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To believers and skeptics alike.






PROLOGUE

Ever since childhood I’ve wanted to be abducted by Aliens. My interest in the night sky began at age nine, after a first visit to New York City’s famed Hayden Planetarium, an attraction within the American Museum of Natural History. Growing up in the City, with persistent air pollution, light pollution, tall buildings, and endless evening distractions, were it not for the Hayden Planetarium, I’d have no relationship with the night sky at all.

After a few years, I joined the local amateur astronomer’s club,I and with my telescope, I’d look for occasions to be alone, at night, under clear skies. The more alone I was and the more secluded the observing site, the greater my desire for a beam of light to come down from the sky and take me away. This sentiment was especially stoked at the summits of mountaintops, surrounded by low-lying clouds below, at observatories in the Chilean Andes, where I obtained data for my PhD thesis. Just me, my telescopes, and the universe. The desire to be abducted was driven entirely by my cosmic curiosity and not by some suppressed need to escape civilization and leave Earth behind.

As a professional astrophysicist, I am not alone in this interest. We’ve all done the calculations. We know the size of the observable universe—more than 90 billion light-years across. We know the age of the universe—13.8 billion years. We know how many galaxies it contains—as many as a trillion. We know how many stars populate those galaxies—approximately 10,000,000,000,000,000,000,000 (ten sextillion), give or take a few. We can estimate how many planets and moons might orbit those stars—multiply by ten. We know the chemical ingredients of life—hydrogen, oxygen, carbon, nitrogen, and of course “other.” We know how common they are—among the most common in the cosmos. And we know how quickly life began—organisms have thrived for 95 percent of Earth’s timeline, starting when Earth was cool enough to sustain complex molecules.

We know these numbers well, which prevent any of us from imagining a universe not teeming with life. We desperately want to find them. Or maybe it is they who will find us. If that happens, and the space Alien demands, “Take me to your leader!” what will you do? What should you do? Our collective assumption is that the Alien wants to meet the person in charge of things: The President. The Prime Minister. The Monarch. The Pope. Or whoever happens to be the head of state. But plenty of other people are also “in charge” of things, especially multi-billionaires and captains of industry. Not knowing anything in advance about human civilization, but eavesdropping on our cultural norms before arrival, the Aliens might just as easily conclude that decade by decade, pop culture icons were also, or exclusively, in charge, such as Clark Gable, Walt Disney, Marilyn Monroe, Elvis Presley, the Beatles, Michael Jackson, Michael Jordan, Beyoncé, Taylor Swift.

For the Aliens to have reached Earth at all, from any place outside our solar system, we can reliably conclude they’re more advanced than we are, in every way. So, maybe you should not seek out your actual leaders, be they political, cultural, or religious. Perhaps you should instead seek out people who have high scientific and technological expertise. You might also hide from the Aliens everybody who thinks Earth is flat, as well as all others who deny what science is and how and why it works. This would also be the wrong time to convince them that your God created the universe and that humans, not Aliens, are created in His image. We want to leave the friendliest impression possible on our space visitors, whatever their intentions, be they plunderous, nefarious, or simply curious.

In science, skepticism is foundational to our profession, so we uphold standards of evidence that some interpret as disinterest or even denial. Don’t take it personally, it’s how any and all objective truths have ever been established in this world. Think of Take Me to Your Leader as a book of etiquette and insights for your next close encounter, or perhaps a scientifically infused user’s manual with helpful hints from an astrophysicist who wants to meet the Aliens as badly as you do.



	I. The New York Amateur Astronomers Association is the oldest in the country, founded in 1927.
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1 ALIEN TO US

If an Alien approaches you with multiple appendages, one of which looks like an extended hand, resist grabbing and shaking it. You don’t know in advance what part of the Alien’s anatomy you just touched, and you probably don’t want to find out. Furthermore, the handshake is not even a worldwide custom, so it’s surely not universal. Nor do you know if raising your hand in a “Hi!” gesture can be construed as an act of kindness or aggression. And what if the Alien chooses to greet you the way Earth dogs greet each other, and it simply wants to come around and sniff your butt? You don’t know anything about your new friend’s customs, so on a first encounter, it’s probably a good idea to leave all your habits at home, until you learn a thing or two about theirs.

We’re taught in biology class that humans share 99 percent of our DNA with chimpanzees, accounting for our common physical features and serving as evidence of a relatively recent common ancestor, living a mere 6 million years ago.1 Because all life on Earth has a common origin, that means any two species will have a common ancestor somewhere in the tree of life. The more different you are from each other, the further back in time you need to look. For example, the common ancestor between humans and bananas lived approximately one and a half billion years ago. A time in Earth’s tree of life that we could justifiably call the “banana split.”2 As long ago as that was, humans nonetheless share 25 percent identical genes with bananas.3

Don’t be upset. We evolved on the same planet.

But if a space Alien arrives from across the Galaxy and has no genes in common with humans—or no genes at all—then we might expect it to look at least as different from all life on Earth as humans and bananas look from each other. Yet most film renderings don’t even try, with Aliens looking identically human—on the outside. If they’re also identical on the inside, then we can ask what it means to think of them as Alien at all. If, however, they’re different on the inside—organs, physiology, biochemistry—a medical professional equipped with no more than a stethoscope would know immediately. If visiting Aliens never got ill or if they never required medical attention, then they could easily be living and working among us, hiding in plain sight. Otherwise, to blend in safely they’d need to hang out at cosplay festivals where dressing like Aliens is common, such as Galacticons and Comic-Cons around the world.

Without good evidence of what actual Aliens look like, we’re stuck imagining them. And imagine them we do. The Internet Movie Database4 lists no fewer than three thousand films, TV shows, video games, and documentaries with “Alien” in their title or description—both friendly and evil. Mostly evil. Many carry irresistible titles, such as: My Stepmother Is An Alien (1988), Sex and the Single Alien (1993), Cowboys & Aliens (2011), Alien Surf Girls (2012), and Aliens, Clowns & Geeks (2019). In all these portrayals, the humanoid form persists. And none of them look like bananas. Add to these Aliens the mythical-magical places on Earth that creative writers have conjured, such as Brigadoon, Narnia, Gondor, Hogwarts, Arendelle, and of course the Emerald City of Oz, and you’ve encountered Aliens while never leaving the planet. Aliens may have reached a pinnacle of pop culture in the 1996 animated film Space Jam, when a team of five humanoid, trash-talking monsters—one each in the colors blue, green, purple, orange, and red, collectively named the “Monstars”—arrive on Earth to play basketball with live-action NBA great Michael Jordan, along with Bugs Bunny and every other Warner Bros. Looney Tunes character that old-timers will remember, from Daffy Duck to Porky Pig.I

Yes, the Aliens are among us, and they’re here to stay.



In spite of the humanoid bias, Hollywood offers important starting points, however flawed, for us all to think about our first (or next) encounter with actual Aliens. On the matter of size, movie Aliens don’t tend to be extremely small, nor extremely large. In the 1987 film Predator, the ugly humanoid Alien stands about a foot taller than his human adversary, played by Arnold Schwarzenegger. Pegging Arnold at five foot tenII puts the Predator around six foot ten. One in six NBA players is at least that tall,5 so the Predator’s human proportions are not entirely off scale. And it bleeds. Perhaps they’re scarier when they can look straight in your eyes, rendering the human-sized velociraptor equally terrifying as Tyrannosaurus rex in the 1993 film Jurassic Park.

One might also wonder whether an entire race of Aliens can be no larger than an insect. The question is not whether Alien life could be that small, it’s whether Alien life could be that small and build spaceships that cross the Galaxy. While there’s no law of physics that prevents it, the forces of Nature manifest differently on small scales. It’s the realm of biophysics, and it’s why insects can walk up vertical walls and you can’t. It’s why fleas can jump 150 times their own height6 and you can’t. It’s why ants can carry up to fifty times their own body weight and you can’t. It’s also why spiders have spindly legs, but hippos, rhinoceroses, and elephants have thick, chunky legs.

The culprit here is that your weight is proportional to the cube of your size, while the strength of your bones is proportional only to the square of your size. So, if you make an animal twice as big, it will weigh 2 x 2 x 2 = 23 = 8 times as much as before. But the animal’s capacity to carry that weight increased by only a factor of 2 x 2 = 22 = 4 times as much as before. This places a practical upper limit on the size of living beings, lest they collapse under their own body weight. Note that the weight of whales is commonly reported as though they live and work on land. By that measure, the blue whale checks in at 150 tons. But, of course, whales don’t hang out on land. They live in the ocean, where the buoyant force of salt water on their bodies renders them functionally weightless. That’s why they can grow so large with no stress to their physiology and why a beached whale is as good as a dead whale. When life is small, strength wins relative to body weight, granting insects and other small critters their record-setting properties—in their own world.

In our world, however, insects can’t do much. You’d need the weight of 100,000 ants to bend a paper clip.III And that’s only if they all piled on, like college cheerleaders, in just the right configuration. So, how would they manipulate raw materials to fashion a space-worthy launch vehicle? The laws of physics greatly restrict the likelihood of Earth being visited by, much less invaded by, tiny Aliens.

The biggest-ever land animals on Earth come from the age of dinosaurs. Not quite as large as Godzilla, but they weighed upward of a hundred tons. Jumbo Aliens can surely bend our paper clips, and nothing prevents them from visiting us in outsized ships of their own design. But really big, mega-Aliens pose a problem. How about one the size of our solar system? A beam of light requires eight hours to span the diameter of Neptune’s orbit. Life-forms of that size would be neither nimble nor responsive to stimulus. If the Alien’s proverbial bald head itched, the signal would take eight hours or more (at the speed of light) to reach its fingernails and trigger a scratch response. This time delay would afflict any and all decisions our jumbo Alien would make. One might also ask on what mega-planet might such a mega-Alien live, if not just free-floating in space, and how it got to be that size. Not impossible, just unrealistic.

After decades of unimaginative-looking intelligent Aliens in pop culture, the 1977 film Star Wars: Episode IV—A New HopeIV featured a memorable scene in a dive bar, on a planet, in a galaxy, far, far away. Patrons were comprised of impressively varied Alien-creatures, ranging in size from five feet tall to seven and a half feet tall. Each one weirder than the next—drinking or smoking or both. The bar also featured an Alien jazz band with each performer playing a different wind instrument. This scene broke many molds for what Aliens could look like in films and paved the way for even more creative Aliens in the film’s sequel, and beyond. Yet nearly all Aliens depicted had a head, two eyes, a mouth, shoulders, two arms, two hands, and ten fingers.

I suppose we shouldn’t be surprised that most Hollywood Aliens are humanoid, with faces and bodies that resemble our own—an enduring feature of land vertebrates in Earth’s animal kingdom and of human actors paid to don Alien costumes. Even the xenomorphV creature, birthed in the 1979 film Alien,VI starring Sigourney Weaver, sports an (oblong) head, eyes, mouth, teeth, neck, shoulders, arms, torso, legs, fingers and toes, and a tail. But vertebrates occupy just one trunk in the tree of life’s foliage. What of other life-forms? How about spineless invertebrates? Ubiquitous fungus? Photosynthesizing plants? If Earth life is what your Alien models must mimic, then why limit creativity to humanoid vertebrates?



A good place to see what’s biologically possible on Earth is the fossil fields of the Burgess Shale in the Canadian Rockies of British Columbia, Canada. Most animal fossils of the world are the mineralized remnants of animal bones and exoskeletons. The unique composition of the Burgess Shale enabled it to preserve records of soft tissue in countless aquatic animal species from 500 million years ago, just after the Cambrian Explosion of life. This special place on Earth was the focus of the 1989 bestselling book Wonderful Life, written by evolutionary biologist Stephen Jay Gould. A sampling of the Shale’s mostly extinct creatures reveals all manner of squiggly appendages, spikes, random eyeballs, legs, fins, other means of locomotion, and tentacles. Any one of them would make a more inventive Alien than what Hollywood tends to produce.

Once, just once, I want to see a gray Alien portrayed with a full head of coiffed hair. The 1996 farcical sci-fi film Mars Attacks!, with an all-star cast, had a curvaceous femme Alien with big hair, but she was costumed by the invading Martians to look entirely human. So that doesn’t count. What they’ve gotten right from the beginning, however, is flying saucers with ramps that extend down to the ground. When not otherwise beaming you or themselves in or out of their craft, their use of ramps means that Hollywood flying saucers were wheelchair-accessible long before such accommodations were legally mandated in the United States.

Derived from eyewitness accounts, often under stress, including hypnotic revelations, Aliens tend to sort into twelve archetypes:7


	Grays—bald, gray, almond-eyed

	Nordics—beautiful, white-skinned, blue-eyed Aliens with long, flowing blond hair

	Reptilians—humanoid reptiles

	Pleiadians—hailing from the Pleiades star cluster and resembling the Nordics

	Insectoids—greatly resembling an oversized praying mantis

	Little Green Men—little green men

	Tall Whites—pale, towering, and fragile

	Hybrids—part Alien, part human

	Arcturians—luminous mystics, from the Arcturus star system

	Sirians—from the star system Sirius, the brightest in Earth’s night sky. Tall, luminous, wise, with subtle aquatic features.

	Annunaki—deities in ancient illustrations, with modern interpretations as visiting aliens

	Lyrians—cat-eyed humanoids from the constellation Lyra, the Harp



Does the universe offer only a dozen kinds of Alien types, or is that the limit of our capacity to imagine?

The current winner of the most creatively rendered Aliens contest, with no contenders, goes to the adult animated series Rick and Morty, on Cartoon Network. Rick is a crazed sci-tech genius who, through his various inventions, can open wormholes at will, granting him access to all of space, including other universes. Rick drags Morty, his pubescent grandson, on these adventures as they encounter Alien life-forms that would make the Burgess Shale proud. We see not only morphological diversity, but biological and behavioral diversity as well. The writers clearly enjoyed all their science classes in high school and college. Four examples from countless Rick and Morty Aliens include (1) Eye Worms, which are blue worms with a single large eyeball mounted up front. (2) Fart, which is a multidimensional gaseous entity that can convert one element into another, wielding the power of alchemy. (3) Testicle Monster, which is an amorphous blob with elongated tentacles and bulbous legs. It also wields a dozen different-sized eyes. And (4) Memory Parasites, which infect your mind with fake memories that are all pleasing and happy. The internet is persistently abuzz with rankings of the show’s Aliens, but beyond the storytelling, Rick and Morty is an exercise in imagining all the ways of being alive that our universe, and others, might harbor. It appears, however, that this exercise in human imagination long predates Hollywood.



Thousands of years of ancient art—from cave paintings to stone and wood carvings to papyrus etchings—have showcased fantastical renderings of human beings or other life-forms. There’s no end of examples from the dawn of civilization. Common tropes include bubble heads, peculiar appendages, ray beams emanating from hands or eyes, and levitation. The subject is so fertile that the show Ancient Aliens,VII one of the History Channel’s longest-running franchises, persistently tries to convince the audience that all unexplained imagery derives from Aliens meddling in our earthly affairs. The program is now in its third decade and still going strong.

Their formula works—if you ignore these alternative explanations…


	The illustrations were drawn by toddlers in an ancient kindergarten class.

	 A bunch of adults sat around ingesting psychoactive mushrooms and then started drawing pictures.

	Without a Netflix account, ancient peoples had nothing better to do at night, so they imagined exotic creatures that embodied their fears.

	They revered the forces of Nature, turned them into gods, and illustrated them wielding imaginative powers beyond their own.



