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            LIFE BEYOND EARTH

         

         In July 2018, the UK tabloid newspaper the Daily Express carried a story dramatically headlined ‘Aliens on Europa: NASA Hunts for Life Just 1 cm under Surface of Jupiter’s Moon’. To reinforce the message, it was accompanied by an eye-catching composite image. On one side of the graphic was a photograph of Europa: an enigmatic-looking world, nothing like our own Moon, with a smooth surface of solid ice, criss-crossed by dark cracks. On the other side of the image, an artist’s impression of a typical ‘alien’: grey-skinned but otherwise distinctly humanoid in appearance, with a high-domed, hairless forehead, large eyes and delicate features.

         Confusingly, however, the article’s strapline read as follows:

         
            Scientists hoping to find alien life on Jupiter’s moon Europa may not have far to search after a study revealed microbes could be surviving just one centimetre beneath the surface.

         

         So what’s going on? Is NASA going to Europa to hunt for big-brained, humanoid aliens, or for tiny little microbes? Delving further into the fine print, it turns out the answer is neither. The Express article was prompted not by a space mission that’s about to take off, but by a clever piece of scientific deduction. It is widely accepted that, if life exists on Europa – and yes, we’re most likely talking about microscopic organisms here – it’s to be found in the ocean of liquid water believed to exist several kilometres below the icy surface. The new development the Express picked up on is the suggestion that chemical traces of life – for example proteins or complex DNA-like molecules – might be found near to the surface of the ice, making them much easier for a space probe to detect. This idea originated in a scientific study that had just been published in the journal Nature Astronomy, which came to the following conclusion:

         
            These results indicate that future missions to Europa’s surface do not need to excavate material to great depths to investigate the composition of endogenic material and search for potential biosignatures.*

         

         This is real science, and in principle it’s no bad thing that it found its way into a widely read tabloid like the Daily Express. But the way the newspaper chose to report it – and the way the popular media treats stories of this kind in general – is likely to leave readers more confused than enlightened. Are they saying that NASA believes there are humanoid aliens on Europa? Why go all the way to Europa when the same newspaper also frequently reports anecdotal sightings of humanoid aliens here on Earth? Is NASA on the point of sending a space probe to look for life on Europa, or is that just an idea for the future? Why do scientists keep going on about extraterrestrial microorganisms, when everyone knows that aliens are pretty much like us except for their big eyes and high foreheads? 

         All these things – and many more – will be clarified in the course of this book. Astrobiology is a wide-ranging subject, dealing with the possibility of life beyond Earth from every conceivable angle. To start with, however, let’s kick off with a much simpler question.

         Is There Life on Earth?

         From our perspective on the surface of the planet, it’s obvious there’s life on Earth. From out in space, too, it’s not that difficult to detect. The night side of the planet is lit up by city lights, there are thousands of small artificial satellites in orbit, the radio spectrum is buzzing with structured signals that have no natural explanation, and the atmosphere is laced with industrial pollutants.

         But all those things have existed for just a century or so: a tiny fraction of the Earth’s lifetime, which is about 4.5 billion years. Nevertheless, life – at a less obvious level – has existed for a significant fraction of that time, perhaps as much as 4 billion years. Until just under a billion years ago, all of that life (and the vast majority of it even today) took the form of tiny single-celled organisms – the ‘microbes’ that scientists are so fond of talking about. The following table shows how, over the course of time, increasingly complex forms gradually evolved and were added to the mix of life on Earth.

         
            
               Milestones in the evolution of life on Earth (all dates are approximate)
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         This means the question of life on Earth is a matter of definition. To a scientist, ‘life’ includes any kind of living thing – even if it can only be seen through a high-power microscope. By that definition, Earth has been home to life for almost 90 per cent of its history. On the other hand, people brought up on a diet of sci-fi movies and tabloid stories about UFO encounters are more likely to equate ‘life’ with a technologically savvy civilisation – in which case that 90 per cent figure drops all the way down to 0.000002 per cent.

