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Is It Aliens?

MOST ASTRONOMERS WILL HAVE A story of a time when they were caught out, a moment when their heart beat slightly faster for just a few seconds wondering what something they had spotted up there in the sky really was. My own close encounter came on a summer’s evening, standing on a beach on the south coast of England, looking out at a clear western horizon just after the Sun had sunk below the water. Brilliant Venus was already there, shining brightly in the twilight and twinkling madly, flashing through every colour available as its light wobbled in the air heated by the day’s warmth, rising off the beach.

I was hoping to catch sight of Mercury, the most elusive of the five planets visible without binoculars or a telescope.fn1 Though it appears as nothing more than a moderately bright star to the naked eye, and, being not much bigger than the Moon and never especially close to us, offers nothing beyond the sight of a plain disc to the telescopic observer, there is always something satisfying in seeing Mercury. I think it’s partly the remnant of the kid who collected stamps, still inside my head and wanting to tick each of the Solar System’s denizens off my i-Spy list, but maybe it’s also the satisfaction of seeing the clockwork of the Solar System continue to operate as planets appear in turn and on cue. Whichever it is, making the effort to see our innermost planetary neighbour when it appears in either its morning or, more likely, evening apparition is something I try to do.

I especially look out for it when it is close to the Moon or another planet; without such a signpost, Mercury never really stands out. On this particular evening it was supposed to be a few degrees below Venus, and so I was pleased when the second object I spotted in the darkening sky was a fainter, star-like point of light in what seemed to be the right part of the sky. What was unexpected was that this new object brightened suddenly until it nearly matched Venus, which should have been easily outshining everything else. I was even more astonished when the interloper began to move, first travelling upwards away from the horizon, but then taking what appeared to be a sharp right turn. Nothing in the sky, apart from the flashing lights of aeroplanes, does this naturally.

I knew that the International Space Station (ISS) wasn’t passing over the UK, and in any case what I was seeing wasn’t behaving like a satellite; they move slowly and consistently in a single direction. In contrast, whatever this was started to move erratically, carving switchbacks in the sky as it rose higher above the horizon. It seemed for all the world to be under intelligent control, a genuine Unidentified Flying Object (UFO), and thoughts of science-fiction aliens, flying saucers and little grey men muttering ‘take-me-to-your-leader’ did begin to nag at the edge of my consciousness, even while most of my brain was busy running through other, more likely and more prosaic explanations.

Had it blinked out or turned tail back towards the horizon, I might still be wondering what it was. Fortunately, it soon passed nearly overhead, revealing itself to be nothing more than a Chinese lantern floating down the coast, a paper balloon suspended and given lift by the flame of a small candle hanging underneath. What I had taken to be a distant light was in fact much closer than I had anticipated, and what had appeared to be wild changes of direction were nothing more than the thing drifting gently in the light breeze. Given a modicum of confusion and a sprinkle of the unfamiliar, it wasn’t hard to find myself half convinced I was seeing intelligence in the sky.

As I said, everyone who looks at the sky has this kind of story, and even casual observers, people whose eyes don’t automatically flick upwards when stepping outside after dark, occasionally notice what’s happening above their heads. There’s a long tradition of misidentifying bright lights in the sky. Whenever Venus reaches its greatest western elongation, the part of its orbit where it is most brilliant in the evening sky, I know my inbox will fill with queries from well-intentioned correspondents wondering if the bright thing they’ve seen might just happen to be the neighbours from Proxima Centauri popping by to borrow a cup of sugar or, as per tradition in 1950s UFO reports, to steal a cow from the prairies of the American Midwest. Satellites fainter than the ISS, moving amongst the stars, can startle, and I know several people who have been visibly shaken by spotting the US Navy’s NOSS surveillance satellites, occasionally visible to the naked eye and arranged so they fly across the sky in a triangular formation that looks anything but natural.

