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Introduction
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EVERYBODY LOVES ALIENS. I KNOW THIS BECAUSE EVERYBODY TELLS ME they love aliens. Life in the universe is the first thing people ask me about when they hear I’m an astrophysicist. “Do aliens exist?” is one of those special questions, kind of like “What happens after you die?” Lots of opinions, no real answers, and, most important, actually knowing the answer would change the world.

The thing is: I love aliens too. In fact, I have been obsessed with them since I was a kid. I first got hooked when I found my dad’s pulp science-fiction magazines as a five-year-old. On the cover of every issue were images of spaceships, barren moons, and bug-eyed alien monsters. From that moment on, I was on a mission to learn everything I could about the stars and alien life. This obsession made me a pretty annoying kid (apparently, I liked to quote the speed of light to four decimal places), but it also drove me to watch all the documentaries, bad sci-fi movies, and Star Trek reruns in existence. Any depiction of an alien was good enough for me as I dreamed of possibilities out there waiting to be discovered.

Back in the 1970s, at the height of my childhood obsession, the scientific search for life in the cosmos had barely begun. There were only a few very brave and determined pioneers carrying out the search for extraterrestrial intelligence (SETI), and most of them faced the scorn of their colleagues. SETI was considered a little “out there,” marginal at best in the scientific community. A big part of that dismissal was just bias. There just weren’t many astronomers who thought about the problem of life in its cosmic context back then. And it’s true, we really didn’t have much to go on in those days in terms of setting up a true scientific search for life among the stars, smart or otherwise.

Most of all, we didn’t know if there were any planets in the galaxy other than the eight that orbited our Sun. This was a killer point, since scientists expect planets to be necessary to get even simple life started. So not having a single example of an extrasolar planet (an exoplanet) meant we literally didn’t know where to look. We also didn’t know much about how planets and life evolve together in ways that might keep a world habitable for billions of years, long enough for “higher” animals and even technological civilizations to appear. In short, when it came to searching for alien life in the universe, we were pretty much in the dark.

Not anymore.

As you read these words, the human species is poised at the edge of its greatest and most important journey. Over the past three decades, the scientific search for life in the universe—a field called astrobiology—has exploded. We’ve discovered planets everywhere in the galaxy, and we’ve figured out how and where to look for signs of alien life in the atmospheres of these new worlds. We’ve also looked deep into Earth’s almost four-billion-year history as an inhabited world. From this view, we’ve gained new and powerful insights into how planets and life evolve together. Seeing the way life hijacked Earth’s evolution over the eons gives us clues about what to look for on distant planets (like oxygen, which generally can exist in an atmosphere only if life puts it there). We’ve also sent robot emissaries to every planet in our solar system. With their wheels or landing pads on the ground, we’ve begun searching these neighbor worlds for evidence of life existing now or perhaps deep in their past. Most important, we have launched and are building insanely powerful, next-generation telescopes. With these tools, we’ll finally go beyond just yelling our opinions about life in the universe at each other. Instead, we will get what matters most—a true scientific view of if, where, and when extraterrestrial life exists.

All these new discoveries, from exoplanets to Earth’s deep history, are transforming what we think of as SETI. A new research field is rising that scientists are calling technosignatures,* which embraces the “classic” efforts of SETI while taking the search for intelligent life into new forms and directions. Knowing that the galaxy is awash in planets means we now know exactly where and how to look for alien civilizations. Rather than hoping for someone to set a beacon announcing their presence (one premise of the first generation of SETI), we can now look directly at the planets where those civilizations might be just going about their “civilization-ing.” By searching for signatures of an alien society’s day-to-day activities (a technosignature), we’re building entirely new toolkits to find intelligent, civilization-building life. These toolkits will also allow us to find the kind of life that doesn’t build civilizations. Using our telescopes to find a signature of a planet covered in alien microbes or alien forests (a biosignature) would also be a game changer in terms of how humanity sees its place in the cosmos.

So now, finally, we are on the road to finding those aliens I was so obsessed with as a kid. Or we’re on the road to finding out we really are alone in the cosmos. Either answer would be stunning. It’s a pretty damn exciting moment.

