ago was in many ways a more representative slice of history than our own. Back then, reefs blanketed the beds of shallow seas as warm as bathwater, and jungle creatures watched the southern lights dance behind gaps in the thick canopies of Antarctic rainforests.
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Not every warm period was so pleasant. In the Permian Period, some 270 million years ago, all animal life on Earth very nearly ended in a catastrophic mass extinction accompanied by intense, rapid global warming. But while the Permian world ended in fire, life on Earth has nearly perished more than once -- and sometimes, it ended in ice. The polar ice caps crept down to the equator and the planet froze over in states known as "Snowball Earth," which each lasted for millions of years.




Earth's history confronts us with the fleeting fragility of our moment: Earth doesn't have to look like it does now. In fact, it usually doesn't. Between our world's fiery infancy and its (for now) chilly present, it has been many planets, thanks to a multitude of geologic forces.




Understanding why Earth's climate changed in the past -- and what happened to life when it did -- can help us understand our unusual moment today. Because while our species likes it cold, we've taken the reins of climate in hand and veered our planet onto a hot new trajectory. What does the past have to teach about where we might end up?




The Hadean Eon was hell on Earth




An ocean of magma stretches to the horizon in every direction, an expanse of liquid rock beneath a cracked crust of black-gray basalt. The sunlight beating down on this dead expanse is weak, dim -- but heat rises from the depths below.




[image: Illustration of Earth's Hadean Eon, showing a molten surface with smoking volcanos.]During the Hadean Eon, Earth was so hot that the surface was covered in an ocean of magma.Andy Lovell





This is the Hadean Eon, Earth's turbulent infancy, which began some 4.6 billion years ago when clumps of material coalesced out of the disk of hot dust and gas that swirled around the young sun. This disk was toasty, at least a few hundred degrees Celsius where the rocky planets formed. But it got a lot hotter when, about 100 million years later, a Mars-sized rock called Theia smacked into the young Earth. That run-in released the energy equivalent of trillions of H-bombs -- enough "to pretty much vaporize most of Theia and melt what becomes the Earth," says planetary scientist Norman Sleep of Stanford University.




That collision left the planet a hellish ocean of magma beneath a sky of rock vapor. And in the sky hung yet another ball of magma, an incandescent orb: the moon, which had coalesced out of impact debris potentially within a few short hours of the collision. Depending on exactly how the moon kaboom played out, the hottest vaporized bits of whatever was left in the impact's aftermath could have reached temperatures of about 10,000deg C, says geologist Mark Harrison of UCLA. "No part of the Earth would ever have subsequently reached more than about 7,000 kelvins," or about 6700deg C.




Surface temperatures on the solid rock that survived the impact were far lower, probably around 2000deg C. Anything above that, and there wouldn't have been a surface at all.




Over the next 1,000 years, Earth cooled enough for the rock vapor in the atmosphere to condense out; perhaps in showers of lava, perhaps in flakes of rocky snow. It took longer for the magma ocean to solidify. The freshly formed moon heated Earth via gravitational forces, which kneaded Earth's interior and kept the planet molten for millions, perhaps tens of millions, of years. But when the magma ocean finally crystallized into rock, the planet crossed a threshold, Sleep says.
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The sun overtook Earth's smoldering heart as the most important source of energy. From there on out, Earth's climate would be dictated by how much solar energy the planet received, reflected and retained.




Earth's thermostat turned on in the Archean Eon




As the Hadean Earth cooled, it eventually started to rain. And rain. And rain. Water vapor poured out of the atmosphere and over the barren plains until Earth's surface drowned beneath a global ocean once more -- this time, of water.




The Archean Eon, 4 billion to 2.5 billion years ago, begins with the rock record itself, when the surface finally cooled enough for rock to stay solid. And the rocks from this time, when land first peeked above the seas in arcs of volcanic islands, paint a picture of a world that's a bit chilly, especially the poles. Simulations suggest that surface temperatures ranged between a frosty zero degrees and a toasty 40deg C -- perfectly habitable. In fact, the earliest signs of life date to this period.




But the Archean presents a climate conundrum. At its onset, the sun was only about 70 to 80 percent as bright as it is today. The sun's energy comes from the fusion of hydrogen to helium. As hydrogen gets used up, the core gets denser, which speeds up fusion and makes the sun brighter and hotter over time. The energy coming from the faint young sun on its own would not have been enough to keep the planet as warm as it was. So in theory, Earth should have transformed into the ninth circle of Dante's hell -- iced over.




The answer to the paradox? Greenhouse gases like carbon dioxide and methane. These gases allow sunlight to beat down on Earth's surface, which heats it up, but don't allow heat to radiate back out as infrared light. This traps heat around Earth like a blanket. "There was a bigger greenhouse effect" than today, says planetary scientist David Catling of the University of Washington in Seattle. "That sort of is the basic story of the Archean: fainter sun, more greenhouse gases."




As the Hadean magma ocean cooled, it outgassed a thick, steamy atmosphere rich in water vapor and carbon dioxide. Despite the faint sun, temperatures could have been around 200deg C right after the magma ocean solidified. However, sometime between the hellish Hadean and clement Archean, the planet's natural thermostat came online: the carbon cycle.





485 million years of temperature swings




Earth has experienced both hot and cold periods over time, though warm times have been more common. That's true of the last 485 million years, as seen in this timeline reported in 2024. Our genus, Homo, evolved nearly 3 million years ago during a rare cold spell.



[image: A graph that shows the temperature swings over the last 485 million years of Earth's history. The graph shows that temperatures were generally higher in the past than in recent times.]E.J. Judd et al/Science 2024, adapted by C. ChangE.J. Judd et al/Science 2024, adapted by C. Chang






Atmospheric carbon dioxide gets transformed into chalky white carbonate minerals through chemical weathering. This process traps carbon dioxide in rock, but it doesn't stay trapped forever. Over hundreds of thousands of years, Earth constantly recycles its surface into the interior through plate tectonics. When carbonates end up in the mantle, they eventually break down and get belched back up by volcanoes as carbon dioxide. This cycle is sensitive to temperature: Chemical weathering speeds up in warm climates and slows down in cold ones.




At least by the beginning of the Archean, the carbon cycle had locked away enough carbon dioxide to bring the planet's surface temperature into a habitable range. With carbon dioxide levels between 10 and 1,000 times as high as today and methane levels 100 to 10,000 times as high, the Achaean Earth was alien but livable, its seas strewn by lumpy mounds of microbes huddled together below the hazy, orange sky.




The geologic thermostat has regulated Earth's temperature ever since and never once has it gotten hot or cold enough to end all life.




But it has come close.




A deep freeze during Snowball Earth




Between 2.4 billion and 2.1 billion years ago, near the beginning of the Proterozoic Eon, Earth froze over. Thick sheets of ice encased the planet from pole to equator. Temperatures may have plummeted to as low as [?]50deg C -- low enough to cause frostbite within minutes -- and stayed low for tens of millions of years. It was, perhaps, the scene of one of Earth's first mass extinctions. But since the only casualties were microbes, almost no fossils remain to record the death toll.




[image: Illustration of Snowball Earth, showing a blue and white landscape.]During periods known as Snowball Earth, nearly the whole planet was encased in ice.Andy Lovell





This climate cataclysm was one of several icy episodes called Snowball Earths. Those episodes bookend the otherwise toasty Proterozoic Eon, which stretched from 2.5 billion to 541 million years ago. They were the result of a runaway feedback loop: Sparkling white ice is more reflective than land or seawater. So, the more ice grows, the more sunlight Earth reflects. This increase in reflectivity, or albedo, lowers temperatures, encouraging more ice to form in a positive feedback loop. Once polar ice creeps past a latitude of about 30deg North or South, the planet will become a snowball.