Though they might be ‘unidentified’ to a particular observer, such UFOs are usually readily explained. The large telescopes with which astronomers survey the sky these days, with powerful software dedicated to tracking things like asteroids which move amongst the stars, do not produce large catalogues of new and mysterious objects swooping by, and the fact that almost all of us now carry a decent camera attached to our phones has not produced a vast new crop of convincing images of visiting spacecraft. It is perhaps not a coincidence that as our ability to survey the sky and keep an eye out for truly unexpected visitors has improved, the focus of those who argue that there really are alien ships in the skies above Earth has tended to shift from astronomical mysteries to a new set of unusual objects they find in blurry videos, often recorded by high-altitude pilots. These days, I’m much more likely to encounter someone who believes that such videos show evidence of extraterrestrial activity than I am someone who thinks they’ve spotted spacecraft in the night sky.

The occasional object is picked up, though. Take J002E3, for example, discovered in 2002 by prolific asteroid-hunting amateur astronomer Bill Yeung, which was quickly determined to be in an unusual orbit around the Earth, in a region where interactions with the gravity of the Earth, Moon or Sun should have ejected it before too long. Did the fact it was there mean that it had been placed in this orbit deliberately, perhaps on a reconnaissance mission?

Studies showed that J002E3 seemed to have spent much of its time orbiting the Sun, changing orbit to circle the Earth just before it was discovered. This was exactly the sort of behaviour that you’d expect from an alien surveillance craft, swinging by from time to time on a mission to study the Earth and its inhabitants, perhaps checking every few decades to see if we’ve worked out how to take care of our planet. Nothing moving like it had ever been seen before. Further investigation, including the discovery of the signature of titanium dioxide in its spectrum, showed that it was not, in fact, the work of aliens. J002E3 seems to be the upper stage of the Saturn V rocket that lifted the Apollo 12 spacecraft and its astronauts towards the Moon, still hanging around the Earth more than thirty years after the completion of its mission. No one had bothered to track it as it wandered deep space, so when it showed up near the Earth again it was catalogued as something new.

Aliens have presented themselves as the explanation for more complex phenomena than just moving lights in the sky. Everything from the Ashen Light, a night-time glow observed in the nineteenth century on the dark side of Venus, to the hexagonal feature that appears in images of Saturn’s north pole has been blamed on alien activity, though in both cases natural explanations are readily available. The great eighteenth-century observer William Herschel, discoverer of Uranus,fn2 even believed that his observations showed that the Sun was likely to be inhabited. He interpreted the features that he could see on the solar surface as those of a mountainous landscape, which made the Sun some sort of planet. To Herschel and his contemporaries, planets were quite simply and inevitably homes for intelligent beings, and he wrote that evidence of them wandering his solar landscape would surely be easy to find.

We seem, as a species, predisposed to see the work of intelligence everywhere; I vividly remember one of the pictures sent back by the Spirit Mars rover in 2007, on its mission to understand the geology of the red planet, which seemed to show the blurred image of a crouching grey figure, clearly distinguished from the red soil behind it. Though the scale is wrong, the resemblance to faded images which purport to show Bigfoot in North American forests is clear, and the idea of a tiny sasquatch on Mars is certainly appealing. It is, however, just a rock.fn3 The infamous face on Mars, which stared back at us, Sphinx-like, in images of a region called Cydonia taken in the 1970s by one of the Viking orbiting spacecraft, was shown in later images to be nothing more than a hill, the deep shadows of which had created the impression of eyes and a nose.

Galle Crater, a little further north and west than Cydonia, contains within it a curved mountain range with a couple of outlier features that make it look like a classic ‘smiley’ emoji, beloved of ravers in the 1980s. It should perhaps be the spiritual home of the phenomenon of pareidolia, our tendency to see faces in things wherever possible. It is hard to look at the unfamiliar and not see our own image, a particular hazard for those who are planning to search deliberately for aliens. It would be very easy to expect other intelligent beings to have the same desires, technology and abilities as ourselves, and thus to reveal themselves in much the same way as we do, whereas that might prove to be very far from the truth.