But it’s also a confusing moment. Just as the scientific search for alien life is gaining steam, there’s also been an explosion of interest in aliens that are supposedly visiting Earth right now. Over the last few years, a handful of videos taken by US fighter pilots have cropped up online showing fuzzy blobs appearing to fly in ways that would be impossible for normal aircraft. The videos have brought unidentified aerial phenomena (UAPs) into the spotlight, raising the stakes on the alien debate. But the UAP furor also confuses the issue about the giant leap science is taking as it begins looking for aliens in the most likely place (i.e., alien planets).

UAPs are the US government’s new name for unidentified flying objects (UFOs), a subject that’s been around for years, holding modern culture in thrall. UFOs as alien visitors make for great science fiction (everything from The X-Files to Independence Day to Nope). The possibility of their actual existence has mostly been dismissed by scientists. The overwhelming majority of astronomers see UFOs as natural phenomena that get misidentified, objects related to national defense, or just purposeful hoaxes. In 2021, however, the US government revealed more than a hundred UAP sightings for which it had no obvious explanation. The media tornado over the UAP videos was unrelenting, even as most scientists emphasized that unexplained can mean there simply isn’t enough data, or good enough data, to even begin formulating an explanation. Still, in the wake of the new government interest, I am left wondering, “Do these things really have anything to do with aliens?”

Between the remarkable progress in astrobiology and technosignatures on the one hand, and the blizzard of coverage about UAPs on the other, aliens are big news. More than ever, we want to know: Is anyone out there? I wrote this book to help people understand that question as scientists see it, the definitive answers scientists are working to find, and, most amazing of all, how close we are to getting some of those answers.

For a chunk of my career as an astrophysicist, I studied less freaky-deaky stuff. At the University of Rochester, I ran a “computational astrophysics” research group in which my students and I used the world’s most powerful computers to explore how stars form from giant clouds of interstellar gas and how they die by tearing themselves apart in titanic stellar winds. These were very cool projects, and I loved the vistas they opened for me. But I never lost my little-kid interest in cosmic life. So, about a decade ago, I started a research program in astrobiology, doing work on exoplanets and their atmospheres. Then I started thinking about climate change from the perspective of astrobiology, positing that maybe every civilization triggers its own version of global warming.

My life really changed, however, in 2019 when a group of colleagues and I were awarded NASA’s first grant to study exoplanet technosignatures. That is, NASA began funding us to think about the best ways to look for alien civilizations. We applied for the grant because, over dinners (and beers) at international meetings, we all got way too excited (it was the beers) about those exoplanet discoveries and how they could rewire the search for intelligent life. But NASA had never funded a project like the one we were thinking of. In fact, after years of getting burned by Congress for funding SETI research as a waste of taxpayer dollars, the space agency had barely funded any work on intelligent life in the cosmos.

So when we put in our proposal, we kept our hopes low. But then to our surprise, amazement, and joy (and more beers), it was accepted. The frontier was opening. We’d been given a chance to help shape the most exciting quest humanity had ever taken on. It was a milestone for the field and a recognition of how much had changed in the scientific thinking about life in the universe. Since then, we and other researchers have been pushing into new terrain. We’re all preparing for a truly systematic, scientific search for alien life and alien civilizations. That search is just getting started now.

It’s from this vantage point that I see, and understand in my bones, why everyone wants to know about aliens. But if you’re interested in the science—from SETI to astrobiology to technosignatures—where do you begin? There is a mess of history, concepts, and terminology floating around that you need to know to understand what’s about to happen. What, for example, is the Drake equation, and why does it matter so much? What’s the Fermi paradox, and how much SETI searching has actually been done to resolve the paradox? How many exoplanets are there, and which of them matter? What is a technosignature (or a biosignature), and how is anyone going to find one? And what about the UFOs/UAPs? Should we take them seriously? If we do, what are the questions we should ask, and how should we ask them?

