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			Epigraphs

			‘Viscous agglutinations of bubbling cells – rubbery fifteen-foot spheroids infinitely plastic and ductile – slaves of suggestion, builders of cities – more and more sullen, more and more intelligent, more and more amphibious, more and more imitative! Great God!’

			H. P. Lovecraft, At the Mountains of Madness

			‘It is sometimes worthwhile to take science fiction seriously’

			I. J. Goode

		

		
			INTRODUCTION

			Defusing Doomsday

			When the Soviet Union disintegrated in 1991, the good news for Western powers was that they had lost one nuclear-armed adversary. The bad news was that they had gained several more. Soviet leaders had farmed out their nuclear, chemical and biological weapons sites to the far reaches of the empire, and many of these far reaches were now independent countries.

			Those newly independent countries were politically fragile and economically troubled. And although the existence of their nuclear, chemical and biological weapons facilities had been a secret, word was quickly getting around. There is a market for enriched uranium, and the buyers are rarely the people you’d be keenest to trust with such a dangerous resource.

			Andrew Weber, a young American diplomat, was dispatched to Kazakhstan in July 1993. Not much later, his car mechanic told him that there might be some uranium for sale. Via the mechanic, Weber was introduced to Vitaly Mette, a mechanical engineer and naval veteran. Mette was now the director of a metallurgical factory in Kazakhstan’s desolate north-east, and he let it be known that the factory stored reactor fuel and that he might be willing to broker its sale. But he needed to trust his buyer. Over several months, Weber befriended Mette. There were a lot of dinners and a lot of vodka. On one occasion, Weber brought Mette a bottle of Wild Turkey, a rich American bourbon. Mette invited Weber to join a hunting trip in the Altai Mountains.

			The trip involved a naked sauna session; par for the course in Russia. Weber shot a moose. A Kazakhstani intelligence officer, waking up in his Jeep to spot an elk walking by, shot the animal with a nine-millimetre pistol. There was much more drinking. As the trip continued, Weber slowly gained Mette’s trust.

			Later, at the embassy, the mechanic gave Weber another tip-off. On the snowy outskirts of Almaty, then the country’s capital, the American was introduced to a former KGB border guard, Colonel Korbator. As the two men walked through the snow, Colonel Korbator discreetly passed Weber a very small piece of paper, folded in half.1

			It was a message from Mette. Continuing to walk, Weber opened the piece of paper, read what was on it and gulped. Then he put it back in his pocket. The message was ‘600 kg, U-235, 90%’. The factory held not just reactor fuel, but the kind of uranium that is used in nuclear weapons. Six hundred kilograms of it – enough for about 24 nuclear bombs.

			Iran was trying to get hold of the cache. North Korea and al-Qaeda were also pursuing materials of this kind. Weber was suddenly responsible for ensuring that the US’s adversaries did not gain two dozen nuclear bombs. With the assistance of a chemical-nuclear engineer, Weber quietly visited the factory with Mette. There, behind a door locked by nothing but a decrepit padlock, were the uranium rods – wrapped in foil. ‘This uranium metal would require nothing,’ he recalled thinking, ‘just being banged into the right shape and more of it – to make a bomb. It didn’t need any processing. This is 90- or 91-per-cent enriched uranium-235, in pure metal form.’2

			On receiving an urgent cable from Weber, the Washington diplomatic establishment secured the cooperation of the Kazakh government, too. ‘We were able to work together,’ said Weber of Mette, ‘and then create what became a secret government-to-government channel. We organised a massive project to send an American team to Kazakhstan to package the materials, and then safely fly them back to the United States.’

			It was a good job that Weber acted swiftly. The Americans later discovered that it was only a paperwork glitch that had prevented a shipment of beryllium, which is used in atom bombs, from being sent to Tehran.

			Weber told me his story in November 2022. We spoke as part of my work for a philanthropic advice organisation that sought to find, on behalf of wealthy individuals and foundations, the best opportunities via which to address the world’s gravest perils. By now, Weber was a senior fellow at the Council on Strategic Risks, a think tank that analyses and addresses many of those severe problems: climate change, nuclear weapons, and so on. He had taken this job after serving as President Obama’s assistant secretary of defence for nuclear, chemical and biological defence programs.

			Our conversation also touched on another Kazakhstani weapons repository – perhaps an even more harrowing one. In June 1995, Weber was one of five experts who made a secret visit to what was believed to be the world’s largest biological weapons factory.

			‘I had been briefed on this facility,’ Weber told me. ‘I had seen satellite photos of the facility. In fact, the person who built the facility had defected to the United States in 1992, so we had pretty detailed information. But to walk into these buildings and to see the destructive potential, the scale … I remember thinking at the time that Ronald Reagan was right. It had been an evil empire.’

			The factory was designed to produce hundreds of tons per year of anthrax, a bacterium that causes high fever, internal bleeding and death. The world had generally maintained a taboo against biological weapons, but the Soviets had a facility that made even Weber shudder. He saw the chambers where infected animals had been imprisoned, and the vast fermenters where the bacteria would have been incubated. These horrors were being prepared for the eventuality of war with the West.

			‘That day and that experience was seared into me,’ Weber told me. ‘And while much of my career involved chemical weapons and nuclear weapons, for me, biological weapons were always the highest priority – countering biological weapons.’

			Despite the work of Weber, his colleagues in the diplomatic corps and the many people who cooperated with them, the challenge of biological weapons has not gone away. In fact, as I shall explain, it has become more severe. All this is taking place before we have solved climate change and other enduring problems.

			That this is all happening at once, and in the same era as political polarisation, environmental degradation and the moral abomination of factory farming, is no coincidence. Each individual crisis is downstream of what the philosopher Daniel Schmactenberger calls the ‘metacrisis’. Social division has increased, because that is the natural outcome of social media companies seeking emotional engagement from their users. The planet is degraded, because that is the natural outcome of an economic system that does not price in diffuse damage. Factory-farmed animals are treated appallingly for the same reason, and the dangers of AI and synthetic biology, driven by economic incentives that reward innovators specifically and disperse the risks broadly, increase week-on-week.

