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God’s Billboard:
 The Cosmic Microwave Background



This is a book that is all about beginnings. It tells the story of the people uncovering the secrets of our universe’s birth, scientists who have spent decades striving to understand the origins of space, time, our cosmos—and potentially many other parallel universes in an ever-inflating multiverse. Over the course of the following chapters, I will meet with them and others who argue that we could wield that knowledge to forge a new cosmos in the laboratory, with the help of some exotic physics, a few weird particles, a lot of energy, and a little bit of luck. And I will also be examining the ethics of whether or not we should perform such an act of creation, given the responsibility that comes with it. After all, once our baby was born, the theories say, it would evolve into a full-fledged universe, replete with new galaxies, new planets, and maybe even new life: a daughter civilization that would look upon us as gods.


So it’s somewhat ironic that the book’s beginning, this opening chapter of my journey, is starting off so badly.


Before committing to this (possibly quixotic) quest, I want to know if there’s actually any point in entertaining the idea that we humans could become cosmic creators in our own right. Do any scientists believe we could truly make it happen?


In some sense, we cannot know for sure that we can make our own universe until we’ve done it. So I turn the question inside out: if we can, even in principle, knock together a baby universe, then it must stand to reason that our own cosmos might have been created by a more advanced civilization or superior intelligence—and we exist as proof of its success. If we could find evidence of that, it would be a huge discovery in its own right, reverberating through science and theology. And if our makers happened to leave any blueprints for how they performed this trick, so that we could repeat it, then all the better.


But does anybody, excluding science fiction authors, seriously think that the possibility that we could find signs of our alien makers (or, dare I say, a divine Maker, with a capital M) is plausible? And could we investigate this as a scientific, rather than metaphysical, hypothesis by searching for evidence? If so, then I think there is good reason to pursue this universe-building idea in depth.


The first person to ask, I decide, is Anthony Zee, a Chinese American physicist at the University of California, Santa Barbara. Zee not only has considered the possibility that the universe was made by an external intelligence but also has gone as far as calculating how to decipher any hidden communications scrawled across our cosmos from—as he and his co-author Stephen Hsu put it in their speculative paper around a decade ago—“some superior Being or Beings who got the universe going.” Simply put, they figured out how to read the word of God, or that of our alien overlords—should such an entity or entities exist and have chosen to message us, that is—scribbled across the skies.
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Figure 1: The cosmic microwave background is the radiation that filled the universe just 380,000 years after the big bang. This map shows slight variations in the temperature of this radiation across the sky. In this grayscale image, lighter regions are slightly warmer; darker regions are slightly colder. Credit: ESA and Planck Collaboration


The place to hunt for this code, they claimed back in 2006, is in the radiation that pervades the sky—the cosmic microwave background, which is an echo of the big bang and would be the (hypothetical) creator’s chalk-board, as it were. We’re immersed in this radiation bath, we pass through it every day, but we’re largely oblivious to it. It’s worth taking the time in this chapter to come to grips with how this radiation came about because, aside from being a convenient place for a deity to leave us a memo, it also, less whimsically, serves as the strongest evidence of the big bang theory. And it turns out to be the best place to look for support for the model, which we shall meet later in the book, that provides the instruction manual for building our homemade universe.


I have traveled to Santa Barbara from London to meet with Zee, and I have a short list of questions to put to him about his paper with Hsu, tantalizingly titled “Message in the Sky.” Chief among them: is this a joke? That was actually my first reaction to the paper when it was released as a preprint back in 2005. Back then, my job as a reporter at New Scientist magazine was to find newsworthy research, and largely involved spending hours trawling through arXiv, the physics preprint server where physicists post new papers for the attention of the academic community, often at the same time as submitting them to a reputable journal, where the papers will be reviewed by their peers before publication.


But arXiv is a murky place, where goofy papers stand shoulder to shoulder with respectable workaday reports and, very occasionally, ground-breaking results. Knowing that these papers have yet to pass peer review and be officially sanctioned, you have to exercise a bit of care before choosing whether to cover one of them. Many never make it to journals.


The title initially made me worry that the paper was either a deliberate spoof or bad science. I quickly dismissed both of those concerns when I saw Zee’s name as an author, however. The physicist is a well-established senior researcher, with a long track record working out the kinds of things that would happen when you smash particles together in an accelerator, such as the Large Hadron Collider (LHC), in Geneva, Switzerland (just the kind of place where some physicists hope that a new universe could be born, in fact). Zee is not a crank.


Reading further, I could see that the science that he and Hsu outlined, which we’ll get into in detail a bit later, was also perfectly sensible. Still, at the time, I decided not to write a news article about it, partly because of the worry that it would be too oddball a topic to cover. But it had stuck in my mind ever since. What I really wanted to know back then, and what I still want to know today as I rap my knuckles on his office door, is what was the authors’ motivation for thinking about this question. In his core, does Zee honestly believe our universe was created by a God or gods, or aliens whose technological capabilities lie just beyond our own—and that we really could read off proof of this using experiments running today? Does that have bearing on whether he thinks we should carry out such a cosmos-making task ourselves? Or was the paper just an amusing example of an exercise all theoretical physicists revel in: asking fantastical what-if questions, just to see where they lead, without believing they could be literally true?


There are hints that Zee really might believe there’s a guiding hand at work in the cosmos. He is an accomplished popular physics author in his own right, and in his books for a lay audience he has described physics as an almost spiritual search for beauty in nature—for, in his own words, the “ultimate design of the world.” He’s also characterized it as an effort to gain insight into the “mind of the creator,” and he has pondered how stringently physical laws limit “God’s” freedom.1 But that’s by no means definitive; physicists are prone to waxing lyrical about the elegant rules that mold reality and often use the term “God” as a metaphor for nature’s underlying order.


Putting these questions to Zee during our meeting seems like a simple enough task. But moments after I step through his door, things start to go wrong. It rapidly becomes apparent that this will be a tough conversation— if I’m allowed to speak with him at all. Zee is a senior and highly respected researcher in his early seventies who, despite his age, still cuts a tall, severe, and formidable figure. He sports a full head of black hair, with only smatterings of gray, and his face is barely lined. I had emailed him ahead of my visit to tell him the topic of the book, and that I planned to interview scientists and also philosophers and theologians. This seems to have raised alarm bells. His tone is firm and humorless as he tells me, in an American accent that carries only a trace of his Chinese origins, “I want to make clear, I am not the new Messiah.”