         If we’re going to look for life on other Earth-like planets, what are the relative chances of finding it by those two definitions? We can make a rough estimate by picking random snapshots of the Earth at different points in its 4.5 billion-year history. On that basis, the chance of finding life – by the ufologist’s or sci-fi fan’s definition – is so tiny as to be virtually zero. By the scientist’s definition, on the other hand, the chances are pretty good.

         So let’s look a bit more closely at that ‘scientist’s definition of life’. The nature of life turns out to be surprisingly difficult to pin down, and precise definitions tend to vary between specialists working in different branches of science. As far as astrobiology is concerned, a good starting point is the working definition devised by NASA in the 1990s:

         
            Life is a self-sustaining chemical system capable of Darwinian evolution.

         

         That’s refreshingly concise, but it packs a lot into a small number of words. The first part, ‘self-sustaining chemical system’ is clear enough. But the latter part, ‘capable of Darwinian evolution’, hides a lot of detail. It doesn’t just mean that our self-sustaining chemical system has to be able to evolve, or change its form over time. First, there’s an implicit assumption that the change occurs over successive generations, each of which is born, grows and dies. Then there’s that word ‘Darwinian’ – after Charles Darwin, the Victorian naturalist who did far more than suggest that living species evolve. He argued that they do this for a reason – to adapt to the changing circumstances of their environment – and that they do so by means of natural selection, or ‘survival of the fittest’. 

         The beauty of this definition is that it encompasses everything from the single-celled organisms that emerged on Earth 4 billion years ago – and may possibly be hiding under Europa’s ice sheets – via semi-civilised primates like ourselves, all the way up to super-advanced lifeforms we can hardly even imagine. Astrobiology – the subject of this book – deals with the possibility of life beyond Earth wherever it falls in that spectrum. As the ‘astro’ prefix implies, it’s essentially a sub-branch of astronomy, using the same sort of telescopes, space probes and theoretical techniques that astronomers apply to any other facet of outer space.

         Earlier in this chapter (page 2) we saw a quote from a scientific paper featuring a lot of multisyllabic words. One of them, ‘biosignatures’, will turn out to be one of the most important words in this book. A moment ago, we saw how all the obvious ways an outside observer might detect life on Earth – artificial lights, satellites, radio signals, etc. – relate to our own civilisation. But there are other, subtler, ways of detecting more primitive lifeforms – and these are collectively known as biosignatures. Most importantly, living organisms produce, as waste products, tell-tale chemicals that would be very difficult to account for in terms of non-living processes. These chemical ‘signatures’ are potentially detectable to astrobiologists through telescopes or spacecraft-based sensors.

         At the upper end of the spectrum of life, biosignatures are joined by ‘technosignatures’: detectable indications of a technologically advanced civilisation. As we’ll see later in this book, there are numerous possibilities here, but perhaps the most obvious – and the easiest for us to recognise as artificial – would be some kind of deliberate interstellar communication. In a historical context, the first practical efforts in astrobiology were aimed at detecting such communications, under the name of SETI – for ‘Search for Extraterrestrial Intelligence’. SETI is still going strong, although confusingly it uses the word ‘intelligence’ in a different way from people working in other branches of science.

         To a biologist or psychologist, intelligence is the capacity for understanding and logical reasoning. By this definition, human beings were every bit as intelligent thousands of years ago as they are today. Yet from a remote-sensing point of view, they didn’t produce any detectable signatures that were noticeably different from far more primitive animals. So, as insulting as it is to, say, Alexander the Great or Lao Tzu or Akhenaten, they simply weren’t ‘intelligent’ by the standards of SETI researchers. They only produced biosignatures, not technosignatures.

         Since I’ve started to quibble about other people’s choice of words, here’s another thing. Although SETI is a sub-branch of astrobiology, who’s to say that a SETI signal – if and when it’s detected – necessarily has a biological origin? It might be the work of an advanced AI – artificial intelligence – which has outlived its organic creators. Whether such an AI constitutes ‘life’ is a question for the philosophers – but we can say right away that it doesn’t conform to NASA’s definition. It’s not a ‘chemical system’, and it’s almost certainly the result of intelligently driven evolution rather than Darwinian natural selection.†

         We can think of biosignatures and technosignatures as overlapping sets. The first is looking for biological life of any kind (technological or not), the second for technological civilisation of any kind (biological or not). Judging from the situation on Earth over the last several billion years, we might conclude that the first has a good chance of success, while the second is like searching for a very small needle in a very large haystack.