The aim of this book is to give you a good ten-thousand-foot overview of what’s happening now, what’s going to happen soon, and why it matters so much. My biggest goal in writing it was to give you a fast, fun path into all the amazing questions and issues swirling around that mother of all questions:

Are we alone?

So, suit up. It’s time to get started on our journey. We have a lot of ground to cover. By the time we’re done, though, you’ll have everything you need to know about everything there is to know (for now, at least) about aliens. From that point on, you’ll be ready to join this great voyage of discovery, and you’ll be ready when someone says we’ve found “them.” Because in the end, we don’t want to just believe; we have to know.
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How Did We Get Here?

How Our Ancient Questions About Aliens Took Their Modern Form

LOOK AT YOUR HAND. I KNOW, IT’S A STUPID REQUEST, BUT JUST LOOK AT IT for a moment. Inside every cell in your hand and the rest of your body is the genetic memory of every ancestor, going back to the origin of Homo sapiens almost three hundred thousand years ago. That’s more than fifteen thousand great, great, great, etc. grandparents. You carry multitudes within. You can also bet that all of those grandmas and grandpas stretching back through time spent some of their lives staring up into the clear night sky, with the sentinel stars staring back. And what does that mean? It means you’re not the only one who’s into aliens. Your parents were too. So were your grandparents, your great-grandparents, your great-great-grandparents, and so on.

OK, to be clear, maybe your parents or your distant ancestor in the fourteenth century wasn’t obsessing about alien life. You can, however, be pretty damn sure someone else in each of those generations was thinking hard about it. That’s because the argument about life in the universe is as old as arguing itself. “Are we alone?” turns out to be a really, really old question.

Debates about the existence of other inhabited planets go way, way back, and it’s important to understand the form those arguments took, because they could get pretty heated. More important, those older debates lie as a kind of unspoken background for the great shift that happened in the middle of the twentieth century and the explosion of possibilities happening today. After the Second World War, the technologies of rockets, radio, radar, and atom bombs transformed how we thought about space and the possibilities of alien civilizations. It also brought about the first wave of widely publicized and recorded UFO sightings, which drove the idea of aliens deep into popular consciousness. In this first chapter we’re unpacking that history so we can see exactly how we got to this crazy, amazing moment when a question as old as humanity is poised to get its answer.

A Really Old Question

Alien debates through history

We can track the debate about aliens, in writing at least, back to the ancient Greeks. Aristotle, one of the most famous of famous Greek philosophers, was what we’ll call an alien pessimist. You may know of him, but in case not: he lived around 350 BCE* and developed sophisticated ideas about everything from the nature of art to the nature of biology. When it came to life on other planets, Aristotle was sure that Earth was entirely unique. That’s because for him the Earth was literally the center of the universe: the Sun orbited Earth and so did the other five planets (the ones you could see without a telescope—Mercury, Venus, Mars, Jupiter, and Saturn). Aristotle saw the Earth as being so special that he divided the cosmos into a sublunar realm, meaning below the Moon’s orbit, and a celestial realm. Life and all its changes could only play out in the sublunar domain. The celestial realm was eternal and unchanging. It’s from this perspective that Aristotle made his famous proclamation: “There cannot be more worlds than one.” He meant that there can’t be any place like Earth (with its unique life-forms) anywhere else in the whole universe.

Aristotle was, of course, an exemplar of big ideas at the time, and for nineteen centuries afterward. Eventually even the Catholic Church would adopt some of his views into its doctrine. But that doesn’t mean all the other Greek philosophers of the Hellenistic period, about 2,350 to 2,050 years ago, agreed with him. There was, for example, a group of thinkers collectively known as atomists, who thought the split between sublunar and celestial realms was kind of stupid. For atomists like Epicurus, who lived around 300 BCE, everything everywhere in the universe was built from tiny bits of indestructible matter called atoms (atoms, atomists, duh). As these atoms sped around the cosmos, they collided and, in the process, combined in all kinds of ways. Here in our part of the cosmos, they collided to form the Earth and all of Earth’s living stuff.