“I… no, no, I know,” I stammer, and laugh nervously. This is a man who has worked with, and names as close friends, numerous Nobel-laureate physicists. He takes pains to tell me that he has done research and written seminal textbooks on perfectly sensible topics such as gravity and quantum fields, as well as having written a host of popular best-sellers. I realize that he already seems to think I am a fruit loop—some kind of religious zealot. He explains that the “alien communication paper” I contacted him about accounts for less than 1 percent of his usual activities. (Throughout our conversation, I later note, he never uses the term “God” when he discusses the “Message in the Sky” paper. Contemplating the notion that a god made our universe is several rungs on the wackiness ladder above the idea that it was made by aliens.) I suddenly feel very silly and self-conscious, as I am about to ask him a series of frivolous questions about reading messages from our universe’s creator(s) and whether humans could one day become gods.


The trouble is that, unlike many of the people who will feature over the course of this book, I have never personally met Zee before or corresponded with him in any depth. Academic physics is a small world, and many physicists I come into contact with nowadays either knew me as an undergrad or doctoral student in cosmology or have met me since at physics conferences I have covered as a reporter, and have come to trust (and I hope maybe even like) me. Others know me as the editor of the Foundational Questions Institute (FQXi) website, run by an organization that doles out not-insignificant wads of cash for physics research that borders on the metaphysical, or they have read the writing I’ve done for various science magazines. But Zee is a mystery to me, as I am to him. He is the unknown variable (the x or, perhaps more fittingly, z, which is the sign for a complex unknown number) I have yet to solve for, and I can tell he feels the same way about me.


Zee steps out to make a cup of tea before the start of the interview, which I am fully aware is still in jeopardy if I make a misstep. While he’s out, I quickly set up my voice recorder, to help me take notes. This, it turns out, was not a wise move. On his return, he takes one look at the recorder, and his posture stiffens. “I don’t usually allow recordings,” he tells me. “And I am now old enough and, I like to think, successful enough as a physicist and a writer that I can refuse interviews.” While this might make him sound arrogant, he’s not. I can see from the wariness in his eyes that he’s just a brutally intelligent man who has been burned by his dealings with the media in the past. Indeed, he shows me an example of a piece in the Indian press that made him out to be the leader of a new physics-based cult.


I quietly rue the fact that I never learned shorthand, and explain that though I am taking longhand notes, the recording will help me keep his words straight. I promise I have no desire to wreck his reputation and I will not broadcast the recordings without his consent, nor will I present him as the Second Coming. He grudgingly allows the interview to begin—but when it does, it is he who is grilling me, rather than the other way round. In Zee, it seems, I have a hostile witness who not only does not want to answer my questions but is actively suspicious of me.


Zee’s interrogation follows: “Where and what did you study?” Cambridge University, for my undergraduate and master’s degrees (specializing in theoretical physics, first class) and then Brown, for my PhD in cosmology. No, I didn’t focus on the cosmic microwave background (the divine message board) during my doctorate, but I did as part of my master’s research project, I explain when prompted, hoping this scores me some points. I may be a crackpot, but at least I’m a highly educated one.


But it’s Zee’s next question that finally shatters the ice between us: “Whom did you do your PhD with?” Robert Brandenberger, I reply. The name sparks warm recognition, and Zee’s entire demeanor changes. His strong, severely square face lights up in a broad grin and his shoulders relax. Brandenberger is a world-renowned cosmologist and sometime string theorist, a man who has quietly turned his back on establishment theories of the universe but has managed to do so with such refinement, politeness, and finesse that he has always retained the respect of his more mainstream colleagues. (Or, as Zee puts it, “Robert is not a wild man!”)


More important, it turns out, is that my PhD supervisor was a postdoc at UCSB back in the 1980s, before Zee had a permanent position here, but while he was visiting for a year. At the end of Zee’s stay, Brandenberger offered to drive Zee’s belongings back to his permanent residence in Seattle, since Zee needed to head off on a road trip before he could go home. But when Zee eventually arrived back in Seattle, after meanderings to Princeton and New York, he was offered a permanent job back at UCSB. “So I never had to move that stuff [to Seattle]—that stuff didn’t even have to be unpacked. That’s the punch line of that story,” he guffaws heartily.


A tap has been turned on, and the words, until now halting and careful, come spilling out. “I think I am going to like talking to you,” he continues. “You and I are from the same world, roughly.” My advisor’s kind offer (which turned out to be unnecessary) has paid dividends for me some thirty years later. Suddenly I’m seated in front of an entirely new man—a natural raconteur with an anecdote for every occasion—whose wide grin has softened his face, dropping twenty years off his age.


Before we talk about the birth of the universe, Zee explains his own origins, which are possibly even more convoluted than those of our cosmos. He was born in China in 1945, but his parents left for then British-owned Hong Kong after the communist takeover by Mao Zedong in 1949. Like me, he says, he thus began with an English education, which seemed odd for him at the time. His parents were “highly Westernized” and nonreligious, but his elementary school teacher was a Catholic and, after a visit to the Zees’ house, inspired his mother to convert; his father soon followed. When Zee reached junior high age, the family migrated to Brazil, where his father, a businessman, donated money to build the first Catholic church in São Paulo for Chinese immigrants. The church still carries his late father’s name, though Zee says his Catholic upbringing had little influence on his later work in physics. Indeed, he “let that go” after he came to the States to do his undergraduate education at Princeton.


It was on the forty-day boat ride to South America as a boy that Zee fell in love with physics. His parents had known little about what to expect on their arrival in Brazil, coming there as Chinese refugees. They could not even be sure that he would be able to attend school. So his mother had bought him a pile of high school textbooks, which he devoured on the boat, with physics and math hooking him the most. Their fears were unwarranted, as he was able to attend an American international school in São Paulo. As a consequence, he says, he knows little Portuguese to this day, because the school taught only English and French. (“What do you want to learn Portuguese for?” the principal had told one of Zee’s fellow students, who had asked about studying the language. “To address the servants?” Zee winces as he recounts the parochialism.)


By good fortune, Zee’s family home was near the American consulate, where he read popular physics books, his favorite being One, Two, Three… Infinity, by Russian physicist George Gamow. Little did the very young Zee know it back when his parents bundled him out of China, but 1949, the year that saw the communist revolution, also saw the universe being overhauled, in part due to Gamow. That was when the term “big bang” was coined to describe how our cosmos began, and Gamow, one of the major architects of the model, proposed that this explosion of space and time would have left behind a bath of radiation, still detectable today, which he dubbed the “afterglow of creation.” This is the cosmic microwave background, which would later fascinate Zee.


It’s worth taking a bit of time here to establish how the physics of the preceding century had led physicists to the big bang model and the prediction of the cosmic microwave background. The theory behind building a universe in the laboratory is an extension of the ideas that had been set out by 1949, and that extension—as yet to be definitively proven—takes massive credence from precise satellite measurements of the background radiation.