         Fortunately, the prospect for technosignatures may not be as bleak as that. We’re forgetting that Earth has – hopefully – several billion years of existence ahead of it. Who knows what might happen in that time: a technological society that’s as far ahead of us as we are from the stone age, or a post-human world ruled by computers, or in which people have ‘uploaded’ themselves into digital form and can whizz around the galaxy at the speed of light?

         As unimaginably ancient as 4.5 billion years sounds to us, the Earth is really quite young in a galactic context. The oldest Earth-like planets are likely to be around twice that age, while the average age is probably around 6 billion years. With a head start like that, the galaxy could be teeming with super-advanced aliens.

         Fermi’s Paradox

         Enrico Fermi was one of the most important scientists of the 20th century. He won the Nobel Prize in 1938 for his work on nuclear physics, and during the Second World War he was part of the team at the Los Alamos laboratory in New Mexico where America’s first atomic bombs were built. After the war, Fermi took up a professorship at the University of Chicago, but continued to make regular trips back to Los Alamos, where he acted as a consultant during the development of the ultimate Cold War weapon, the hydrogen bomb.

         On one such visit in the summer of 1950, Fermi got into a lunchtime discussion with colleagues that had nothing to do with nuclear physics. This was just three years after the media had coined the term ‘flying saucer’ to describe alleged sightings of alien spacecraft, and the papers were still buzzing with stories about them. It seems this was the topic the Los Alamos physicists were discussing that day. They were particularly amused by a cartoon in the New Yorker magazine, which attributed a phenomenon described in a completely separate news story – mysteriously disappearing trash cans – to alien visitors.

         As scientists, they were unconvinced by all the supposed evidence for flying saucers, because they could see there were always other, more likely explanations. At the same time, they were aware of the vast scale of the galaxy – both in terms of its enormous age and the sheer number of stars – and realised that, in fact, there ought to be extraterrestrials everywhere. Fermi summed up the problem with a simple question: ‘Where is everybody?’

         It’s gone down in history as Fermi’s Paradox: the idea that space should be teeming with aliens, and yet we see no evidence of them. But is that really a paradox? To some people, it’s far from obvious that ‘space should be teeming with aliens’, while UFO believers would scoff at any suggestion that ‘we see no evidence of them’. More subtly, there’s an unspoken assumption: that if aliens do exist, we ought to see evidence of them – which is just as contentious. The plain fact is that one of these three statements must be false. There’s a flaw either in the logic that says extraterrestrial intelligence must be widespread, or in the assumption that we ought to be able to detect it, or in the assertion that there’s no evidence for it. We’ll need to learn a lot more about the subject before we can address the first two points – we’ll come back to them in Chapter 4 – but we can deal with that last point right away.

         Is it really true that there isn’t a shred of observational evidence suggesting the existence of aliens? There’s certainly no shortage of people prepared to dispute that. The very term ‘unidentified flying object’ (UFO) has come to be synonymous with ‘extraterrestrial spacecraft’. Now, it’s a well-documented fact that witnesses – including professional pilots and astronauts – occasionally see flying objects they can’t identify. So no one can seriously deny that unidentified flying objects exist. Isn’t that the same as saying that no one can deny the existence of alien spacecraft? To anyone who makes the effort to parse each of those words separately (unidentified – flying – object), no, it’s not the same thing at all – but to others the two statements are completely equivalent.

         There are plenty of other ‘mysteries of the unexplained’ that can be accounted for by aliens, too. Something crashed at Roswell, New Mexico in June 1947, and the military initially described it as a flying saucer – even if they later retracted the claim – so isn’t that proof enough? Who taught the ancient Egyptians how to build giant pyramids, if it wasn’t visitors from another planet? Even if aliens weren’t responsible for those disappearing trash cans in New York, surely they must have engineered the utterly inexplicable disappearance of that Malaysian airliner in 2014?