			None of this amounts remotely to a call to abolish capitalism and restart the Bolshevik uprising that eventually gave us the Kazakhstani caches of nuclear and biological weapons. Rather, it is to say that the things that are startlingly good about our world – technological progress, interconnectedness, and economic incentives that reward innovation – are tightly bound to the things that make it a dangerous place.

			Defusing that danger, then – defusing doomsday – is a task that requires ingenuity and dexterity. Of the post-Soviet weapons round-up, Weber told me: ‘In a way, we had it easy, just dealing with a known quantity, whereas the advances in science and technology are making it much, much more difficult to track and prevent the development and use of weapons of mass destruction. So we need a whole new generation of people to carry on this work.’

			Over the past three years, as both a reporter and a researcher, I have encountered hundreds of the people undertaking that work. That period also included the line of work in which I met Weber. In those three years, I’ve met eccentric philosophical visionaries, ultra-serious diplomats, revelation-guided career-changers and brilliant technological innovators. In the field of catastrophic risk and existential risk,* there is often gloom about humanity’s future. ‘What’s your p(doom)?’ goes the common question. What that question means is: ‘What probability do you put on humanity being wiped out in the next century or so?’† The natural tendency of the metacrisis is to drive our p(doom) upward, but the protagonists of this book are trying to push that number back down.

			Although they would not think of themselves as such, these people are, together, an anti-catastrophe league: a diffuse team on whose shoulders rests the future of our species. Some members of this team are trying to protect us from our most ancient foes, those that are built into our Solar System and our planet. Those are the threats that our species identified first, and those are the threats that I will discuss first: asteroids, and how to avert them; volcanoes, and how to mollify them; stars, and how to withstand their rages.

			In one of those endeavours in particular, we have achieved historic success. But our species’ record is also one of failure: failure to keep those dangers from multiplying. As we reached for technological ascendance, we began to lose our balance.

			Thus, in the 20th and 21st centuries, arrived the dangers of our own creation: first climate change and nuclear war, then man-made pandemics and powerful AI. I will tell the story of the singular research institute that was first to draw public attention to the most modern of those threats – before being itself destroyed. I will introduce a dark wizard of the forbidden technology that could reverse climate change. I will also give a glimpse of the plans being made for one of the worst scenarios other than annihilation: the near-total destruction of civilisation.

			This is the story of the pragmatic, curious and inventive individuals who are trying to avert that destruction. Theirs is a line of work that is not always obliging; indeed, it has cost some members of this anti-catastrophe league their reputations and livelihoods.

			In a broader sense, this book tells the story of a species that, already imperilled by the hazards of the natural world, has elected to hold a loaded gun to its head. Catching sight of that loaded gun in the mirror, we are now trying to dismantle it.

				
					* Those being the academic terms for things that might kill lots of us and things that might kill all of us.

				

				
					† When people use the ‘p(doom)’ device, they’re using mathematical notation. Your p(rain), for instance, might be the probability – hence the letter P – you’d assign to it currently raining. If your p(rain) = 0.01, you might well be in a desert. If your p(rain) =100, you’re already wet.

			

		

		
			CHAPTER 1

			The Double Asteroid Redirection Test

			‘Who knows whether, when a comet shall approach this globe to destroy it, as it often has been and will be destroyed, men will not tear rocks from their foundations by means of steam, and hurl mountains, as the giants are said to have done, against the flaming mass? – and then we shall have traditions of Titans again, and of wars with Heaven …’

			Lord Byron

			There was a time when bien pensants scoffed at the idea that rocks could fall from the sky. Country bumpkins would occasionally report sightings of what we now know as meteorites, but men of learning dismissed these claims as fantasy. There’s a rock in your field? Yes, rocks are often found in fields. The rock fell from the sky? Sounds like an old wives’ tale.

			Such was the intellectual consensus at the dawn of the Enlightenment. Where Romans and other pre-modern peoples had chronicled the violent arrival of stones, fragments of iron and much more, Enlightenment scientists were more sceptical.1 It was an era in which astronomers had significantly improved humanity’s understanding of our Solar System, with William Herschel, a German-British astronomer, becoming an overnight celebrity after making the first discovery of a planet (Uranus) since antiquity, and Isaac Newton developing a theory of gravity that explained planetary orbits. For all this progress, though, European scientists generally thought of celestial bodies as processing in regal isolation rather than brutishly smashing into one another.

			From this belief arose some rather over-confident comments.2 ‘It would be unforgivable to believe in such fairy tales,’ said the Austrian mineralogist Andreas Stütz.3 ‘The fall of stones from the heavens is physically impossible,’ stated a report that was presented, in 1772, to the Paris Academy of Sciences and was signed by the brilliant chemist Antoine Lavoisier. Ignaz von Born, the curator of the Imperial Collection in Vienna, was so afraid of ridicule that he had the museum’s meteorites thrown out. When stones with black crusts were brought to them by peasants, therefore, scientists would conclude that the stones had been struck by lightning.4

			By the beginning of the 19th century, however, opinion was beginning to shift. Ernst Chladni, a German physicist and musician, had proposed, in 1794, that the heavens were capable of flinging rock and iron at Earth.5 Few were convinced, but the idea was nevertheless straying back towards the realm of acceptability. And so, in 1803, when provincial tales of a great fireball and a shower of stones reached the august desk of France’s minister of the interior, he dispatched Jean-Baptiste Biot, a 29-year-old physicist, to investigate.6

			Biot set about his assignment with gusto. Like a detective sent to a provincial backwater, he quickly assessed the characters of his witnesses. (‘A very respectable dame, that has no interest to impress anybody,’ he wrote of one; ‘Concierge that seemed to be a very intelligent man,’ he wrote of another.7) He assessed the manner in which the fragments were scattered and compared their composition to that of local stone. ‘The foundries, the factories, the mines of the surroundings I have visited, have nothing in their products, nor in their slag that have with these substances any relation.’