I’ll follow Zee’s lead here in describing that history, as outlined in his first popular physics book, Fearful Symmetry. (The name of the book derives from William Blake, and the reason for this choice, and how Zee’s own penchant for a poetic turn of phrase in that volume has since seen him mistaken for a physics guru, will become apparent along the way.) In that book, Zee traces the roots of the big bang to the early nineteenth century and ties them, perhaps surprisingly, to the invention of the battery by Count Alessandro Volta.


The battery, Zee notes, gave physicists a canned source of electricity to play with—and play they did. By 1819, Hans Christian Oersted had discovered that if you pass an electric current through a wire, it causes a compass needle nearby to twitch; electricity could create a magnetic effect. On the flip side, English physicist Michael Faraday later found that a magnet moved through a coiled wire generates an electric current. Electricity and magnetism, it was quickly realized, are two sides of the same coin, and the discipline of electromagnetism, combining the two, was born. Faraday expressed these phenomena in terms of the existence of electric and magnetic fields, emanating from either an electric charge or a magnet, respectively, that could act on objects near the source of the field without directly touching them. Adding the final piece to the puzzle, Scottish physicist James Clerk Maxwell came up with a set of mathematical equations to relate the two kinds of fields.


The key part of Maxwell’s equations, for our story, is that they showed that a changing electric field in space will induce a changing magnetic field in its path, which in turn generates a changing electric field, and so on, creating a propagating electromagnetic wave. That wave, he recognized, was light. The speed of that wave is a constant that could be calculated from his equations and closely matched the measured speed of light that physicists had found in the lab. With one stroke, the fields of electromagnetism and optics were unified.


This is where Albert Einstein comes in—as he is wont to do in physics books. It is oft told that when just a sixteen-year-old boy, Einstein pondered what would happen if you chased a sunbeam and caught up with it—something like how the young Clark Kent in Smallville could, on foot, keep pace with the bus taking his friends to school in the morning.2 What, Einstein asked, would you see? Objects are visible to us only because light bounces off them into our eyes. But if you were running alongside a light beam, what would it look like? Would the light beam freeze in front of your eyes?


Einstein had studied Maxwell’s work and so he knew that the speed of light was a fundamental property of electromagnetic fields. When Maxwell had come up with his equations it seemed sensible to think that light must be transmitted through some kind of medium. That, after all, was how other familiar waves travel: sound, for instance, is carried by the compression of air, and water waves are undulations on the surface of a liquid. The equivalent hypothesized carrier of light was dubbed the “luminiferous ether” (literally “light-bearing medium”). But no experiment or astronomical observation was able to find evidence of this substance, which presumably should have been influenced by the motion of Earth around the Sun and the movement of the solar system through the galaxy. If this were the case, you might expect that the time it took starlight to travel to Earth would vary depending on whether Earth was moving toward or away from the star while on its orbit, and how, as a result, it dragged the ether, but this effect was never seen.


This, along with other lab experiments, led Einstein to reason that there was no ether and that the speed of light moving through the vacuum of space must be constant. In other words, there was no way to catch up to it, no matter how fast you run; it always whips away from you at nearly 300,000 kilometers per second. He enshrined this principle in his special theory of relativity, published in 1905. But if light’s speed is set in stone, something else has to give, to account for why you could never gain on light. That something else, Einstein realized, was both time and space.


To understand why, imagine that Lois Lane tries to carry out a series of experiments, with Clark Kent as her lab assistant. She instructs Clark to run at 200 km/hr while she serves a tennis ball at 300 km/hr in the same direction that Clark is running. At what speed, she asks, does he measure the ball traveling ahead of him, as he sprints? Clark replies that the ball appears to be moving with a relative speed of 100 km/hr (300 km/hr – 200 km/hr). If he speeds up to 300 km/hr, then the ball is moving directly alongside him and appears stationary. Clark has successfully caught up with the ball.


But Lois knows that, according to Einstein, things become tougher when you try to chase after light, rather than a ball, because the speed at which light moves away from you remains a constant, no matter how fast you are. Challenging Clark further, Lois now shines a flashlight, knowing that the light will move away from her at 300,000 km/s, and tells Clark to run at 200,000 km/s and measure the speed of light that he sees. But now, he says, rather than seeing the light slow to 100,000 km/s (300,000 km/s – 200,000 km/s), he sees it still running away from him at 300,000 km/s.


What’s going on? Einstein’s insight was that the only way for both Lois and Clark to measure the same speed of light was if they each make different measurements of how much time has passed or how much distance is being covered. This difference is not because one has bad equipment or the other cannot count properly. It is because time passes at different rates and space is distorted for people in motion relative to each other. From Lois’s point of view, after one second has passed, the light has moved 300,000 km and Clark has only moved 200,000 km from her, so she would argue that from her perspective, the light is 100,000 km ahead of Clark (300,000 km – 200,000 km).


Until Einstein suggested otherwise, people had rather sensibly assumed that clocks (at least, ones that are working properly) run at the same rate—1 second per second—for Lois, Clark, and everyone else anywhere in the universe. But what if time passes more slowly for Clark while he is in motion—that time passes at, say, one-third of the rate measured on Lois’s stopwatch? Then to him, the light has traveled that same 100,000 km ahead of him that Lois noted, but in just one-third of a second according to Clark’s watch, rather than taking one whole second, as measured by Lois. So Clark would reason that light’s speed is still 300,000 km/s.


Another possibility is that a discrepancy between Lois’s and Clark’s measurements of the distance between Clark and the head of the light beam is what causes the mismatch in their conclusions. In fact, it is a combination of both these factors: clocks tick more slowly for moving observers (an effect known as time dilation) and space is compressed along their line of sight (a phenomenon called length contraction). These predicted effects seem bizarre to us because they only become noticeable at speeds well beyond those of our everyday experience, but they have been confirmed experimentally. Time dilation has been tested by comparing the time that elapses on atomic clocks placed on supersonic jets with synchronized clocks left on the ground. Evidence for length contraction has also been spotted by physicists studying the paths of exotic particles called muons that travel through Earth’s atmosphere at close to the speed of light. Sitting in labs on Earth, these muons decay far too rapidly to travel a distance as great as the thickness of the atmosphere. But when hurtling toward the atmosphere at high speed, the distance they have to cover contracts, while the passage of time slows, allowing them to make the trip through.


Einstein’s theory forces us to accept that time is another dimension, alongside our three spatial dimensions. Just as two people standing at different positions in space in Zee’s office might disagree about whether Zee’s teacup is placed squarely in front of him on the table or sits slightly to his left or to his right, two people can also disagree on whether two events— Zee sipping his tea and my placing down my pen—occurred simultaneously or not; if not, then those observers can argue about which happened first. Neither is wrong; their perception of the ordering of events simply varies depending on their motion through spacetime.