         Questions like these are highly divisive between the scientific and UFO communities. To a scientist, they’re questions that can all be answered in more mundane, and far more likely, ways. To believers, the existence of alternative explanations is irrelevant. If it might be aliens, then it is aliens. The TV series The X-Files hit the nail on the head with the phrase ‘I want to believe’. If a person wants to believe a theory badly enough, they end up seeing evidence for it everywhere.‡

         Having said that, it would be arrogant to suggest that just because an idea is ‘unscientific’ it’s necessarily wrong. That’s not something I would ever say about someone’s spiritual beliefs, because they’re almost always framed in a way that’s impossible to prove or disprove by scientific methods. The situation in the UFO community is very similar. Either by accident or design, they’ve built up an edifice of belief that can never be proved wrong. Their aliens are powerful enough to manipulate anything that might be used in evidence against them: our perceptions, memories, computer data – possibly even reality itself. They may even be deliberately mischievous, ensuring that believers see enough evidence to continue to believe, while sceptics and unbelievers see no evidence at all. As outrageous as that sounds to a rational mind, it’s not impossible – but it’s an idea that falls in the realm of philosophy, not science. 

         By its nature, science can only deal with objective, repeatable evidence. Since that’s what this book is about, we’ll have to wave goodbye to UFOs and their mischief-making occupants at this point. Fortunately, the question of whether or not they exist doesn’t alter the validity of what we’re going to say about the search for biosignatures and technosignatures.

         The Way Forward

         To have any hope of making progress, astrobiology has to focus on practicalities – constructing instruments, making observations, interpreting data – rather than just sitting and thinking about the subject, which is what philosophers and sci-fi writers do. There’s nothing wrong with speculation, but it only turns into real science if that speculation comes up with consequences that can be tested by observation. Going back to the Europa example, for instance, the notion of microorganisms living in a subsurface ocean there is speculation, but the idea that their chemical signature might be detectable to a spacecraft sitting on the surface is real science.

         Then again, a book of this type can’t overlook the speculative side altogether, because the question of life beyond Earth is a multidisciplinary one that attracts the interest of philosophers, theologians, Hollywood screenwriters and tabloid journalists as well as scientists. So we’ll take a look at some of those broader aspects in the next chapter, and then visit them again at the end of book. The science can be found in Chapters 3 and 4, dealing with various technosignatures we might expect to see from advanced alien civilisations, and Chapters 5 and 6, on simpler lifeforms and their biosignatures.§

         

         
            * ‘Endogenic’ is just a fancy way of saying ‘formed underground’. As for ‘biosignatures’ – hold that thought for a few pages and all will be explained.

            † For that matter, even advanced biological species are likely to control their own evolution, via genetic engineering, rather than leaving it to Darwin.

            ‡ I wrote about this in my book Pseudoscience and Science Fiction – as the book’s title suggests, it’s a worldview that draws much more heavily on sci-fi and popular culture than on an understanding of science.

            § That might sound back-to-front, but the science of biosignatures is actually the newer, and more complex, of the two.
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            THINKING ABOUT ALIENS

         

         The concept of extraterrestrial life is inextricably tied to our modern-day picture of the universe, in which the stars are distant suns, many of them – like our own Sun – with a retinue of planets orbiting around them. But people haven’t always seen things that way. Before the invention of the telescope, all the stars in the night sky were nothing more than tiny points of light, seemingly attached to the inside surface of a sphere that revolves around us. The only object that might conceivably have been another world like ours was the Moon. To the philosophers of ancient times, that made it the most likely place to find ‘extraterrestrial life’. The Greek historian Plutarch, writing almost 2,000 years ago, attributed the idea to followers of Pythagoras, who had lived several centuries earlier still:

         
            The Pythagoreans affirm that the Moon appeareth terrestrial, for that she is inhabited round about, like as the Earth wherein we are, and peopled as it were with the greatest living creatures, and the fairest plants … There is nothing that doth prove and show directly, this habitation of men in the Moon to be impossible.