However, since atoms were everywhere and everything was made of them, Epicurus reasoned that the universe must contain lots of other planets, and many of them had to be inhabited. Nothing else made sense. If atoms were universal, how could Earth be special? That viewpoint made Epicurus an alien optimist, and he struck back at Aristotle’s perspective, writing, “There are infinite worlds both like and unlike this world of ours. . . . Furthermore, we must believe that in all worlds there are living creatures and plants and other things we see in this world.”

Alien optimists and alien pessimists—while the details of these two positions are going to change over the centuries, it’s pretty remarkable to see their basic outline appear in writing more than two millennia ago. That’s about a hundred greats in the “your great-great-great-grandparent” way of describing the past. So, yes, people have been arguing about aliens for a long time.

AFTER THE FALL OF THE ROMAN EMPIRE AROUND 500 CE, PROGRESS IN astronomy shifted to the Islamic empires of Persia and elsewhere. Astronomers of the great Muslim societies continued to build on Greek astronomy, creating new and more accurate star charts, as well as adding new ideas about an Earth-centered universe of the kind Aristotle believed in. They, too, had their arguments between optimists and pessimists, adding Islamic theological perspectives to the split. Some scholars claimed the Quran supported the possibilities of other worlds and other humans. Then, as Europe emerged from the Dark Ages and began new scientific inquiries in the 1500s, the debate got even more heated.

In the late decades of that century, a radical Dominican monk, Giordano Bruno, appeared on the scene. Bruno was a Copernican, meaning he believed Polish astronomer Nicolaus Copernicus’s view of the solar system with the Sun, not the Earth, at the center. Since all the planets orbited the Sun, that meant Earth had been demoted to “just another planet,” nothing special. This heliocentric (Sun-centered) model stood against Aristotle’s geocentric (Earth-centered) version, which also happened to be the official Church view. Copernicus knew the Church didn’t take kindly to having its nose tweaked with astronomical heresies, so he held off publishing his theory until he was safely dead.

Giordano Bruno didn’t think that way. He was both intellectually courageous and kind of an asshole, alienating almost everyone who supported him. Despite getting chased from one European capital to another, Bruno was willing to push hard on the limits of what the Catholic Church would tolerate in terms of heretical ideas. For Bruno, if you accepted that all the planets, including Earth, went around the Sun, you might as well accept that the stars were just other suns. From there he reasoned that all the stars had their own families of planets in orbit and some of these worlds must host life just as Earth does. The Church was very much of the “Oh no, they don’t” opinion. Eventually the churchmen caught up with Bruno, and he was dragged before the dreaded Inquisition. For a variety of official reasons, Bruno was declared a heretic, hauled out into a square in Rome, tied upside down to a stake, and set on fire. Like I said, the alien debate has definitely gotten heated in the past.

Just eighty or so years later, the climate for arguing about alien life had cooled considerably. In 1687 Isaac Newton launched the modern version of astronomy with his drop of the great laws of motion and his description of gravity. By then, the heliocentric model had won out. All educated folks agreed that the Sun did not rise over the horizon each morning. Instead, it was the horizon that went down to reveal the Sun. In this new intellectual environment, a Frenchmen named Bernard de Fontenelle wrote Conversations on the Plurality of Worlds in 1686. The widely read book argued that the universe was teeming with planets and life. “The fix’d stars are so many Suns, every one of which gives Light to a World.” De Fontenelle was most definitely an alien optimist. A century and a half later, the introduction of Charles Darwin’s theory of evolution brought about an entirely new way of framing discussions of life and planets that favored alien optimism. Evolution had created life from rock and water and energy here on Earth, so why wouldn’t it do the same elsewhere?

However, by the turn of the twentieth century, new discoveries in astronomy, not biology, made it seem that life might be astonishingly rare. That was because astronomers had come to the conclusion that planets like Earth might be astonishingly rare. By 1910 the dominant theory for planet formation required two stars to undergo a near-miss collision. The mutual gravitational attraction between the stars as they passed each other would drag material from both into space, and that material could then coalesce into a planet. But calculations showed that stars almost never ever collide. That meant planets almost never form. Since no planets implies no life, even as late as the 1940s, most scientists thought that aliens of any kind were impossible.