Special relativity is dear to Zee’s heart. He cites it as a perfect example of symmetry and beauty in physics. Symmetry is, in some sense, beautiful to everyone. If you’re born with a symmetric face, scientists say, you’ve lucked out in the gene pool, as this is supposed to make you more attractive. (As someone adorned with a slightly wonky nose, I am somewhat bitter about this claim. I guess you could say it has put my metaphorical nose out of joint, to match my actual one.)


Physicists also see beauty in the symmetry of nature—it is often a guiding principle in their formulation of theories. They mean something slightly more subtle, though, when talking about the rules that govern reality. You can say a square has symmetry because if you turn it by 90 degrees or flip it over, it looks the same. Similarly, physicists seek out symmetries in the laws that make up the world, such that even if you change the situations in some regular way or view it from a different angle, certain aspects of physics still apply in just the same way.


In special relativity, the symmetry lies in the fact that despite their relative motion, all observers measure the speed of light to be constant. This is not quite as arbitrary as it sounds. (Why is the speed of light so important? Why isn’t the speed of sound constant? Or the speed of badgers?) Remember that Maxwell’s equations had shown that the speed of an electromagnetic wave through a vacuum depends on the properties of the electric and magnetic fields that induce each other, in a self-propagating chain. These properties do not change for the two observers, even when they are moving relative to each other, and thus light’s speed should be fixed. (By contrast, sound travels by physically compressing the medium that it passes through, and so it is tied to the properties of that material. The speed of badgers, meanwhile… well, I’m not a biologist, but I guess it depends on how hyped the badger is feeling before the race.)


It’s the balance and order in the world that lie at the heart of Zee’s first book, in which he enumerates our most fundamental physical laws that obey symmetry principles. This common factor between laws enables physicists—more so than those dabbling in the other sciences—to create models of nature that do not always have to be based on experimental evidence, in the first instance, but can be conjectured by closing your eyes and just imagining purely “what if?” If a certain symmetry is preserved by nature, what laws would arise? Of course, for these models to pass from fantasy to reality, you still have to go out and make measurements of the real world to check they are correct, but it is a topsy-turvy way of doing science. Now you can see why Zee chose to title a book about the awe-inspiring nature of the world Fearful Symmetry, borrowing from William Blake. “You wouldn’t have a book like that about chemistry,” remarks Zee with a smile.


But while many physicists identify symmetry and elegance as essential keystones in building physics models, few would employ the loaded terms that Zee uses freely in his book. “I had some quasi-spiritual-philosophical statements in there,” Zee admits, pulling the first edition from the shelf in his office and flicking through it, pointing some of these out to me: he talks about understanding the “mind of God,” the “ultimate designer of the world,” and the “creator.” It’s perhaps not so surprising, then, that the Indian journalist he’d mentioned earlier mistook him for a physics guru, expounding a spiritual path to science, but Zee cringes at the memory.


Even before publication, Zee tells me, he was worried he would be denounced as a kook. He’d signed a contract to write the book just before receiving the permanent job offer at UCSB, after being encouraged to write for the public by one of his mentors, Nobel-winning physicist Steven Weinberg, himself a prolific popularizer of physics, who admired Zee as a word-smith. But when it came to publication, Zee was terrified that the book would ruin his reputation and that people would feel he could no longer perform research. That fear did not pan out, yet it seems to still hang over him during our interview, and he remains guarded as I try to coax him to speak about whether he actually holds any spiritual beliefs.


I point out that Zee did in fact use that language in his book, despite knowing the kind of attention it might draw. It seems odd that somebody so smart, so literate, and so aware of the effect his words might have still chose to use those terms. Did he believe what he was writing? Or was he simply being a provocative mischief maker? “You can just say it is poetic talk,” he says.


The book opens by quoting Blake’s verse: “Tyger! Tyger! burning bright / In the forests of the night, / What immortal hand or eye / Could frame thy fearful symmetry?” “The nature of the tiger is defined by the nature of God. But then it is God who is defined by the nature of the tiger,” Zee explains. “And so I like to think of the ultimate designer defined by… ” But then he trails off, leaving me to fill in the gap: the ultimate designer of reality is defined by the structure and symmetry in the world.


Still, he’s hedging. You may not wish to answer, I say, but do you literally believe there is a God? Or are you equating “God” in a metaphorical sense with the beauty and symmetry of nature? Zee pauses for a long time, and then answers carefully that as he gets older, he finds it increasingly “depressing” when physicists make statements that we will soon know everything there is to know about the universe. With a sigh, he quotes a passage that Weinberg—a strident atheist—famously included in his own popular book, The First Three Minutes: “The more the universe seems comprehensible, the more it seems pointless.”3 “I find Weinberg’s statement very depressing,” Zee says.


But Zee clarifies that this does not mean he is a theist. “Given our present understanding of the universe, I think it does seem difficult to believe there is a personal God who is interested in you personally, given the vastness of the universe,” he says. He adds that he is almost certain, given the huge size of the universe, that aliens exist too, giving God even more intelligences to watch over. “I think any informed and scientifically trained person would have to say that. And this personal God—I mean, it is possible,” he says with a laugh, “but He would have to be interfering in everyone’s life. So I don’t know. I have to think about this.”


That’s fair. But for the record, I do believe in a personal God. Zee’s reply does not dissuade me from this belief, simply because I think once you’ve gone partway to accepting that a supernatural intelligence can create space and time, you may as well say that, lying as He does outside time, it is probably fairly easy for Him to multitask. (Indeed, in Chapter 2, we’ll come to a physicist who controversially claims that quantum experiments of the microscopic world already support this view.)


Regardless of its origin, this intrinsic orderliness, beauty, and symmetry in the world also drove Einstein to develop his general theory of relativity. By 1905, he’d published his treatise on the special theory of relativity, asserting the constancy of light’s speed and the malleability of time and space, which together made four dimensions. In 1915, he followed up with his general theory of relativity, which brought in gravity (and spectacularly belied the rule of thumb that sequels are never as good as the originals).


The symmetry guiding Einstein in the context of general relativity is a little bit harder to see than in the case of the special theory, where all observers must measure the speed of light to be the same, no matter their relative motion. To be more specific, the observers in that theory are moving at a constant speed relative to one another and are not changing direction—in other words, they are not accelerating—and there’s no real need to take gravity into account to explain their motion. That’s the “special” part of the theory because it deals with a quite constrained condition. But in general, things do speed up or slow down relative to other objects, they often change direction, and they are shackled by gravity—especially on cosmic scales, where gravity holds planets in the grip of the stars that they orbit. How, Einstein wondered, do you take acceleration and gravity into account? The symmetry that he picked out, in a thought experiment while at work at a (clearly deeply boring) patent office, was that acceleration and gravity are equivalent.