… leaving the viewer ripe for thinking that prescientific ancient peoples were eyewitnesses to visiting space Aliens.

In 1974, during the summer after tenth grade, I participated as a student researcher on an expedition to explore uncharted prehistoric menhirs, like Stonehenge, that dot the British Isles. I was especially intrigued by the accompanying geometric stone etchings of either these ancient peoples or their visiting Aliens. So I thought I’d try it myself. With a fist-sized stone I started rubbing circles into a larger stone. To my astonishment, I made similar markings as my ancient predecessors with no more than ten to fifteen minutes of invested time, which left me thoroughly demystified.

By invoking Aliens to explain all of history’s mysteries, we deny our ancestors the power of imagination, which today we cherish and celebrate in our fantasy-fueled storytelling across genres. Five of the top ten highest-grossing films of all time, led by James Cameron’s 2009 Avatar, involve imagined, nonexistent creatures—stuff we just conjured in our heads, with or without hallucinogens. If we add superheroes to that list, the count rises to eight out of the top ten. Consider how many exotic creatures exist in ancient Greek, Roman, and Norse religions (all European), where nobody is crediting ancient Aliens, or Aliens of any kind. The list is long and impressive: from Minotaurs (half bull/half human) to Centaurs (half horse/half human) to Gorgons (including snakes-for-hair Medusa) to the flying Valkyries. Not to mention Apollo’s and Mars’s sky chariots, griffins, and cherubs with aerodynamically useless wings.

The original peddler of this brand of thought is Danish author Erich von Däniken and his 1968 mega-bestseller, Chariots of the Gods. His assertions, however, didn’t deny creativity to ancient peoples. Instead, he denies them intelligence. For example, in the Nazca plains of Peru—the roaming grounds of a civilization from two thousand years ago—appear outsized illustrations etched in the desert floor. Using AI-assisted analysis of satellite imagery, the number of identified and discrete geoglyphs has nearly doubled from previous estimates.8 The patterns vary. Some are crisscrossed lines. Others resemble wild animals. Some are humanoid. Still others are geometric. The recognizable patterns are so large that they make sense to a viewer only from a high elevation above the plains. Since von Däniken can’t figure out how ancient peoples would possibly know how to create such huge illustrations, and in his own mind he’s clearly smarter than them all, he presumes they were guided by Aliens floating above the plains. Of course, the crisscrossed lines were runways for Alien crafts, even though anything that can hover does not require a runway. But it’s not hard to imagine a way to accomplish all this without appealing to extraterrestrial landscape architects. Create a small grid of squares and draw a picture on it, then make that same grid as large as you choose. All you need to do is draw the same lines within the corresponding boxes of the larger grid. This effectively magnifies your illustration to arbitrarily large sizes, removing the need for Aliens.

That’s a case of “I’m, clueless, so Aliens must have done it.”

Perhaps the most celebrated wonders on Earth that some people are sure were either built or orchestrated by Aliens are the Egyptian pyramids of Giza in northeast Africa, which date from five thousand years ago. For context, the next-tallest stable structure to be built on Earth was the Eiffel Tower in 1889. We should indeed be impressed by this Egyptian architecture from so long ago. But some people are in denial that the ancient Egyptians had anything to do with the achievement. Holding aside the racist undertone that Africa could not possibly spawn an advanced civilization before Europe did, or at all, the premise of the otherwise-entertaining 1994 film Stargate, starring Kurt Russell, was that technologically advanced Aliens portaled from deep space to the Nile valley and built the pyramids. A premise so fertile that it spawned a multi-season, multi-spinoff television franchise.

That’s a case of “I don’t believe it, so Aliens did it.”

For decades, mysterious, large-scale, intricate, and beautiful illustrations would appear overnight in the wheat fields and other grain crops of farmers. Felled and trammeled stalks made excellent, highly visible geometric patterns, best viewed from high above. They came to be known as “crop circles” and were widely presumed to be designed and drawn by Aliens. Most appeared in southern England. The rest in France, Germany, Australia, and of course the United States—all countries, by the way, with no food shortages. Most crop circles would ultimately be revealed as hoaxes. But most is not all. Some have no explanation. Same with reports of mutilated cattle from the 1960s through the 1980s, popular in the United States, especially in Kansas, Nebraska, Colorado, and New Mexico. Some have natural explanations, such as the leftover carnage from a local predator. The rest, a mystery. But what they all have in common is that nobody saw it happen. So, if Aliens are responsible, it means they worked fast, under the cover of night. It also means they like geometric farm art as well as the internal organs of domesticated farm animals. And above all else, they are shy.

A case of “Nobody saw anybody do it, so Aliens did it.”



None of these Aliens, if they existed as imagined, were particularly maleficent. Somebody had to think that up and write stories about it. Between 1895 and 1897, H. G. Wells birthed the evil Alien genre with the serialized novel The War of the Worlds. In keeping with the mythological canon, these non-humanoid Aliens came from planet Mars to kill all humans. Mars, of course, is named for the Roman god of war. The Aliens from Mars were eventually weakened and defeated, not by our most advanced weapons or military tactics, but by Earth-based germs,VIII to which all humans had become immune through natural selection. The freshly arrived Martians, of course, had no such evolutionary immunity.

Some, if not most, of the early popularity of that story can be credited to the wealthy, turn-of-the-century, Mars-crazed astronomer Percival Lowell. He built one of the world’s best observatories in the desert mountains of Arizona. From there, in the 1890s, he would observe Mars and declare that, through his telescope, he could see “non-natural” features, especially canals crisscrossing its surface. He hypothesized that Martian cities were running dry and needed extensive waterways to melt and draw water from the famous Martian ice caps for distribution to the rest of the planet’s surface. He would publish three books, titled Mars (1895), Mars and Its Canals (1906), and Mars as the Abode of Life (1908).

Nobody was able to duplicate his observations. Of course not, because Lowell’s telescope was better than theirs. When bigger telescopes came on line with higher resolution, still nobody was able to duplicate his observations. Of course not, because it was all in Lowell’s head—a bias so strong that it influenced what he believed he saw through his telescope. But that didn’t matter. Mars had catapulted to pop culture awareness as never before. Lowell would also achieve fame by launching the search for Planet X, which led to the discovery of Pluto at his observatory by Clyde Tombaugh in 1930.

So scary and compelling was Wells’s story that it inspired an infamous 1938 Halloween Eve radio play by Orson Welles, presented as breaking news, which spooked many listeners into thinking the invasion was real. It also spawned three feature films of the same title, one in 1953, a second in 2005 featuring Tom Cruise, and one in 2025 featuring the rapper-actor Ice Cube. Actually, there’s a fourth film worth mentioning. The 1996 summer blockbuster Independence Day, starring Will Smith. Again, evil Aliens came from Mars to destroy Earth. But in a plot point not entirely acknowledged in the credits, nor in the marketing, the film draws from the H. G. Wells playbook where, once again, the Martians are defeated, only this time by a computer virus, cleverly uploaded to the Alien computers to undermine their defenses.



If evil Aliens are from Mars and want to kill you, then beautiful Aliens are surely from Venus, a planet named for the Roman goddess of love, and they want to have sex with you. This trope is captured in the 1958 film Queen of Outer Space, where an all-male crew of astronauts lands on Venus, only to be greeted by Zsa Zsa Gabor, a sex symbol of the day, and a colony of aggressively beautiful women, including Marilyn Buferd, a former Miss America. The film was written by men, expressing some kind of Alien sexual wonderland. That male fantasy ran amok in the 1995 film Species, which features a female Alien desperate to mate with human men so she can merge her DNA with ours. How would you accomplish that? Make her irresistibly beautiful, and horny.

Turning the tables, pop-music icon Katy Perry, among her nine number one hits, released a song in 2010 titled “E.T.” for her third studio album, Teenage Dream. That track contains multiple suggestive lines among its fifteen stanzas in which she imagines an Alien encounter. My two favorites are “Stun me with your laser” and “I wanna… be there when you vibrate.” Either it’s all metaphor, or she simply wants to bone the Alien.

Such urges enjoy curious precedent in the form of incubi and succubi—demonic spirits that invade your sleeping body at night. The succubus sexually arouses the male. The incubus arouses the female. Centuries of medieval folklore and religious references to these phenomena offered victims guilt-free accounts of their immoral fantasies and projections. With the arrival of the twentieth century’s space-induced era of flying saucers and reports of abductions, sex-curious demons morphed into sex-curious Aliens. Accounts were rampant of Aliens who poked and probed the abductee’s sexual organs. The victims typically recounted these visitations under hypnosis, because, of course, they were asleep when it happened.9 The root of this phenomenon may be a condition called “sleep paralysis,” where your body is immovable, but your mind drifts between a state of stupor and awareness, which can impart the memory of a paralytic encounter with a force beyond your control, whether or not sex was involved.10

As for conscious sex with Aliens, Captain Kirk of the original Star Trek television series was quick to romance comely Aliens who were clearly female, but otherwise green or blue or some other skin color not found among Earth humans. In the 1960s this was entirely acceptable behavior on prime-time television. But when he and his (100 percent human) Nubian Lieutenant Uhura kissed each other on the lips, in a brief scene in episode 10 of season 3, the show received endless angry letters—especially from the American South—objecting to what was the first-ever kiss between a White person and a Black person on television.11 Sure evidence that race relations on Earth had much further to go.IX



Apparently, being different can be terrifying to others, even if you otherwise look the same. In the creepy 2025 AppleTV series Pluribus, nearly all humans on Earth get infected with Alien DNA, changing their behavior into a hive mind. Everyone otherwise looks exactly the same as before. The OG film in this genre is the 1956 film Invasion of the Body Snatchers. Alien pods arrive on Earth that slowly and systematically replace actual humans—absorbing their looks, their physiology, their talents, their memories. What they lack, however, is human emotion. No monsters. No bloody massacres. No spooky scenes. Yet it’s one of the greatest horror films ever made. Characters in the film simply do not know whether any of their friends or loved ones have been replaced. And neither do you, the viewer. At the time, the United States was only just emerging from the McCarthy-era Red Scare, which stoked a moral panic that led people to suspect their friends and neighbors might secretly be Communists—a political landscape that magnified the film’s storyline.

What if an Alien is behaviorally indistinguishable from you, but is physiologically different? In a 1961 episode12 of Rod Serling’s The Twilight Zone, titled “Will the Real Martian Please Stand Up?” an Alien craft arrives in the dark of night near a roadside café, but is otherwise concealed by dense woods. Hearing reports of a UFO, state troopers arrive at the scene. Suspicious that some of the diners in the café may be Aliens posing as Earthlings, the troopers interrogate them all to no avail, and leave. Turns out, two of them were actually Aliens, but you couldn’t discern this fact by simply talking to them. One was a (male) scout from Venus, while the other was a scout from Mars—each preparing for an Earth invasion. A fun, mildly terrifying story, but none of these details matter to us here. How were these two Aliens from other planets portrayed? The whole time, the Martian had concealed he had a third arm. The Venutian, under a fez-style hat, reveals a third eye in the middle of his forehead. Those simple adjustments to human physiology passed as humanoid Aliens in 1961.

That same year, Betty and Barney Hill, a married New Hampshire couple with no history of delusion or other mental instabilities, recounted being abducted by extraterrestrials under hypnosis. Snatched while driving along a winding road in the White Mountains, their descriptions of the Aliens and the invasive probing of their bodies were widely publicized and helped establish the modern Alien archetype as well as the Aliens’ fascination with our body orifices.

By the 1970s, with books and television and films riding the zeitgeist, our collective agreement on the appearance of a bona fide, non-evil Alien converged rapidly: Gray colorless body. Can be green. Large eyes. Bald. Disproportionally large head—especially forehead. Long fingers. Thin limbs. Bipedal. And, of course, humanoid, but generally tinier and skinnier than we are. And just in case we all needed our imagination refreshed, in 1987 Whitley Strieber published his bestselling novel Communion: A True Story, a first-person account of the author’s own Alien abduction. The book spent six months on the fiction bestseller list with jacket artwork portraying the head of an extraterrestrial who, by the late 1980s, came from Alien central casting. That visage is here to stay. Even Roswell, New Mexico, the town near the site of a famous July 2, 1947, UFO crash, has monetized the Alien archetype into a local tourist industry. Apart from Alien mugs and T-shirts and innumerate other knickknacks, the streetlights sport classic Alien almond-eyed, head-shaped covers. And why not. July 2 is celebrated as “World UFO Day,” with skywatch parties around the globe. Not to be confused with “Alien Day,” April 26, a marketing ploy by 20th Century Studios to call attention to their lucrative Alien film franchise, with the date extracted from LV-426, the home moon of the original Alien.



Biologists may boast of the extraordinary diversity of life on Earth—a planet that harbors upward of 10 million plant and animal species,13 most of which are insects, as well as 5 million species of fungus,14 and possibly a trillion species of microbes.15 But at the end of the day, and behind closed doors, biologists must confess to one another that the DNA double helix encodes all life on Earth and the commonality of genes points to a single genesis, nearly 4 billion years ago. Why is that a confession rather than a boast? A true quest for biodiversity would be the search for life, with or without DNA.

Could it be that DNA is an inevitable outcome of complex biochemistry anywhere in the Galaxy? If so, think of it as a biological analog to minerals and rocks. The geologist expects them to form the same way—under similar conditions of pressure and temperature—wherever those ingredients are found on Earth and across the Galaxy. If so, then DNA is cosmically fundamental, but we’d have no reason to think that Aliens, having evolved from scratch elsewhere, would contain any genes in common with Earth’s evolutionary tree of life. No banana connections at all.

One of the few Hollywood Aliens that passes the no-DNA-in-common-with-life-on-Earth test appeared in the 1958 film The Blob, starring Steven McQueen. The creature arrived via meteorite, and was a gelatinous, amorphous, flesh-hungry life-form aptly described by the film’s eponymous title. Nothing vertebrate about it. Perhaps more terrifying than your average Alien, since it could enter your home or office by oozing through air ducts and under doorways. And who could forget the microscopic Alien life in Michael Crichton’s first novel (and 1971 film) The Andromeda Strain. Arriving on one of our own sample-return satellites from space, the life-form was crystalline and lethal. Another candidate was the Horta in “The Devil in the Dark” episode from the original Star Trek TV series.16 It was silicon-based life. And since silicon is the active ingredient in most rocks, this life-form was simply an animate rock. What those Aliens have in common apart from no DNA is that none of them were intelligent. Or more precisely, they wielded no technology.

The attraction of silicon as the basis for Alien life in science fiction storytelling has authentic biochemical foundations. On the Periodic Table, the location of elements is not random. One feature is the common configuration of outer electrons for all elements that appear in a single column. It’s the outer electrons that determine what other elements you get to bond with—by sharing, donating, or receiving them. That’s how you make molecules. The element that sits directly below carbon on the Table is silicon, which means all the molecules you can make with carbon you can also make with silicon. One for one. For example, we have CO2 (carbon dioxide), but we also have SiO2 (silicon dioxide). Since life on Earth is carbon-based, why not imagine an Alien biota with silicon atoms swapped in for carbon atoms?

As tempting as that sounds, it’s simply unnecessary. Carbon is the fourth most abundant element in the universe, and it’s everywhere. But more importantly, carbon is a factor of ten times more abundant than silicon. Furthermore, chemical bonds made with carbon tend to be more fungible than silicon bonds, granting Nature a much broader set of experimental recipes to spawn the diversity of life. Especially after episodes of major extinction, when ecological niches have been pried open and become ripe for new species to emerge and thrive. Although one could imagine, in principle, a lava-hot environment where silicon bonds become as fungible as carbon bonds. But suppose we discover life that isn’t encoded by the DNA molecule at all. That would render Earth’s entire tree of life as nothing more than a sapling in the cosmic forest.