Big picture–wise, we’ve just covered 2,500 years of people asking the same question over and over again. During all that time, over all those generations, the question took on slightly different forms. Is Earth the center of the universe? Are there other planets? Did life form anywhere else? Throughout it all, though, what didn’t change is the clue that nobody had. The alien question was just people on Earth debating each other, arguing to the point of setting each other on fire—over just like, their opinions, man.

In the fateful decade of the 1950s, however, things started to change. That’s when, as we’ll see, the first halting steps toward a science of alien life were taken. So, while questions about aliens may be really, really old, our capacities to answer the questions are really, really new. That’s the story to be told in the rest of this book.

Fermi’s Paradox

Is there a Great Silence?

The night sky is overwhelming if you get far enough away from artificial lighting. Deep in the mountains or out in the desert, the stars appear in all their glory, including the luminous band of the Milky Way stretching from one horizon to the other. But most of us never see this view, because we tend to live in the middle of the light-polluted cities we built ourselves. It’s a weird state of affairs that so many humans in the modern world are denied this ancient experience of awe because of our need for artificial light. There’s a vertigo, familiar to all our ancestors, that comes with looking into the blackness of space. There is a strange depth to a dark night sky. It’s as if you can feel space’s emptiness, stretching away to . . . somewhere. Most of all, though, comes a realization, uniting us with every human being who has ever stared into a crystal-clear night sky: “My God, it’s full of stars.”

The visceral sense of possibility inherent in the night and its seemingly infinite panorama of stars has driven much of our species’ long discussion about life beyond Earth. How could we be alone in the cosmos when I can see that there are so many other places life might form? But this argument is not much help in terms of getting a science of alien life started. How can you quantify “so many stars” in terms of if, when, and where life on another planet might originate? To do science, you need specific questions that can shape a specific research program. Without those questions, the arguments become too diffuse. It’s hard to even know if you’re making progress toward an answer.

As the last century reached its halfway mark, astronomy and physics had finally made enough progress to support scientifically relevant questions about intelligent alien life (i.e., technological civilizations*). While the very first such question was raised by accident, its origin story matters less than its impact. What we now call the Fermi paradox gave scientists one of their first well-formulated problems about interstellar alien civilizations. It, along with the Drake equation, which appeared ten years later and which we’ll cover in the next section, brackets the remarkable decade of the 1950s.

Enrico Fermi was the kind of genius other geniuses spoke of in hushed tones. He could see instantly into the heart of scientific problems that left others flummoxed. This is exactly what happened with the question of alien civilizations. Late one morning in 1950,1 Fermi and some colleagues were walking to lunch at the Los Alamos National Laboratory, the principal US nuclear weapons lab at the time. The conversation turned to UFO sightings, the first modern wave of which had begun just three years earlier. While the scientists were skeptical that UFOs had anything to do with aliens, they began asking themselves about the possibilities for extraterrestrial civilizations, including the technical details associated with interstellar propulsion—typical lunchtime physicist fare. After a while, the conversation drifted to other topics, and the colleagues just enjoyed their lunch. Sometime later, Fermi blurted out, “But where is everybody?”

In that instant over lunch, Fermi saw that if technologically advanced, star-faring civilizations really were common, they should already be everywhere, including Earth. It is a simple insight that takes our awe before the stars one step further. If life easily forms on other planets and easily evolves into advanced civilizations, Fermi asked, why hadn’t aliens landed in Times Square and announced themselves? Why weren’t they here already walking around and chatting us up on the street or, you know, taking over the government? Fermi knew that if aliens were common, they should be here now. How did Fermi know this? The answer is simple (once someone like Fermi shows it to you).