         

         When the first telescopes were directed at the Moon in the 17th century, they revealed an intriguing landscape of mountains, valleys and craters that had only been hinted at by naked-eye observations. This prompted a young English clergyman, John Wilkins, to write a book called The Discovery of a World in the Moon. Published in 1638, the book drew numerous parallels between the Earth and the Moon, leading Wilkins to conclude that:

         
            ’Tis probable there may be inhabitants in this other world, but of what kind they are is uncertain.

         

         That simply echoes the ancient Greeks, but Wilkins adds a remarkable insight of his own: ‘As their world is our moon, so our world is their moon.’ That was a hugely important step in our understanding of Earth’s place in the cosmos: that there is nothing unique or special about it. Wilkins made the same point even more clearly in his next book, published two years later. Its attention-grabbing title was A Discourse Concerning a New Planet.

         Anyone familiar with the history of astronomy will know that no ‘new planet’, beyond those visible to the naked eye, was discovered prior to Uranus in 1781, a century after Wilkins’s time. But that’s not what he’s talking about. The point he’s making is clarified in the book’s subtitle: ‘Tending to prove that ’tis probable our Earth is one of the planets’. 

         
            
[image: ]
               The strikingly worded title page of a book by John Wilkins, written in 1640.

               (Public domain image)

            

         

         Today, it’s blindingly obvious that the Earth is a planet. It’s the very archetype of a planet, the one against which all the others are measured and contrasted. But things were different in Wilkins’s day. To most of his readers, the word ‘planet’ would have meant one of five points of light – Mercury, Venus, Mars, Jupiter or Saturn – in the night sky. The word comes from aster planetes, the Greek for ‘wandering star’. To the unaided eye, there is almost nothing to distinguish these planets from other bright stars, except for the fact that they slowly drift, from one night to the next, against the background of seemingly fixed stars.

         The idea that Wilkins was promoting – that the Earth is just another of these planets, and that they all revolve around the Sun – had been developed a century earlier by Nicolaus Copernicus, an administrator at Frombork cathedral in Poland. It was one of the great scientific revolutions, displacing the Earth from its privileged position at the centre of the universe.* In more general terms, the ‘Copernican principle’ – that there is nothing special about our cosmic location – has become one of the fundamental tenets of astronomy. Yet Copernicus himself only took the first step in that direction. Like most of the ancient and medieval scholars who preceded him, he continued to picture the ‘fixed’ stars as being tiny objects attached to the interior of a sphere surrounding the Solar System, and nothing like our own Sun in terms of size and luminosity. It was left for others to dispel that illusion.

         The Plurality of Worlds

         Thomas Digges was born in 1546, three years after Copernicus published his revolutionary theory. The son of an astronomer, Digges encountered Copernicus’ work at an early age. By the time he was 30 he had produced the first account of it in the English language: A Perfect Description of the Celestial Orbs. But Digges went even further than Copernicus. He conjectured that the stars, rather than being fixed to a cosily Sun-centred sphere – ‘as in a nutshell’, as he put it – are spread out through an infinite universe.

         Given this impressive insight, it’s sad that history has all but forgotten Digges. That can’t be said of a young playwright who once lodged in the same house as Digges in London’s Bishopsgate – one William Shakespeare. The two must have had some fascinating conversations, and Shakespeare drew on them many years later when he came to write one of his most famous works, Hamlet. At one point in Act 2 Scene 2 the title character, echoing Digges’ own words, says: 

         
            I could be bounded in a nutshell, and count myself a king of infinite space.

         

         To modern ears that may sound like a glib cliché, but the notion of infinite space was cutting-edge science at the time it was written.