"Once you reach that tipping point in the area of sea ice, then it takes on the order of 200 or 300 years to reach the fully glaciated state," says field geologist Paul Hoffman of the University of Victoria in Canada. "That's pretty quick on a geological time scale."




Earth's thermostat won't let a Snowball go on forever. With the land frozen over, chemical weathering shuts down. But volcanoes don't. They keep pumping carbon dioxide into the atmosphere. Eventually, the greenhouse effect will thaw out the planet. Ice melts, the planet becomes less reflective, the planet warms even more and then more ice melts.




We know that the Snowballs happened thanks to glacial rock deposits left behind in areas that were near the equator back then. How they started is more mysterious, but one theory blames biology for the very first deep freeze.




The transition from the Archean to Proterozoic is, in some places, an almost literal red line in the rock record. Thick bands of red, iron-rich stone appear about 2.5 billion years ago. These banded iron formations probably formed with the emergence of photosynthetic microbes that started to fill the oceans with oxygen. Iron dissolved in the seas rusted out as solid particles, which accumulated on the seafloor in sediments that would become the banded iron formations.




As the oceans bloomed with photosynthetic organisms, more and more oxygen rose into the air. The oxygen oxidized the methane, which had served as an atmospheric blanket keeping Earth warm for 1.5 billion years.




"On a timescale of 10,000 years, you destroy your methane as oxygen rises," Catling says. "That can't be compensated for by the geologic carbon cycle, because that's slow. So then you can get into the runaway albedo, and you could grow ice sheets and make a Snowball Earth."




Global warming and the Permian extinction




Near the end of the Permian Period some 252 million years ago, the supercontinent Pangaea would have been a good setting for a Western: It was a sunbaked, dusty wasteland from horizon to horizon. Daytime air temperatures in the tropics hovered around 50deg C. On the hottest days, they climbed to 73deg C -- hot enough to denature protein. Any animal that hadn't yet fled to the poles, where forests sprung up despite the long polar nights, would have been cooked alive.




The climate had been becoming less hospitable to life for some 20 million years, in part thanks to the assembly of Pangaea, says geologist Neil Tabor of Southern Methodist University in Dallas. With more land crammed together, coastlines shrunk, sea levels dropped, everything dried out and temperatures in the desiccated continental interior swung wildly.




"In marine environments, you still have functional ecosystems in the tropics and at high latitudes," Tabor says. "But on land, it just goes to hell." At least, that is, before the death blow.




The mass extinction at the end of the Permian was the worst our planet has ever seen. And while marine ecosystems initially remained mostly unscathed, they were ultimately hit hardest. In a climate meltdown that lasted a few hundred thousand years, 95 percent of marine and 70 percent of terrestrial species disappeared.




About 300,000 years before the peak of the extinction, volcanoes in what's now Siberia erupted and didn't stop for 1 million years. This volcanic region, called the Siberian Traps, belched up enough lava to bury an area as large as the continental United States in 50 meters of molten rock. With all that lava came lots and lots of carbon dioxide.




In a geologic blink, perhaps as quickly as 60,000 years, Earth's average surface temperature soared by up to 10 degrees C to around 30deg C. Oceans sweltered and grew too sluggish to circulate oxygen. Much marine life suffocated, and bacteria that thrived in the anoxic depths poisoned the water with hydrogen sulfide. That deadly gas might have bubbled up to poison the land, too. Volcanic gas mixed with water to rain acid on the barren, dusty wastes.




"It's just these toxic, salty, shallow acid lakes and lots of windblown, red dust," says geologist Kathleen Benison of the University of West Virginia in Morgantown, who uses bubbles of liquid trapped in salt left behind by ancient lakes to study the Permian climate. It took life 5 million years or more to recover.




But perhaps the most chilling aspect of the Permian is what it might suggest about our current moment. "Icehouse" periods like the one we're in now, when Earth has polar ice, are few and far between.




To reach the previous icehouse, you have to go back to the early Permian, when the average temperature was probably 15 degrees C cooler than today. Ice sheets reached the midlatitudes. Earth might have looked a bit like it did at the height of the last glacial period 20,000 years ago when woolly mammoths roamed the frosty steppes of Paris. Just swap our continents for Pangaea and the saber-toothed cats for lizard-like protomammals.




This cold spell lasted for 105 million years before climate change transformed Pangaea into a scorched, parched and quite possibly toxic wasteland. Scientists still aren't exactly sure why Earth stayed so cool for so long. Perhaps Pangaea itself was the culprit. Stitching together a supercontinent involves building mountain ranges, which exposes fresh rock to chemical weathering and ultimately contributes to cooling.




Plants might have played a role, too. After true trees evolved, it took about 60 million years before biology caught up and evolved ways to break them down. Since they didn't decompose well, dead trees ended up getting buried over geologic time. That stored an enormous amount of organic carbon as coal; 90 percent of all coal deposits date back to this time.




We don't know why this ice age began, but we do know how it ended: in the greatest mass extinction of all time.




"We're still technically in an icehouse, but we're rapidly going towards a greenhouse," Benison says. "Looking back at the [end of the Permian] is a good way to try to say what happens with these big changes -- and not just what happens with climate, but what happens to life."




A hot Cretaceous but no mass extinction




Given the deadly consequences of the Permian, it might be surprising that Earth's hottest period since the evolution of complex life was more Garden of Eden than Paradise Lost.




[image: Illustration of the Cretaceous Period, showing a collage of plants and a dinosaur.]During the Cretaceous Period, Earth was so warm that the poles were essentially ice-free.Andy Lovell





Ninety million years ago in the Cretaceous Period, the planet was a verdant jungle world. Vast swaths of the continents, including huge strips of the American West, were flooded by shallow seas. In some areas, carnivorous dinosaurs like Spinosaurus prowled the shores. At 36deg C, the average surface temperature was a degree shy of human body temperature. You could barely cool off by taking a dip in polar seawater; it was a soupy 27deg C.




But given all that, "there's no mass extinction" during this hot part of the Cretaceous Period, says geologist Brian Huber of the Smithsonian National Museum of Natural History in Washington, D.C.




Last year, Huber and colleagues published the results of a project that pooled paleoclimate data to reconstruct the last 485 million years of surface temperature. According to this new temperature timeline, the Cretaceous super-greenhouse was the hottest Earth has ever been since the evolution of life more complex than a microbe. Scientists aren't sure what drove temperatures so high.




But it's clear, at least, that the walk-up to the peak temperatures was much more gradual than the 10-degree jump that rocked the Permian. Earth had been hot for a long time. In fact, it never really cooled down after the Permian extinction. The poles were effectively ice-free for the entirety of the dinosaurs' nearly 180-million-year reign, and global mean surface temperatures mostly remained above 20deg C (5 degrees C hotter than in 2024). Perhaps the transition from icehouse to greenhouse during the Permian put ecosystems under additional stress. That would be bad news, considering what's happening today.




What's next for Earth's climate?




The last several million years of Earth's climate -- and the entire history of our genus, Homo -- is written in ice. That's why climate scientists are so eager to hunt for old ice, including a 6-million-year-old sample retrieved from Antarctica last year. The ice tells a story echoed in seafloor sediments and countless other clues from the rock record and computer modeling. For the last 2.3 million years, the climate has swung to the rhythm of several long-term variations in Earth's orbit. These Milankovitch cycles subtly change the amount of sunlight Earth receives and where it is distributed. So, at first every 40,000 years and later every 100,000 years, Earth has cycled between clement interglacial periods and frosty glacial periods some 5 degrees C cooler.