These biases might include our collective dependence on liquid water, which leads to the famous “Goldilocks Zone” of star systems: if a planet orbits too close to its host star, heat from the star will evaporate its waterways and oceans; if the planet orbits too far, the water freezes, although important exceptions exist. Jupiter’s moon Europa sits far outside of the Sun’s Goldilocks Zone. Yet under a thick layer of insulating ice sits a moon-wide ocean of liquid water, kept warm by tidal stress induced by Jupiter and other moons. One of several moons in the Jovian and Saturnian systems with these properties.

The liquid water prerequisite is surely our biggest bias. One can even make a stronger statement: almost every place on Earth where there’s liquid water, we have found life. Even the Dead Sea, between Israel and Jordan, contains happy, salt-resistant microbes swimming about. Whoever first named that body of water did not have a microscope. Regardless, maybe life does not require liquid water at all, but instead requires just a liquid.

In the 2026 film Project Hail Mary, starring Ryan Gosling, the Eridians are a friendly race of craboid aliens from the Eridani star system. They thrive in a high-pressure and high-temperature atmosphere of ammonia. Andy Weir, the software engineer turned sci-fi novelist, and author of the 2021 book on which the film is based, conceived of Eridians as a challenge to both the humanoid and water biases of our Alien imaginings.

So, if Aliens crash-land in any of Earth’s hot, sandy deserts, and if they crawl forward with thirsty tongues hanging from their mouths chanting, “Ammonia, Ammonia,” don’t question their means of nourishment. Just honor the request.

Maybe the best rendering of an Alien is no rendering at all. In the 1968 Stanley Kubrick epic, 2001: A Space Odyssey, and in the 1997 film Contact, starring Jodi Foster, based on a novel by American astronomer Carl Sagan, we never see the Aliens. Their form and substance have been left to our imagination—which is perhaps where they should stay until we gather actual evidence on the morphology of extraterrestrials. Until then, we’re compelled to ask, what’s the most different kind of Alien one can imagine?



In the 1500s, the Catholic Church was not in the mood to entertain such possibilities. The Italian monk-philosopher Giordano Bruno was particularly enchanted by Nicolaus Copernicus’s 1543 seminal tract: De Revolutionibus Orbium Coelestium (On the Revolution of the Heavenly Bodies), in which he establishes the Sun, and not Earth, as the center of all motion. This thesis directly contradicts a literal read of the biblical Genesis, where you have to wait until the sixteenth verse—after God creates the heavens, the earth, the waters, and the plants—to get the Sun and Moon in the sky.


And God made two great lights; the greater light to rule the day, and the lesser light to rule the night: he made the stars also.17



Copernicus’s heliocentric idea spooked him enough to wait until he was mostly dead before releasing the book, dying within days of publication. You can’t persecute someone who is already dead. But Bruno took Copernicus’s heliocentric model to its logical conclusion. He reasoned that if Earth is just a planet like all the others in orbit around the Sun, then maybe the stars of the night sky are also suns. And if so, then maybe they too have planets that harbor life.

This idea not only decentralized Earth, it decentralized life on Earth as the object of God’s creation. The Holy Roman Inquisition found the concept so heretical that they put Bruno on trial, found him guilty, and burned him at the stake—upside down, naked, and with a plug hammered into his mouth so that even in Hell he could not preach such heresies. One of his last utterances to his accusers was, “Your God is too small!” Just what a religious, God-fearing Alien might say of us as well.

By 1889, a contrite monument to Bruno would be erected in the Campo de’ Fiori piazza in Rome, the site of his execution. Fast-forward to November 2009: Inspired by rampant reports of UFOs and Alien abductions, the Pontifical Academy of Sciences held a conference of scientists and religious leaders in Rome. The subject? Life on other planets. Apparently, it’s no longer heresy to think such things, so at least for now, we can count the Catholic Church as being all-in on Aliens.



If there were an Alien sighting guide, like the kind birdwatchers might reference but for birds, the Alien you least want to meet is the one made of antimatter. One of the great mysteries of modern astrophysics is the asymmetry between the matter and antimatter in the universe. In every experiment ever conducted, when you create matter out of energy—understood via Albert Einstein’s famous equation: E = mc2—you get matter-antimatter particle pairs. Each particle has exactly the same mass as the other, but opposite charge and other opposite properties in the quantum realm. This favorite fuel of sci-fi rocket propulsion is real. First predicted in 1928 by the English physicist Paul A. M. Dirac, it was discovered four years later by the American physicist Carl Anderson. During the early universe, when everything was a seething cauldron of energy, matter and antimatter would spontaneously pop in and out of existence, transforming back and forth into photons—light energy. But as the universe expanded and cooled, there would be one last time that a photon became a matter-antimatter particle pair. Except that one in a hundred million of the photons mysteriously created a lone particle without an annihilation partner, which would evermore remain adrift in space with an empty dance card. The rest would find partners and annihilate, becoming photons one last time.

That one-in-a-hundred-million particle was made of matter, with no antimatter particle to match it. Nobody knows how or why that happened. But it did, leaving us with a universe of a hundred million photons for every particle of matter. And no antimatter. Without that tiny asymmetry, the universe would contain only photons and no matter, and we wouldn’t exist. So we’re glad for the asymmetry, but the question remains, what caused it? Where did the antimatter particles go, if in fact they were created at all? And most importantly, did Aliens gather them up and create an anti-universe of their own?

On the off chance that your first encounter is with an Alien made entirely of antimatter, always carry something in your pocket that you can toss. A coin will do. If, upon catching it, the Alien spontaneously explodes with the power of two hundred million sticks of dynamite, then it was made of antimatter. Otherwise, you’re good to go.



	I. You are surely eager to learn that Porky Pig’s full name is Porky Cornelius Washington Otis Lincoln Abner Aloysius Casper Jefferson Philbert Horatius Narcissus Pig, as revealed in the 1936 cartoon Plane Dippy.

	II. Private communication with Terry Crews, a friend of Arnold Schwarzenegger.

	III. In an experiment performed at home, an average paper clip requires a force of about 10 ounces to bend. An average ant weighs one ten-thousandth of an ounce. If 100,000 ants piled onto a paper clip, they might just succeed in bending it.

	IV. The first film made in the franchise, originally titled simply Star Wars.

	V. A fictionalized word invented to describe the class of Aliens portrayed in the film.

	VI. Between 1979 and 2026, nine films have been produced in this franchise, plus a TV series.

	VII. Frequently hosted by the affable Giorgio A. Tsoukalos.

	VIII. An idea drawn from the germ theory of disease, advanced by Louis Pasteur and other scientists of the time. Viruses themselves would not be isolated in the lab for several more decades.

	IX. With progressive foresight, actor William Shatner, playing Captain Kirk, declined the on-set request to record the “Kiss Scene” twice, one with an actual kiss and one with just a romantic embrace, knowing it would force the director to use the kiss in the final edit. Recounted in a StarTalk interview with the author: https://startalkmedia.com/tonight-neil-degrasse-tyson-talks-star-trek-science-fiction-william-shatner/.
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2 ALIEN TO THEM

The level of ego and emotional centricity in the human species knows no bounds.

How else could we feel compelled to assert that the Sun, Moon, and stars revolve around us, affecting our financial circumstances and our romantic lives? The entire pursuit of astrology, with its horoscopes conceived by professionals who channel a caring universe, is among the most egocentric things we do. Although, in all fairness to everyone before the telescope was invented, the skies themselves aided and abetted our delusions of centricity. We even retain geocentric phrasings that preserve these notions. Instead of asking, “What time does Earth’s rotation bring my location on its surface into view of the Sun at my horizon?” We simply ask, “When is sunrise?” I’m all for the simplicity as a quaint remembrance of cosmic ignorance. But such shorthand comes with risks for people who take such phrasing literally.

How else could any of us believe that the creator of the universe cares about when and where you worship, who you mate with, or what foods you eat or don’t eat and what time of day you eat them?

Out of concern that rampant UFO sightings might test the faithful, the conservative magazine National Review featured an article in 2021 titled “UFOs Don’t Cancel Out Christianity.”1 Practically speaking, Christianity is a two-thousand-year-old religion with billions of followers. It’s not going to close for business simply because there might be Aliens. Although if your brand of Christianity today matches that of the Catholic Church up to the year 1600, when Bruno was burned, then Aliens just might make you lose your religion.

Imagine a pair of Aliens, perched halfway across the Milky Way, staring at a dense star field, and one says to the other, “See that distant star? The one that’s indistinguishable from a billion other stars just like it? On its third rock in orbit, there’s a species that’s certain the whole universe was made just for them.” To visiting Aliens, we are just one of many life-forms on Earth. We sport a rectangular middle with four appendages sticking out from within, topped by a round bulbous thing with a front-facing hole that emits sounds. Not a master plan for animals on Earth, just one of many. Insects have six legs. Flying insects have six legs plus wings. Birds, bats, and anatomically correct dragonsI have two legs plus two wings, having forfeited their forelimbs to fly. Snakes have no arms and no legs and they can see in the infrared. Arachnids and octopuses have eight legs. Centipedes have dozens. Millipedes can have hundreds.

So, when wondering what we might look like to Aliens, we must first abandon all our preconceived notions of self, and we must especially abandon our unbridled human hubris. Only then might we imagine what the Alien’s first impression of our planet and of us will be. Some hubris presumes we’d make immensely interesting objects of study for them, accounting for their persistent pursuit of our body orifices. Or maybe what’s manifesting is not human hubris but Alien curiosity. Are they behaving any differently from my Natural History Museum colleagues, who specialize in the physiology of all manner of animal species on Earth, from worms to spiders to primates?



The eighteenth-century French philosopher, writing as Voltaire,II explored some of these themes in his playfully imaginative novella Micromegas (1752).2 He’s writing after the discoveries of Isaac Newton, so gravity and motion are well understood. And by then, the microscope and telescope had become staples of scientific inquiry for one and a half centuries. Unconstrained by the then-unknown limits of biophysics, Voltaire comedically confronts our provincial senses of size, time, and life itself.

He describes an Alien called Mr. Micromegas, who hails from a huge planet that orbits the bright star Sirius. Micromegas is 120,000 feet (23 miles) tall and loves to explore. He has a huge, brilliant brain, and lives for more than 10 million years. He and his fellow Sirians wield a thousand senses, and it’s all completely normal to him—until he travels the Milky Way Galaxy and comes upon the planet Saturn in our solar system. There he meets one of its dwarf residents, the secretary of the Academy of Saturn, a man standing a mere six thousand feet tall, with a brain just a tiny fraction the size of his, and who lives a mere fifteen thousand years. These poor Saturnian souls wield only seventy-two senses. Micromegas wonders how a creature so small, with so few senses, could have any intelligence at all, and is surprised to learn they do. They become fast friends. But the Saturnian, ready to leave his home planet with Micromegas to explore some more, learns that the female ruler of Saturn yearns for him to stay because they had just begun a promising relationship:


“Cruelty! After resisting you for 1,500 years, just when I was beginning to come around, when I’d spent hardly a hundred years in your arms, you leave me to go on a voyage with a giant from another world.”



She continues, exasperated:


“Go, you’re only curious, you’ve never been in love: if you were a true Saturnian, you would be faithful. Where are you running off to? What do you want? Our five moonsIII are less errant than you, our ring less inconsistent. It’s over, I will never love anyone ever again.”



Her reaction, especially coming from a Saturnian, sounds like it could be summarized by a single line from Beyoncé’s 2008 hit song “Single Ladies”: If you like it, then you shoulda put a ring on it.

Unrequited love be damned. Off they go, equipped with scientific instruments. Next stop, Earth. After they eat a mountain, they wade ankle-deep in Earth’s oceans, and have occasion to pull out their microscopes. The Sirian’s is 2,005 feet in diameter. The Saturnian’s just 160 feet in diameter. Both were intrigued by a whale swimming in the waters, tiny as they are, and “began laughing… at the ludicrously small scale of the things on our planet.” Next, they lift from the water a sailing ship, about the same size as the whale they just examined. The Saturnian utters, “Here is a very different animal from the first.” In this threesome, the humans are the most Alien of the bunch. Micromegas can’t believe his senses. He—


clearly saw that the atoms were speaking to each other. He could not hear the atoms talk, and he supposed that they did not speak. Moreover, how could these impossibly small beings have vocal organs, and what would they have to say? To speak, one must think, more or less; but if they think, they must therefore have the equivalent of a soul. But to attribute the equivalent of a soul to this species seemed absurd to him.



Lastly, sizing up the Saturnian and the Sirian, the Earthling shared with great confidence his own view of the universe:


He looked the two celestial inhabitants up and down. He argued that their people, their worlds, their suns, their stars, had all been made uniquely for mankind. At this speech, our two voyagers nearly fell over… with laughter. Their shoulders and their stomachs heaved up and down, and in these the Sirian… spoke to them with great kindness, although in the depths of his heart he was a little angry that the infinitely small had an almost infinitely great pride.



Hailing from a brilliant mind in the age of enlightenment, fantasy that was—fantasy this is. But it benchmarks so many assumptions about who or what we might be to visiting Aliens.



On the small end, perhaps the tiniest Aliens ever conceived came from the mind of American astronomer Frank Drake. In a December 1973 interview, appearing in Astronomy magazine, Drake imagined Aliens that live on the surface of neutron stars. A neutron star is the small, dense end-state of stellar evolution for a high-mass star that has gone supernova. What were once atoms, comprising empty space between the nucleus and the orbiting electrons, are now nuclei packed cheek to cheek, after nearly all the electrons and protons are crammed together to make neutrons. For reference, if the nucleus of an atom were a kernel of popcorn in the center of a baseball stadium, the baseball stadium would be the size of the atom. Yes, atoms are mostly empty space.

A ball that is almost entirely neutrons, a mere dozen miles across, packs the mass equivalent of the entire Sun, creating the densest material known in the universe. Cram a herd of twenty million elephants into a sewing thimble and you’ve matched the density of a neutron star. That density renders a surface gravity so high that to ascend the thickness of a sheet of paper you would exert more energy than would a rock climber on Earth ascending a three-thousand-mile-high cliff. Drake’s account in the interview is even more stark: “If you work it out, the amount of energy required to climb [a] half-inch mountain exceeds the total energy your metabolism can produce in a lifetime.”

These Aliens would be made of nucleons, the subatomic particles that live within the nucleus of an atom. For practical purposes they’re ordinarily protons and neutrons, although each is comprised of more fundamental particles called quarks. Combining the density, the high gravity, the forces at work, and the particles involved, nuclear fusion would be common, allowing many combinations of nucleons with all the complexity we find in atoms and molecules that gives rise to life as we know it. The surface temperature of a typical neutron star can reach hundreds of thousands to millions of degrees. Those temperatures break apart all molecules and strip atoms of all their electrons, leaving naked nuclei zipping about at nearly the speed of light. Naked nuclei thrive in this high-temperature environment. That’s why Drake imagined nucleonic Aliens that live for only fractions of a second, running through many generations every moment.

In the spirit of Voltaire’s Micromegas, Drake inverts our perspective on what is normal:


For all we know, out there on a neutron star there’s a scientist who is the size of a pinhead describing something which is even more bizarre. He may be trying to show that there could be life “out there” in those places, the ordinary stars, which are very high vacuums to him. It just could be that it is not they who are preposterous, it is we.