         Another person who encountered Digges’ ideas was a loud and charismatic Italian named Giordano Bruno, who visited London in the 1580s. While there, he wrote De l’Infinito Universo e Mondi (‘On the Infinite Universe and Worlds’). As well as espousing Digges’ idea of other stars spread throughout the universe, he added another twist – those stars might have planets that are inhabited like our own:

         
            It is impossible that a rational being, fairly vigilant, can imagine that these innumerable worlds, manifest as like to our own or even more magnificent, should be destitute of similar or even superior inhabitants.

         

         As striking as that thought is to modern readers, it was just one of dozens of radical ideas that Bruno promulgated in his books and public lectures. If there was a common thread to these, it was that Bruno got a kick out of trolling the Catholic Church. Name anything the Church believed, and Bruno was ready to deny it – from the virginity of the Virgin Mary to the divinity of Jesus Christ. It was only a matter of time before the Inquisition got their hands on him, and when they did Bruno’s fate was sealed. He was tried for heresy, found guilty and burnt at the stake in February 1600.

         There’s a danger of misinterpreting the facts here. Giordano Bruno believed in extraterrestrial life, and the Church put him to death in a painful and inhuman way. So does that mean, as some modern writers conclude, that the Church was vehemently opposed to the idea of aliens? Well, no – they were far more concerned by the purely theological heresies that Bruno was spreading. When later, more pious, authors started to talk about extraterrestrials, their existence actually came to be seen as a pro-Christian idea. Why wouldn’t an all-powerful God put living beings on all the planets of all the stars in the cosmos?

         This picture, which came to be known as the ‘plurality of worlds’, received a big boost with the publication of a book of that title by the French author Bernard de Fontenelle in 1686. This takes the form of a fictional dialogue in which a philosopher attempts to convince a noblewoman that, among other things, there is life on other planets. He uses a form of reasoning that goes back to the ancient Greek philosopher Aristotle, which argues that things only exist because they were created for a particular purpose. To our eyes, this line of thought looks charmingly naïve:

         
            You have all the evidence that can be desired: the entire resemblance between the planets and the inhabited Earth; the impossibility of imagining any other use for which they could be created.

         

         Less than a century after Bruno was executed for getting on the wrong side of the church, Fontenelle can be forgiven for taking an unashamedly creationist viewpoint. It was the way most people thought in those days, and it did the trick. Conversations on the Plurality of Worlds was an international bestseller, going through more than 100 editions in various languages in its first 100 years. That wasn’t the end of its popularity, either. In 1800, a new edition was issued with a preface by the then director of the Paris observatory, who reiterated Fontenelle’s argument for a new generation of readers:

         
            The resemblance between the Earth and the other planets is so striking, that if we allow the Earth to have been formed for habitation, we cannot deny that the planets were made for the same purpose … Some timid, superstitious writers have reprobated this system, as contrary to religion: they little knew how to promote the glory of their Creator. If the immensity of his works announce his power, can any idea be more calculated than this to exhibit their magnificence and sublimity?

         

         To anyone subscribing to a religious worldview, arguments like this were very persuasive. If the universe is the deliberate creation of a deity – and imagined to be only a few thousand years old – it’s reasonable to suppose that similar lifeforms, of a comparable level of intelligence, were placed on every planet. But the 19th century saw the rise of a new, more scientific, viewpoint – and that changed everything. If the universe is unimaginably old, and if events unfold by a complex interplay of chance and natural laws, then all bets are off.

         In my first year at university, I was consigned to a grimy Victorian building called Whewell’s Court – its only redeeming feature (as far as I was concerned) lying in the fact that it was next door to the biggest bookshop in Cambridge. It does, however, mean that I’ve heard of the person the building was named after: the obscure 19th-century philosopher William Whewell. In addition to being the person who, in 1834, coined the word ‘scientist’, Whewell was one of the first people to argue against the notion of extraterrestrial life on scientific grounds. Thinking specifically about the other planets of the Solar System, he pointed out that the conditions there would be hostile to any form of life that we’re familiar with. No doubt recalling the fate that befell Giordano Bruno, he could see the irony of the situation:

         
            It will be a curious … event, if it should now be deemed as blameable to doubt the existence of inhabitants of the planets and stars as, three centuries ago, it was held heretical to teach that doctrine.
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