Flagstaff, in the northern part of Arizona, is an old railway town, a staging point for people exploring the wilderness or, these days, a common brief stop for those en route to the spectacular Grand Canyon. When I first went there as a student in 2001, touring the US on a budget rail pass, I remember spending a sleepless night in a motel next to the tracks, kept awake by the whistles of a passing express or the apparently endless shunting of the occasional mile-long goods train. A little bit of excitement played a role in my insomnia too, as I lay awake looking forward to the next day’s visit to Mars Hill, one of the iconic sites of astronomical history.

Located just out of town and accessible via a track that winds through patchy forest, the hill is home to the Lowell Observatory, founded in 1894 and named after its first benefactor, Percival Lowell. Using his family fortune to endow his observatory with state-of-the-art telescopes, one of which would later be used to discover Pluto,fn4 Lowell intended to follow up on his fascination with Mars, and particularly his interest in a set of observations that had been made by an Italian observer named Schiaparelli in 1877.

Every few years, there’s a period when Mars is close to the Earth. Its disc appears larger, allowing details on the surface to be distinguished. Still, looking at Mars through a telescope, even at these favourable times, is often a frustrating experience. The planet’s colour, a product of its rusty deserts, is easy to see, and the bright white polar caps which grow and shrink as the seasons pass are also obvious with even modest optical aid. Beyond that, if you’re lucky and the skies are clear enough, you might catch sight of a pattern of darker markings. These occasionally disappear from view, hidden by the global dust storms that can engulf the planet, before reappearing in the same place once the weather clears. This ability to regenerate led astronomers in the early twentieth century to suggest that the dark areas might be patches of vegetation, growing back bravely through the dust. They are tough to see even in large telescopes, and through my small back-garden reflector I need to use adverted vision – the astronomer’s trick of looking out of the corner of one’s eye, the better to see faint features – to have any chance at all.

Using one of the largest telescopes in the world, Schiaparelli had spent longer than anyone else looking at Mars, mapping the faint and barely determinable markings he found he could see during those special moments every observer learns to wait for, when the Earth’s atmosphere suddenly goes still and the view sharpens. He was the first to discern, amongst the dark patches and dusty soil, a series of linear features that seemed to stretch across the planet’s deserts. He called these canali – Italian for ‘channels’ – and over the course of the next few years produced ever more detailed maps that showed the network of straight lines expanding, with many of the channels doubling up and even, occasionally, tripling.

In his publications he was careful to avoid offering an explanation for what he was seeing, and he seems not to have been sure whether he was observing a natural phenomenon or something stranger. Lowell had no such qualms. These features to him weren’t mere channels but canals, the product of intelligence, and of a vast civilization clearly capable of grand works. The Martians were clearly engaged in a vast terraforming effort, bringing water from those polar ice caps to the dry equatorial deserts to irrigate crops or to water cities. Using the telescopes at his new observatory, Lowell’s astronomers made a succession of increasingly detailed maps of the planet, showing the sophistication of the growing canal network.

Observers elsewhere in the world were less convinced. Attendees at a discussion at an early meeting of the British Astronomical Association in 1890, for example, were baffled that they could not see any trace of the features reported by an American guest. Of course, the instruments on Mars Hill, particularly the 24-inch refractor which sits there to this day, were some of the most sophisticated and expensive in the world. So was it really that much of a surprise that the Americans could see things that the British, amongst others, could not?

Life was commonly believed to exist on Mars. In the late nineteenth century, the French national academy could still support the establishment of a prize to be awarded to the first to communicate with beings on another celestial body, expecting it to be won quickly. Mars was officially excluded, as communicating with the Martians was thought to be too easy.fn5

When I visited Flagstaff, Mars happened to be visible in the evening sky. The 24-inch was part of the tour, and it was pointed at the planet. I stepped up to the eyepiece to see what Lowell’s observers had spent so much time staring at. Mars looked stunning in the enormous instrument, giving me easily the best view of it I can remember, and the details on the disc were more obvious than I had ever seen them, thanks to the ability of the telescope’s large lenses to collect plenty of light. Even with such a good view, there was no sign at all of the canals, I’m sorry to say.