And what might the scientists be saying among themselves?


“Our theoreticians have predicted things called atoms… almost empty space… we never thought they could exist but they seem to exist out there. Could there be life? Suppose those things bond together to make a big molecule? Well it wouldn’t be alive. After all, the temperature is too low and everything happens so slowly that nothing ever changes.” 3



Voltaire would be proud. And yes, it’s not all that hard to imagine Aliens whose worldview precludes any awareness or even acceptance of our existence.

The award for dissing humans comes from a 1991 short story titled “They’re Made Out of Meat.” Sci-fi writer Terry Bisson imagines a conversation between two ethereal Aliens—whose state of existence is not revealed—as they debate how humans can possibly transmit radio signals, even though they’re made entirely of “meat.”4 Later in the dialogue, one Alien attempts to describe how humans communicate with each other:


“You know how when you slap or flap meat it makes a noise? They talk by flapping their meat at each other. They can even sing by squirting air through their meat.”



Kinda makes you embarrassed to be human.



What if Alien civilizations made movies that feature Aliens? Are we the Aliens in that scenario? In their stories, do we lay waste to their homes and slaughter with abandon? Do they fear us? What do we look like to them? Consider Los Angeles, a large city heavily crisscrossed by major freeways, many of them twelve lanes wide. Hardly anyone ever walks anywhere. People are content waiting in their cars on slow lines to obtain fast food handed to them through a window. They eat the food while still seated, never exiting their vehicles. If Aliens landed in Los Angeles, their first impression might be that Earth’s dominant life-form is the automobile. An obvious conclusion. When one gets injured, another version of that life-form shows up to haul it away and get repaired. Some of the larger life-forms on the freeway carry multiple automobiles within them. To the Aliens, these car haulers are surely pregnant.

And if they happen to see a human exit from a car, that’s just the vehicle’s squishy middle emerging from its own exoskeleton. Curiously, the invading Aliens in H. G. Wells’s The War of the Worlds were in fact small squishy creatures nested within mobile attack weaponry.

Or maybe the Aliens first land on our waters. Seventy percent of Earth’s surface is water, dominated by miles-deep oceans that grant Earth an extraordinary environment to manifest its biodiversity. Learning this, the Aliens would surely presume Earth’s dominant life-forms to be aquatic. The largest whales sport brains around seven times the mass of the human brain. So, if Aliens figure out that brain size is where the action is, humans would not necessarily be their object of interest. By that measure, we’re fourth in the animal kingdom—whales, elephants, dolphins, then humans, two of which live in water.

[image: A highway sign warns of a solar eclipse on Monday, urging drivers to use mass transit, with a car carrier truck and other vehicles visible in traffic.]
As detailed extensively elsewhere,5 in biology class we were told that humans have the largest brains as a fraction of body weight. But there’s our ego again. After realizing we don’t in fact have the largest brains in the world, we invoke some math-magic to get us back on top. That fact, however, applies only to large mammals. If we include any and all life-forms in the brain-to-body-weight-ratio contest, then ants win (come to think of it, they do walk around with huge heads), followed by the tree shrew, then small to mid-sized birds such as crows, the magpie, and some parrots, followed by the elephant fish, then humans. Yes, we come in fifth by that measure, in a photo finish with mice.6 This ranking would not go unnoticed by brain-focused Aliens.

If the Aliens happen to be plant-based rather than flesh-based, they’d be astonished to learn that all humans kill living things for their sustenance. All they’d need during their journey to Earth would be “grow” lamps for photosynthesis. As plant life, they wouldn’t ever need to eat anything. They wouldn’t have kitchens at home, nor restaurants in their towns. The idea of sentient plants has not escaped creative storytellers. The cantankerous apple trees in the 1939 classic The Wizard of Oz are sentient. So too are the old, wise, and contemplative Ents in The Lord of the Rings series from the 1950s. Fast-forward to E.T., from the 1982 film E.T. the Extra-Terrestrial,IV and then on to the lovable, barely literate chunk of driftwood named Groot, from the 2014 film (series) Guardians of the Galaxy.

If the Aliens are chickens, then Americans are in big trouble. We hatch, raise, slaughter, bring to market, buy, cook, and eat one million chickens per hour—for every hour of every day. And the only thing worse than getting killed by an Alien is getting eaten by an Alien.

Aliens of any stripe might be further surprised to learn that humans spend one-third of their lives—one-third of each Earth rotation—in a limp, unresponsive, semicomatose state. For many of us, uncontrolled fantasies unfold in our minds with little foundation in objective reality. To the Aliens, the fact that we sleep and dream might be one of the odder features of being human.

Aliens may be intrigued that we make sounds in our throat that travel through the air and get interpreted as information by others who can hear us. Of course, maybe they make sounds too. Many insects, birds, and mammals communicate with one another in this way. But it seems only humans can generate single-syllable sounds—simple vibrations of air molecules—that completely offend other humans. We call these sounds “curse words.” Witnessing such an exchange, Aliens might look at us the way I looked at British culture when I first learned that the adjective “bloody” is offensive, vulgar, and never used in polite company. On the flip side, it would be hilarious if we were visited by cussing Aliens. That would surely endear us to them, and perhaps them to us.

Also, to an Alien, it’s not obvious in a first-glance snapshot which direction our physiology works. Do we develop in caskets underground, get exhumed by a gathering of people, and spend the rest of our lives shrinking, until we disappear inside another human? Are children simply tiny adults? Or do children, with food and nurturing, ultimately grow to become adults? The answer would require a long-term study of us, or the Alien’s ability to read our biology and physiology textbooks in advance.



In the classic 1951 film The Day the Earth Stood Still, starring Michael Rennie, released just as the Cold War was heating up, Aliens visited Earth out of great concern that civilization’s rapidly growing nuclear arsenals would put the safety of peace-loving planets in jeopardy elsewhere in the solar system. They arrive in a shiny flying saucer, with a ramp, of course, that extends to the ground. Two Aliens emerge. Both humanoid. One in human form, the other a silver robot. There’s no obvious threat to us, but of course we bring out the military, brandishing weaponry, including an army tank—all summarily disintegrated by a ray beam emanating from the robot’s head. In a rare reversal of Alien motives, we are the threat. It is we who put the lives of other cosmic life-forms in danger. And it is we who must be stopped. The humanlike character ultimately meets up with an Earth scientist as they compare notes on their mutual problems and challenges. Had the encounter taken place at the beginning of the film, the army might not have lost a tank. The 2008 remake takes place seventeen years after the Cold War and could no longer rely on the threat of nukes to drive the plot. Instead, the Aliens valued Earth’s biodiversity, declared rare in the Galaxy, and worth protecting at all costs. The film included a plan for the complete annihilation of humans, whose callous treatment of Earth puts the planet’s biodiversity at risk. Like the original, this one was in-your-face sci-fi social commentary, forcing us to see ourselves as evil.

This line of Alien thinking is commonly invoked by officials and others to account for why UFO sightings are so common over US military installations. The Aliens are monitoring the buildup of our military arsenals, concerned for their own safety and perhaps for ours. If that’s who we are to the Aliens, then what might we be to ourselves?



Unlike all other animals in Earth’s tree of life, humans invest boundless time and money changing their appearance for one another. Stand too short? Wear heels. Breasts too small? There’s a surgeon for that. Hair too straight? Curl it. Hair too curly? Straighten it. Hair where you don’t want it? Remove it with lasers, one of the great inventions of the twentieth century. Crooked teeth? Get them straightened. Stained teeth? Get them whitened. Eyelashes too short? Glue on longer ones. Cheeks too pale? Add blush. Hair too dark? Lighten it. Hair too gray? Color it. Facial blemishes? Spackle them over with makeup. Too chubby? Burn fat at a fitness center. Muscles too small? Pump them up at the gym.

Aliens, upon observing these uniquely human rituals, would surely conclude humans think that humans are natively and hopelessly ugly, in desperate need of regimens to look like somebody else. Humans have always worshipped at the altar of beauty, from the Greek gods to supermodels to movie stars. A lucrative industry cultivates and preys on our insecurities, fantasies, and dreams of making ourselves more attractive. Observant Aliens might also find it curious that as a show of affection, humans occasionally press their open mouths together and exchange saliva.

Enough about our frailties. What about our planet?

Humans often refer to Earth as a haven for life. A generally true statement that does not apply to humans. Every nook and cranny has got something living there. If not macroscopic animals, then microscopic microbes. Aliens will surely notice that most landscapes are uninhabitable by us. Drop a naked human at a random longitude and latitude on Earth and chances are, you’re dead within hours, or sooner. This includes the Arctic, the Antarctic, the open ocean, and 10 million square miles of sandy deserts. Where and when humans do thrive it’s because we surround ourselves with artificial shelters—homes that shield us from the cold of winters and the heat of summers. When outside our homes, we wear clothes that insulate our warm-blooded bodies so that Nature does not kill us from exposure to hostile weather. Add air-conditioning and heating, and these tactics allow humans to live across much more diverse environments than do most other life-forms on Earth. But the fact remains, Earth does not nurture human life. We thrive despite Earth’s efforts to kill us. Something to notice if you’re an Alien visitor.

Aliens might also wonder why all whales and dolphins of the same species can communicate with one another, but humans on Earth speak seven thousand different languages. And even when they speak the same language, they speak in a multitude of dialects, as noted by the British author Oscar Wilde in 1887: “We have really everything in common with America nowadays, except, of course, language.”

And if there’s anything left of your ego, observant Aliens might also notice that our digestive tract is home to trillions of microbes, happily dining upon our waste products in the absence of oxygen. More bacteria live and work within one centimeter of our lower intestines than the total number of humans who have ever been born. In spite of what we think of ourselves, the Aliens might notice that to bacteria, we are simply dark, anaerobic vessels of fecal matter whose purpose is to sustain a vibrant gut biome.



The subject of Aliens occupied many episodes of the original Twilight Zone television series (1959–1964). At the time, the Space Race between the United States and the Soviet Union had just begun, turning the exploration of space into a force of ambition and imagination for us all. Like any well-told short story, in the end our assumptions and expectations get upended. My favorite episode among them, “The Invaders” (1961),7 portrays a rustic, middle-aged woman living alone in a small, isolated, wood-burning farm home. One night she hears mechanical sounds on her roof, as though something had landed there. For the whole episode, she is in a state of high anxiety as she fights two tiny invaders who have arrived in a six-foot-wide saucer as they wield advanced tools to break into and invade her home. She ultimately kills one of the Aliens, and in a final act of fear and desperation she climbs to the roof and bludgeons the saucer with a hatchet. This episode, which otherwise had no spoken words, ends with panicked radio communication from the surviving Alien:


“Central Control. Come in, Central Control. Do you read me? Gresham is dead. Repeat, Gresham is dead. The ship’s destroyed. Incredible race of giants here. Race of giants. No, Central Control. No counter–attack. Repeat, no counterattack. Too much for us. Too powerful. Stay away. Gresham and I, we’re finished… finished. Stay away… stay away.”



In this final scene, the camera slowly pans across the craft, revealing the US Air Force insignia on the side, labeled “Space Probe No. 1.”

In an earlier episode, “Third from the Sun” (1960),8 the plot is bathed in Cold War fears. Nuclear annihilation is imminent—anticipated within forty-eight hours. To avoid this fate, two government workers plot to steal the country’s latest spacecraft and escape with their families for a safer destination—some other planet that can sustain life. In their scopes and their computers, they identify the perfect place: the third planet around a distant star. That distant star is the Sun. And that third planet is Earth.

How might they have found us?

In the 1970s we formally and purposefully announced to Aliens our precise location in the Galaxy. Back then, NASA launched two identical spacecraft—Pioneer 10 and 11. After a gravity assist from Jupiter for Pioneer 10 and a gravity assist from both Jupiter and Saturn for Pioneer 11, they were each imbued with enough kinetic energy to escape the solar system entirely. On the remote chance that one day (one century? one millennium?) these crafts would be discovered by Aliens, NASA affixed a corrosion-resistant, nine-by-six-inch gold plaque to each probe, etched with cryptic symbols and pictograms. Also depicted is a schematic of the craft itself, as well as two unclothed figures of a European man and a woman shown in correct size compared to the spacecraft itself, thus offering the Aliens a sense of how big (or small) we are, relative to the space hardware we created. The man holds his right arm upward in a greeting pose. When you think about it, to non-humanoid Aliens, those figures might be the least recognizable, least comprehensible things on the plaque.

Suppose, however, that the Aliens who recover the plaque are indeed humanoids (as are most Galactic Aliens in the Star Trek universe) and they enjoy wearing dapper clothes. They might react differently, declaring that humans are just like them, except humans run around nekkid, with no pubic hair.

The plaque also displays a spider diagram giving the directions and distances to the brightest pulsars—rare and distinct and easily identifiable objects across the Milky Way. That map is our return address, enabling Aliens anywhere in interstellar space to triangulate on our location and find us.

Seemed like a good idea at the time.

Today, you probably wouldn’t give your email address to strangers in the street even though they’re your own species. Yet here, we’re offering Earth’s cosmic coordinates to potentially evil Aliens.

Not to worry…


[image: An illustration from the Pioneer Plaque showing a man and woman, a diagram of the solar system, and symbolic representations of Earth’s location in the galaxy.]
NASA Public Domain

The lower pictogram represents our solar system, with the Sun on the left. We see the spacecraft’s trajectory, launched from the third planet, as it passes Jupiter and Saturn on its way out to deep space. All nine planets are there, in correct order, but not to scale, either in size or relative distance. The plaque was conceived in the 1970s. But by 2006, Pluto was deservedly demoted, reducing the number of bona fide planets in the solar system from nine to eight. More importantly, the solar system harbors six moons larger than Pluto, Earth’s Moon included, none of which are portrayed in the pictogram. So if evil Aliens seek to become our overlords, and they survey our region of the Galaxy, they would be completely confused by the eight planets and six huge moons they see in our actual solar system. The Aliens will surely pass us by, in search of the nine-planet star system portrayed in the plaque, leaving us undisturbed, making Pluto the savior of all mankind.

If they somehow did find us on a map, there could be other reasons why they’d decline our invitation. On October 3, 1957, the number of artificial satellites orbiting Earth was zero. On October 4, 1957, that number increased to one, with the launch of Sputnik by the Soviet Union. That number has grown steadily over the decades, and exponentially in recent years, rising through 15,000, most for commercial use. That number includes at least 3,000 defunct satellites.9 But that’s not all. The full orbital inventory includes rocket and satellite debris, comprised of booster stages, lost wrenches, purposefully destroyed satellite parts, and paint chips, which vastly outnumber the satellites themselves. NASA tracks more than 25,000 objects larger than a softball.10 The estimated population of particles bigger than a marble is approximately 500,000. The number larger than a pinhead exceeds 100 million. All moving at 18,000 miles per hour.

What could go wrong?

At those speeds, even pinhead-sized debris carries one hundred times the kinetic energy of an AR-15 rifle bullet. And the total mass of all debris orbiting Earth is rising through ten thousand metric tons. We are enshrouded, cloaked, encased by our own detritus. Earth’s orbital space has become a lethal shooting gallery not only to our own satellites but to any Aliens who might want to visit, leaving them to question our wisdom and foresight as a space-ambitious culture. Regardless of those hazards, Aliens could still learn all about us without ever entering Earth’s orbital space.