			Biot concludes his slyly florid report with what appears, initially, to be caginess. The physicist writes that his ‘simple relation of facts’ (so far, so guarded) would be judged best not by himself, but by ‘the sagacity of philosophers … and I shall consider myself happy if they find that I have succeeded in placing beyond a doubt’ – and here is where the caginess vaporises – ‘the most astonishing phenomenon ever observed by man’.

			Asteroids, he concluded, were real, and the peasants correct. The extent to which academic views hinged on Biot’s testimony remains contested, but there is no doubt that his was a significant contribution.8 ‘Within a few months we moved from doubt to certainty,’ wrote one of Biot’s peers.

			We can claim Biot as a forerunner of the anti-catastrophe league, but he did not suggest that asteroids could wipe out humanity. As the doom historian Thomas Moynihan explains, the idea of human extinction was only just beginning to gestate. We were beginning to see ourselves, he writes, as ‘a biological species within a desacralised cosmos’, a view that was dependent on various developing strands of Enlightenment thought.9 Over the decades that followed, evidence began to mount that the Solar System was not the wholly accommodating host that humanity had sometimes assumed it to be. Rather, it is a host that, when the mood takes it, flings rocks at its guests, sometimes rocks of dangerous size. As the astronomer Herbert Howe tartly remarked in 1897: ‘While there are not definite data to reason from, it is believed that an encounter with the nucleus of one of the largest comets is not to be desired.’

			Definite data began to arrive. On 30 June 1908, for instance, the silent coniferous forests of east Siberia were struck by a colossal explosion. Sixty-five kilometres (forty miles) away, Sergei Semenov, a local farmer, was sitting outside his house. He would later recall that ‘the sky split in two and fire appeared high and wide over the forest … I became so hot that I couldn’t bear it, as if my shirt was on fire.’

			Semenov was thrown several metres by the blast. His wife ran out of the house and led him back indoors, but the assault was not over. ‘After that, such noise came, as if rocks were falling or cannons were firing, the Earth shook, and when I was on the ground, I pressed my head down, fearing rocks would smash it.’

			Semenov’s account was recorded by a Soviet investigator – Leonid Kulik, another enterprising mineralogist – in 1930. Kulik, visiting long after the explosion, found a wasteland the size of London: square kilometre after square kilometre of lifeless, burnt trees. Initially foxed by the lack of an impact crater, scientists would eventually piece together what had happened. It is now generally believed that the Tunguska Event, as it became known, was caused by the mid-air explosion of an incoming asteroid whose weight (100 million kilograms, or 220 million pounds) was roughly that of the Great Pyramid of Giza. The blast was the equivalent of 185 Hiroshima bombs. Its discovery was one of the more significant contributors to humanity’s belated realisation that our home resembles not so much an island paradise as a coconut shy.

			That you understand what is meant by the baleful unit of ‘one Hiroshima bomb’ is a consequence of another development of the 20th century: the creation, and use, of the nuclear bomb. These grim creations unleash an intensity of destruction that, by way of the most meagre imaginable scrap of a silver lining, gives us insight into other ways in which whole swathes of us might meet an immediate fiery end.

			One of those insights has had particular significance. In the 1950s, Eugene Shoemaker, an American geologist, was studying the blast zone of a US government nuclear testing site in Nevada. It was here that he came across a curious specimen: a kind of rock that resembles quartz but is denser, more fibrous in appearance and lacking in colour and lustre.

			This unusual mineral is called coesite. It’s what becomes of quartz when it’s subjected to intense heat (700°C, or 1,300°F) and even more intense pressure (two to three gigapascals; that is, 20,000–30,000 times the atmospheric pressure we experience at sea level). In 1960, Shoemaker and another geologist, Edward CT Chao, found more coesite, but this time it was in a naturally occurring crater. This particular crater, which is in the desert of northern Arizona and is more than a kilometre wide, had been thought by some, given its lack of obvious celestial material, to be the product of a volcanic explosion of subterranean steam rather than of an asteroid. But in this geological whodunnit, the coesite found by Shoemaker and Chao was another smoking gun. Biot and his peers had shown that asteroids strike Earth; Shoemaker and Chao showed that asteroids strike Earth with colossal force. Along with his wife, Carolyn,* and other colleagues, Shoemaker spent much of the 1970s tracking the asteroids that hurtle around the Solar System, learning that these asteroids are also far more numerous than humanity had previously imagined.

			Still, it was not until 1980 that scientists connected one dot (the enormous Chicxulub crater, in what is now the Yucatán peninsula of Mexico) with another (the sudden full stop that marked the end of Earth’s æons-long rule by dinosaurs). An asteroid had killed the dinosaurs and the remains of that asteroid were at Chicxulub. Fourteen years later came another stark warning, with humanity watching via telescope as fragments of Comet Shoemaker–Levy 9, named for the Shoemakers and their collaborator David Levy, collided with Jupiter. This was the first collision of two Solar System bodies ever to be observed, and it resulted in the eruption, from Jupiter’s flank, of plumes of gas that were thousands of kilometres high.

			Having hurtled through the scientific stratosphere, the idea of Armageddon-by-asteroid smashed itself deep into popular culture. Hollywood, that ever-reliable purveyor of public collective-consciousness epiphenomena, gave us the films Deep Impact (starring Robert Duvall, Morgan Freeman et al) and Armageddon (Bruce Willis, Billy Bob Thornton etc). These films were both released in 1998, the same year that NASA set up a division with the responsibility of monitoring near-earth objects. (Asteroids, of course, are rocky bodies that orbit the sun; near-earth objects, or NEOs, are those that soar relatively close, in Solar System terms, to Earth. While we’re at it, comets are icy bodies that, when warmed by the Sun, leave a bright trail in their wake; meteors are rocky or metallic objects that, when burning through Earth’s atmosphere, create characteristic streaks of light; and meteorites are the fragments of meteors that make it down to Earth.)