Not that I really expected any different. The wondrous waterways of the red planet had long since been revealed to be an illusion, set aside as still larger telescopes failed to reproduce what had been seen from Mars Hill. As photography replaced sketching as the best way to record and share observations, the canals simply failed to show up. A trick of the eye or just the product of overactive imagination? There has been no serious allegation of fraud to explain how experienced scientists, over the course of more than a decade, recorded what is simply not there. It seems to be the case that Lowell’s observers, coming up against the limit of what could be known about a planet tens of millions of kilometres away, had simply seen what they expected to see and convinced themselves of the canals’ reality. Projecting Earth’s expectations on to the red planet, they saw evidence of an alien civilization remaking it in our own planet’s image, even when no such thing was happening.

By the time the first uncrewed spacecraft were exploring the planets in the 1960s and 1970s, there were few who expected there to be intelligent aliens waiting to greet our robot emissaries. We would have to look further into the cosmos to find company.

On 29 April 2019, the giant Parkes radio dish in Australia, most famous for being the crucial link which picked up the signal as Apollo 11 landed on the Moon (an adventure recorded in the film The Dish), was pointed towards Proxima Centauri, our nearest star. Proxima is an unexceptional red dwarf, weighing in with about a tenth of the mass of our Sun, and would be of no note whatsoever if it wasn’t just next door. Like many nearby stars, it is known to host its own solar system; we have firm evidence for one planet, and there are hints of at least two more buried in the data, but the worlds we know about are unlikely to be very Earth-like. Nothing unexpected should have been found in routine radio observations of this heavily studied star, but analysis of the data coming from the telescope’s systems on this particular day revealed a strange new signal. Could it, possibly, have been something artificial?

Radio waves which seemed to be coming from the direction of the star were detected at a very narrow range of wavelengths. The fact that the signal came only in this tight band is important, as most natural sources emit broadly, covering a wide range of wavelengths, rather than copying the kind of narrow-band transmission that’s used, for example, to broadcast an old-school radio signal to a set listening at a particular frequency.fn6 This one feature alone made the signal odd, though it seemed real enough, passing simple tests designed to distinguish signals really coming from the sky from ghosts created by the telescope’s complex electronics. It disappeared, for example, when the telescope was moved to a different position, and reappeared when pointed back at Proxima. (Such ‘nodding’ is routinely carried out for radio observations, to help pick real signals out of what is often a noisy background.)

The signal persisted for several hours, so it didn’t come from a nearby aeroplane or a satellite passing between the dish and the star. While it was there, it didn’t stay at the same frequency, drifting slowly as time passed. This is exactly what we’d expect from a transmitter sitting on a planet in orbit around a distant star; the motion of the planet would cause a change in frequency from a radio transmitter on its surface, just as the pitch of an ambulance siren changes as it dashes past you. The fact that this signal, dubbed BLC1, displayed such behaviour was a sign to the astronomers analysing it, a group from a project called Breakthrough Listen dedicated to looking for intelligence amongst the stars, that they should take it seriously as a potential alien transmission.

Organized efforts to find radio signals from civilizations amongst the stars date back to the 1960s and the pioneering years of radio astronomy. The first to propose deliberately trying to listen for aliens were Giuseppe Cocconi and Philip Morrison, who wrote a seminal paper in 1959 on what became known as the Search for Extraterrestrial Intelligence, or SETI. That paper contains one absolutely fundamental insight which identifies the central problem with such efforts: ‘the probability of success is difficult to estimate’, they note, but ‘if we never search the chance of success is zero’.