One may be surprised to learn that humans have been sending messages to Aliens since the 1930s—all in the form of leaked radio and television broadcasts. As chronicled in the 1997 film Contact, starring Jodie Foster and Matthew McConaughey, among the first and strongest broadcasts came from Hitler’s rallies in Nazi Germany. These signals have been traveling at the speed of light ever since they escaped Earth, filling an ever-expanding “radio-bubble” rich with information about our culture, social mores, and our treatment of one another. By now, the outermost signals have washed over thousands of known exoplanets. Any intelligent, tech-savvy Aliens living among them, equipped with highly sensitive receivers, might be able to decode our earliest broadcasts, including Hitler rallies, Amos ’n’ Andy, Howdy Doody, Flash Gordon, and The Honeymooners, in which the main character, an otherwise loving husband, would occasionally threaten with clenched fist to punch his wife so hard that she would ascend into space and collide with the Moon.

The 1999 film Galaxy Quest, with an all-star cast, may have portrayed the most benign radio-bubble outcome we could hope for. An octopoidal race of Aliens known as Thermians take on a human appearance to blend in when they arrive at Earth after intercepting our science fiction TV shows, such as Star Trek. The Thermians want to meet the brave Captain and crew, having presumed the signals they intercepted from Earth are real and that we actually have starships that cross space via warp drives.

There you have it. A selection of embarrassing and misleading first impressions we will make on eavesdropping Aliens. And there’s nothing we can do about it. If we manage to recover from those first impressions, and they still choose to visit us after dodging our orbital space debris, our goal will be to convince the Aliens that among Earth’s biodiverse creatures, we’re the smartest ever and that we’re worthy of their attention, admiration, and respect. But upon seeing evidence of rampant irrationality in human civilization, in which humans oppress—or kill—one another over which creator of the universe they worship, or who they sleep with, or what side of an arbitrary line on Earth’s land masses they’re born, or how absorptive their skin is to sunlight, or what set of sounds come out of their mouths, the Aliens would surely rush home and report no sign of intelligent life on Earth.



	I. Such as portrayed in The Lord of the Rings, Harry Potter, and Game of Thrones.

	II. Formal name: François-Marie Arouet (1694–1778).

	III. Five was Saturn’s moon count in the mid-eighteenth century. In the twenty-first century we know of 274, the most of any of the Sun’s planets.

	IV. Steven Spielberg, during a visit to the author’s office at the Hayden Planetarium in April 2004, revealed that he had conceived E.T. as a sentient plant. In the film, E.T. famously ate Reese’s Pieces candies, but would not have needed to do so.
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3 ALIEN INTELLIGENCE


I do not know what I may appear to the world, but to myself I seem to have been only like a boy playing on the sea-shore, and diverting myself in now and then finding a smoother pebble or a prettier shell than ordinary, whilst the great ocean of truth lay all undiscovered before me.1

—ISAAC NEWTON, 1727



Those words, uttered by the greatest mind there ever was, offer a humble check on our collective ego as humans.

Earth’s tree of life sprouted nearly 4 billion years ago, with single-celled organisms, and of course continues today. Throughout, we presume that modern humans—Homo sapiens—are the smartest creatures of them all, ever. Although as many as two dozen other, now extinct, species of Homo manifest in fossil records of the past few million years, including Homo habilis, Homo erectus, and Homo neanderthalensis, to name a few. Significantly, Homo sapiens are the only surviving species of the genus Homo. Were we the smartest? Or just the luckiest? Being all of the same genus, we could mate with most, if not all of them. Bring any other Homo into modern times, and we don’t really know if they would outperform us on the various tests of intelligence that we administer to ourselves. The evolutionary clarion call of “survival of the fittest” is not synonymous with survival of the smartest. Otherwise, modern cockroaches, who trace from Earth’s Cretaceous period 100 million years ago,2 would be among the smartest creatures on Earth.

The question remains: Who declared that humans are intelligent? Answer: Humans did. There’s that hubris again, an ego boosting itself. We further assert that we’re vastly more intelligent than our closest genetic relative on Earth, the chimpanzee, yet we share 98+ percent identical DNA. With every bone and muscle duplicated in our anatomies, we’re forced to proclaim, “What a difference in intelligence that two percent makes!” Humans have poetry and philosophy and art and space telescopes. What can the smartest chimp do? It might stack boxes to reach a bunch of bananas suspended from above. It might learn rudimentary sign language. Or it might select the right kind of twig to extract tasty termites from a mound. All things human toddlers could easily do. So how can that tiny 2 percent difference in DNA account for what we declare to be our vast intelligence relative to chimps?

Things that make you go, “Hmmm.”

Maybe the difference in our respective intelligences is as small as that 2 percent would suggest. Maybe stacking boxes is not much different from conceiving, designing, building, launching, and deploying the James Webb Space Telescope. We don’t think that way because of how highly we value our intelligence relative to other species. But let’s try a thought experiment. Imagine a species with 2 percent DNA beyond us, in just the same way we’re 2 percent DNA beyond the chimp. What would we look like to them? They’d have to be Aliens, of course. Their toddlers would accomplish more than the smartest human there ever was. They might roll Stephen Hawking forward at one of their anthropology conferences where they study the genus Homo and declare of him: “This human is slightly smarter than all the rest because he can do astrophysics calculations in his head, like toddler Zork Jr. over there in Alien preschool.” Zork excitedly brings home his completed assignments for that day: “Mommy, Daddy, look, I just derived the principles of calculus and completed my analysis of quantum entanglement.” The parents reply, “Awww. That’s cute.” And proceed to display the work on their refrigerator door with a magnet.

We’re not done here. Other than, perhaps, the late chimp-whisperer Jane Goodall, no human has ever conducted a content-rich chat with any other animal on Earth. Here’s the best conversation you’ll ever have with a chimpanzee:I


What you say:

Hey. I’m buying some organic bananas, but only if they’re ripe. How many bananas do you want?




What the chimp hears:

Blah. Blah blah blah blah BANANAS, blah blah blah blah, blah. Blah blah BANANAS blah blah blah?



It’s probably also true that no matter how hard you try, and no matter how long you take, no matter how patient you may be, you will never teach long division to a chimp. By direct analogy, we’re left with the inescapable conclusion that the simplest thoughts of an Alien species, a mere 2 percent smarter, would be incomprehensible to us. And those same Aliens may find it impossible to make sense of the noises coming from the front-facing hole in our heads. Not because they haven’t learned our language, but because our thoughts are too trivial and stupid for them to comprehend.

So, the desire to search for and communicate with “other” intelligent life in the universe may be a fool’s errand. A sentiment that would have resonated with the eighteenth-century English poet Alexander Pope. Fresh off Isaac Newton’s myriad discoveries about light, gravity, planetary orbits, and the math and physics of the universe, he penned in 1734:


Superior beings, when of late they saw

A mortal Man unfold all Nature’s law,

Admir’d such wisdom in an earthly shape,

And showed a Newton as we shew an Ape.3



Now imagine, if you can, Aliens 5 percent, 10 percent, or even 25 percent more intelligent, along the same vector that places us 2 percent above chimps. For all we know, they created Earth as a literal aquarium-terrarium for their own amusement. We do the same with fish and turtles and pet snakes. We even do it with ants. Ants in ant farms always look busy as they move dirt through plastic tubes we’ve connected for them. Do they know we’ve built their domicile? Do they know we are looking in on them through transparent walls? Do they care?

If the superintelligent Aliens created our world, are we obliviously living in a simulation? Two books make a convincing case that the entire universe is mathematically describable. One, Is God a Mathematician? (2009),4 and another, Our Mathematical Universe (2015).5 If every phenomenon in the cosmos, no matter how large or small, follows a mathematically expressible physical principle, then it can all be programmed into a computer. If it can all be programmed into a computer, then who is to say that our world is not a supercomputer model created by an Alien nerd in its parents’ basement.

In the now-classic 1999 film The Matrix, starring Keanu Reeves, all of human existence unfolds not in a computer but in the minds of living humans controlled by computers, and whose inanimate bodies exist in nurtured pods. That world was created by an artificial intelligence that humans invented, having planted the seeds of our own demise. But it’s nothing a smart Alien couldn’t accomplish in an afternoon. We created AI. Humans are AI’s taproots. So human-created AI can never ascend to the level of smart Aliens, who exist outside any traceable links to human stupidity, and who could trivially create us at will, with a few lines of their computer code. In this context of smart Aliens, the fear that “One day, AI will become smarter than humans!” is a low bar.

These arguments for our nonmaterial existence are slightly different from the traditional ones, in which we presume advanced civilizations would want to make video games with simulated people, places, and things, designed to keep us and the programmer amused. Given enough time, and the perception of free will by the world’s inhabitants, everyone in the simulation would want to play video games too. The simulated beings then program a world inside their own computers for their own amusement. And it’s simulations all the way down. Throw a dart and ask which of these universes are you likely to hit, the lone original universe, or any of the countless others that are simulated? The Alien scenario does not require the statistics of nested simulations. It just requires one round of really smart Aliens.

In every case imagined here, the Aliens become our overlords. You might hope, or pray, that they take protective interest in us, simply out of curiosity. For reference, who other than vermeologists has ever paused and wondered what a worm was thinking? Or what any life-form was thinking that can be easily squished beneath your shoe? Right about now would be a good time to alert the Alien that you know a thing or two about the universe—something chimps have never done for humans.



In a first encounter with an Alien, different people will likely ask them different things. You can be sure, however, that scientists will want to compare and contrast the Alien’s understanding of the universe with ours.

Mathematics would be a first and obvious point of comparison. It is, after all, how the universe talks to itself, and is not anchored (mired?) in culture the way languages tend to be. Our symbols would surely differ from theirs, but the concepts and goals would be the same. A clever idea, proposed in the early nineteenth century by German mathematician Carl Friedrich Gauss and others,6 was to erect a huge right triangle out of pine trees in the Siberian tundra. Off the side of each leg of the triangle would be huge squares made of wheat fields, to offer color contrast with the trees. That would make it easier for any Aliens on the Moon or planets to view with their telescopes.

This idea is simply brilliant. We might remember the Pythagorean theorem from middle school, where the lengths of the three legs in a right triangle relate to one another as:

A2 + B2 = C2

Notice that by drawing squares off the sides of the triangle, each with areas of A2, B2, and C2, the Pythagorean theorem simultaneously announces that the area of the two smaller squares, when added together, equals the area of the larger square.

Behold: an illustration made with no invented symbols, just geometric shapes. If Aliens saw that pattern on Earth’s surface, they would know immediately we were mathematically fluent, granting them first evidence that we might be intelligent. At night, you could imagine setting the triangle ablaze, rendering it especially visible to Aliens viewing Earth’s darkened side. So, a handy, pocket-sized Pythagorean diagram would make a most excellent olive branch in a first encounter. And just in case the Alien’s vision cannot detect your line drawing on paper, also bring a physical model of the shapes for the Alien to touch.

[image: A right triangle with squares drawn on each of its three sides, illustrating the Pythagorean theorem.]
The next best thing to the Pythagorean theorem ablaze at night might be the famous HOLLYWOOD sign, perched in the Hollywood Hills overlooking Beachwood Canyon, with a clear sightline from a dozen miles away. Each letter stands forty-eight feet tall, nearly the height of five basketball rims. Fully illuminated at night, it’s more than twice as tall as the Great Wall of China is wide, and is visible from space. Upon spotting it, the Aliens won’t know what the letters mean, but they might otherwise think that the letters are for them—an invitation to visit the city. Knowing parts of LA, it’s not hard to imagine they’ve already landed.

That example is only incidentally visible from space. Two other notable, oversized etchings, conceived and constructed to be space-visible, include an 87,500-square-foot color emblem for Kentucky Fried Chicken. Painted in November 2006 along Extraterrestrial Highway (Nevada state route 375) near Area 51, the company declared, “If there are extraterrestrials in outer space, KFC wants to become their restaurant of choice.” It would be removed six months later, which means there’s only a six-month-wide spherical shell of KFC’s image moving through the universe. For any Earth-observing Aliens on exoplanets, they’d have to be looking while that six months of light washes over their location. We also find huge letters that spell LUECKE, each thousands of feet in length marked by trees, along a stretch of Texas between Houston and Austin—the egocentric brainchild of Texas landowner and former state trooper Jimmie Luecke in the 1990s.

[image: The iconic Hollywood sign on a hillside in Los Angeles, California, captured in black and white.]
Know what else says Earth is inhabited by intelligence? Our fully lit cities at night, visible not just from orbit but from deep space as well. Although Aliens might find it odd that our streetlights, intended to illuminate the street, leak any light upward. Somebody’s paying for that. When you think about it, properly lit cities at night should not be visible from space at all.

In a pinch, of all things visible from space, I’m sticking with the Pythagorean triangle, showing that we are not only intelligent but clever.



Another symbol to explore is the ratio of a circle’s circumference to its own diameter. No matter the size of the circle, that ratio equals Pi—the most famous (and useful) number in all of mathematics. Whatever the Alien did to reach Earth in a spaceship, somewhere in there will be the number Pi. The universality of the number was captured in Carl Sagan’s original 1985 novel, Contact, on which the 1997 film was based. When Aliens first made contact with us, they did so via digits of Pi embedded in their radio signals, on the assumption we’d be smart enough to figure it out—revealing the Alien’s intelligence to us and our intelligence to them. By the time the novel became a film, twelve years later, the Alien message was instead embedded in the digits of prime numbers. That works too. Although in both cases, the numbers were all communicated in base ten.

Remember that we count in base ten—using ten numerals for all our arithmetic—0, 1, 2, 3, 4, 5, 6, 7, 8, 9—entirely because we have ten fingers. You might check how many fingers the Alien has, and then, as a first guess, offer to count in that base. Remarkably, nearly all animated characters in America have four fingers on each hand, not five. This includes everyone on The Flintstones, every character on Family Guy and The Simpsons, the wall-busting Kool-Aid man, Mickey Mouse, and the McDonald’s Hamburglar. At whatever may be their annual convention in the cartooniverse, we can reasonably expect them all to be counting in base eight. Add to this, from the film series Avatar, the (fictional) four-fingered native peoples of the habitable moon Pandora in the nearby (actual) Alpha Centauri star system. In the third film of the franchise, the screenwriters could not resist having two of the natives, in a celebratory gesture, slap each other’s hand in the air after verbally calling for a “high four.”



On Earth, octopuses have long intrigued marine biologists as well as everybody else. We can barely pat our heads and rub our bellies at the same time, whereas they maintain full independent control and dexterity via brain matter distributed into each of their eight arms. They can open jars and unlock childproof latches. And while dogs and cats can’t even twist open a doorknob, that’s an octopus specialty. After the 2020 documentary My Octopus Teacher won an Academy Award, some people were ready to grant them citizenship.

In the 2016 film Arrival, starring Amy Adams and Jeremy Renner, the US Army selects a physicist and a linguist to be our emissaries in a first encounter with Alien octopus visitors. For a social media post that I probably should have left in my Forbidden Twitter File, I commented that the government would have been better served sending an astrobiologist and a cryptographer instead. Seems obvious that we’d first want to know what kind of creature it is, and then we’d want to crack whatever code of symbols they might use to communicate. With that post I cast shade on linguists, who hardly ever appear in movies. Meanwhile, astrophysicists are everywhere in space-based science fiction. That film was their brief time in the limelight and I should have remained quiet.

The Aliens in Arrival exist in a transparent tank within their spaceships. They each resemble a seven-armed octopus, which we might instead call a septapus, and they communicated with us via flocculent, circular ink patterns drawn on the inside of the tank’s walls.