			Over the course of this book, you will note a pattern. When a peril is first identified, it is often by someone outside scientific orthodoxy. Naturally, people scoff. (Recall here some of the earlier reactions to the emergence of COVID-19.) Eventually, it is generally accepted that a peril exists, but not that it poses an immediate threat. And then there is an incident of sufficient seriousness that it silences ridicule and turns bystanders into protagonists. In 2004, NASA forecast that the asteroid Apophis – tactfully named after Egyptian mythology’s demon serpent of darkness – might hit Earth in 2029. Its later calculations were no less troubling. In December 2005, the unit of Hiroshima reared its hideous head in newspapers the world over. As a Guardian reporter put it: ‘Nasa has estimated that an impact from Apophis, which has an outside chance of hitting the Earth in 2036, would release more than 100,000 times the energy released in the nuclear blast over Hiroshima.’10 A later estimate, issued by a geophysicist at Imperial College London, put it at a million Hiroshimas, warning of violent ground-shaking, intense thermal radiation and atmospheric shockwaves.11 (Even larger asteroids deliver death via monstrously sized tsunamis, depending on where they hit, and perhaps even via ‘impact winter’.12 This is a phenomenon whereby a collision kicks enough dust into the atmosphere to dim the planet for several years, drop global temperatures for the same period and starve plants of light – thereby killing them and plant-eating animals, too.)†

			One of the first people to observe Apophis through a telescope was a young astronomer called Cristina Thomas. As a teenager, Thomas had been captivated by NASA’s new generation of robotic spacecraft. Cassini, launched in 1997, sent home pictures of the rings of Saturn and dispatched a lander, Huygens, to the planet’s largest moon, Titan. Stardust, launched in 1999, collected dust samples from the trail of a comet and sent that sample back to Earth. As a graduate student, Thomas analysed the composition of those small, rocky objects hurtling around the Solar System, attempting to deduce as much as possible from the limited data afforded by telescopes. Naturally, she couldn’t resist swinging her telescope in the direction of Apophis. ‘It was a very exciting time,’ she would later tell me.

			In 2006, two years after the discovery of Apophis, an updated NASA forecast showed that it would miss Earth. But the worry had resulted in a ‘turning point’, Thomas told me, ‘when people really started to think seriously about planetary defence’.

			Specifically, Congress had asked NASA, in 2005, to come up with a plan for how the agency might deflect an asteroid on a likely collision course with Earth.13 NASA came back with some options, of which some of the most pleasing were ‘Focused Solar’ (use a large mirror to ‘boil off’ enough material to slightly alter the asteroid’s orbital path), ‘Mass Driver’ (land on the asteroid, mine material, eject it at high velocity), and ‘Asteroid Tug’ (attach spacecraft and … push!).

			More practical, in NASA’s view, was to detonate a nuclear bomb on, near or within the asteroid. The latter option, incidentally – drilling a hole and dropping a nuke down it – was the one executed by Willis and friends in Armageddon. But that approach might turn one big problem into many smaller ones – a host of fragments that could themselves hit Earth. ‘Non-nuclear kinetic impactors,’ the agency concluded, referring to the concept of deflecting an asteroid by flying a spacecraft into it, ‘are the most mature approach.’

			And so that was the approach which NASA tested with the Double Asteroid Redirection Test (DART), a mission in which the lead of the observations working group was one Cristina Thomas, now an assistant professor of astronomy and planetary science at Northern Arizona University. In the years that followed her early glimpse of Apophis, Thomas had retained her interest in NEOs, striking up loose collaborations with other scientists. Across the world, a network of observers was tracking asteroids together and sharing data. In 2013 came another serious incident: a house-sized asteroid exploding over Chelyabinsk, a Russian city near the Ural Mountains. The explosion generated a shockwave that shattered windows across an area of 200 square miles, and it happened to take place on 15 February. That same day, a UN group was meeting to finalise its recommendations for how Earth might best defend itself from those potentially hazardous objects that Congress had heard about.14

			The machinery of politics was grinding into motion. The UN set up forums via which space agencies could collaborate on plans for asteroid deflection. In 2016, the US ordered NASA to create a Planetary Defence Coordination Office. Thanks to the diligent work of astronomers and the thespian labours of Bruce Willis and company,‡ the concept of asteroid deflection had become a focus of serious international endeavour. Thomas, having been working on NASA’s observation of NEOs, was the leading astronomer advising the DART mission. ‘At the time,’ she told me in 2024, ‘I was kind of baffled. We had been doing this thing for fun for such a long time and all of a sudden it was real.’

			The target was Dimorphos, a spheroid of compressed rubble that orbits a larger asteroid, Didymus. This ancient, lifeless pair orbits the Sun elliptically, swinging between the asteroid belt and, without threatening to collide with us, the orbit of Earth. Why, of all the countless asteroids in our vast Solar System, did NASA and the European Space Agency – an initial partner that subsequently dropped out of the mission – choose Dimorphos? One reason was that its relatively small size (roughly that of a football stadium) made it representative of the somewhat rare, but moderately risky, sort of asteroid that might hit Earth from time to time (as opposed to the very risky but very rare kind).15 Another was the fact that Dimorphos orbited Didymus. A collision would not, according to the scientists’ calculations, bump Dimorphos out of its parent’s reach, which meant that it would not unintentionally put the moonlet on a radically different path that might bring it closer to Earth. Additionally, the orbital relationship – or, rather, the relative positioning of the two asteroids – makes it easier to monitor their movement.