[image: Illustration showing the Statue of Liberty surrounded by a tumultuous ocean that has risen to the level of her upper torso due to the collapse of Earth's ice sheets.]If human-caused climate change continues unchecked, Earth's ice sheets could collapse and sea levels could rise.Andy Lovell





The cyclical freeze and thaw of our current icehouse period began at the tail end of a long-term cooling trend that started 50 million years earlier. Perhaps due to the rise of the Himalayas, which exposed an enormous amount of fresh rock to chemical weathering, atmospheric carbon dioxide levels steadily declined. By 34 million years ago, Antarctica was cold enough for permanent ice to collect at the south pole. By 800,000 years ago, carbon dioxide levels dropped to below about 300 parts per million. As the planet cooled, it crossed a threshold: It became sensitive enough to subtle variations in sunlight to respond dramatically to Milankovitch cycles.




Our species has never seen an iceless planet. But within two short centuries, industrial carbon emissions from coal-fired power plants and gas-fueled cars have nearly doubled the carbon dioxide level from 280 ppm to 426 ppm. Average temperature has ticked up by 1.47 degrees C. We're on track to blow past the 1.5-degree warming target set by the Intergovernmental Panel on Climate Change. Meeting that ambitious target might not even be enough to prevent total ice sheet collapse.




If nothing significant changes in our approach to climate change, that will be just the beginning: Carbon dioxide levels will reach 600 ppm by 2100, or soar above 1,000 ppm, under less optimistic scenarios. That could result in 4 degrees C of warming relative to the preindustrial average temperature.




A period 55 million years ago called the Paleocene-Eocene Thermal Maximum, or PETM, offers a view on a world with carbon dioxide levels that high. It was the hottest period in the history of our Earth; the planet we know, with its familiar continents and ecosystems dominated not by dinosaurs but by mammals. Leading up to the PETM, temperatures rose between 5 and 8 degrees C to an average of up to 34deg C. Unlike us, the creatures that endured this hot period were already accustomed to an iceless planet. The PETM didn't see a mass extinction, but it did reshuffle ecosystems. Local extinctions were common, even if a species could hold on elsewhere. And some species did disappear entirely.




If we'd been around in the PETM, we'd have had to migrate to the poles to survive. But cities can't exactly get up and move. That's a problem, because the world in 2100 will not be the world we know today. By the end of the century, billions of people will routinely endure heat and humidity extremes beyond the limits of human survival, even if we limit warming to 2 degrees C. We've already delayed the next glacial period, if not canceled it. And by 2500, 40 percent of all land area will have become unsuitable for its current biome, scientists predict.




This will be the end of the world as we know it, but not the end of the world. Even if we do create a climate catastrophe on the scale of the Permian mass extinction, Earth's history shows that the planet will recover. The carbon thermostat will correct our error -- just not nearly fast enough for it to matter for our species. Perhaps we'll push Earth into a new greenhouse regime, like the jungle world of the dinosaurs. That would be anathema to our species, but it's nothing Earth hasn't seen before. Life will go on, with or without us. At least, for a while.




Temperatures today aren't too different from what they were all the way back in the Archean. Because chemical weathering speeds up when it's hot, Earth's natural thermostat has trapped more and more carbon dioxide in rock as the sun warms -- and it'll keep doing that as the sun continues to heat up. Eventually, that'll be a problem for plants; if carbon dioxide gets too low, they can't photosynthesize.




About 500 million years from now, atmospheric carbon dioxide will dip below 100 ppm, scientists predict -- low enough to kill 95 percent of plants alive today. About 1 billion years from now, carbon dioxide will sink even lower, and the sun will be about 10 percent brighter than today. At that point, any remaining plants will disappear. With photosynthesis shut down, oxygen will rapidly disappear from the atmosphere.




Eventually, the thermostat will break altogether, Hoffman says. "There will come to be a time when we will lose that CO2 lever." Like a beachgoer on a hot day who's run out of clothes to take off, Earth will run out of carbon dioxide to strip away. But the sun will keep getting hotter.




Temperatures will soar higher than ever since the Hadean, and Earth will spend about 3 billion years as a hellscape before the sun starts dying and takes our planet with it.




That's just about as long as Earth has been habitable up until now -- and far longer than it will support life complex enough to consciously engineer a climate crisis.
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About five years ago, Nicole, a mother of two, had friends over for dinner while her husband, Sean, watched 3-year-old Courtney and 2-month-old Sarah. Fifteen minutes into dinner, Sean interrupted Nicole to ask for a pacifier and then interrupted again later because Sarah had pooped through her diaper and left a mess on the floor. After he took the baby to her room to change her, Sean called for Nicole again.




"I could tell something was wrong in his voice," recalls Nicole, who is using only her middle name and pseudonyms for her family to protect their privacy.
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Sarah was having a seizure and then went completely limp. Nicole and Sean called 911.




At the hospital, a CT scan revealed a large brain hemorrhage, and Sarah was airlifted to a children's hospital. On the half-hour drive there, Nicole asked Sean what had happened.




"Courtney had been jumping on the couch and then hit Sarah on the head," he told her. It had been an accident.




Sarah spent four days in the ICU, where she had hour-long seizures. Exams found severe brain swelling, injuries to her neck ligaments and significant bleeding behind the eyes called a retinal hemorrhage. But there was no evidence of blunt force trauma, as would be expected if Sarah had been hit on the head by her sister.




To put Sarah's injuries in context, a pediatrician interviewed her parents at length about her medical history and the circumstances leading up to the injury. A few days later, a police detective requested an interview. When Sean left for the police station, he seemed nervous, Nicole says. It was the first indication to her that something was off.




A little while later, Sean called. He was crying. "I'm so sorry. I shook her. I shook her twice," Nicole remembers him saying. "My whole heart just shattered like glass all over the floor," she says. "I just felt like everything in our lives changed right there in that moment."




Sarah was diagnosed with abusive head trauma, the medical name for shaken baby syndrome, which can be caused by shaking, an intentional impact against a surface, or both. Shaking is particularly dangerous for babies because of their relatively large head and weak neck muscles.




Each year in the United States, about 25 to 35 infants per 100,000 infants under 1 year old suffer abusive head trauma -- about 1,300 babies a year -- and 10 to 20 percent of them die. The most common injuries include brain and retinal hemorrhaging, brain swelling, neck-ligament injuries, difficulty breathing, rib or other bone fractures, and bruising on the torso, ear or neck. Roughly 80 percent of survivors experience lingering harms that can include learning disabilities, blindness, seizures, hearing or speech problems, and behavioral disorders.




Shaken baby syndrome was first described in 1971, when the medical understanding of child abuse was in its infancy. As research accrued, physicians and forensic pathologists fine-tuned the diagnostic process, which relies heavily on determining whether the physical injuries match caregivers' descriptions of what happened. But in the early 2000s, doubt about the diagnosis crept into the legal system.




In 2009, the American Academy of Pediatrics, or AAP, updated the condition's name to abusive head trauma to be more inclusive of cases where blunt force trauma may be present, with or without shaking. Some defense lawyers have argued that the change suggested a lack of scientific consensus over the cause of injuries typically associated with shaken baby syndrome. Although the name changed, the diagnostic process did not.
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Yet today, when criminal cases land in court, defense attorneys often attack abusive head trauma as a "junk science," no different than other debunked forensic fields like microscopic hair analysis and bite-mark comparisons. The Innocence Project, a nonprofit that works to overturn wrongful convictions, includes the diagnosis on its list of "misapplied forensic science."




Doctors disagree. "The courtroom has become a forum for speculative theories that cannot be reconciled with generally accepted medical literature," six radiology and pediatric medical groups noted in a 2018 consensus statement published in Pediatric Radiology and later endorsed by 11 additional medical organizations as of 2021. "There is no controversy concerning the medical validity of the existence of [abusive head trauma]."