Over at Green Bank in West Virginia, a young astronomer named Frank Drake was inspired. Green Bank was, and is, an extraordinary place, set in foothills amongst the Allegheny mountain range. It is remote, and its suitability for radio astronomy (and the military monitoring of signals from satellites around the globe at a separate facility just down the road) is preserved by a ‘Quiet Zone’, a region on the map with sides more than 100 miles long within which the use of anything that might transmit radio waves is restricted. Close to the telescopes themselves, more stringent rules apply. Wifi is forbidden to the few residents who live in the area, and you won’t find a mobile signal no matter how hard you try. No detail is overlooked. A nearby supermarket, for example, has had to use very particular construction materials, preventing signals from its in-house stock-scanning system from reaching the outside world and confounding astronomers. The observatory has patrol trucks to sniff out errant transmissions, though they are slightly more relaxed than they used to be; when I visited, I was told about a recalcitrant neighbour whose illicit network used names that cast all sorts of colourful aspersions on the region’s astronomers and their interference with free, wifi-enabled living.

When astronomers first moved to this remote place, they took it over from the farmers who had previously worked the land. Drake and his colleagues had their laboratories in a converted farmhouse, known to everyone involved as the Nut Bin. According to the official history of the site, the name comes from the tree that grew behind the house, dropping its nuts into the gutters.fn7 In this unprepossessing accommodation some of the most powerful and innovative radio telescopes ever built were designed and constructed, and for four months in 1960, for six hours a day, Drake pointed one of the largest antennae on the site to look for alien life around two nearby stars.

The observations were known as Project Ozma, named for the Queen of the land of Oz, which is, according to the original text of L. Frank Baum’s novel, ‘very far away … and populated by strange and exotic beings’. I’m not sure Drake or anyone else expected to hear from the Tin Man or any lions, cowardly or otherwise, but the purpose was really to show that scientific attempts to listen for signals from space could be conducted. To improve the odds, Drake chose as his targets Epsilon Eridani and Tau Ceti, both nearby stars which are similar to our Sun. They were, he thought, a good bet as possible hosts of planets. (We learnt much later that both do indeed have planetary systems around them; there are at least four and perhaps many more planets around Tau Ceti, while Epsilon Eridani has at least one exoplanet, still embedded in a disc of debris from which more worlds may yet be forming.)

[image: ]2. The main telescope at the Green Bank Observatory in the quiet hills of West Virginia. This giant, steerable dish now spends time listening for alien signals.
By choosing a radio telescope with which to make his observations, Drake wasn’t just making use of the tools that he happened to have available. He also thought that he would be increasing his chances by looking for signals transmitted via a form of radiation which would allow a civilization to send relatively cheap long-distance messages across the galaxy. A glance up at the Milky Way as seen from a clear night sky will reveal dark bands which cut across the glow of light which comes from the stars in the disc of our galaxy. These voids, which have names such as the Cygnus Rift or, in the southern hemisphere, the Emu or Coal Sack, are regions where nearby clouds of dust – small particles comprised mostly of silicon or carbon – block the transmission of optical light. Radio waves are relatively unaffected by such obstructions, so savvy aliens would surely use them to communicate long-distance. What’s more, in the 1960s the story of technological progress on Earth could be told by explaining that our civilization was becoming radio-loud, sending signals out with an increasing clamour, starting with the first high-powered television broadcasts in the 1930s. Further developments in radio broadcasts would, it seemed, surely increase the volume.

Following suggestions from Cocconi and Morrison, the Green Bank telescopes were tuned to detect radiation with a wavelength of 21 centimetres, the frequency at which neutral hydrogen gas emits radio waves. Hydrogen is the most abundant element in the Universe, and so if you tune a telescope to this wavelength and map the sky, you find that our galaxy shines brightly. Luckily, at this wavelength water in the Earth’s atmosphere does not interfere too much with radiation coming from space, and so it was observations made using this 21cm line that first revealed the structure of our Milky Way, with its dense spiral arms standing out clearly even in the earliest maps.