			On 24 November 2021, the DART spacecraft was launched from a site in California. The aim was to meet its quarry some 11 million kilometres (6.8 million miles) from Earth.16 The journey took ten months and its targeting was based on the data compiled by Thomas and her fellow scientists.17 DART was due to meet Dimorphos on 26 September 2022. It was a warm evening and hundreds of scientists and mission staff gathered at the Applied Physics Laboratory in Maryland. Most of them were under a canopy set up on the lawn. DART was equipped with a front-facing camera that was sending home pixellated footage, and that footage was being played in real time – or as close to real time as the huge distance allowed – on big monitors.

			As DART soared forth at 21,000 kilometres per hour (13,000 miles per hour),18 a clutch of white pixels at the centre of the monitor became more numerous, more grey. It was Dimorphos and it was getting larger and larger. ‘We can see it getting closer,’ recounted Thomas, ‘and that it was going to hit Dimorphos right in the centre, which is what we wanted. We’re making all these estimates in our heads of what we think is going to happen.’

			As DART approached, Thomas and her fellow scientists could see that the surface of Dimorphos was covered with regolith: easily dislodged rock and dust of the kind that the Apollo astronauts walked on. ‘This was great,’ said Thomas, ‘because of the momentum it adds when the craft strikes.’

			Closer and closer came the asteroid until, abruptly, it filled the screen. Then, just as abruptly, the screen went orange. Everyone cheered. ‘It was phenomenal,’ Thomas told me.

			Their work would have been for nothing, though, had they failed to deflect the asteroid. Across the parts of the world that had sight of the collision zone, dozens of telescopes were being moved into position. Their operators were part of the global network of NEO monitors and their data was now the most sought-after in astronomy. With NASA broadcast commentators still burbling away, Thomas took out her phone to check with her global collaborators. At her shoulder gathered colleagues and members of colleagues’ families, all desperate to know what had happened. ‘Minutes later, we started getting these videos from telescopes in Israel, in South Africa, because the impact was over the Indian Ocean and they were the only ones who could see it.’

			The videos showed two dots moving across the sky – ‘and then,’ said Thomas, ‘this poof of material comes off’. This was the ejecta – the material knocked off Dimorphos by the force of the impact, meaning that the asteroid had been nudged off its path and that the mission had been a success. ‘I thought that, as we watched things happen, it was going to be a slow burn. I wasn’t expecting it to be so visually captivating.’

			Did a rager ensue? ‘By scientific standards, potentially,’ said Thomas, wryly. If nothing else, there were mission-themed cupcakes. One hopes that if the scientists had deflected an asteroid on course to wipe out civilisation, they’d have felt entitled to at least a beer.

			There was no doubt that DART had hit Apophis, but what was less clear was the extent to which the spacecraft had altered the moonlet’s trajectory. NASA did not, therefore, make any immediate claims in this regard. Any chump of a humanoid species can sling a spacecraft across a distance of 6.8 million miles to hit an asteroid squarely between the eyes.§ But can they tangibly change that asteroid’s path? Recall that we can calculate an asteroid’s trajectory only through glimpsing it, a tiny white dot, through the sights of a telescope, and noting its position relative to other tiny white dots. The data trickled in, and the error bars shrank and shrank, but only a small number of people were privy to all the figures; only a small number of people knew that humanity had, for the first time, non-trivially altered the movement of a celestial body.

			By now, Thomas had returned to her teaching duties at Northern Arizona University. ‘I was one of the first people to know,’ she recalled, ‘and I’m walking around thinking, I know something really, really exciting that I can’t tell you! It’s not like it was a state-level secret, but it was still something I was supposed to keep to myself.’ She laughed at the memory. There must be something absurd about exerting God-like power on the universe one week and going back to work the next.

			But on 11 October 2022, a little more than a fortnight after the impact, NASA confirmed the successful alteration of Dimorphos’ orbit.19 It was the first full-scale demonstration of asteroid deflection technology.¶

			As the agency explained, it had previously defined success as altering the duration of Dimorphos’ orbit of Didymos by 73 seconds or more.20 The early data, however, showed that DART surpassed this minimum benchmark 25 times over. Our species had disrupted the ancient clockwork of the Solar System and was at last a protagonist, in orbital terms, rather than a passenger. ‘This is a watershed moment for planetary defence and all of humanity,’ said NASA administrator Bill Nelson.

			A watershed though the DART mission was, humanity is not in danger of being imminently eradicated by an asteroid. Asteroids of a diameter of about one kilometre (0.74 miles), far larger than the 20-metre diameter of the Chelyabinsk asteroid,21 are large enough to cause massive devastation, but they are estimated to hit the planet roughly once every 700,000 years. Asteroids of a five-kilometre (three-mile) diameter are estimated to hit us roughly once every 30 million years.22 And the larger they get, the more unlikely their arrival. Given that the asteroid thought to have wiped out the dinosaurs is believed to have been 10–15 kilometres wide, we ought to have a few years’ grace before the next one.

			And we will see it coming. ‘The truth of the matter,’ said Thomas, ‘is that we actually know the exact positions and essentially the entire population of the largest objects in the near-earth object category.’ In other words, NASA knows who they are and where they live. It’s the smaller ones which pose more of a risk, said Thomas; those which are more like the size of Dimorphos. These cause regional devastation, not global devastation, ‘which, of course, is still bad! We still want to mitigate those risks.’ And so the monitoring and classification continues, with dozens of observatories, large and small, supplying data. Together, they comprise an anti-catastrophe league of their own. To be contributing to this mission must be conducive to some level of job satisfaction; surely one might be tempted, when asked what one does for a living, to say: ‘Well, I defend the planet from asteroids, actually. How about you?’ Thomas, however, describes herself simply as a ‘professor at the local university. Much more low-key. But my husband reminds me sometimes that my job is way cooler than I make it sound.’