The logic, based on Fermi’s insight, goes something like this: nothing can travel faster than the speed of light. That is a basic law of physics. It means that any alien spaceship will, in the best case, have to travel at velocities slightly slower. The Milky Way galaxy is made of billions of stars and stretches about a hundred thousand light-years end to end. Dividing distance (the size of the Milky Way) by speed (let’s say about one tenth the speed of light, which aliens can probably muster if they’re already flying around the galaxy) gives you the answer you need to Fermi’s question. It would take hundreds of thousands of years for a technologically advanced civilization to hop across star systems (perhaps establishing settlements along the way) and cross the galaxy. Hundreds of thousands of years may seem like a long time to us humans with our short century-ish lifespans, but the galaxy is about 13.6 billion years old. That’s way older. Relative to the age of the galaxy, any spacefaring species should be able to reach anywhere in the galaxy in the cosmic blink of an eye, yet we have not seen any definitive sign of them here on Earth. If technologically advanced exo-civilizations are common, then we should already have direct evidence of their existence.

That’s where the paradox comes in: we have no such evidence. So, therefore . . . what? People have put a lot of thought into answering that question. Astronomer Michael H. Hart published a famous paper in 1975 on Fermi’s insight, in which he argued that the absence of aliens in Times Square means that there are no aliens at all. For him, Fermi’s paradox meant that we are the only intelligent life in the entire galaxy, end of story. With so many stars and no indisputable alien visitations, the only conclusion for Hart was that alien intelligence and maybe even alien life was incredibly rare.

Others haven’t been so ready to throw in the towel. In fact, there is a whole cottage industry of scientific papers that try to explain away Fermi’s paradox. For example, there’s the zoo hypothesis, which says the galaxy might be full of aliens but they’re purposely leaving Earth alone and watching us from afar, the way we view animals in a zoo. Another idea, championed by Carl Sagan, is that the expansion of spacefaring alien species always stalls quickly due to resource issues. The galaxy’s entirety never gets settled and that’s why there’s no alien settlement here on Earth.

A few years ago, I was part of a research team that got in on the fun too. To get a better grasp of how spacefaring aliens could drive a wave of expansion across the galaxy, we created a way to simulate interstellar settlement. We began by assuming a single civilization evolved on a random planet orbiting a random star in the Milky Way galaxy. Then we modeled the civilization sending out ships crossing interstellar distances at a fraction of the speed of light. We assumed that once a ship arrived at a new star its crew would set up shop on one of the planets and build new ships. Those ships would then be sent out to other nearby stars. In this way, we were able to “watch” as a single civilization started an avalanche of settlements that swept across the galaxy. As Fermi predicted that day in 1950, our simulations showed that settling the entire galaxy would take just a few hundred thousand years to, at worst, a few hundred million years (still a short time compared to the age of the galaxy). Nothing, not even supernovas (exploding stars) that sterilize parts of the galaxy, could hold back the expansion. Even if a supernova did create a “dead zone” of uninhabited planets, settlement ships from outside the zone would quickly fill it in. The wave never stalled. Sagan was wrong.

Our models did show a way out of the Fermi paradox, however. As we know from Earth’s history, civilizations don’t last forever. The same would likely hold for alien civilizations, which could fail for reasons we understand like politics, war, disease, and natural disasters like supernovas. They could also end from causes we’ve never encountered, like subatomic super-parasites that turn digital technologies into zombie killers—I just made that up. Hold my drink while I call Hollywood and make the pitch.

The point is, if we allowed settlements to eventually die at a steady rate in our simulations, a new effect appeared. While there might be lots of aliens zooming between the stars at any given time, the fact that settled planets eventually went dark meant that holes were always opening in the map of the inhabited galaxy. If the conditions were right, in terms of stars being far enough away from each other, then those holes might not get filled in for a long time. That’s how we found that relatively large pockets of space could be left sparsely populated for millions of years. If our solar system was in one of those empty pockets—a place that was empty during the relatively recent rise of our species—that would explain why there are no aliens here now. But it also means they could be on their way.

Of course, for those who believe that UFOs are alien visitors, there’s no paradox at all, because “they” are here already. But this raises the question of why they’re (mostly) hiding. The problem with UFOs as aliens, as we will see in the chapters that follow, is that you have to simultaneously explain why the aliens are always trying to hide and also why they suck so badly at it.