Curiously, nobody wondered whether these patterns were backward to us, drawn correctly for the Aliens. Regardless, our hero linguist derived all manner of meaning and culture from the flocculence. What should impress us is not that the septapus represents intelligent life, but that it presumably also built the ship and traveled to Earth across interstellar space. Being smart and technologically proficient are not the same thing.

[image: A still from the film Arrival, depicting a person standing before two towering alien-like figures in a misty, surreal environment.]
Another film where the Aliens resembled octopuses was 2013’s Europa Report, which chronicled the first crewed mission in search of life in the waters beneath the icy crust of Europa, one of Jupiter’s largest moons. But in that case, astronauts were the aliens, visiting them.

Octopus morphology continues to haunt us. Myself included. I remain mildly spooked by octopus Aliens carrying me away to an unlocked prison cell from which I cannot escape simply because it has three doorknobs. While I can turn two doorknobs because I have two hands, three knobs essentially “locks” me into the room. All this leaves me, and perhaps others, sympathetic to dogs whose paws and forearms physiologically prevent them from turning a doorknob. Combine that with being smarter than dogs, and it’s trivial for us to contain them.

In ways yet imagined, how trivial would it be for smarter Aliens to contain us?



Perhaps the largest Alien life-form ever conceived appeared in a 1957 novel written by the twentieth-century British astrophysicist Sir Fred Hoyle. A lifelong critic of the Big Bang, Hoyle is credited with inventing the term pejoratively in an interview when comparing it with the alternative “Steady State” hypothesis, in which the universe has always existed, with no beginning. His novel, titled The Black Cloud, describes an enormous dark gas cloud in the Milky Way that is a superorganism with an intelligence far exceeding that of Earthlings. Not the kind of life-form that will ask you to take it to your leader. If human intelligence somehow correlates with the total number of synaptic connections within our brains, then a thinking organism the size of an interstellar gas cloud, with electromagnetic connections throughout, would be the smartest creature to ever live.

Picking up the action, scientists discover that the cosmic gas cloud is headed straight toward the Sun. If it were an ordinary gas cloud, it would just pass us by on its gravitational trajectory within the Galaxy. But this Black Cloud mysteriously begins to slow down on approach as it engulfs and cloaks the Sun, blocking sunlight from all life on Earth that depends on it. The scientists figure out that the Cloud has agency and discover how to reason with it. In response, the Cloud opens a hole in itself between the Sun and Earth, allowing Earth life to survive. All the while, the Cloud is astonished to discover that non-cloud-based life could exist on such a tiny, solid planet as Earth.

World governments grow suspicious of the superorganism, in spite of scientists having the situation under control. In response, nations launch a full-scale nuclear attack. The scientists had warned the Cloud of this military plan in advance, risking treason. The Cloud, not wanting to obliterate all life on Earth, which it could trivially do, decides instead to redirect the nukes back to Earth, where they explode, killing thousands. The Cloud moves on only when its curiosity takes it to another cloud that it thinks may be more intelligent than itself. The moral to that story? There are many. Top of my list would be “Trust your scientists.”



What about Aliens with marginal sensibilities? Or simply dumbass Aliens?

Ever since the 1947 Roswell, New Mexico, incident, reports abound of Alien artifacts from crashed flying saucers secretly recovered by the US government. Crashed flying saucers? Odd that these Aliens, who are clearly smarter and more advanced than humans, would build a ship that can traverse and navigate interstellar space, yet somehow crash-land on Earth. Why would Aliens recruit such incompetent pilots?

The Aliens in the 1977 film Close Encounters of the Third Kind, starring Richard Dreyfuss, were oddly opaque with their landing plans. Computers at a secret government base, established to decode the first communiqué from the Mother Ship, received a repeated sequence of digits—two sets of three pairs of numbers.


40 36 10  104 44 30

40 36 10  104 44 30

40 36 10  104 44 30

40 36 10  104 44 30

40 36 10  104 44 30



In the film, a cartographer correctly identified these numbers as longitude and latitude, each in degrees, minutes, and seconds. The Aliens were transmitting the location on Earth where they will land and greet the humans, yet neglected to indicate the northern or southern latitudes, nor east or west longitudes. As a result, the location could just as easily have been interpreted as a spot in north-central China. The intended location was Devils Tower National Monument, Wyoming. Even so, the film identified the wrong coordinates—a spot 276 miles due south of Devils Tower, but that’s just a film flub that I’m happy to overlook. Devils Tower remains a stunning, photogenic location to meet Aliens for the first time. We would also learn that these Aliens have ten fingers, just like us, so base-ten digits would be a point in common.

Seeing the film on release and watching those sets of numbers flash across their computer screen, I immediately thought of longitude and latitude, but then, just as quickly, I discounted the hypothesis for practical reasons. I was wrong to do so, but let me tell you why:

When coming upon Earth from space, you see no grid lines. From Earth’s rotation, you could easily identify the Equator and the two poles, but after that, you’re on your own. Which is north and which is south? The Aliens would further need to hack into our culture and figure out that we measure angles in something called degrees. And that between the Equator and the poles, degrees increase from zero to ninety. Not to ten, not to a hundred, not to a thousand. And each degree divides into sixty equal parts we call minutes. And each minute divides into sixty equal parts called seconds. And just to confuse things further, these minutes and seconds have nothing whatever to do with time. The fact that minutes and seconds count only up to sixty reveals a form of base sixty, where numerals repeat once you’ve gotten to sixty.

That would be hard enough for Aliens to extract from our culture, but what about longitude? The starting point—the Prime Meridian—is completely arbitrary. In 1883 the International Geodetic Association recommended that it pass (from pole to pole) directly through the Greenwich Observatory, eight miles outside of London. By 1884, the recommendation was formally adopted by twenty-five countries during the International Meridian Conference, held in Washington, DC. Meanwhile, France wanted the Prime Meridian to go through the Paris Observatory. They abstained from the vote, and for decades to come, French cartographers would use their own French meridian on their own French maps.

Of course, longitude is also measured in degrees, minutes, and seconds, but this time counting from zero up to 180 degrees going east and zero up to 180 degrees going west. They meet in the middle of the Pacific Ocean to create the International Date Line. All those reasons are why I discounted the numbers on sight as longitude and latitude. For the Aliens in Close Encounters to figure all that out—the odd metrics, which way east and west and north and south go on the globe, and the geopolitics of it all—seems to me it would have been way easier for them to just learn some English, and instead alert Earth computers with this message on repeat:


“Hey! Devils Tower, 7:30 p.m. tomorrow. Be there.”

“Hey! Devils Tower, 7:30 p.m. tomorrow. Be there.”

“Hey! Devils Tower, 7:30 p.m. tomorrow. Be there.”

“Hey! Devils Tower, 7:30 p.m. tomorrow. Be there.”

“Hey! Devils Tower, 7:30 p.m. tomorrow. Be there.”



We might call these Aliens “needlessly obtuse.”



In the popular 2024 Netflix sci-fi series 3 Body Problem, based on the 2008 novel of the same name, humans make contact and exchange radio signals with Aliens on planet Trisolaris, which orbits a triple “Trisolaran” star system four light-years away. Anybody who’s taken Orbital Physics 101 knows that three-body systems are chaotically unstable. That’s precisely why it’s called the three-body problem. You can use a computer to calculate through the chaos at any given moment, but you cannot predict with precision what the future configuration of the three objects will be.

Two cosmic objects will stably orbit each other indefinitely, but three objects create no end of compromised orbital allegiance as their mutual distances and corresponding gravitational forces continuously vary within the system. Meanwhile, a planet orbiting these three stars will experience catastrophic shifts in climate as its distance from each of the stars changes. The Trisolaris Aliens have survived many hundred cycles of their civilization’s rise and fall, induced by these periodic forces of change. Apparently, the highly advanced Alien civilization on Trisolaris has never before looked for another, more stable planet to inhabit. Earth orbits a single star. Upon learning from our radio signals that life thrives here, they target Earth to colonize, conquering all Earthlings in the process. Seems to me, they should’ve started looking for new planets hundreds of civilization cycles ago, because the three-body problem is basic physics that should not be taking them by surprise—hundreds of times. Worse yet, the ultimate fate of three-body systems will see two of the stars crash into each other or one star get ejected from the system altogether. Something that would have happened many rounds of civilization ago.

We might label these Aliens as “oddly ignorant.”



One of the dumbest creatures of all time must go to the Alien from the original 1979 film Star Trek: The Motion Picture. V-ger, as it called itself (pronounced vee-jur), was an ancient mechanical space probe on a mission to explore and discover and report back its findings. The probe was “rescued” from the depths of space by a civilization of mechanical Aliens and reconfigured so that it could actually accomplish this mission for the entire universe. Eventually, the probe did acquire all knowledge and, in so doing, achieved consciousness. The Star Trek crew come upon this now-sprawling monstrous collection of cosmic information at a time when the Alien was searching for its original creator to duly report back its findings. The stenciled letters on the side of the original probe revealed the characters V and ger. Shortly thereafter, Captain Kirk discovers that the probe was actually Voyager 6, which had been launched by humans on Earth in the late twentieth century. The missing letters between the V and the ger had been badly tarnished until the good Captain rubbed it clean. Okay. But how could V-ger have acquired all knowledge of the universe and achieved consciousness yet not know that its real name was Voyager?

We might call this life-form “curiously stupid.”



The most clueless Alien I ever encountered was in a radio play during a four-hour car trip in 1979 from Boston to New York City. The storyline was clear: Aliens were coming to Earth to suck dry our planet’s water supply. Oceans and all. Why? Because they thrive on hydrogen and of course the chemical symbol for water is H2O. So the hydrogen is just waiting to be stolen, putting all life on Earth at risk. The problem here is that nine out of ten atoms across the universe are hydrogen. Find them in stars, interstellar gas clouds, and all gaseous planets such as Jupiter, Saturn, Uranus, and Neptune.

So these Aliens were clueless idiots, but it’s not their fault. They’re simply the victims of a playwright who, in school, stopped at Chemistry and never took Astronomy 101.

Aliens have also arrived on stage. A special shout-out goes to the 1968 opera Help, Help, the Globolinks! by Italian composer Gian Carlo Menotti. In some performances these Aliens resemble those creepy, flippy-floppy balloon-men at used car lots. They come to Earth with the intent to terrorize school children, but this time they pick the wrong kids. These children are all musical, and the comically evil Globolinks happen to be allergic to the sound of music, with an inability to tolerate melody. An operatic setup if there ever was one.



	I. Inspired by the Far Side cartoon by Gary Larson depicting a conversation with a dog named Ginger being scolded by its owner for eating out of the garbage.
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4 ALIEN SCIENCE & TECHNOLOGY


No science achieves maturity without a system of measurement.

—LOGAN CLENDENING1



Aliens might find it hilarious that human cultures have deeply influenced our measurements of things. One could fill an anthropological museum with efforts to establish quantities with precision that today we take for granted. A unit of measure is the thing that allows the measured number to have meaning. In response to the question, how fast were you driving, you would not reply to the police officer, “Fifty-five cents.” Or if someone asked, “How tall are you?” you know not to reply, “Seventy-five degrees Fahrenheit.” Units need to make sense in the context of what’s being measured. Only then can you compare one quantity with another. And only then might sixteen ounces of prevention equal a pound of cure.

That there was ever an official unit of length called Feet is itself laughable. Then there’s the Mile, which obviously has 5,280 feet in it. We (still) measure the height of horses in Hands. But let’s not stop there. We’ve had Cups and Pints and Gallons. We’ve had Bales and Bushels, Leagues and Fathoms, and Shiploads—itself a unit that’s easy to mishear. The Second of time, at one point, was officially defined to be exactly 1/31,556,925.9747th of the year 1900, measured by the Sun returning to its position on the sky at year’s end. Even in the metric system, the Meter was defined by the French in 1789 to be one ten-millionth the distance from Earth’s North Pole to the Equator along a line passing through the Paris Observatory.

For all we know, units of measure used by Alien scientists are equally as obtuse. But there’s a place to meet that we might call common ground. The universe happens to reveal what we call universal constants. They’re all important, but at the top of a hallowed list we find (1) the speed of light: “c,” (2) Planck’s constant: “h,” and (3) the constant of gravitation: “G,” sometimes called “big G.” The speed of light is fast. Very fast. And it’s the same no matter when, where, or how you measure it, checking in at exactly 299,792,458 meters per second—a quantity so well measured and so fundamental that any modifications or updates to the speed will force a change in the definition of the length of the meter itself. Planck’s constant, discovered in 1899 by German physicist Max Planck, is fundamental to our understanding of quantum physics. And big G comes from Newton’s law of gravitation.

The universe is exquisitely shaped by the value of these constants. For example, in a calculation typically done during one’s first year of graduate astrophysics, you can show that if the constant of gravitation were a mere 10 percent larger, the Sun’s luminosity would double, along with that of all stars in the universe. More importantly, they’d all live half as long. If that were actually the case, the Sun would be dying right now, and all life on Earth would be going extinct.

We fully expect Alien scientists to have discovered all physical constants, especially the big three, which would make an important conversation starter for your first encounter. How? Turns out, you can combine these three constants to create units of measure that make no reference to body parts or Earth years or French people. Max Planck first conducted this exercise in 1899, and gave us:


Planck Length:    L = [image: A mathematical expression showing the square root of the ratio of h times c divided by G cubed.]

Planck Mass:     M = [image: A mathematical expression showing the square root of the ratio of h times c divided by G.]

Planck Time:     T = [image: A mathematical expression showing the square root of the ratio of h times G divided by c to the fifth power.]



Whether or not you’re comfortable with those equations, the takeaway is that the units are based on universal physical constants and would, in principle, be known by Alien scientists across the universe. Planck himself was feeling Alien-adjacent when he wrote:


It is possible to set up units… which are independent of special bodies or substances, necessarily retaining their meaning for all times and for all civilizations, including extraterrestrial and non-human ones, which can be called “natural units of measure.” 2



Many other units of measure can be derived from these three. For example, the unit of volume would simply be the Planck length cubed. The unit of speed would be the Planck length divided by the Planck time.

These quantities happen to be astronomically small by normal human metrics and all have seriously negative exponents. The Planck length is 1.6 x 10–35 meters. The Planck mass is 6.14 x 10–9 kilograms. And the Planck time is 5.4 x 10–44 seconds. For context, that Planck length is one one-hundred-quintillionth the diameter of the proton. But the absolute scale of these quantities is irrelevant. What matters is that Planck gave us a means to measure the universe, right alongside Alien scientists.



Shared units of measure notwithstanding, practically every pop culture portrayal of intelligent Aliens leaves us far behind their technologically superior abilities. But this was not always the case. In an extreme extrapolation of “They’re just like us,” the Dutch polymath Christiaan Huygens wrote the playfully speculative book Cosmotheoros: Or Conjectures Concerning the Inhabitants of the Planets, posthumously published in 1698. When imagining life on Jupiter and Saturn, Huygens will stop at nothing to deduce they must be just like us:


If their Globe is divided like ours, between Sea and Land, as it’s evident it is (else whence could all those Vapors in Jupiter proceed?) we have great reason to allow them the Art of Navigation, and not proudly ingross so great, so useful a thing to our selves.… And what a troop of other things follow from this allowance?