			Humanity’s successful nudging of Dimorphos is a totemic success in its own right. It has also occurred ahead of schedule. We are years behind where we ought to be in the race to rid ourselves of fossil fuels, yet we have deflected an asteroid many millennia before we will find ourselves in genuine need of the technology. (It is worth noting that the DART mission, though executed with the collaboration of many space agencies, did not have to seek the approval of every man, woman and child on Earth. The fewer the stakeholders, the more efficient the process.)

			Some scientists and commentators, including the great astronomer Carl Sagan, have pointed out that humanity could use its new power maliciously – that malevolent humans could deflect an asteroid towards Earth, or towards an enemy country, rather than away from it.23 One reason to be relatively optimistic is such a projectile will not come from nowhere, and that our ability to monitor NEOs is likely to improve. Another is that our defensive abilities might improve too.

			In that vein, you might remember the ‘Focused Solar’ plan that was mooted by NASA – the one in which a spacecraft-mounted mirror was pointed at an asteroid, burning off enough regolith to tweak its trajectory. In time, we might refine that technique. In 2012, five academics put forward a blueprint for ‘laser bees’, a swarm of laser-bearing spacecraft that would work together to drive away an asteroid.24 The laser bees would be cheap to produce and would be numerous enough that the loss of one or two of them would not jeopardise their mission. Perhaps a defensive-minded planet could retain a few thousand of these in various positions across a Solar System. As SpaceX brings down the cost of space travel, such schemes will go from fanciful to viable to mundane.

			Think back to that footage of Dimorphos and its dusty surface. That dust, and all those pockmarks that one sees on Mars, the Moon and every solid object beyond Earth, are the result, by and large, of billions of years of collisions. Such collisions feel infrequent to a blink-of-an-eye species such as our own, but they are a fact of life in this Solar System and any other. For almost all of humanity’s existence, the briefness of our lives has been our only shield. Now, though, we have a shield of our own making.

				
					* Bryan Walsh gives a fuller account of the contributions of Carolyn and Eugene M. Shoemaker in his book End Times: A Brief Guide to the End of the World. The Shoemakers, like Biot, deserve an honorary place in the anti-catastrophe league.

				

				
					† Because of the merciful infrequency of these events, there is not yet scientific unanimity on exactly what causes the temperature drop. Dust has been blamed, but there could also be a major contribution from sulphur, as a result of wildfires.

				

				
					‡ This is enough for me to claim Willis, too, as a member of the anti-catastrophe league.

				

				
					§ Indeed, the DART mission wasn’t even our first time doing this. That was in 2001, when NASA landed a spacecraft named after Eugene Shoemaker on the asteroid Eros.

				

				
					¶ My telling of this story has focused on NASA, but it would be remiss of me not to mention that it was Johns Hopkins Applied Physics Laboratory that built and operated the DART spacecraft.

			

		

		
			CHAPTER 2

			A Raging Star

			‘… unruly sun,

			Why dost thou thus,

			Through windows, and through curtains call on us?’

			John Donne

			John Kappenman did not relish what he was about to do. He did not class himself as a confrontational man. Nor did he class himself as a man particularly enthusiastic about risking his income. He had spent decades advising the US energy sector and he knew that what he had written could make him a pariah.

			But it would be even worse, he believed, to stay silent. So he stuck to the plan, finished his testimony and sent it to the Federal Energy Regulatory Committee. The testimony, he hoped, would hit like a thunderbolt – and shock a somnolent government into action.

			Ninety-three million miles away, the Sun was seething. The Sun, to be clear, is always seething. About 4.6 billion years ago, a giant cloud of gas was drawn together by gravity, becoming so dense that nuclear fusion began to occur at its centre. Nuclear fusion is when two or more nuclei, in this case hydrogen nuclei, are fused into a new element – helium – while releasing colossal amounts of energy. The star’s core reached 15 million degrees Celsius (27 million degrees Fahrenheit). Several billion years later, it remains at this temperature and the heat drives vast movement of plasma within the body of the Sun. This movement of plasma generates strong magnetic fields, which together constitute the ‘solar dynamo’. (Do keep this roiling magnetism in mind.)

			Above the plasma is the Sun’s surface. It is hundreds of thousands of miles from the star’s core, yet it is bright enough for Earth dwellers, themselves 149 million kilometres (93 million miles) away, to find it unbearable to look at. Earth captures a minuscule fraction of the light that radiates from the Sun, yet it is sunlight that sustains almost every activity on our planet’s surface. Even fossil fuels are, one way or another, solar batteries. To remember that the sunlight illuminating a room is the product of unstoppable nuclear fusion, almost a hundred million miles away, is to be starkly reminded of the universe’s titanic strangeness – a strangeness from which we are usually insulated. The energy arrives predictably and continuously, like energy from a power grid.

			Or rather – it’s mostly predictable and continuous, just as energy from a power grid is mostly predictable and continuous. The Sun is constantly expelling charged particles, but we are usually protected from this ‘solar wind’, as it is known, by Earth’s magnetic field. As a result of its magnetic power, this field deflects the charged particles, buffeting them away from the equator. Most fly past Earth, although some hit the upper atmosphere around the North and South Poles. When this happens, the charged particles react with gases in our atmosphere to give off ethereal, rippling light shows: the Northern and Southern Lights. The light is greenish-yellow when charged particles hit oxygen atoms at a lower altitude, and redder when this happens at a higher altitude. Nitrogen produces reds and blues.1 When an aurora appears to dance, this is largely because of fluctuations in Earth’s magnetic field.

			Every now and then, the wind becomes a gale. Inside the Sun, the flows of plasma and magnetism occasionally become tangled. When this happens, dark spots appear on the Sun. These are sunspots and they spell danger – a scowl on the face of an ancient god. Out of sunspots erupt solar flares, the largest explosive events in the Solar System. Solar flares blast electromagnetic radiation into space in enormous quantities. (The biggest solar flare ever measured was so powerful, reports NASA, that it overloaded the sensors measuring it.2) The radiation travels at the speed of light, but it is swiftly followed by charged particles that have emerged from the plasma. That is what’s known as a coronal mass ejection: an expulsion of matter from the sun’s corona, which is its outermost layer. If the coronal mass ejection is large enough, it won’t bounce off Earth’s magnetic field – it will penetrate it. By now, we’re no longer talking solar winds, but solar storms. The scowling god has hurled a thunderbolt.