Any alien astronomer with aspirations to understand the galaxy would surely know about the 21cm line and have spent a substantial amount of time using it to map their surroundings, just as we here on Earth had learnt to do in the 1950s and 1960s. Drake and company were thinking about finding deliberate communications, civilizations sending out beacons in the hope of being no longer alone. They reasoned that alien astronomers who also had time during a busy research career to transmit a signal out into the cosmos, seeking to chat to their interstellar peers, would be doing so at 21cm, surely the safest way of making sure that their counterparts elsewhere, also embarked on the task of mapping the galaxy, would be looking.

Drake was careful to make sure Ozma used existing resources, worried even at this early stage about the possible backlash if substantial money was spent looking for little green men. He was right to be concerned; federally funded agencies in the US, particularly NASA, were forbidden by Congress to spend so much as a cent looking for aliens for most of the 1990s and early 2000s.

It seemed important to show that observations of this kind were both useful and could be more than an intellectual curiosity. Listening in to observations via loudspeakerfn8 and poring over the yards of charts that came from the pen of the telescope’s recorder, in four months of observations Drake and the team found very nearly nothing. There was one false alarm, when a plane passing overhead was picked up by the watching astronomers, but nothing of serious interest.

In retrospect, the plane was a godsend. Finding it had at least demonstrated that the search could detect something, if it were out there and transmitting. Ozma inspired a series of increasingly ambitious SETI efforts that have been carried out over subsequent decades. Many have been hindered by a lack of funding for dedicated telescope time, and so what are called commensal programmes are increasingly used, where data taken from all over the sky for quite different purposes can be searched simultaneously for anything that might indicate the presence of a signalling intelligence. Before BLC1, the most promising sign arrived in August 1977, detected by the wonderfully named Big Ear radio telescope run by Ohio State University, then operating as a dedicated SETI instrument following an earlier career spent mapping the Milky Way.

The signal was detected on 15 August and spotted a few days later by Jerry Ehman, an astronomer who had volunteered to review the results of what was then the most ambitious and sustained SETI effort yet attempted. After four years nothing had been found, but Ehman was still there, carefully checking long screeds of printed numbers, each representing the output of the telescope’s detector, when he ran across the strongest signal the project had seen. It was so strong that it seemed it had to be real. It may or not have been extraterrestrial, but the odds of it being caused by randomly fluctuating noise were practically zero. Ehman circled the result and wrote ‘Wow!’ next to it, thereby giving what became known as the Wow signal its soubriquet, before consulting his colleagues.

They were, and to some extent we all still are, baffled. The Wow signal was not only strong but also narrow in bandwidth, just as a deliberate signal should be. It didn’t seem to correspond to any known satellite, didn’t look like any known source of interference and, though it was still visible when the telescope moved on to the next part of the sky, seventy-two seconds after its discovery it had gone. The signal has never been seen again.

So what was Wow? Though it remains the most likely candidate for an alien signal, we would be wise to heed Ehman’s own words. In a paper written to mark the twentieth anniversary of the signal’s arrival on Earth he hints at the danger of drawing ‘vast conclusions from half-vast data’, and it’s certainly true that without ongoing or repeated observations it is very hard to be sure what caused it. My own brush with explaining Wow came in 2017 when Antonio Paris, an astronomer at a college in Florida, published a paper arguing that it had been caused by a comet which happened to be passing through the radio telescope’s field of view at the time the survey was taken. This got quite a bit of publicity, and I was soon fielding calls from journalists wanting to know whether Paris’s claims were right. They weren’t – his claimed detection of 21cm emission from hydrogen in a comet turned out to be an accidental observation of the Sun, which shines brightly at all radio wavelengths – but as I wandered around Oxford that day I tried to work out why the mystery signal couldn’t have been a comet.