And in February, a new AAP technical report laid out the extensive science supporting the diagnosis and described the complex process by which doctors diagnose it.




Today, the false narrative that the diagnosis is debunked and controversial continues to make headlines. That makes doctors concerned that the public will conclude that shaking an infant is not necessarily as harmful as claimed.




"I'm worried ... that this effort to discredit the validity of the diagnosis is going to undermine efforts to keep children safe because shaking a baby is dangerous, and that's a message that needs to be out there," says Andrea Asnes, a child abuse pediatrician at Yale School of Medicine. Perpetuating the idea that it's a disputed diagnosis, Asnes says, could make it harder for judges and other officials "to understand the degree of danger that a caregiving situation may pose for a specific child and limit their ability to keep the child safe."




A diagnosis disputed in the courtroom




Most criticism of the abusive head trauma diagnosis centers on a collection of three signs dubbed "the triad" by defense teams: brain swelling, brain hemorrhaging and retinal hemorrhaging. Critics claim that physicians diagnose abusive head trauma based solely on the presence of the triad. Yet each of these injuries has many other possible causes, skeptics say, so the diagnosis is invalid because it's not specific enough to eliminate all other possibilities.




[image: ]Pete Ryan





But the triad is a straw man argument. "I've never used that term in all my life," says John Leventhal, a child abuse pediatrician retired from Yale.




Those three injuries are indeed common in abusive head trauma -- brain and retinal hemorrhaging are present in some 80 percent of cases, research shows -- but diagnosis is much more involved.




Alleging that pediatricians rely solely on the triad "is clever in the sense that it sort of implies a rush to judgment, because it's 1-2-3, done," says Leigh Bishop, director of the Babies and Toddlers Task Force at the New York City Office of Chief Medical Examiner. "And any practicing, credible doctor in the hospital or forensic pathologist will tell you that these cases are the opposite of 1-2-3 and done. They require layers of medical investigation."




The new AAP report compiles decades of research on how to accurately diagnose abusive head trauma, reviewing the prevalence of different signs and symptoms. It describes the medical tests -- blood tests, CT scans, MRIs and more -- that can rule out alternative diagnoses, including infections, metabolic conditions and rare genetic bleeding disorders. The report also emphasizes the importance of the caregiver's narrative of events in understanding the context in which the injury occurred.




When a clinician suspects abuse, a specialized child abuse pediatrician is called in. "We're not only looking for specifically strong associated findings with inflicted trauma, but we're trying to rule out other big things as well," says Sandeep Narang, a child abuse pediatrician at Children's Wisconsin hospital in Milwaukee and lead author of the AAP report. If trauma is the only reasonable cause of the injuries after ruling out other possibilities, the pediatrician, as part of a team of specialists, must determine if it's accidental trauma, birth trauma or inflicted trauma.





Why shaking is dangerous




Babies are fragile. Their weak neck muscles can't support the weight of their relatively large heads. So if a baby is shaken, the brain will move back and forth inside the skull. That can result in injuries such as:





	Bleeding in the brain and the retina -- Violent motion can rupture blood vessels.




	Brain cell and spinal cord damage -- Violent motion can cut connections between nerve cells. If the infant experiences difficulty breathing, a lack of oxygen can further harm nerve cells.




	Brain swelling




	Bone fractures and bruising








"Most of the trauma we evaluate is accidental, and it's accompanied by an explanation that makes sense," Asnes says. "We become concerned when kids present with trauma and there's no explanation. We don't start with a presupposition about what happened."




If the child died, forensic pathologists use the same process in determining the cause of death. "You're looking for something to explain the injury," says James Gill, a forensic pathologist and the chief medical examiner for Connecticut. That means the narrative a caregiver gives is crucial. "When you have inconsistencies, an anatomic finding that doesn't fit with the history," he says, "that's when it raises a red flag."




Often in court, however, "this complex medical thought process gets oversimplified and misstated," Narang says. And sometimes, defense attorneys go as far as providing invalid alternative explanations to discount the diagnosis.




Claims arose in the early 2000s that a lack of oxygen, including that caused by sudden intense coughing, could cause some of the signs seen with abusive head trauma. This notion was disproved with studies looking at internal injuries of near-drowning victims and children with temporary cardiac arrest, Narang says. In another instance, four medical defense experts put forth during a trial that if a baby coughed hard enough, brain vessels could rupture. That claim was based on their interpretation of one child's injuries.




Another claim is that a brain bleed from abusive head trauma is actually "re-bleeding" in a child who had brain bleeding during birth. But such re-bleeding has never been described in the medical literature, says Christopher Greeley, a child abuse pediatrician at Baylor College of Medicine in Houston. Reopening of a wound from a previous traumatic brain injury can happen, he says, but that previous injury would usually have been documented in the child's medical history.




"The vast majorities of defense experts will acknowledge the harms in shaking a baby, but then they'll talk out the other side of their mouth and say that shaken baby syndrome is not a real thing," Narang says. "There are a few who will admit that it's a real thing and then create the framework that it's too susceptible to error for us to be diagnosing."




Heather Kirkwood, an attorney in Seattle who works pro bono on cases she believes to be wrongful convictions, acknowledges that shaking a baby can cause harm. But she says she would expect to see certain signs, like neck injuries. Kirkwood says that in the 100 cases that she has reviewed, those signs were not present. A small research study in 2009, however, identified it in 71 percent of victims, and the new AAP report notes that spinal cord injury occurs in 30 to 80 percent of cases.
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A small minority of both defense experts and lawyers claim that shaking simply cannot cause the severe injuries seen in these cases. "There's some people who just don't believe it, and they will go to extraordinary lengths to try and explain it away somehow," Gill says.




Russell Jones is a defense attorney in Milwaukee who has worked on a handful of shaken baby cases. He doesn't question that shaking a baby vigorously enough could cause serious injury. "If you tell me I've never found an instance [of a] shaken baby ever," he says, "I'd find that hard to be credible." He says juries tend to see through expert witnesses who outright discredit abusive head trauma versus those who raise doubts about whether the evidence in a specific case supports the diagnosis. "I would say, generally, juries get it right," Jones says.




Research backs that up. Narang led a study published in 2021 in Child Abuse & Neglect that reviewed all abusive head trauma convictions in the United States that had been appealed and ruled on by a judge from 2008 through 2018. Out of 1,431 cases, only 49, or 3 percent, were overturned. A little less than half of those, 20, were overturned on grounds related to medical evidence -- a dozen of which were due to "controversy" over the diagnosis.





Long-term consequences




About 80 percent of infants who experience abusive head trauma suffer long-term disabilities such as:





	Cerebral palsy




	Paralysis




	Vision loss or blindness




	Intellectual disability




	Epilepsy




	Seizures








But when the overturned cases were retried, nearly 42 percent of the defendants either pleaded guilty or were convicted again.




The notion that the diagnosis is controversial and discredited is so pervasive that the National Center for Prosecution of Child Abuse outlines nine common defense claims -- such as the ideas that shaking alone cannot cause massive brain injuries -- and how prosecutors can address them.




The scientific evidence for shaken baby syndrome




The ways in which critics have tried to discredit abusive head trauma mirror the tactics of skeptics who question human-caused climate change or the safety and efficacy of vaccines, Greeley says. These include the use of fake experts (ones who lack experience in child abuse or even pediatrics) and expectations of 100 percent certainty (demanding eyewitnesses or filmed proof of abuse). Another tactic is cherry-picking data.




Greeley points to a 2016 review by a Swedish government agency that concluded "there is limited scientific evidence that the triad and therefore its components can be associated with traumatic shaking." The authors excluded studies with children who had any other abusive injuries, such as fractures, except pure "triad" cases, which are very rare.