Huygens is on a roll:


If they have Ships, they must have Sails and Anchors, Ropes, Pullies, and Rudders, which are of particular use in directing a Ship’s Course against the Wind.… And perhaps they may not be without the use of the Compass too.… But there’s no doubt but that they must have the Mechanical Arts and Astronomy, without which Navigation can no more subsist, than they can without Geometry.3



Whatever mastery of technology the Aliens may wield, their machines and inventions must still obey the universal laws of physics. In his quaint way, Huygens hypothesized it. But in modern times we declare it as an objective truth.

There’s good reason to be skeptical of this claim. When taking cues from our own history, many declared we would never fly, that we would never break the sound barrier, and that we would never reach the Moon. Here are some especially boneheaded negative predictions made by people who should have known better:


It’s scarcely possible that the twentieth-century will witness improvements in transportation that will be as great as were those in the nineteenth-century.

—GEORGE H. DANIELS, NEW YORK CENTRAL RAILROAD,IN THE BROOKLYN DAILY EAGLE, DECEMBER 30, 1900

Man will not fly for 50 years.

—WILBUR WRIGHT TO HIS BROTHER, ORVILLE, 1901

No flying machine will ever fly from New York to Paris.

—ORVILLE WRIGHT, 1908

Landing and moving around on the moon offer so many serious problems for human beings that it may take science another 200 years to lick them.

—SCIENCE DIGEST, 1948

Man will never reach the moon, regardless of all future scientific advances.

—LEE DE FOREST, RADIO PIONEER, 1957



What these predictions have in common is an absence of vision for what the future of technology would bring, even though the last two quotes explicitly (and wrongly) blame the limits of science. Fact is, no law of physics prevented any of those achievements, at any time. What’s on display is a lack of imaginationI.

The term “universal” is commonly misapplied by Earth humans. Having not checked standards of beauty on other planets, the winner of the Miss Universe pageants should have always been named “Miss Earth.” The opening sequence for Universal Pictures, with full cinematic fanfare, shows—you guessed it—planet Earth. And how many times have we heard various human behaviors described as “universal”? Once again, that’s our ego run amok.

Anything truly universal should apply on Earth as in the heavens. That’s precisely what makes laws of physics universal, and it’s what allows us to set limits not only on Alien technology but on Alien physiology as well.

The justified audacity of this claim comes from simple reasoning: there is no understanding of biology without chemistry, and there is no understanding of chemistry without physics. And while it’s not obvious that this should be true, the laws of physics happen to manifest across all of space. For example, the spectra of stars and galaxies reveal, among other features, the chemical elements that comprise them. These spectra match precisely what we observe in Earth’s laboratories, telling us that quantum physics, which accounts for the formation of spectra, is indeed universal. Meanwhile, Newton’s laws of motion and gravity, as well as Einstein’s relativity, manifest everywhere we’ve looked in the universe, from nearby binary orbiting stars to distant galaxy clusters. These are not assumptions we make about the universe, they are experimentally and observationally verified objective truths.

Remarkably, the laws of physics discovered on Earth also apply across all of time, from present day back to the Big Bang itself. As we look out into space, we see the universe not as it is but as it once was, back when the light we observe was emitted. Indeed, the cosmos is a veritable time machine. Light travels about one foot per nanosecond—twelve inches every billionth of a second. So everything we see exists in our past. The person seated across the table from you is actually two- or three-billionths of a second older than what you observe. The Moon, 1.3 seconds older. The Sun, eight minutes and twenty seconds older. The Sun’s nearest neighbor, Proxima Centauri, four years and three months older. We observe the Milky Way’s neighbor, the Andromeda Galaxy, as it was 2.5 million years ago. The Cosmic Microwave Background hails from 13.8 billion years in our past. At every distance—at every cosmic time—the laws of physics manifest just as they do on Earth. It’s why science works at all.



All this leaves me saddened to report that smooth, rotating flying saucers are not a thing. They violate the conservation of angular momentum, which is physics-speak for declaring they cannot spontaneously spin up and spin down without some other thing to counter the rotational momentum. That’s why helicopters have tail rotors. Damage it and the chopper spins out of control. Helicopters designed without a tail rotor otherwise sport two counter-rotating main rotor blades, to compensate for each other’s angular momentum. You can also spin up via sideways jets that spew forth any kind of mass. Turn those same jets around by 180 degrees and they will slow down your rotation.

And how is it that flying saucers rotate, yet views out their front window do not show the outside swirling by? If you see a flying saucer approach with two counter-rotating disks, or with edge jets, then there’s a better chance you’re about to have an authentic Alien encounter.

As for sleek, aerodynamic spaceships, they look cool, but their only value is if you plan to travel supersonically through the air. Empty space makes no such demands on your design. An advanced spaceship coming upon Earth would never have to travel fast through our atmosphere. It could gently descend without the thermal drama of a reentry shield. If our own spaceships used fuel instead of aerobraking to slow down from orbit, we could descend gently as well.

Of course, when Aliens come to visit, we can be sure their technology will be greater, more advanced, and more sophisticated than anything we’ve dreamt of. They came from deep space. Whereas we cheer fellow humans who have ascended one hundred kilometers above Earth’s surface—the Kármán lineII—and we call them astronauts. For reference, if Earth were shrunk to the size of a schoolroom globe, those twenty-first-century spacefaring tourists would have merely ascended the thickness of two dimes above Earth’s surface.



A common “wow” feature of UFO reports is their sudden and rapid acceleration across the sky, typically defying all known means of propulsion. Zero to a thousand miles per hour in just a second. Changing directions instantly. Cool. In that case, their ships would indeed require a sleek, aerodynamic design for rapid maneuvers within an atmosphere.

In physics, an acceleration is a change in speed and/or a change in your direction of motion. And unless the acceleration is mild, you’ll know it when it’s happening to you. Speed up and you feel pressure against your seat back. Slow down and you lean forward against the seat belt you should be wearing. Turn left and your body leans right. Turn right and your body leans left. At any constant speed and direction, your body feels nothing. In the 2014 “Speed” issue of Car and Driver magazine, I contributed an article that made the case for “I can’t wait to accelerate!” which had no hope of replacing the Top Gun (1986) aphorism “I feel the need for speed!” but I tried.

According to Newton’s famous equation relating force to acceleration,III practically any acceleration is possible if you apply a high-enough force. The high speeds of Alien craft, even if mysterious to twenty-first-century human technologists, is not the problem here. In most lethal accidents that involve motion, what kills you is the acceleration. Colloquially, what we call deceleration is simply a negative acceleration. So a high-enough acceleration will damage your internal organs and break your bones. This occurs regardless of whether you are rapidly slowing down, rapidly speeding up, or rapidly changing your direction of motion.

To reduce acceleration, you want to increase how long it takes you to change your speed or direction. That’s why high jumpers and pole vaulters don’t typically land on cement. Instead, they land on soft cushions, greatly slowing their change in speed, allowing the athletes to survive the fall for another attempt.

At the 2001 Daytona 500 car race, NASCAR legend Dale Earnhardt died in the final lap, during an abrupt collision with the track’s wall after a mild collision with another car. His body went from 160 miles per hour to zero in a fraction of a second. No tumbling wreckage. No spinning tires bouncing down the track. No explosive fire. Just a negative acceleration that amounted to about 60 times the acceleration of gravity, or “60-Gs.” We can calculate how much kinetic energy the car and driver carry at 160 miles per hour. Whatever it is, we know that at zero miles per hour, the kinetic energy is zero. Where did the energy go? It crumpled the car and broke the molecular bonds that keep a driver’s and passenger’s body whole and functioning.

In head-on collisions, the person’s torso is decelerated by the seat belt, which is attached to the car. Drivers of racecars typically use five-point harnesses—one above each shoulder, on each side of the hip, and one between the upper thighs. But the driver’s head maintains full forward velocity until it’s decelerated by the neck. Dale Earnhardt’s cause of death was a basilar skull fracture when his head separated from the top of his shoulders, which killed him instantly.4

As evidence that people generally don’t think of such abrupt collisions as lethal or even dangerous, multiple YouTube compilations feature spectacular racecar accidents in which cars tumble down the track as they break apart and burst into flames. The tagline for the videos? “And They Walked Away.” What’s missing in their analysis is that the cars took extra time to come to a stop, greatly reducing the deceleration, greatly reducing the risk of death.

I know someone who became religious after he fell asleep at the wheel, careened off the road, and rolled his car before coming to a stop. The highway trooper, upon arriving at the scene, noticed the car’s wrecked condition, and declared, “It’s a miracle you survived!” Sometimes, not knowing the laws of physics can masquerade as divine intervention.



Back to our accelerating Aliens with their mysterious, high-force engines. Happy to grant them propulsion systems we don’t yet know how to make. If the Aliens are composed of biological tissue and not steel or some other rigid substance, and if the pilot and passengers accelerated from zero to one thousand miles per hour in a second, everyone on board will have experienced upward of 50-Gs, squashing them into a pile of goo for each impressive maneuver in our skies.

Why can a physicist make this claim? There are only four forces in the universe: the “strong nuclear force,” which holds atomic nuclei and nuclear particles together; the “weak nuclear force,” which mitigates radioactive decay; the “electromagnetic force,” which controls all interactions of atoms, molecules, and light energy in the universe; and, of course, the force of gravity. All molecules in the universe are assembled from atoms and held together by chemical bonds enabled by the electromagnetic force. Chemical bonds have thresholds of strength, above which they simply break. Typically, the larger the molecule, the more bonds it contains and the more susceptible it will be to an assault. Sink enough energy of any kind into a pool of molecules and you will break apart 100 percent of them into their constituent atoms. High acceleration of animate or inanimate matter is a means of spontaneously pumping energy into a system.

Eyewitnesses to UFO accelerations commonly describe them as silent. We don’t know how to do that yet. Our accelerations are quite noisy, although over the decades, thanks to the efforts of acoustic engineers, our cars, buses, trucks, commercial aviation engines, and most loud things have gotten steadily quieter. Old-timers may remember that when an airplane flew overhead, you had to pause conversations in the street until it passed. So loud were airplanes that in 1969, during the home World Series games played between the New York Mets and the Baltimore Orioles at Shea Stadium, Mayor John V. Lindsay requested that nearby LaGuardia Airport redirect their planes to not take off and land over the Stadium, lest announcers get frequently and frustratingly drowned out by engine noise.

What silently accelerating Aliens can’t circumvent is the sonic boom created upon crossing the sound barrier—Mach 1IV. When moving slower than the speed of sound, air molecules gladly part for you. Exceed the speed of sound and the molecules cannot move out of your way fast enough, requiring your fuselage have a pointy nose and sleek wings to cleave its way through the air, creating a shock wave. That’s why all supersonic planes look badass. In Earth’s lower atmosphere, the speed of sound is around 750 miles per hour, depending on the air temperature. So, if you witness sudden acceleration that reaches high speeds in a fraction of a second with no sonic boom, you are likely misinterpreting what you see. But if there’s an accompanying sonic boom, it’s an actual craft moving through our actual atmosphere, and there may be actual dead Aliens on board.



For Aliens to arrive on Earth, they must traverse the vast distances of space. Space is mostly empty. How empty? Again, scale everything to a schoolroom globe: The International Space Station orbits 0.4 inches (1 centimeter) above the surface. The Moon orbits 10 feet away (3 meters). Mars, a mile away (1.6 kilometers). That’s why it takes human-made rockets eight minutes to reach Earth orbit, three days to reach the Moon, and nine months to reach Mars. Restoring Earth back to its actual size, consider the Asteroid Belt, “crowded” with large chunky rocks. There, however, the average distance between known asteroids is 600,000 miles. To visit us, Aliens need the technological ways and means to traverse long distances in presumably short time frames, and they need to know where they’re going, lest they become lost in space.

The twentieth-century Italian-American physicist Enrico Fermi thought about this problem (after creating the world’s first artificial nuclear reactor). He performed a simple “back of the envelope” calculation to assess whether Aliens should have visited us by now. We know the age of the Milky Way Galaxy—at least 13 billion years. We know how big it is—about 100,000 light-years across. We know approximately how many stars populate it—hundreds of billions. And let’s imagine that every star has at least one habitable planet. If Aliens are hell-bent on colonizing the Galaxy, and they’re technologically proficient, then, from their home planet, they might send a Mayflower-style mission to a nearby planet. The pilgrim Aliens would arrive, build a rocket factory, and send two more Mayflower-style missions to other nearby planets. If every mission creates two more missions then the number of Galactic colonies will grow exponentially. By this method you could populate 100 percent of the Galaxy’s habitable planets in a mere thirty-seven steps.V What about the travel time? If humans straddled our fastest-ever rocket out of the solar system—NASA’s New Horizons mission to Pluto at ten miles per secondVI—to reach the Alpha Centauri system, a mere 4.2 light-years away, would take eighty thousand years. That duration is somewhat longer than our life expectancy, requiring us to send a generational ship, populated by a batch of fertile astronauts, while condemning the unborn to complete the mission set forth by the first generation that started it all. Two thousand generations later the ship arrives at a new planet. To cross the entire Galaxy, planet by planet, would take billions of years.

But we’re not talking about humans here. We’re talking about high-tech Aliens. Let’s say they figured out how to travel a modest 20 percent the speed of light. They could move among the stars in years, not billennia. At those speeds, the entire Galaxy could be populated within a few million years, rather than a few billion years. Still sounds like a long time, however a few million years is a mere 0.02 percent the age of the Galaxy. By this measure, the Aliens should have colonized every planet by now, including Earth. But all life on Earth has common DNA and common origin. No outsiders among us. Soooo, where are the Aliens? That is the essence of Fermi’s argument, which has come to be known as Fermi’s Paradox.

Since we already have the answer—they’re not here—it’s easy to invent all manner of excuses for why. The English physicist Stephen Webb, in a book titled If the Universe Is Teeming with Aliens… Where Is Everybody?,5 proposes seventy-five solutions to that paradox. Here are a few:


	Interstellar space travel across light-years of distances is simply too hard, for anybody, even advanced Aliens. So it’s never attempted.

	We have grossly overestimated the number of habitable planets in the Galaxy.

	They’re everywhere, but they avoided planets already inhabited by intelligent life. Not to be confused with the Dark Forest hypothesis, where none of the many inhabited planets are broadcasting their presence, for fear of hostile takeover by neighboring evil Aliens.

	We have grossly overestimated the presence of intelligent, technologically capable life in the universe. A biological outcome so rare that we may be alone in the Galaxy. The 2000 book Rare Earth6 more fully explores that subject.

	Aliens have no interest in spreading themselves beyond their home planet. The urge to think they want to conquer space are projections of uniquely human desires.



Any one of those would explain why they’re not here. In combination, we have good reason to feel safe from an Alien invasion. But if you are sure they’re already here, masquerading as humans or as some other life-form, then there’s still a problem. Fundamental to the premise of the Fermi Paradox is that the Aliens arrive, set up shop, and send forth two more space missions in search of more planets. I think somebody would notice if that happened.

My favorite explanation, however, is called the Cosmic Quarantine Hypothesis,7 developed by my Museum colleague Steven Soter in 2005. He explored the plausible fate of colonistically hungry life-forms. They have come to be called “grabby Aliens”8 for whom finding and colonizing planets sits deeply in their urges, and they can’t stop themselves. We presume these Aliens have also mastered the science and technology that enables these ambitions.

As the wave of colonization continues across the Galaxy, spreading like mold in a petri dish, fewer and fewer habitable planets come available. But grabby Aliens always want more, more, more. Not all habitable planets are equally desirable, so conflict within the Alien species is inevitable as they fight each other for the fewer and fewer planets that remain. They might even fight each other over already settled planets. Rather than “I want a planet,” that’s a case of “I want YOUR planet.” The conflict reaches a tipping point when the entire race of Aliens is at war with itself, causing this exercise in Galactic colonization to implode.