[image: ]3. The printout showing data from the Ohio Big Ear Telescope, numbers recording the strength of signals at different wavelengths and different times.
I started off
















































Afterword

On 10 May 2024 I was heading back home from London after the last Royal Astronomical Society meeting of the year. On the train, my phone exploded with notifications of one of the largest solar storms for decades. As particles from the event slammed into the Earth’s magnetic field they created a spectacular and long-lasting display of aurorae. Normally, such events are seen only from northerly places, but this display was spotted as far south as Spain or Texas.  Here in the UK, following a journey which I’d spent with my face pressed against the glass alternatively trying to look north and texting friends who suddenly wanted advice on aurora-spotting, I made it to the darkness of the fields outside Oxford and gazed up in wonder as faint curtains of light danced above the horizon. I couldn’t see the colours that photographs revealed were there – by the time I arrived the display was fading and the lights were fainter – but the eerie dynamics of the aurorae, which seemed to change from moment to moment, always apparently moving when I wasn’t looking, were clear. 

As the show faded, I realized that I wasn’t alone. There were scattered groups of people elsewhere on the hillside, and I later heard that Port Meadow, the best-known bit of open ground close to the city centre, had attracted hundreds if not thousands of spectators. It was a scene repeated across the country, and indeed across the planet, as those who normally give no thought to the sky above their heads went out to enjoy an unexpected celestial show. There were more out looking hopefully up at the sky the next night, though the vagaries of the magnetic field meant that at that time there was no auroral show to enjoy. It was a night I will long remember, and a potent reminder of how we can be surprised when we look up.

As I write this on a remote mountain top in Chile a giant mirror is being lifted slowly into place. A touch more than 8 metres across, it will soon nestle gently in the teal-coloured cradle at the base of the telescope that will power the Vera Rubin Observatory. A day or so later the observatory’s great dome will open and precious starlight will hit this enormous, perfectly fashioned piece of glass for the first time, beginning the process of getting the long-awaited survey under way. 

It will take a year or so to go from that moment to routine operations, when the telescope, cameras and computers that my colleagues have spent more than twenty years dreaming of and sweating over begin to work together to create the most magnificent map of the sky we have ever seen. My excitement about the observatory’s upcoming survey, and the potential for serendipity in the vast catalogue it will create, led me to end the book with it. Now – when I can go online and see the giant telescope practising whizzing from one side of the sky to another, when I have marvelled at the size of the telescope’s camera, as big as a car and the largest ever made for astronomy, in images sent from the actual summit, and when I am planning with friends and colleagues where we will be and what we will do when the data arrives – that excitement is greater than ever. 

Not that things have been quiet in the meantime. The JWST has continued to astound us with detailed views and analyses of the galaxies it sees in the early Universe, taking image after image that matches the Hubble Deep Field for surprise and interest. The complexity of the shapes (a recent press release described them as being like ‘pool noodles’ or ‘surfboards’) of these systems and the surprising variety of star formation histories and chemistry revealed by their spectra suggest that we have a lot of work to do in order to understand what went on in the first few billion years of the Universe’s history. Many of these early systems seem to have actively growing black holes lurking at their centres: a small system called GN-z11, for example, seems to have produced a black hole a million times the mass of the Sun within the first half-billion years or so of the Universe’s history. How this happened is a mystery, and theorists are having fun suggesting explanations, which range from the complicated (detailed models of how gas may flow on to the accretion disk around the black hole) to the exotic (I just went to a talk proposing stars with dark matter at their cores). Each splodge of light in JWST’s images, each faint system revealed for the first time is a galaxy with its own individual story to tell, and it is going to take time to work out what is commonplace and what is unusual; in the meantime, our standard theory of cosmology is still secure.

Closer to home, I’ve been delighted by the discovery that many of the asteroids in the main belt between Mars and Jupiter may, in fact, be comets in disguise. Sterling work by volunteers on the Active Asteroids project (www.zooniverse.org/projects/orionnau/active-asteroids), who have looked through nearly ten million images showing these tiny rocks as moving points of light, has identified a handful which have comae – atmospheres – or even tails. The idea is that, contrary to our normal idea of asteroids as rocks, these may be icy bodies which develop cometary behaviour when exposed to the Sun, perhaps after a collision with another denizen of the asteroid belt. If such worlds are common (and Rubin will help find them if they are), then they may represent what’s left of the population that brought water to the hot and arid early Earth. 