The classic example for seeing this is to imagine yourself in an elevator on Earth that is not moving up or down. If you take out an apple and drop it, you’ll see it fall to your feet—pulled down by Earth’s gravity, and moving faster and faster as it falls, accelerating at a rate of 9.8 m/sec/sec. (Don’t forget that centuries earlier Galileo had shown that anything dropped off the tower of Pisa would fall at the same rate, if you discount air resistance: apples, oranges, bowling balls, or graduate students.)4


Now, if that elevator was transported into deep space, away from any huge planets, and you were floating like an astronaut in free fall, the situation would look very different. There’s no way to mistake these two situations for each other—unless, that is, you imagine the elevator doing what it was designed to do and accelerating upward, let’s say at 9.8 m/sec/sec. If that was the case, you would not be experiencing free fall. Instead, the floor would be pushing up at your feet and you would feel as though you were being pulled down, just as you are on Earth. Take out your apple and drop it again, and crash, down it goes. The two situations are symmetric: gravity and acceleration are equivalent.


Einstein already knew that time and space are flexible and that motion distorts them. So it seems likely that acceleration would be bound to jerk around with both of them too. Since he could now see that acceleration and gravity are equivalent—that is, you can describe the effects of gravity by looking at a situation far away from gravity in which your system is accelerating—then gravity must pervert space and time as well. To describe this warping effect of gravity, Einstein knitted the four dimensions together into one spacetime fabric pervading the universe.


Gravity, Einstein argued, manifests because heavy objects warp space-time, causing it to bend and curve around them. The iconic image is that of a rubber sheet with a heavy bowling ball added, stretching the sheet downward. Throw an orange onto that sheet and you will see that it veers toward the heavier object. It looks as though an invisible force, gravity, operates between the two, pulling the lighter sphere toward the heavier one. In fact, the orange is simply following the contours of the deformed sheet.


Light should also trace the shortest route through this rolling space-time, causing its path to bend as it passes massive objects, following spacetime’s contours. Einstein’s equations that accompanied his theory predicted just how much distant starlight should swerve on its way around the Sun to Earth—and this prediction was confirmed in 1919, by English physicist Arthur Eddington’s team, who measured the angle of that deviation during a total solar eclipse from the island of Principe, off the coast of Africa. Einstein’s theory was vindicated, along with its startling assertion, succinctly put years later by Princeton physicist John Archibald Wheeler, who had worked on the Manhattan Project and then general relativity in the 1950s, as “Spacetime tells matter how to move; matter tells spacetime how to curve.”5


Einstein’s equations also predicted something else startling, something not even he was comfortable with: the universe must be dynamic. He, like others at the time, had thought of the universe as spherical and static, neither expanding nor contracting. His math told a different tale, however, which was that the universe was poised in a delicate balance, like a pencil standing on its point, between the amount of matter it contained and the amount of radiation, or light, held within. Nudge it even slightly, and the universe would tip, either expanding outward or shrinking inward. A young Russian physicist and meteorologist, Alexander Friedmann, took this idea and ran with it, creating a set of models for an expanding universe, whose fate depended on the amount of mass it contained: too much and it would eventually turn back in on itself, too little and it would expand forever. These two extremities were demarcated by a certain critical mass.


Still wedded to the static picture, and to maintain the status quo, Einstein threw in a stabilizer, a fudge factor that would counteract any tendency for the cosmos to collapse under the pull of the matter it contained by pushing space outward. This stabilizer, dubbed the cosmological constant, saved the static picture; the only trouble was, it was wrong.


By the 1930s, American astronomers Vesto Melvin Slipher and Edwin Hubble had measured the motion of distant galaxies and discovered that they were moving away from Earth. On top of that, the farther away they were, the faster they were moving. In other words, the universe was shown to be expanding. On the basis of this, Einstein denounced his introduction of the cosmological constant into his equations as the biggest blunder of his life. (Spoiler alert: It was not such a huge mistake after all. By the late 1990s, astronomers had reason to believe that such a constant does exist, and that it serves as dark energy, pushing space outward at an ever faster rate. But that’s a story for Chapter 7, when the search for an explanation for the cosmological constant drives the quest to work out how to build a baby universe in the lab.)


The big bang model started to take shape as Roman Catholic priest and physicist Georges Lemaître imagined what it would be like to turn the clock back on this expanding universe, watching it shrink down further and further into a primeval atom, a dense ball of matter from which our cosmos was born. Friedmann’s student George Gamow—who would become Zee’s childhood inspiration—and colleagues put the pieces together to show that if the universe was born in a hot state, dominated by radiation, matter could form spontaneously. This would populate the infant cosmos with some basic chemical elements, and as the universe grew and cooled, this matter could eventually clump together to create stars, galaxies, planets, and, at some point down the line, the ingredients for people.


It was actually Gamow’s student Ralph Alpher (who had worked with him on showing how matter could be created in the early universe) and Robert Herman who, in 1948, predicted the existence of the cosmic microwave background, not so much as the smoking gun of the big bang model but as the gunpowder residue left behind by the explosion. So what exactly is that background?


In some sense, the cosmic microwave background is a selfie that the universe took of itself in its childhood. Just after the zero hour of its birthing moment, both matter and light were created. Conditions in this cosmic furnace were so hot and dense—with matter tightly crammed in an unimaginably small cosmos—that light couldn’t jostle past the matter and stayed imprisoned in this fiery ball. The same effect is seen today in the Sun. The sunlight that actually reaches Earth is released from the Sun’s relatively cool outer surface, where the density of hydrogen and helium gas is low. By contrast, we cannot see light from the star’s supremely hot inner core because the extreme density of the gas there traps the light inside.


In the first fractions of a second after the big bang, the temperature in the universe was a ferocious 1032 degrees Celsius—where 1032 is equal to 1 followed by 32 zeroes.6 That’s billions of times more blistering than the energy released by an exploding star, also known as a supernova. But as the universe expanded, it gradually cooled, and some 380,000 years into its existence the temperature was finally low enough that matter would have diluted sufficiently for light to escape. At that moment, the proverbial switch would have been flipped in the universe, bathing the cosmos in light.