"It's really poorly done," Greeley says of the review. Its methodology has been critiqued as so flawed that some physicians and researchers have called for its withdrawal.




One argument made by critics that has some merit, Greeley says, is that some early studies of abusive head trauma relied on circular logic. Doctors diagnosed patients based partly on the presence of certain physical signs, and then researchers pointed to those cases as evidence of what the physical signs of abusive head trauma are.




More recent research has minimized potential circularity. A 2019 study, for example, started with determining whether abusive head trauma occurred in 500 cases based only on the caregiver's description of what happened, independent of physical injuries except for the presence of patterned bruising, abdominal injury or burns. The researchers then compared the injuries and symptoms in those cases to see which ones occurred most often in abusive cases versus nonabusive head injury or undetermined cases.




If only the triad symptoms were present, the likelihood that the case was abuse was a little less than 75 percent. But the likelihood rose to well over 90 percent with the presence of six to seven specific medical injuries.





A crying baby




Many cases of shaken baby syndrome occur when a caregiver becomes frustrated with a crying infant. Experts offer these tips when a little one seems inconsolable.
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Take a deep breath
Count to 10 to calm down. Turn the lights down.
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Leave the room
Place the baby in a safe spot, like an empty crib, and take a break. Check on the infant in 10 minutes. Many crying babies eventually fall asleep
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Phone a friend
Call a friend or family member for emotional support.
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Call the doctor
Contact a pediatrician if the baby has a fever or other symptoms of an illness.









The strongest indication of abuse, with nearly 100 percent likelihood, included six physical signs -- difficulty breathing at home, brain hemorrhage, a bone fracture, retinal hemorrhage, brain swelling, and bruising of the torso, ears or neck -- but with no skull fracture.




That a skull fracture is not a strong predictor for abusive head trauma is key, Greeley says, because signs like internal brain and retinal bleeding without a skull fracture suggest an infant's injury was caused by forceful movement like shaking, instead of an impact against something, like falling onto the floor.




Researchers have also validated the abusive head trauma diagnosis by studying cases in which the caregiver admitted to shaking the baby. Although some critics question the reliability of these studies because police confessions can be coerced, in some 15 percent of cases caregivers voluntarily describe the act to health care providers, research shows. An understanding of injury patterns has also come from cases where someone witnessed the shaking.




Studies of bruising patterns have led to clinical tools that also help contribute to accurate diagnosis. TEN-4-FACESp is one such tool and was validated in a 2021 study with more than 2,000 children. If clinicians see certain kinds of bruising, it raises the suspicion of abuse. That's what the acronym stands for: bruising on the torso, ears, neck, frenulum (the tissue that joins the upper lip to the gum), angle of jaw (jawbone under the ear), cheeks, eyelids, subconjunctivae (broken blood vessels in the eyes), any bruising on children under 4 months old, or patterned bruising (such as in the shape of a handprint).




Tools like TEN-4-FACESp do not mean certain bruises are automatically classified as abuse -- pediatricians still must consider the history and eliminate other possibilities. But they are an important part of the process, with accuracy rates on par with many lab tests used in screening for diseases.




Shaking causes real harm




No one, including all the child abuse pediatricians interviewed for this article, has claimed that there has never been a wrongful conviction of shaken baby syndrome. That happens with any type of crime.




"Are there cases in the past where the science was wrongly applied? I'm sure there are, but [critics are] using that to discredit the entire diagnosis," Asnes says. "People misdiagnose appendicitis, and there are people who have appendectomies when they do not actually have an inflamed appendix. Does that mean appendicitis doesn't exist?"




When Nicole hears the claim that shaking can't harm an infant, she says it compounds the trauma she's already experienced. Although Sarah survived her injuries, she has needed physical and occupational therapy to overcome difficulty swallowing, a dragging foot and other challenges. "Her milestones are going to be harder to reach as she gets older," Nicole says. Nicole and Sean are now divorced. Sean ultimately pleaded guilty to a Class A misdemeanor, with six days in jail and some community service.




Nicole shares her story to counter the narrative that shaken baby syndrome is somehow debunked. "If anyone who is trying to explain it away as a random, spontaneous medical anomaly had to watch their own baby go through uncontrollable, nonstop seizures and have to wonder every hour, for days, whether or not their child was going to be alive," she says, "then I believe those people would stop talking about this nonsense."
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	Trump's 'Golden Dome' plan has a major obstacle: Physics

	The proposed missile defense system has many scientists expressing skepticism

			
				




In sports, the best offense is often a good defense. It's not clear if the same applies in nuclear war.




In the face of nuclear threats from adversaries like Russia, China and North Korea, some politicians are clamoring for a system to reliably protect the United States from incoming missiles. That's the aim of President Donald Trump's plan for a next-generation missile defense system, dubbed the "Golden Dome." Trump announced on May 20 that an architecture had been selected and that the system would be operational before the end of his term, at a cost of $175 billion. But some scientists suggest that implementing such a system, as called for by a January executive order, would be daunting.
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The United States already maintains a nationwide missile defense system aimed at defending against a small-scale attack from intercontinental ballistic missiles, or ICBMs, launched by a rogue nation such as North Korea. But a February report from the American Physical Society concludes that defense against even a small-scale attack is uncertain. And the system's capabilities are likely to remain relatively limited within the next 15 years, the report argues. The Golden Dome initiative aims to protect the country from more capable adversaries such as Russia and China -- a more difficult task.




"Intercepting even a single, nuclear-armed intercontinental-range ballistic missile or its warheads ... is extremely challenging," physicist Frederick Lamb of the University of Illinois Urbana-Champaign, chair of the group that produced the report, said at an APS meeting in Anaheim, Calif. in March. "The ability of any missile defense system to do this reliably has not been demonstrated."




And as countries come up with new types of weapons that could skirt defenses, the situation is getting even more challenging. Golden Dome aims to defend against not just ICBMs, but also hypersonic weapons, advanced cruise missiles and more. And Golden Dome would take missile defense to space. In addition to ground-based systems, Golden Dome would use potentially thousands of defensive weapons called interceptors orbiting Earth, poised to neutralize attacks.




Golden Dome has drawn praise from missile defense proponents. "The initiative to elevate and prioritize air and missile defense ... that's long overdue and it's entirely appropriate," says Tom Karako, director of the Missile Defense Project at the Center for Strategic and International Studies in Washington, D.C. Lower launch costs, proponents argue, make space-based missile defense more realistic than in the past. "I think we're a lot closer than people recognize," says nuclear deterrence and missile defense expert Robert Peters at the Heritage Foundation in Washington, D.C.




The U.S. Missile Defense Agency disputed the claims of the APS study, arguing that it relied on older data and unclassified reports that don't reflect recent improvements and upgrades to the missile defense architecture. "MDA's Missile Defense System stands ready and fully capable of defending the United States, deployed forces and allies from a rogue nation's missile attack," the agency said in a statement.




But critics note that the difficulty of the problem remains. "Technology has advanced tremendously," says Victoria Samson of the Secure World Foundation in Washington, D.C. "But the laws of physics have not changed, and that's really what the challenge is."




Hitting a bullet with a bullet




ICBMs are a formidable target. An ICBM launches in a giant arc that sends the weapon it carries careening through space, traversing more than 5,000 kilometers to reach its target. The challenge of intercepting them has been compared to hitting a bullet with a bullet. But this understates the problem: At around 25,000 kilometers per hour, ICBMs speeds are about seven times that of a bullet. What's more, they're generally armed with nuclear warheads, each capable of killing a million people, rather than one.