			These events leave far fewer obvious traces than an asteroid does. It is therefore harder to know how strong these solar storms can be and how often we should expect storms that are worth worrying about. This state of affairs goes some way toward explaining why John Kappenman, the electrical engineering expert I introduced at the beginning of the chapter, so often finds his warnings falling on proverbial deaf ears.

			But we have one key data point above all others: the Carrington Event. On the morning of 1 September 1859, an amateur British astronomer, Richard Carrington, was going about his customary observation of the forms and positions of sunspots. Carrington was a hobbyist par excellence. He lived in Redhill, Surrey, and had added a bulbous observatory dome, complete with telescope, to the roof of his home.3 As usual, Carrington was projecting the Sun’s image onto a plate of glass that was covered in a thin coating. He was counting sunspots, of which there was already a notably bigger mass than usual, when something startling occurred: the appearance of two patches of intensely bright and white light. These patches were so bright that Carrington’s first assumption was that direct sunlight was illuminating his plate of glass. But this was no optical illusion.

			In a development that should delight hobbyists the world over, Carrington had made the first recorded observation of a solar flare.* What he was watching was a huge and violent eruption of solar gases, an explosion roughly equivalent to the detonation of ten billion Hiroshimas.4 Although Carrington couldn’t have known it, the charged particles were now hurtling towards Earth.

			Eighteen hours later, the bombardment began. The northern and southern lights illuminated skies that they had no business illuminating. Gold miners in Colorado’s Rocky Mountains, assuming that the bright sky meant that morning had arrived, began preparing breakfast at 1am.6 The northern lights were seen as far south as Colombia, provoking both wonderment and fear.7 In Australia, far north of where the southern lights should appear, another group of gold miners looked out of their tent one evening and saw ‘a scene of almost unspeakable beauty … Lights of every imaginable color were issuing from the southern heavens.’8

			One man’s ethereal beauty is another man’s harbinger of doom. On 5 September, the San Francisco Herald bore an account rather less grateful than that of the Australian miner. ‘Half-past eleven,’ it read. ‘The appearance now is positively awful. The red glare is over houses, streets, and fields, and the most dreadful of conflagrations could not cast a deeper hue abroad.’9

			This coronal mass ejection amounted to more than a light show. By now, the world was beginning to communicate via telegraph – a transformative invention that allowed people to send brief messages via an electric current sent along a wire. Because these wires were able to conduct an electric current, they could also have an electric current induced in them. And because the coronal mass ejection had sent ripples through Earth’s magnetic field, those wires were suddenly overloaded. At some telegraph stations, the induced current was strong enough to start fires. Several telegraph operators were burnt. At others, operators found that they could communicate without their machines having to be connected to batteries. Some of these machines began to spew gibberish. To see such a sight under a pulsing red sky must have been a deeply unnerving experience. As Carrington’s biographer, Stuart Clark, wrote in 2007: ‘Man’s dominion suddenly felt less assured. The Earth had been caught in something inexplicable, the first phenomenon seen that had a direct influence on Earth HAD had nothing to do with gravity – the only force thought capable of communicating itself across space.’10

			Carrington was one of the first to suggest that the violent activity he had seen on the Sun might have something to do with the occultish happenings on Earth. The strange phenomenon that the world had experienced would therefore become known as the Carrington Event. Nevertheless, Carrington was not the only gentleman scientist to identify this link between the Sun and Earth. Another was Edward Sabine, a swashbuckling Anglo-Irish astronomer. As a young man, Sabine helped resist the American advance on Quebec in the war of 1812.11 After peace was declared, he embarked on Arctic expeditions that sought to find the Northwest Passage; sailed to the coasts of Africa and North America, and back to the Arctic, in order to study Earth’s shape via use of a pendulum; and was first to observe that the cyclical behaviour of sunspots, whose aggression peaks every 11 years or so, matches the cyclicality of magnetic disturbances on Earth. Geomagnetic storms† do not occur with metronomic 11-year regularity; big geomagnetic storms can occur outside a solar maximum, as the peaks of sunspot activity are known, and a solar maximum will usually pass without giving us anything like a Carrington Event. But we know, by and large, when to expect more volatile solar weather. The efflorescence of the northern and southern lights in the spring of 2024, for instance, was in keeping with the 11-year cycle and did not come as a surprise to astronomers.

			That said, there is much about solar weather that scientists do not know. Most of the uncertainty relates to the Sun’s internal activity. We have no apparatus that we can send into it in order to ascertain the direction of its plasma currents. Instead, we must study its surface – much as Carrington did. As I was told by Andrew Richards, formerly a severe events forecaster at the National Grid: ‘The problem, as I see it, is that the state of solar science is not yet well enough developed for us to be able to predict when one of these explosions on the Sun is going to happen.’

			There is additional, related, uncertainty. How often can we expect a geomagnetic storm of the Carrington Event? It’s hard to know, but analysis of ancient tree rings found that storms significantly larger than the Carrington Event have hit Earth within the past 10,000 years.12 And if one befell us – how bad would it be? It is now that we return to John Kappenman, who was preparing to warn a US government agency about the seriousness of geomagnetic storms.

			That was in 2012. It was an intervention whose origins lay in solar cycle 22, which culminated in 1989.‡13 A pair of coronal mass ejections, one launching two days after the other, caused circuit failures in satellites and a power grid blackout in Quebec, Canada. For nine hours, millions of people were left without electricity. Kappenman, then a 34-year-old electrical engineer, was working for a big utility company, helping it build one of the longest high-voltage lines in the world. He and his colleagues had noted the damage caused by the geomagnetic storm, knew about the Carrington Event, and were conscious that there was no obvious reason why there couldn’t be bigger geomagnetic storms in future. As such, Kappenman recalled, they decided that they might need ‘to do six months of work, figure out these problems and solve them’.