That light burst was so bright that it is still detectable today—although we’re not being blinded by this all-consuming flash. That’s because as the universe expands, it stretches out light waves themselves, turning them from visible light into radio waves and then microwaves. Today, the big bang’s echo is heard in microwaves that create a radiation bath that pervades space and has a temperature of around 2.7 Kelvin—that is, a chilly 2.7 degrees Celsius above absolute zero (the coldest theoretical temperature, where even atoms would stop moving and freeze in place), which is -454.5 degrees Fahrenheit. As much as 99 percent of the universe’s light is trapped in this microwave glow, with a mere 1 percent making up the light of stars.


In 1949, this exploding-universe model was christened the big bang theory, ironically by the atheist physicist Fred Hoyle as a pejorative. It did not help dampen enthusiasm for the model, however, which ended up being blessed by Pope Pius XII in 1951 as a confirmation of the church’s teaching that the universe had a beginning and was created.


Gamow, Alpher, and Herman called on radio astronomers to look for evidence of this mother of all lightning flashes, but they were told time and time again that it could not be seen. Those astronomers were wrong, however, as all that was needed to detect the glow from the beginnings of the universe was an ingenious piece of machinery: an old-fashioned analog television set. Before the digital age, if you tuned your TV to somewhere between channels, it would show the faint hum of white noise or snow. One percent of that snow was actually made up of radiation left over by the big bang.


The cosmic microwave background was first detected not through TV, however, but by accident, in another manner, in 1964. This Nobel Prize– winning discovery was almost dismissed as being caused by pigeons, when two engineers working at Bell Laboratories in New Jersey, Arno Penzias and Robert W. Wilson, spotted its effects while out on a routine mission. They had built one of the most sensitive microwave receivers to date and wanted to scan the skies for background radio signals that might interfere with radio broadcasts. Regardless of the direction in which they pointed their receiver, they picked up a faint microwave hiss. At first the pair assumed that there was a problem with the receiver. They noted that the instrument was filled with “white dielectric” material—bird droppings. But after clearing off the unpleasant guano and shooing away the offending pigeons, they found that the hiss remained. It was only when the duo read about cosmologists’ predictions of just such a signal that they realized the enormous import of their findings.


A few years later, physicists Stephen Hawking and George Ellis at Cambridge and mathematician Roger Penrose at Oxford University showed that not just space but time must have been created at the big bang.7 It was t = 0.


So by the mid-1960s, the big bang model—not quite in the form in which we understand it today, which we’ll come to in later chapters, but with its essential features—had been confirmed. The universe began in a hot, dense flash, which brought forth both time and space, and later gave rise to matter. And the cosmic microwave background (potentially our creator’s billboard, if Zee and Hsu’s paper is right) had been found, all around us. There will be refinements to come, but for now, let’s leave it at that.


Meanwhile, Zee, now a young adult, had been drawn to Princeton as an undergraduate, attracted by the thought of working with Wheeler, the charismatic physicist who so wittily encapsulated the meaning of general relativity. At Princeton, Zee became one of about ten Asian students, with maybe another ten minority students (“mostly African princes”) in his class of roughly eight hundred—all male, and overwhelmingly white.


Zee tells me he did not suffer racism because at the time, with so few other minority students around, he was perceived more as a “pleasant curiosity” than as a threat. In many ways, he says, he found it easier to assimilate into US culture than he might today. He notes that now, as he arrives each day at the UCSB parking lot by the engineering department, he sees that most students are Asian, and in the canteens you find cliques where Chinese students gather to speak in Chinese, Indians at another table, Koreans in a different corner. “Nowadays you can practically go through an American university education [and] spend most of the time speaking your own language,” he says. “By necessity, my generation merged into American society much more readily.”


It was at Princeton that Zee began to move away from Catholicism, although back then he still had to attend chapel every Sunday because religious observance was mandated by the university. He recalls how the students had cards that had to be stamped, proving attendance. “You cannot imagine nowadays such a thing in American universities,” he laughs. “But then the change in American society just occurred like this,” he says, clicking his fingers. The catalyst? The Vietnam War. By then, Zee was in graduate school at Harvard, studying for a doctorate with Sidney Coleman. Alongside his classmates he participated in the antiwar riots in Harvard Square, so his most vivid memories of grad school are predominantly of police on horseback swinging clubs and releasing tear gas rather than of lessons about gravity or particle physics. “So American society was turned upside down,” says Zee. “How are you going to make these kids go to church every Sunday?”


Zee excuses himself for a short break—the tea he has been sipping throughout the interview has taken effect. While he is out of the room, I think over his paper with Hsu, about a message encoded in the microwave sky. Since the first detection of the microwave background in 1965, there has been a series of ever more precise experiments sent up to map the sky more fully. As I mentioned, the rough temperature of the radiation is 2.7 K. But not all the sky is at that exact temperature; there are tiny fluctuations (just one part in a million) above and below that average temperature, which is what many of the experiments that measure the cosmic microwave background have been recording.8 (I will explain the hypothesized origin of these wrinkles, thanks to the slightly jittery way that the early universe grew in size, in more detail in Chapter 4.) It is from these tiny wrinkles that astronomers read off features of the early universe and try to extrapolate its earliest moments.


These temperature ripples, in turn, correspond to slight wrinkles in the otherwise smooth density of matter in the infant universe’s first moments, which mark out where matter began to clump together, giving rise to the galaxies, stars, and planets. The layout of galaxies and galaxy clusters around us today can be traced back to those ripples in the radiation—and by matching the patterns to predictions of how the radiation should look if the universe had a variety of different ages, astronomers have come up with their best estimate for the age of the universe: 13.8 billion years.


It is also within these ripples that Hsu and Zee suggested that a “creator,” if one exists, could have encoded a message to be observed by humanity. Others have suggested that a divine message could have been recorded within the human genome or—as did Carl Sagan in the novel Contact—in the endless digits of pi (although, sad to say, no such code has yet been found). But the cosmic microwave background, Hsu and Zee argue in their paper, is the only physical “billboard” that lights up the whole universe and could be seen by any civilization, no matter where it resides in the universe. It’s therefore the ideal place for a creator to leave a structured message, hidden among the otherwise seemingly random wrinkles, if you know where and how to look for it.


An important point, they also reasoned, is that such a code could only have been left by someone outside the universe and present at its birth. It can never be mistaken for one written by even the most advanced alien civilizations born elsewhere within this cosmos.


To understand why, you simply have to appreciate the vastness of this universe. We are limited to seeing the visible universe, the edges of which are set by the amount of time it takes light to reach us. Today the universe is around 13.8 billion years old, which means (at least naively) that the farthest objects we could be able to see today, out to the northern horizon, are 13.8 billion light-years away.9 There may be other exciting things that lie beyond that, but light from those objects has not had time to reach us yet. Similarly, if you look out to the southern horizon, you could not see past 13.8 billion light-years. That means that these outer edges are separated from each other by 27.6 billion light-years, which makes them too far apart for any alien civilization that evolved within the universe to have scribbled the same message across the entirety of the sky—there just has not been enough time since the universe began 13.8 billion years ago for those aliens to zoom around spraying graffiti across the entire panorama.