At the moment of his outburst over lunch, Enrico Fermi could not have known how important his insight would become. The Fermi paradox has haunted scientists, and anyone else who has tried to think about alien civilizations, in the decades since he made us consider it. While frustrating and maybe even depressing, the paradox has informed a lot of thinking about SETI by giving scientists a well-formulated question to work on. That means it’s important for anyone interested in astrobiology, technosignatures, or UFOs to understand what Fermi’s paradox is and what it says.

But it’s also just as important to know what it does not say.

The Fermi paradox does not tell us that the universe is silent when it comes to alien life. It speaks only to the question of why the aliens aren’t here, on Earth, right now. It doesn’t say anything about our searches for signals from alien civilizations on distant planets.

Let me explain.

Sometimes people talk about SETI and the Great Silence. They say we’ve searched the entire sky with radio telescopes for over eighty years, and never once have we come across a message or signal or random TV transmission from extraterrestrials. But this is entirely wrong. The fact is, we’ve barely even begun to look. There is a misconception that every night, astronomers around the world probe the stars with their radio telescopes looking for alien signals. The reality is so much simpler and sadder. SETI has always been cash starved. Other than a few lone enthusiasts eking out a search here and there, when it comes to hunting for alien signals, not much has happened. The vast and overwhelming majority of the search that needs to be done has yet to be done.

There are a lot of parameters SETI searchers need to explore to complete a search. First, there are so many stars to look at. Next, they have to decide what radio frequency to dial into. Then there’s the question of how often the searchers should look at each star: every day? every hour? every second? The list goes on, which makes it hard to keep track of who has looked at what. In 2018 Jason Wright and his colleagues at Penn State tried to do just that. Working on an idea from Jill Tarter, they examined every SETI search that had ever been carried out. They wanted to know what fraction of a full, systematic search had been completed. Their conclusion was pretty astonishing. If we imagine the amount of universe SETI researchers need to explore as Earth’s oceans, Wright’s team found that only one hot tub’s worth of water had been searched so far. Would it make sense to declare the ocean fish-free after searching just one hot-tub’s worth of it?

The moral of this story is that there is most definitely a direct Fermi paradox, but there is no indirect Fermi paradox. Yes, why haven’t aliens set up a settlement here on Earth yet? You can come up with your favorite solution to that question because that question is the direct Fermi paradox. The solution can range from “there are no aliens” to “it’s UFOs, bro.” But when it comes to the indirect Fermi paradox, meaning evidence of alien life on distant planets, the answer is simple. There is no Fermi paradox of that kind. We just haven’t really looked yet. Until now. For all the reasons we’re going to cover in the chapters that follow, the search is heating up. We’re ready. We’re able. We’re going to do it.

The Drake Equation

Asking the right questions

Alien optimists look at a night sky filled with stars and are certain that what happened with life on Earth must have happened elsewhere. With so many stars, how could we be the only ones? Alien pessimists aren’t impressed by the night because they’re sure the odds against life forming overwhelm the number of stars. After all, if you bought one thousand lottery tickets but the odds of winning are one in ten billion, you’re still going to lose (probably).

As we know, alien optimists and pessimists have been going after each other for most of human history, having nothing more than personal opinions to bolster their claims. But science doesn’t run on opinion. It runs on research. If there was ever going to be real scientific progress on the question of alien life, somebody somewhere needed to give both sides something to actually work on. The Fermi paradox gave scientists a question, but it didn’t give them a plan. Someone still needed to formulate a road map that scientists could follow in building an alien-life-hunting research program.

That person turned out to be Frank Drake, a soft-spoken radio astronomer from the Midwest whose courage was matched only by his creativity. His plan for a science of aliens became embodied in a simple equation formulated more than six decades ago. With it, Drake radically changed how we think about life in the cosmos and how we search for it. The Drake equation, as it is now called, remains the most important formula in astrobiology.

It was 1961, a little more than a year after Drake launched the first scientific search for alien life using a radio telescope at West Virginia’s Green Bank Observatory. Drake was just over thirty at the time and worried that his interest in extraterrestrial life had earned him nothing more than ridicule from his colleagues. While that initial search hadn’t gotten him the kind of accolades every scientist hopes for from their peers, it did earn him a remarkable call from the National Academy of Sciences (NAS). The guy on the other end of the phone was J. Peter Pearman, and he wanted Drake to lead a workshop on, of all things, “interstellar communications.”