			The six months of work turned into an odyssey of study and advocacy. It led Kappenman to write, in that testimony delivered to the Federal Energy Regulatory Committee, that geomagnetic disturbances could be ten times as intense as US government agencies believed, that we had become far more vulnerable to these events as our dependence on electronics increased – and that millions of lives were at risk.

			As he explained in the docket, each major geomagnetic storm has inflicted ‘new and unpleasant impacts’ on electric power grids. ‘Time and again,’ Kappenman warned, geomagnetic storms have ‘brushed away rosy assumptions and replaced them with less pleasant realities’.

			By Kappenman’s forecast, it was 100 per cent certain that Earth would, sooner or later, be blasted by a geomagnetic storm ten times larger than the one that struck Quebec in 1989. Such a storm, in his view, would have appalling consequences, most of which would relate to the electric power grid being put out of action. One key vulnerability is our reliance on transformers, which are large, cumbersome bits of equipment that connect power stations to power grids. Their role is to step up the voltage of the electricity that they are dispatching over long distances. This practice lowers the amount of power that’s lost along the way, but the high voltage makes power lines extremely dangerous. (Birds can safely roost on them only because they aren’t connected to the ground.) At the end of the high-voltage power line, another transformer steps the voltage back down, ensuring that it is at an appropriate level for distribution to homes and workplaces.

			Normally, this system works very well. The Sun beams down on a solar farm somewhere; moments later, I might use some of that same energy, transported at the speed of light over a long distance, to boil a kettle. Add a geomagnetic storm, though, and things get more complicated. Recall the telegraph lines from the Carrington Event. They were conductive enough for the storm to induce in them much stronger currents than they were designed to convey. A modern transformer, however, bears on its back an even larger target. These enormous machines, which can weigh as much as a blue whale,14 induce voltage through the rapid oscillation of their magnetic field. Add a powerful, intruding current and the magnetic core becomes overloaded. In severe instances, the transformer will rattle, overheat and produce the scents of burning insulation or vaporised oil.15 ‘They make absolutely horrible noises when they’re doing this,’ an expert told me.

			In the worst of these instances, the transformer will break down. Want a new one? It might take several years and several million pounds, and it will have to be painstakingly transported via closed roads on the trailer of a special vehicle that is even more cumbersome than the contraption it is carrying. Perhaps understandably, power grid companies are disinclined to commission back-up transformers unless they really feel they ought to.

			But perhaps we might one day find ourselves in dire need. Knock out a few transformers at once and a country could be crippled. Grid power enables not only heating, lighting and so on, but other key functions – the distribution of drinking water, the refrigeration of food, many methods of healthcare, even the avoidance of nuclear meltdown. Satellites, too, would be badly affected; we could lose access to GPS and other important communications systems.§ In 2022, a solar storm destroyed 40 SpaceX satellites.17 More troubling still was the incident in 1967 when a solar storm jammed all three radar sites used by the US Air Force to detect incoming ballistic missiles. Interpreting the jamming of the systems as a Soviet attack, American military officials were close to launching a nuclear counter-strike. A small team of solar forecasters is said to have convinced the military officials that the culprit was not the Russians, but the Sun. This was an intervention that researchers have since credited with having ‘calmed nerves and allowed aircraft engines to cool as they returned to normal alert stance’.18 The episode minted several new members of the Anti-Catastrophe League,¶ but it serves as a reminder of the way that danger, be it from solar storms or other hazards, can rapidly cascade.

			From all this, you might conclude that a massive solar storm could send us back to the Carrington era, or worse. In contrast to the Victorians, most of us would have no wells to drink from, no horses to ride on, no printed maps to navigate by and no fireplaces via which to warm our starving bodies via the reluctant incineration of our furniture. ‘The recovery could plausibly extend into months, or perhaps years,’ wrote Kappenman, warning that millions of lives were at risk. The threat, he argued, had been met not only by inertia, but by the power companies’ attempts to suppress warnings. Comparing the situation to the Silent Spring scandal of the early 1960s, in which American chemical companies covered up the carcinogenic effects of the pesticide DDT, Kappenman wrote: ‘We have a similar cloud of misinformation, inattention and even attempts on the part of some to stop any action, claim that the problem is overblown, uncritically accept industry assurances that no problem exists, or that the problem does not apply to them and even take steps to conceal any information that exists on the full nature of the threat. We must not fail to heed the warnings of history in this endeavor.’ Governmental docket filings are often dry; Kappenman’s was the equivalent of being grabbed by the collar and told, with great urgency, that you are in grave danger.

			Kappenman’s was the direst warning, but he was not the only party to call attention to the threat. In 2008, the National Academy of Sciences, an American non-profit that brings together leading researchers, published a report whose authors envisaged disruption on a similar scale.19 The researchers, partly informed by Kappenman, feared that a severe geomagnetic storm could cost the US between $1 trillion and $2 trillion during the first year alone.

			In 2016, the body that Kappenman had addressed – the Federal Energy Regulatory Committee – adopted new regulations that required American power companies to test their systems for vulnerability to geomagnetic storms.20 Across the Atlantic, the UK had opened a space weather forecasting centre that would work in conjunction with an American counterpart. Was this a happy ending? Is the world safe? Could Kappenman, having followed our asteroid-spotters in raising the alarm about an unfamiliar threat, sit back in comfort, his work done? Would Bruce Willis be starring in a Hollywood movie about ingeniously insulated transformers?

			Alas, when I spoke to him in 2024, Kappenman told me that the rules were nowhere near stringent enough. Getting a grid started after a shutdown is called a
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