The only time it would have been possible to engrave the entire sky with a single message was at the birth of the cosmos, when an external creator could have imprinted a message into the tiny seed from which the universe was born. Think of it like drawing a smiley face in marker on a balloon straight out of the package. Blow up the balloon and the picture stretches with the rubber. In the same way, as the cosmos rapidly inflated, its creator’s message would shine out across the whole sky.


Hsu and Zee argue that the code could be simple binary, a series of 0s and 1s, represented by either a slight positive or negative deviation from the average temperature, respectively. You just need to scan the sky in enough detail to see if there is a meaningful message hidden among the otherwise seemingly random fluctuations in temperature. They reason that it would be possible to encode a message of about 100,000 bits—less than the RAM of a 1980s home computer such as the Commodore 64. That’s not enough space to store the contents of your smartphone, but it could be enough to give an incontrovertible indication that the communication was deliberate. For instance, it could describe the known laws of physics that govern the maker’s universe—something a daughter civilization advanced enough to have detected and measured the cosmic microwave background would know and recognize.


Zee steps back into the room, and I am about to ask him what gave him the idea for the paper when I realize that the tap that left him talking freely earlier—the one that changed him from stern and reserved to open and friendly—has somehow been turned off while he was out. “I think I need to stop now,” he says as he walks in. It’s suddenly time for me to go.


“I haven’t asked you about your paper yet,” I protest, surprised by this mood swing. Maybe he is just tired; we have been chatting for over an hour. But he seems uncomfortable and guarded again. Perhaps while he was out he figured that he was being drawn to talk a little too much about the boundary where physics crosses into metaphysics, and maybe even into religion.


“There’s not much to say about the paper,” he says abruptly.


This is an anticlimax. I start to pack up, but I hope to get some answers about the work while I do so. I ask him how he thought of this as a topic to work on. In an afterword added to a later edition of Fearful Symmetry, published in 1999, Zee had mused that our universe could be a “school-assigned science experiment carried out by a high-school student in a meta-universe.”10 Even so, it seems like a frivolous subject for investigation in an academic paper by such a serious-minded physicist, especially since it is so far removed from his usual research. He’s still uncomfortable, and mumbles that though this is a notion he had been mulling over for more than thirty years, the idea to tackle the question rigorously probably arose during a chat with Hsu while the two were taking a walk.


I’m standing up now, ready to be ushered out, and I ask the main question I traveled to his office for: He has written about finding evidence that our universe was created by an alien civilization or by God. How much of that was tongue-in-cheek? Does he think it’s a plausible idea? “I think it is a serious possibility,” he replies. “And if the data is out there, why not, right?” In fact, he adds, a German colleague who specializes in data mining, Michael Hippke, is already thinking about carrying out this search.


Okay, I think I have my answer, then. Serious scientists are investigating whether our universe could have been created by superior beings, so it is reasonable to think that—one day—we humans could become advanced enough to perform the same feat of creation. This universe-building project is worth pursuing.


I hand Zee back his copy of Fearful Symmetry and, remembering his poetic turns of phrase about the nature of symmetry, add in passing that I hoped to ask him more about whether he thinks of physics as a spiritual search, in terms of seeking out beauty. “Well, that’s a very good question because I am very much interested in that too,” he says, adding that he has been toying with the idea of writing a book about it himself, but—as with the publication of Fearful Symmetry thirty years ago—he is worried about going out on a limb.


Zee is opening up again, but only cautiously. He volunteers that as he has become older, he has started meditating. He brings me back to my earlier question about his religious beliefs, which he says he did not quite fully answer on the first pass. In truth, although he did largely abandon his interest in Catholicism at Princeton, he has started to go to church again—a Methodist church, chosen because it is close to his house rather than for denominational reasons. Zee married for the second time ten years ago and now has a four-year-old son (his third child) with his new wife, and for him at this point, churchgoing is about giving his son a sense of community and religious instruction; during the services, Zee tends to meditate and “do his own thing.” (Since our first meeting, when this conversation took place, I have spoken to Zee again, and he informs me that he no longer attends church.)


“I just feel very uncomfortable with the sort of totally rationalistic point of view that people like Weinberg express,” he says, harking back to his old mentor’s stance that the universe is ultimately meaningless. “It seems to me that there has to be a lot more than that,” Zee continues. “But to express this view in academic circles is almost the kiss of death.”


I see why Zee was so wary to speak about this now. This general attitude in the physics community has kept him quiet for years, and even today it seems to be preventing him from speaking freely about his “Message in the Sky” paper. He adds, without my prompting, that while they were preparing that paper, he asked Hsu to remove much of what he had written about the implications of such a finding, if it should ever be observed. Zee says that he regrets that now, but he does not elaborate on what exactly he censored. I make a note to call up Hsu and ask him if he remembers.


As we step into the corridor, a somber Zee recounts an incident that has stayed with him since he was a young professor in his thirties. A world-renowned senior physicist he had not previously mentioned—he tells me the name but asks me not to make that public—explained to him his view that there was no such thing as “mind,” that your mind is just your brain, and your brain is nothing more than electrons interacting electromagnetically, and so humans have no free will and everything is determined. “I just said, “I cannot believe that that is all there is!’” says Zee. His companion responded with a growl, “Tony, you’re a physicist, what are you talking about? What else is there?” “When you’re a young guy… with somebody like that, you just felt there’s no way to argue back,” Zee says. “Even decades later I feel very uncomfortable about that conversation.”


On my way out, I ponder that I have been relatively lucky with my own academic career in that my religious views were never openly ridiculed or challenged in that way by my colleagues. Yet there is a bias in the physics community against even a slight wavering toward religious belief—even one as watered down as Zee’s. So although Zee tells me he suffered little racism coming to the United States as a Chinese immigrant, that does not mean that he was free from the effects of prejudice.
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Back in London, I put in a quick call to Steve Hsu, who is now vice president of research at Michigan State University and hence a man with a busy calendar. Nonetheless, he seems keen to chat, replying to my interview request within minutes. When we do speak, he tells me jovially that he’s talking while cycling on his exercise bike; nowadays his admin duties fill so much of his schedule he has to “steal time” for research activities.