ICBMs have three phases of flight, and there are different possibilities for intercepting the missiles during each phase. In the boost phase, which lasts a few minutes, rocket engines lift the missile to high altitude and high speeds. In the midcourse phase, the engines are jettisoned. The missile enters space, releasing one or more warheads, which continue upward before falling back down again. This part of the trajectory, in which the warheads are moving in an arc under the influence of gravity alone, is what's known as ballistic motion -- hence the missiles' name. That phase lasts around 20 minutes.





Targeting a take down




An ICBM goes through three main stages of flight (illustrated, not to scale). In the boost phase, the ICBM is launched and a rocket lifts it into a trajectory in space (red path). In the longest phase, midcourse, the warheads are released, traveling in an arc under the force of gravity. In the terminal phase, the weapon reenters the atmosphere. Interceptors could use different techniques to disable it in each stage.
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The terminal phase is the shortest: The warhead reenters the atmosphere, descending to its target in under a minute. This period is so short that the only possibility for stopping a weapon is by placing interceptors very close to the point of impact. Such tactics can be used as one layer of missile defense, a back-up protection for sensitive areas like military bases, but it's not practical for protecting a large country. So concepts for protecting the entire United States typically focus on the boost phase or the midcourse phase.




Midcourse defense




The midcourse phase is the bread-and-butter of the country's current missile defense system.




Forty-four interceptors in Alaska and California aim to intercept incoming missiles in space. That system -- which by some estimates has cost over $60 billion -- is known as ground-based midcourse defense. It's aimed at defending the United States against a small number of unsophisticated missiles from North Korea or another rogue nation.




Critics note that this system has been about 60 percent effective in tests. However, that statistic includes tests going back over 25 years. The tests performed in more recent years have been more successful. "Any time you test a new system, there are going to be failures early on," Peters says. "That's how you learn what works."




[image: A missile interceptor climbs through the sky with a plume behind it.]An interceptor is launched from Vandenberg Space Force Base, Calif., during testing of a ground-based midcourse missile defense system on December 11, 2023.U.S. Missile Defense Agency





Another complaint is that its tests aren't realistic, but proponents say it's not possible to fully re-create realistic conditions. "We have not had North Korea try to nuke the continental U.S. yet, so ... it's not an actual battle test," Peters says. He points to real-world uses of missile defense in conflicts in Ukraine and Israel. "We've been really effective with those tests in real-world operational environments."




However, none of the weapons shot down in those conflicts were ICBMs. "One should not mix apples and oranges," says physicist and aeronautics engineer Paul Dimotakis of Caltech, who was not involved with the APS report. "Different types of attacking missiles and their number and sophistication will require different tailored defenses."




And there's one particularly thorny snag to missile defense in the midcourse phase: countermeasures. An adversary could release debris or decoys along with a real warhead, for example, thwarting attempts to intercept it.




 "One key reason why the midcourse phase is difficult is because you're in space, and different objects of different mass travel exactly the same," says physicist James Wells of the University of Michigan in Ann Arbor,  a coauthor of the APS report. The lack of air in space means that a warhead will travel at the same speed as a balloon designed to mimic it, making them hard to distinguish.




That can make the concept of reliable missile defense in the midcourse phase a bigger task than it otherwise seems. "People say, 'We got to the moon, why can't we do this?' Well, the moon didn't suddenly move out of the way," Lamb said at the APS meeting. "It's a huge technical challenge to identify what the target is.... That's been the bugaboo of midcourse intercept from the very beginning."




A boost from space




The trickster tactics of the midcourse phase aren't possible in the boost phase, during which the warheads remain within the missile, and the entire package travels through the atmosphere.




"There's this perennial dream of intercepting in the boost phase," Wells says. But because the boost phase lasts only a few minutes, "that time pressure is enormous to get an interceptor there."




Boost phase is over so quickly that any interceptor would need to be positioned very close to the launch site. And for a large country with an inaccessible interior, like Russia or China, that's a no-go -- on Earth's surface, at least.




Interceptors in low Earth orbit -- an altitude of 2,000 kilometers or less -- could do it. But those interceptors would be orbiting, rather than parked over the country of interest. To be certain of taking down a missile, a large constellation of satellites would be needed. And to protect the United States from salvos of multiple missiles at once, the number of satellites would have to increase further.




Ensuring protection from just one North Korean ICBM would require more than 1,000 interceptors in orbit, the APS report finds. Protection from 10 might demand over 30,000 interceptors, depending on missile type and other assumptions. For comparison, there are about 12,000 active satellites in orbit around Earth, most in SpaceX's Starlink network.




[image: Earth us surrounded by a network of orange dots illustrating satellites in this illustration.]A constellation of 1,600 space-based interceptors (illustrated) would be needed to intercept just four North Korean ICBMs launched simultaneously, according to an American Physical Society report.APS 2025, adapted from NRC 2012





Golden Dome aims to protect not just from North Korea but also from attacks by more capable adversaries, such as Russia and China, who together have hundreds of ICBMs. But Golden Dome is not intended to be impenetrable, Peters says. "I don't know anyone who is credibly making that argument." Instead, Peters says, it would prevent a small-scale attack, with a few low-yield nuclear weapons. To thwart Golden Dome, the idea is that an adversary would need to launch a substantial barrage -- one certain to provoke a massive nuclear war.




It's unclear how many ICBMs Golden Dome would aim to neutralize and how many satellites would be needed. But even for small-scale attacks, defending from Russia and China would demand more satellites simply to cover a wider geographic area than needed for North Korea alone.




"It really is an enormously huge difference to be defending against a small region [versus] a large continent," says astrodynamicist Thomas Gonzalez Roberts of Georgia Tech in Atlanta.




Depending on the specific objectives, Golden Dome could require an untenable number of satellites, he says. "I would call a lot of these proposals infeasible, but in reality, we don't know what these proposals are really asking," Roberts says. Without specific goals for the numbers of ICBMs to be intercepted, from which countries, it's unclear how plausible the plan is.




Trump shared few specifics in the May 20 news conference, saying "Golden Dome will be capable of intercepting missiles even if they are launched from other sides of the world and even if they are launched from space."




That, Roberts says, suggests an extensive system. "You would be hard-pressed to find a system that could do that for $175 [billion]. Even the most optimistic assumptions behind boost-phase missile defense would suggest that that is impossible." What's more, Roberts says, to do it in three years would require a faster launch cadence than ever before.




The price tag is bound to be a thorny issue. Already, over the past 70 years, the United States has spent more than $400 billion on missile defense, according to the APS report. The budget bill that is currently working its way through Congress would lay out $25 billion for Golden Dome in fiscal year 2025. And a May 5 Congressional Budget Office report suggests that, even with lower launch costs, the space-based effort alone would cost between $161 billion and $542 billion over a period of 20 years.




"It's really complicated," Samson says. "It's like a bumper sticker type thing. It's easy to say ... 'Do you want to be defended against ballistic missiles?' And everyone says, 'Yes, of course, I'd love to.' Great, but here's all the things you need to look at."
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	'Rehab' exposes the dark underside of U.S. drug treatment centers

	A new book investigates how rehab programs can impede addiction recovery
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Rehab
Shoshana Walter
Simon & Schuster, $29.99




A doctor, a mother, a pregnant teen, an adolescent boy who broke his ankle.




All have had lives irrevocably influenced by drugs and their aftermath, and all are portrayed in Shoshana Walter's hard-hitting new book, Rehab: An American Scandal. Walter, an investigative journalist at the criminal justice news organization the Marshall Project, weaves together their stories with the evolution of drug treatment programs in the United States.