Pearman and the NAS wanted to explore the possibilities that we might soon be sending and receiving signals from extraterrestrial civilizations. Thankful that someone else was interested in cosmic life, Drake accepted the offer and began organizing the meeting. He and Pearman invited eight researchers to the meeting, including the renowned astronomer Otto Struve, the soon to be Nobel Prize–winning biochemist Melvin Calvin, the dolphin-language specialist John Lilly, and an ambitious young astrophysicist named Carl Sagan. As the opening day approached, Drake sat down to make an agenda to guide the discussion, but even this small task posed a unique problem. How do you organize a scientific discussion around a topic that had never been scientifically discussed? Addressing this problem is how Frank Drake created his now-famous equation.

His first step was to explicitly define the question. What exactly did scientists at the workshop want to answer? Naively, you might think it was “Do alien civilizations exist?” But that question didn’t offer a clear way to drill down and figure out what steps—the all-important research plan—were needed to find an answer. And scientists do love a plan, so Drake seized on a different question instead. Rather than asking if aliens did or did not exist, he simply asked, How many of them are out there? It was a small change, and it changed everything.

Drake’s exact scientific question was: How many advanced technological civilizations are there in the Milky Way galaxy? Drake defined advanced and technological as possessing radio telescopes that could be used for interstellar communications. Yeah, I know, that’s a pretty narrow way to define civilizations, but it served a specific purpose: it led to a version of the alien question that could be broken down into a set of pieces. Each piece was a subproblem and led to a finer-tuned plan for scientists. By answering each subproblem step by step, researchers could build their way toward their coveted number of advanced technological civilizations, which we’ll call N.

Discussing each subproblem separately also gave Drake the agenda for his workshop. Composing the problem mathematically, the most economical way for scientists to think, he combined all his subproblems into a single formula:

N = R* ∙ fp ∙ ne ∙ fl ∙ fi ∙ fc ∙ L

In words, this equation says (take a deep breath if you want to say it out loud; this is going to be a long sentence): The number of detectable alien civilizations in the galaxy equals the number of stars forming each year (R*) times the fraction of those stars with planets (fp) times the number of planets per solar system with a suitable environment for life (ne) times the fraction of suitable planets where life actually does form (fl) times the fraction of those planets where life evolves intelligence (fi) times the fraction of those intelligences that go on to create technological civilizations (fc) times the average lifespan of those civilizations (L).

You can inhale now.

Drake’s little equation, scribbled on a blackboard more than sixty years ago, went on to become the foundation for thinking not just about intelligent alien life, but alien life of any kind. It has appeared in piles of scientific papers, been printed on T-shirts, been tossed about in movies and TV shows, and become the subject of countless podcasts and YouTube videos.

So what’s the big deal? What does Drake’s equation really tell us about alien life in the cosmos, and why has it endured? The answer is: evolution. What Drake’s equation cleanly captures is how the appearance of technological civilizations is a cosmic process that starts from the simple and builds to the complex. To see this, let’s walk through the equation’s seven terms starting from the left and moving to the right.

The first term, R*, focuses on stars, some of the first “structures” to evolve in the cosmos. The universe started out pretty simple right after the Big Bang, 13.8 billion years ago. There were just a few kinds of particles perfectly mixed together in a smooth soup of primordial gas. Stars were one of the first big “things” to evolve from that initial state. Beginning with the number of stars formed each year is the Drake equation’s way of recognizing that stars are the universe’s first step up the ladder from simplicity to the complexity of technological civilizations.

The second term in the equation focuses on planets. Planets are another step up in complexity. It is probably only on their surfaces or in their oceans that chemistry can work its magic and get life started. But when Drake wrote down his equation, no one knew if there were any planets out there other than the ones orbiting the Sun. It was entirely possible that nature hardly ever created planets. That’s why Drake’s second term is the probability that any given star would have planets (written as fp). If fp
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