Elsewhere in the Solar System we still, thankfully, haven’t found an asteroid that threatens the Earth, though plenty of attention has been given to 2024 PTS, a tiny asteroid which has become a temporary and somewhat unexpected moon of Earth; but by the time you read this it will have escaped again. Jane Greaves, armed with new observations, is more convinced than ever that phosphine really does exist high in Venus’ atmosphere. Missions to investigate further are being planned, and I’m thrilled that the ESA has started the long process of developing a probe that will take us back to Enceladus, home, perhaps, to space squid.fn1

Almost exactly a month before the auroral show that stunned us all I had witnessed another fortunate celestial event while standing in a field just outside Farmersville, Ohio, when for a brief moment on 8 April it was briefly covered by the shadow of the Moon in a total solar eclipse. This was only the second time I’d seen such an event in completely clear skies, and it was stunning, nearly impossible to describe. The change from the slowly progressing partial phases of the eclipse, which were viewed through special glasses which blocked most of the Sun’s light, rendering it safe to look at, to the drama of totality was like a jump cut in a horror movie. The familiar Sun was suddenly replaced with a gaping black hole, surrounded by its beautiful outer atmosphere, the pearly white corona, which stretches off into a purple sky, while an orange glow of dawn was visible right around the horizon. The Solar System, with the Moon, the Sun, Jupiter and Venus strung across the sky in a line, was spread out before us in a way that I’ve never experienced before.

Eclipses like this occur on Earth only because the Moon and the Sun are more or less the same size in the sky. As a result of this coincidence, the Moon can block out the Sun’s disk, but only just, allowing the corona to be seen. There is nowhere else in the Solar System where this can happen; the Mars rovers have watched the red planet’s tiny moons, Phobos and Deimos, transit across the face of our star but they cover only a small part  of it. In the outer Solar System, any conceivable vantage point would see the moons of the giant planetsfn2 block the Sun completely. The geometry of the event also means that the shadow is narrow; any given place on the Earth’s surface experiences a total solar eclipse, on average, once every 330 years. 

Thanks to some careful planning to get me to Farmersville, luck with the weather and the good fortune to live on a possibly unique planet where this happens, I saw a sight that will stay with me for a lifetime. But it may have been more than that. My Oxford colleague Steven Balbus points out that both the Sun and the Moon contribute to the tides that we experience. The fact that the two of them are roughly the same size in the sky also means that we have to consider both of them when we calculate the Earth’s tides. That there are two objects in play means that the solar and lunar tides can beat against each other, producing high spring tides when they are pulling in the same direction and low (neap) tides when they are not. Hence there are liminal places on the Earth which are sometimes covered in water but which often dry out for days or weeks at a time. Such places, Steven reckons, are ideal habitats for the first creatures to make it from the sea on to land, where the ability of a stranded fish to breathe air for a while might be subject to strong evolutionary pressure.

If so, then we should look for life, or at least our kind of life, on other planets which have spectacular eclipses. Rather than being a beautiful sideshow, our planet’s ability to lay on this kind of performance for us may indicate that it was suited for land-bearing life. Come to think of it, the aurora display a month later was a sign that the Earth has a strong magnetic field, capable of protecting us from solar storms which might otherwise make the long-term survival of life on the planet’s surface rather unlikely. Two celestial events, reminding me of the twin feelings with which I started the book – wonder at the beauty of the cosmos, and awe at the sequence of events that has led to our ability to enjoy and try and understand it. 

It’s been wonderful to get out and talk to many readers about how science really happens, and about how discovery – frustrating, surprising, lucky discovery – can make us feel. I hope you enjoy this paperback edition, and get to enjoy the wonders of this accidental universe for yourself. 

Chris Lintott

November 2024
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