Walter spent hundreds of hours interviewing doctors, patients and their families about their experiences navigating the twisting and often dead-ending channels available for drug treatment in the United States. "Treatment helps people recover," she writes. But people frequently can't access it for a number of reasons, including program scarcity and a lack of child care. Even if people can find a program, it's "often prohibitively expensive and short-lived, punitive and transactional."
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That was the case for Chris Koon, who first used opioids at 15 years old after breaking his ankle and then got hooked on heroin and meth. Years after his injury, he ended up at Cenikor in Louisiana, a rehab program truly mind-boggling in its cruelty. Walter and a colleague published the first of a series of stories exposing Cenikor's misdeeds in 2019. The program hired participants out to oil and gas companies, big-box stores and factories that used them as labor sometimes 100 hours a week -- without pay and at times in sweltering heat. Koon worked on an assembly line at a spice factory and shoveled gravel for a construction company, among other jobs.




Walter lays out a convincing case that unethical rehab programs are more common than you might think. The exploitation of patients for profit is one of the book's common themes. Rehab programs sometimes bill thousands of dollars for unnecessary tests and services, and trap patients in a cycle of relapse and treatment, Walter writes. She describes one sober living organization in California that took on more patients than it was allowed to, housing people in the backyard, as a way to maximize profits. Several chapters tell the story of Wendy McEntyre, a mother who spent years investigating that and other rehab facilities after her son's overdose during the program.




Even reputable programs face significant hurdles. One is that insurance companies often pay for limited stays. That treats "recovery and complete abstinence like something that could be achieved in a matter of weeks," Walter writes. In reality, recovery requires continued support, which means access to food, housing, jobs and medication. Lacking any one of these can impede recovery. Suboxone, for instance, a medication for treating opioid use disorder, was hard to come by after it came out in 2002 because doctors could legally treat only a limited number of patients, as Walter details in the story of physician Larry Ley. In Indiana, Ley did big business prescribing the drug and was arrested and tried for dealing a controlled substance. He was later acquitted.




Some patients, like Koon, had access to Suboxone and a supportive family that helped pay for housing and bills. Despite his stint at Cenikor, Koon ultimately recovered from his addiction and went on to graduate from welding school. Other patients, like April Lee, had much less help. Lee lacked family and financial support and didn't have an education or a job -- and she had children to care for. Lee got pregnant at 15, had a mother addicted to crack cocaine, and developed her own addiction to heroin. She bounced in and out of treatment programs for years but eventually went back to school and earned her GED.




Walter delves deep into the lives of Lee, Koon and others to craft a story that's both heartbreaking and illuminating. At the core of her book are hardworking people trying to pull themselves away from the grasp of addiction. As Walter makes clear, it's a feat that could be attainable for more people with just a little more support.




People dealing with addiction can get left behind by a society that turns its eyes away. Walter's book forces us to look. She gives voice to those in recovery, portraying them as whole people, worthy of respect and the chance to rebuild their lives.









Buy Rehab 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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Clouds of gas and dust swirl within star-birthing regions 4,000 light-years away, seen in more detail than ever before. With this view of the Lagoon Nebula and Trifid Nebula, the Vera C. Rubin Observatory makes its public debut.




This image and others unveiled in a livestream June 23 offer just a glimpse of what the observatory will capture over the next 10 years from its perch atop Cerro Pachon, a mountain in the Chilean Andes.
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While panning over an image of the Virgo cluster during the main watch party in Washington, D.C., Rubin Observatory Director Zeljko Ivezic paused the onscreen video.




"This is an amazing region. We need to stop here. I love it," he said, with arms raised high and teal nail polish to match the observatory's color scheme. "Here you can see a stunning variety of celestial objects, from bright stars in our galaxy, ranging in colors from blue to red, to these nearby blue spiral galaxies, to more distant elliptical galaxies that are yellow and red in color." Those colors help researchers estimate how far the galaxies are from Earth, said Ivezic, an astrophysicist at the University of Washington in Seattle.




[image: Stars and galaxies of different shapes and colors are scattered across the black backdrop of space.]This view of the Virgo cluster shows two spiral galaxies (lower right), three merging galaxies (upper right), several groups of distant galaxies and many stars in the Milky Way.NSF-DOE Vera C. Rubin Observatory





At a June 9 news briefing, astronomer Yusra AlSayyad of Princeton University said that the "Rubin Observatory's main feature is its opening of the time domain and its enormous field of view." The first publicly released images showcase those capabilities, said AlSayyad, who oversees image processing at the observatory.




The facility will scan the entire southern sky every three to four nights in an effort called the Legacy Survey of Space and Time, or LSST. It'll do that using a self-adjusting telescope with a car-sized digital camera -- the largest ever built -- that snaps a photo every 30 seconds, resulting in around 1,000 images each night.




"It will enable us to explore galaxies, stars in the Milky Way, objects in the solar system, and all in a truly new way," Aaron Roodman, an astrophysicist at the SLAC National Accelerator Lab in California who oversees the observatory's camera, said during the June 9 briefing. "Since we take images of the night sky so quickly and so often, we'll detect millions of changing objects literally every night."




Over the next decade, the observatory will also map dark matter, an invisible substance that makes up around 85 percent of the matter in the universe. The facility's namesake, Vera Rubin, provided the first convincing evidence that the mysterious stuff exists in the 1970s. She died in 2016.




Funded by the U.S. National Science Foundation and the U.S. Department of Energy, the Rubin Observatory has been under construction for over a decade and should be completed later this year. That's also when data collection is slated to begin.




[image: The Rubin Observatory on top of a bald mountain during an orange sunset. Other mountains are visible in the distance.]The Rubin Observatory sits atop Cerro Pachon, a mountain in central Chile.NSF-DOE Vera C. Rubin Observatory/P. Horalek





The amount of data gathered within the LSST's first year will be greater than that compiled by all other observatories combined. But that information will also benefit those facilities.




"We are complementary to almost every other astronomical and astrophysics instrument," Roodman said. In addition to providing data of its own, the new observatory will act as a discovery machine to spot interesting phenomena that can help guide where researchers direct their attention.




"The Rubin Observatory will really, truly change the way the astronomy community will conduct research," astronomer Sandrine Thomas, the observatory's telescope project scientist, said at the June 9 briefing. "And in addition, we'll be able to bring the public along."


			
 
			

			Questions or comments on this article? E-mail us at feedback@sciencenews.org | Reprints FAQ

	
	
			
							
					Editor's Note:

					This story was updated June 23, 2025, to include comments from one of the watch parties, and to update the distances to the Lagoon and Trifid nebulae, based on the latest, most precise data.
				

			
							A version of this article appears in the August 1, 2025 issue of Science News.

						

	
	
	

			
			
				[image: ]			
		

	
	
		
						About McKenzie Prillaman


							
												
							
								E-mail
								
							
						

					
									

					


		
			McKenzie Prillaman is a science and health journalist based in Washington, DC. She holds a bachelor's degree in neuroscience from the University of Virginia and a master's degree in science communication from the University of California, Santa Cruz. She was the spring 2023 intern at Science News.

		

	




	






We are at a critical time and supporting science journalism 
is more important than ever. Science News and our 
parent organization, the Society for Science, need your help to strengthen 
scientific literacy and ensure that important societal decisions are made 
with science in mind.



Please 

subscribe to Science News and add $16 to expand 
science literacy and understanding.












		



This article was downloaded by calibre from https://www.sciencenews.org/article/nebulas-first-image-rubin-observatory



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




 
 




An army of treelike creatures called Ents marches to war in the second The Lord of the Rings movie, The Two Towers, walking for miles through dark forests.
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 Personalized gene editing saved a baby, but the tech's future is uncertain

 Costs, government regulation and lack of know-how could hinder wider use of the CRISPR tech

 
 




Editor's note: On June 3, 2025, KJ Muldoon was discharged from the hospital and is now at home with his family.
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 Penguin poop gives Antarctic cloud formation a boost

 Ammonia wafting up from penguin guano in Antarctica is a key ingredient for cooling cloud formation 

 
 




Penguins' poop may be making Antarctica cloudier -- and helping mitigate the regional impacts of climate change.