Hsu is happy to fill in some of the blanks from my conversation with Zee. The idea that a message from our universe’s maker (or Maker) could be daubed across the heavens first hit him when he learned about the cosmic microwave background as a grad student at Berkeley and realized it would provide a unique way for someone present at the moment of creation to communicate to all its future inhabitants. “It’s all based on a theoretical observation that everybody sees the same sky,” he says. Hsu ran the idea past a few people, but he admits they were not particularly interested. “If you don’t have a certain science fiction bent, then you’ll just think it’s nutty and not worth considering.”


Around the same time, he came across some papers by cosmologists about how to build your own baby cosmos—laying down the first crumbs of the trail that would eventually lead me to write this book. Again, Hsu’s interest was piqued. “It’s like, these guys have actually shown you how to make a universe in the laboratory, and once you think that’s possible, then you might ask, ‘Oh, gee, can you send a message to the people that are inside?’” Strangely, he notes, this idea of starting up a universe was not widely appreciated by most physicists back then: “I went through it carefully at the time, but most theoretical physicists were just not even aware it was possible.”


This strikes me as an important point. When I first came across the universe-building project in 2006, much later than Hsu, I too was surprised not to have heard of it before. Given its implications, why had it not garnered the attention that I—and Hsu, it seems—felt it so obviously deserved? It’s something I will have to dig into as I uncover the history of the project, but I suspect it is in large part because the project’s authors were as wary as Zee of being thought crazy, and played down the implications of their research to avoid unwanted attention.


It was only years later, once Hsu became a young professor at the University of Oregon, in Eugene, that he mentioned the idea to Zee, a long-term collaborator on other, more sensible topics in particle physics and gravitation. Zee, who for decades had whimsically contemplated the notion that our universe was created by an alien intelligence, saw its potential, and they wrote it up.


Hsu vividly recalls their concerns at the time that the paper would be interpreted in the wrong way. In 2005, as today, there was growing resistance to the theory of evolution, with advocates of intelligent design calling for biology teachers to teach their religious alternative—the idea that God guides evolution, rather than it being a blind and random process—in class. “When we wrote the paper we were thinking, ‘Oh, no, some crazy naive creationist is going to seize on this, and talk about how even the physicists are open to the idea that there is a creator,’” he says, laughing sheep-ishly. The notion that an alien in a lab built the universe stands apart from the need for a supernatural God or gods to have made it, he says.


So what did Zee ask him to censor in the paper about the implications of a potential discovery? Hsu laughs uproariously as I tell him that Zee now regrets being so heavy-handed, and he recalls it was something along the lines of “The only reasonable conclusion would be that this was a deliberate message and some entity actually had control over the fundamental interactions of our universe, and designed it in a certain way, and cared enough to encode a message that potentially all inhabitants of the universe could receive.” He adds with a chuckle, “So, you know, it’s a little bit like discovering the tablets of stone with the Ten Commandments.”


It’s difficult to evaluate the odds that we would ever find such signs—a structured message hidden in the seemingly random temperature ripples already detected. It would involve our universe having been made in that way and the creator choosing to convey this sort of message by these exact means. Hsu emphasizes that this is all highly speculative, but adds the optimistic note that cosmologists are currently scouring the measurements of the temperature differences in the cosmic microwave background in an effort to map it completely, to try to understand more about how the early universe was created. If there are any unexpected regularities—any slight hints of a coded communication—then people will spot them and try to analyze them in depth.


“If you think about stepping outside of theoretical physics for a minute, you just say, ‘What’s the most exciting thing you could discover?’ Well, if someone could give you, quote, ‘proof that our universe was created by a loving God,’ that would be pretty good, right? And this is coming up with a quasi-realistic way in which that could actually happen,” Hsu says.


It’s an exciting prospect, yet I wonder whether finding out that we were created, by aliens or by God, would (or should) change our view about becoming creators ourselves. Pain comes as part and parcel of this world, alongside hope and joy. The problem of evil is one of the biggest arguments leveled against believers: how could a loving God stand back and watch His creations suffer? Would we want to be responsible for inflicting life on others?


“I think there are real moral questions that we have to confront,” says Hsu thoughtfully. It is something he has been considering over the past decade, not just in the context of creating baby universes but also in terms of developing artificial intelligence (AI) and simulating consciousness in a computer. I had been thinking that those of a religious disposition might be more concerned than nonbelievers about the almost flippant chatter about creating life in a baby universe. But Hsu says something that makes me reassess this arrogant assumption. He notes that if you take a hard-line materialist view of the self and consciousness as emerging inevitably from the right ingredients—without any need for a God to breathe life into a being, or imbue it with a soul—then you must accept that any beings we create that display signs of consciousness and intelligence have just as much right to be considered living beings as we do.


“And any being—whether it’s an alien, silicon-based form of life, or it’s a dolphin, or something living in my computer—if I become convinced that it’s really self-aware and it has feelings and self-preservation motives, I have to really take into account some ethical questions there,” says Hsu. (I’ll return to this question about whether we live in a simulation, and the ethics involved in creating simulated life—or beings born within a baby universe of our making—in Chapter 10.) The problem, then, is even sharper for atheists because a homemade universe really could evolve life as we know it. “Eventually we’ll hit those problems,” says Hsu.
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After speaking with Hsu, I feel reenergized. He takes the universe-building project seriously but is also aware that it raises moral issues. And he has genuinely excited me about the prospect that if there is a hidden message from our makers in the sky, someone will find it as they scour through measurements of the cosmic microwave background.


There is one possible monkey wrench in the works that could stop astronomers from detecting such a message even if it is there, an obstacle Hsu had not considered but which cosmologist Eugene Lim, at King’s College London, noted in a paper in 2015.11 The idea was put to him at a meeting in Vieques, Puerto Rico, run by the organization that I work for, the Foundational Questions Institute. Lim recalls relaxing on the beach during a break in the conference with physicist David Tong, of Cambridge University. Maybe it was the heat or the heady sea air, but Tong looked to the sky and mused, with his tongue firmly in cheek, “What if God has hidden a message in the sky, but we’re destroying it by looking at it?”


Tong was referring to the possibility that God’s message—or any information about the birth of the universe—is encrypted in a quantum code. Quantum laws govern the microscopic world and are notoriously strange. The act of observing a quantum object can change its properties, leading Lim and Tong to begin pondering whether astronomers’ attempts to read the sky could in fact be tainting any messages they found.


In Chapter 2 I’ll delve deeper into the shifting sands of the quantum world. Its peculiar laws, which allow particles to be in two places at once or even pop into existence out of seemingly empty space, play an integral role in explaining how physicists might be able to conjure an entire universe in the lab from almost nothing. Along the way, I’ll meet those who argue that the uncertainty inherent in the quantum realm may also give humans free will—and, even more controversially, that quantum experiments have already revealed a hidden arena lying beyond space and time, whence God could intervene in the natural world.
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