Gases emitted from the birds' guano are supplying key chemical ingredients to form the seeds of clouds -- the tiny particles that clouds coalesce around, researchers report May 22 in Communications Earth & Environment.
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 A new AI-based weather tool surpasses current forecasts

 Aurora can be tweaked to predict air pollution, ocean waves, tropical cyclones and more

 
 




Weather forecasting is getting cheaper and more accurate.
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 A chemical in plastics is tied to heart disease deaths

 In 2018, more than 350,000 excess heart disease deaths were linked to phthalates

 
 




A common chemical in household plastics has been linked with heart disease deaths.
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 Preemptively cutting rhinos' horns cuts poaching

 The strategy abruptly reduces poaching rates by about 78 percent

 
 




Rhino poaching may be substantially reduced by removing the reason so many rhinos are poached in the first place: their highly valued horns.
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 Precolonial farmers thrived in one of North America's coldest places

 Ancestral Menominee people in what's now northern Michigan grew maize despite harsh conditions

 
 




A laser eye-in-the-sky has uncovered vast, ancient farm fields in an unlikely place -- the frosty forests of Michigan's Upper Peninsula.
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 A dwarf galaxy just might upend the Milky Way's predicted demise

 The Large Magellanic Cloud could prevent a smashup between the Milky Way and Andromeda

 
 




It may come down to a coin toss as to whether the Milky Way collides with the Andromeda Galaxy within 10 billion years.





This article was downloaded by calibre from https://www.sciencenews.org/article/uncertain-milky-way-andromeda-collision



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




 Putrid plants can reek of hot rotting flesh with one evolutionary trick

 Independent genetic changes in one enzyme enabled the same stink of death or dung in many flowers

 
 




Some plants stink of rotting meat or dung, which helps them attract flies for pollination.
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 A passing star could fling Earth out of orbit

 Distant Pluto is in even bigger trouble, simulations suggest

 
 




Bad news, earthlings.
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 Muons' magnetism matches theory, easing an enduring physics conundrum

 New results mend a decades-old crack in the standard model of particle physics, but some questions remain

 
 




One of the most enduring mysteries of particle physics may be finally resolved, two new studies suggest.
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 How luna moths grow extravagant wings

 Warm temperatures, not just predator pressure, may favor long, bat-fooling streamers

 
 




For the first time, biologists have linked the ribbony "tails" streaming from big, green luna moths' hind wings with, of all things, a cozy climate.
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 How to get the biggest splash at the pool using science

 Belly flops are fine, but a V-shaped entry is even better

 
 




When it comes to making a splash, technique tops brute force.
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 Males of this ancient human cousin weren't always bigger than females

 Proteins from a collection of fossils hint at sex and genetic differences in P. robustus

 
 




An ancient, distant human cousin from southern Africa called Paranthropus robustus has for the first time revealed molecular clues to its evolutionary status.
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 There's no cheating this random number generator

 The protocol ensures jury duty selections and other draws are truly random and secure

 
 




If your name gets picked for jury duty, it's because a computer used a random number generator to select it.
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 'Silent' cells play a surprising role in how brains work

 The findings open new possibilities for therapies aimed at certain mental illnesses

 
 




Brain cells named for stars are finally getting their time to shine.
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 RSV wasn't as hard on U.S. babies last winter. This may be why

 It was the first RSV season a maternal vaccine and a monoclonal antibody were widely available
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 Many U.S. babies may lack gut bacteria that train their immune systems

 Missing the microbes is linked to a higher risk of allergies and other health issues

 
 




About three quarters of babies born in the United States may not have enough friendly microbes in their guts to protect against developing allergies, asthma and eczema, a new study suggests.
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	Does the AI industry operate like a modern colonial empire?

	A new book investigates the AI tech industry's impact on society and the environment

			
				




[image: Cover of Empire of AI by Karen Hao]




Empire of AI
Karen Hao
Penguin Press | $32




If you've been following the meteoric rise of artificial intelligence in the last decade, you may have read articles by tech journalist Karen Hao in the Atlantic, the Wall Street Journal or MIT Technology Review. In her debut book, Empire of AI, Hao employs her expertise to investigate the cutthroat world of AI. The result is a jaw-dropping indictment of an industry that operates with little check.
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The book chronicles the modern-day race to develop AI, the breakneck pace of which has largely been set by the rise of OpenAI, the Microsoft-backed startup behind the chatbot ChatGPT. From the beginning, OpenAI deems itself as a conscientious steward of AI compared with rivals like Google and Chinese tech companies. OpenAI starts out as a nonprofit, vowing to share its research for the collective benefit of humankind rather than to chase commercial hotcakes. But under the leadership of CEO Sam Altman, whom Hao depicts as a powerful and morally gray figure, the company succumbs to the temptation of chasing profit over the higher ideals of making AI available to all.




Today, in pursuit of supremacy among its competitors, OpenAI has reneged on its founding commitments to share its research and maintain transparency in its operations. But the company still believes that its quest is noble. By insisting that developing AI can lead to a better future, it justifies bending ethical norms and running roughshod over its workers. As Hao writes, "a better future for whom?"




OpenAI isn't the only AI company with this approach, though its commercial success set the tone for other companies to follow. Hao makes it clear that AI itself isn't the problem. Instead, it's the culture of developing new AI capabilities first and at all costs, which is spearheaded by OpenAI and an exclusive clutch of companies with the financial power and political influence to ensure regulators don't look too closely at its operations.




Hao likens this modus operandi to that of a modern-day empire. Just as a colonizer ravages its colonies to feed its own expansion, tech megacorporations achieve their goals by trampling over marginalized communities in its sphere of influence. The collateral damage of AI's expansion includes the depletion of natural resources in developing countries to feed the AI beast, as well as Venezuelan and Kenyan workers who slog away at annotating training data and moderating content for scant compensation. Throughout the book, Hao emerges as a welcome voice of clarity and objectivity in stark contrast to tech companies' obsession with dominating the industry.




But it is possible for AI to be less colonial and more democratic, Hao argues. For instance, she points to a small, Indigenous-driven effort in New Zealand to use AI to revive the dying language of the Maori people. To achieve this humble utopia, Hao contends that we must revolt against the empire. This means educating the public on AI, tightening regulations so developers are more transparent, and encouraging researchers to explore different paths toward AI, away from the dominance model. The roadmap is a little rudimentary, but it's a good start. After all, Hao writes, the embers of revolution already burn in us: They come from our sense of community and humanity -- something that AI will be hard-pressed to grasp.









Buy Empire of AI 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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 A summer of escalating existential threats

 
 




This month marks the 80th anniversary of the first, and so far only, use of atomic weapons in war. The United States dropped an atomic bomb on Hiroshima, Japan, on August 6, 1945. A second bomb was dropped three days later on Nagasaki. The death toll is estimated in the hundreds of thousands.
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 Readers wonder about quantum biology, babies' memories and parrot speech
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A quantum query




A century ago, physicists laid the foundation of quantum mechanics. Today, with greater control of quantum systems, scientists are making major leaps in quantum computing, quantum gravity and more, senior physics writer Emily Conover reported in "The next quantum frontier."




Some physicists are exploring the possibilities of quantum biology, the idea that quantum effects influence living things.





This article was downloaded by calibre from https://www.sciencenews.org/article/readers-discuss-quantum-bio-memories



	Previous
	Articles
	Sections
	Next