Sounds far-fetched. But that’s exactly what happened on Earth with the great seafaring colonizing powers of England, France, Spain, Portugal, and the Netherlands. Add to that list the Japanese Empire, the Mongols, the Polynesians, and the Ottoman Empire and you have a single species of life carving up all desirable areas of Earth’s surface. That works until two colonizing powers confront each other, ultimately waging war between themselves for control over land of common interest. That grabby-Alien scenario across the Galaxy would surely be us, if our technology enabled it.



One of the great triumphs of modern science is the Periodic Table of Elements. Failed attempts to organize the elements, beginning with alchemists of centuries past, Isaac Newton included, finally succumbed, in 1869, to the genius of Russian chemist Dmitri Mendeleev. It’s more than just a list of the then sixty-three known elements. In tabular form, it reveals repeating properties of otherwise disparate elements. And where holes existed in the Table, new elements awaited discovery. The Table’s columns and rows capture properties that convey deep insight into the chemical behavior of atoms, in spite of it preceding by thirty years the discovery of the electron, which is responsible for all chemical reactions between elements.

A full understanding of why chemical periodicities existed at all in the Table would elude science until the discovery of quantum physics in the 1920s. Currently, we are rising through 118 known elements and there are no gaps. Ninety-two of these elements occur naturally in the environment and across the universe. From hydrogen, with one proton in its nucleus, through uranium, with ninety-two. We manufacture elements heavier than uranium in laboratories.

Well, then, if the Alien has any understanding at all of the chemical elements in the universe, it would (or should?) recognize the Periodic Table of Elements for the amount of information it condenses and organizes. So keep one of those in your pocket as well. Right next to the Pythagorean triangle. And that antimatter test coin. The Alien won’t recognize the chemical symbols we use, especially when many derive from Latin roots that don’t match the element’s common name, like Ag for silver, Au for gold, and Pb for lead.VII But the Table itself should be immediately recognizable, since we and the Alien live in the same universe, with access to the same elements, across time and space.

By now the Alien should be impressed with us. And if we’re lucky, it might want to teach us a thing or two about its own science and technology. That would be good, because if the Aliens are evil and want to harm us, our guns and missiles and bombs and baseball bats and tiki torches will likely be useless against them. If we fire upon Aliens, it will probably just piss them off, at which point we should, perhaps, run and hide.

The intent of Alien weaponry will be no different from anything millennia of human warfare has created. What all weapons have in common is the desire to take energy from here and put it over there. From the kinetic energy of your fist, to arrows shot by bows, to bullets shot by guns, to guided missiles, to electromagnetic ray guns. Most importantly, you want to ensure that the energy you transfer to your target exceeds the energy that protects or holds together the target you want to disable or destroy.

As already contemplated, more terrifying than an Alien who threatens to kill you with a ray gun might be an Alien who instead threatens to eat you. Many of the great fairy tales contain storylines where children are at risk of getting eaten—from “Little Red Riding Hood” to “Goldilocks and the Three Bears” to “Hansel and Gretel” to “Jack and the Beanstalk.” The threat reaches deep into our childhood fears. In yet another classic episode of The Twilight Zone called “To Serve Man”9 a race of nine-foot-tall Aliens called the Kanamits land on Earth and teach us advanced crop sciences that greatly increase the yields of our farm production. Worldwide hunger is eradicated and everybody is well-fed. And all wars over limited resources end. The Kanamits then invite curious and interested humans to visit their home planet aboard their spaceship. People line up eagerly to embark on the voyage. We later learn from cryptographers that a book the Kanamits had accidentally left behind, titled To Serve Man, was not a primer on how to help humanity. Instead, it was… a cookbook.



The persistent portrayal of evil Aliens with advanced science, tools, and weaponry derives from how we suppose they will behave toward us. But maybe it’s unwittingly based on the actual evidence of how we know we have behaved against ourselves in the history of civilization. Encounters between humans wielding advanced technology and humans who don’t has never ended well for the humans who don’t. Colonization and slavery come to mind. But so does outright genocide.

H. G. Wells made this point in the first chapter of The War of the Worlds, attempting to engender understanding, if not sympathy for the invading Martians:10


And before we judge of them too harshly we must remember what ruthless and utter destruction our own species has wrought.… The Tasmanians, in spite of their human likeness, were entirely swept out of existenceVIII in a war of extermination waged by European immigrants, in the space of fifty years. Are we such apostles of mercy as to complain if the Martians warred in the same spirit?



So, space Aliens could be the most peaceful creatures in the universe, accompanied by a moral code exceeding anything yet attained by human civilization. But our storytelling has mirrored upon them the worst behaviors of humanity. We’ve seen the enemy, and it’s ourselves.



	I. The book To Infinity and Beyond, by this author and Lindsey Walker (National Geographic Books, 2023), is an illustrated chronicle of human technological achievements that transcended previous imaginings.

	II. The Kármán line is the elevation above Earth’s surface where the atmosphere is so thin that it no longer glows blue, enabling you to see a sky full of stars even when the Sun is out. Generally considered the beginning of outer space.

	III. Newton’s second law of motion states that a net force on an object is proportional to the object’s acceleration, mitigated by how much mass is being accelerated. In equation form: F = m x a (force equals mass times acceleration).

	IV. Named for the eighteenth-century German physicist-philosopher Ernst Mach (1838–1916), who studied shock waves caused by high-speed motion through fluids.

	V. Arithmetically, this is 2 raised to the power of 37, which is greater than 100 billion.

	VI. That’s 0.005 percent the speed of light.

	VII. The Latin word for silver is argentum, where we get the name for Argentina, the presumed land of bountiful silver. The Latin word for gold is aurum. And the Latin word for lead is plumbum, which gives us the word “plumber,” from back when pipes were made of lead.

	VIII. While thoroughly decimated, the Tasmanians were not entirely swept out of existence.
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5 ALIEN POWERS

There’s no reason Aliens couldn’t run faster than us. Jump higher. Or even fly. A useful power might be to regenerate appendages, as casually depicted in the 1984 indie sci-fi film The Brother from Another Planet. The Alien in that storyline escaped to Earth having been enslaved on his home planet. He was literally an undocumented Alien wandering the streets of New York City, after (coincidentally) crash-landing on Ellis IslandI. He otherwise looks convincingly human. A severe leg injury completely heals while he hobbles around, regenerating a new foot. And in the 1997 film Men in Black, starring Will Smith, one of the Aliens on Earth—arms dealer Jack Jeebs—simply regrows his head anytime you shoot it off.

Turns out, all these physiological features already manifest in life on Earth. There’s of course no shortage of animals that can run faster and jump higher than we can. The world’s fastest human, Jamaican sprinter Usain Bolt, would easily be caught and eaten by a half dozen different species of mammal predators.II

Eleven thousand species of birds fly. But we can’t. Meanwhile, a lost claw is not a lost cause for lobsters. They regrow appendages. Same for newts and starfish.III Some planarian flatworms possess stem cells that will even regrow their own head, rendering the guillotine a useless form of capital punishment in their world. So Hollywood Aliens have got nothing on Mother Nature.

Sticking with humans, we’re biologically endowed with five traditional senses, many fewer than Voltaire’s Saturnian and Sirian Aliens. Collectively, these senses serve our need to gather information about our environment—mostly for our survival. In sequence of how far away they can detect things, we get: taste, touch, smell, hearing, and sight. When not invoking our senses for survival, which is most of the time in modern civilization, we divert significant personal resources to please them via food, music, and art. There’s no reason at all for Aliens to share these same five senses. They might wield fewer than we do, or many more. And those senses may be significantly more (or less) acute than ours. But if the evolution of animals on Earth is any indication, the Aliens will have, as a minimum, sight, sexual reproduction, and locomotion. These capabilities proved so useful to survival on Earth that they each evolved in multiple independent ways, across various species. The vertebrate eye, fly eye, spider eye, octopus eye, and bat echolocation (a talent shared by the blind Marvel Comics superhero Daredevil) do not have common evolutionary roots. As for locomotion, millipedes get around town with hundreds of legs, while, of course, the snake manages just fine with no legs at all. And sexual reproduction is rampant in not only the animal and plant kingdoms but also the fungal kingdom.

The large-eyed Alien trope grants them excellent vision. The laws of optics for big eyeballs give you better acuity (higher resolution) as well as excellent vision in dimly lit environments. But, if skulls matter, this power of vision comes at a cost. The human brain is eighty times larger in volume than our eyeballs. If your Alien has huge eyeballs, and if both their eyeballs and their brains reside inside their head, then huge eyeballs leave less room for brains. Animated Disney characters and horses, both with adorably large eyes, suffer the same problem. So too do all the creepy, big-eyed children illustrated by artist Margaret Keane.IV If the Disney queen Elsa from the Frozen film franchise has a human-sized head, then her brain is only ten times the size of her eyeballs. A horse’s brain, half the size of a human brain, is only five times the volume of its two eyeballs. So a big-eyed Alien, who acutely sees its environment, may be stupider than we first estimate, and, like horses, might startle easily.

The Alien in The Brother from Another Planet also had super-duper, hypersensitive hearing. By touching surfaces, he could detect sounds years and even decades after the incident that created them had passed. A spooky, powerful, creative addition that happens to be physically impossible. Sound is a vibrating pulse of energy that moves outward at various speeds, depending on the medium through which it travels. It doesn’t hang around. Actually, it can stay for a short while, but only if the environment allows an echo, itself typically vanishing to nothingness within seconds.V

When you don’t possess a sense that another life-form does, their behavior will, at times, seem peculiar. In what has risen to the status of proverb, but is commonly attributed to the nineteenth-century philosopher Friedrich Nietzsche, we revisit the role of senses in our understanding of objective reality:


And those who were seen dancing were thought to be

Insane by those who could not hear the music.



Nietzsche notwithstanding, as mere humans, we do quite well in the sensory department. To compensate for what we may be missing physiologically, civilization invented the next best thing. It’s called science. Ever since the near-simultaneous discovery of the microscope and telescope in the early 1600s, the number of science senses has grown steadily.

Science senses are stimuli to which human physiology is mostly or entirely oblivious. They’re measurements of our environment. A partial list includes the detection of electromagnetic energy beyond what our retinas see: radio waves, microwaves, infrared, ultraviolet, X-rays, and gamma rays. With high sensitivity, we can detect and measure Earth tremors, magnetic fields, and ionizing radiation. We can measure small changes in Earth’s gravitational field as you ascend an elevator. We can measure the polarization of light. We can decompose light into its component wavelengths using a spectrograph. We can detect sounds far outside the frequency range of human hearing—at both the high and low end. We detect chemicals that you can neither see, nor taste, nor smell—on the level of parts per billion. And in the hospital, we boast a half dozen ways to see inside your body without first cutting you open. So the next time someone at your dinner party boasts of a “sixth sense,” you no longer need to be impressed.



An enviable power for an Alien to possess would be the ability to see any band of light. You’d also want the capacity to tune those wavelengths, otherwise you’d be overwhelmed with visual information, rendering it useless. Imagine walking down the street with those powers. Tune to microwaves and what do you see? For every cell phone conversation the person’s phone would be ablaze with fluctuating light. Anybody using wireless headphones or earbuds? Their Bluetooth technology also uses microwaves. You’d see microwave light coming from the pocketed music player and sparking out of each ear. Key fobs? Every press of a button—to unlock the door, pop the trunk, relock the car—sparks another visible pulse of microwaves, at the key fob itself and at the car. Ubiquitous cell phone towers would be ablaze on the tops of buildings and hills. Know what else uses microwaves? Police radar guns. Aliens with multispectral vision would never get a speeding ticket because they could easily spot the radar well in advance, as a bright source of microwave light from behind the bushes.

Visible light from the Sun, upon being absorbed by Earth’s surface, converts to infrared light and reradiates back into the atmosphere, where it’s trapped by greenhouse gases. With vision tuned to the infrared part of the spectrum, you could watch this happen in real time, while you look upon global warming skeptics who look hopelessly ignorant to you.

While at the dentist, but only after the technician exits the room, you would see bright pulses of X-ray light emanating from that mysterious cone-shaped thing they aim at your teeth and gums. And, as people lie on the beach, exposing their skin to ultraviolet light from the Sun, you would bear witness to these rays as they damage skin cells, first darkening them, ultimately rendering them cancerous.

Perhaps the brightest source of light around us are radio waves. They’re everywhere. Communication satellites, especially the many thousands of SpaceX Starlink satellites that orbit Earth, would be fully visible in the dark of night, slowly crossing the sky. And in spite of most people receiving their TV entertainment via the internet or cable, TV and radio stations still broadcast powerful radio-wave signals via tall antennae. Control towers at airports would be ablaze with light. Airplanes in the sky would be equally ablaze as they communicate with air traffic control. And, as already noted, these are the signals that escape Earth, announcing to the universe who we are and where anybody can find us in the Milky Way.

If you couldn’t tune your bandwidths, your field of view would be overrun with visual noise.

Such powers did not go unnoticed by science fiction writers. In the 1987 reboot Star Trek: The Next Generation, which ran for seven seasons, the character Geordi La Forge wears a VISOR, which is the meta-descriptive acronym for Visual Instrument and Sensory Organ Replacement. He could scan and report on any and all electromagnetic energy in front of him—especially useful when on the deck of a starship navigating the Galaxy. So, tunable multispectral vision would surely be a most-coveted Alien power. Not a weapon of offense, but an extraordinary tool of awareness and surveillance.

Well before Star Trek, however, we had Superman, an Alien with a combination of X-ray and heat vision, first revealed in 1949,1 eleven years after the comic and character had premiered. Not tunable, but he could definitely see through people, places, and things. He could also use this power of vision to set things on fire. Note that seeing X-rays and the X-ray vision reported for Superman are two different things. If all you could see were X-rays, and nothing around you emitted them, then the scene would be completely dark. If, however, your eyeballs emitted X-rays, your object of interest (situated behind walls, inside boxes, etc.) would need to reflect them back for you to know anything about what you’re looking at. Remember that a medical X-ray machine not only generates X-rays but uses a detector on the other side of the enclosure to see which X-rays passed through and which got absorbed by the target, be it a package for delivery, or your body parts.

Superman’s ability to heat things would, in 1960, be separated from his X-ray vision2 and derive from his ability to concentrate other bands of electromagnetic energy on his target. Since X-rays pass through most common objects, they make a poor candidate to concentrate energy. Infrared would work well in that capacity. It’s absorbed by most things, allowing heat energy to accumulate, ultimately igniting the target.

Not until the Golden Age of Islam, a millennium ago, did anybody figure out that sight was a passive phenomenon.VI When you look at anything, even when you look hard at it, you’re simply waiting for light to reach your retina. Those who claim they can “feel” when someone stares at them can never reproduce that claim in controlled laboratory settings. This presumed power of vision nonetheless made it into all manner of legends and mythology. Most famous, perhaps, is Medusa, an Earth Alien if there ever was one. Apart from her snake hair, if she simply looked at you, you’d turn to stone. Hero Perseus slayed her with his sword by taking aim via her reflection on the inner surface of his polished shield. Apparently, reflections neutralize the stone-stare. These are the stories that get written when you have no understanding of physics.



One can speculate whether Superman’s inner physiology is also superhuman. Like dogs, he can hear sound outside the normal human range of frequencies. But how do his inner organs function? This subject was addressed on a StarTalk podcast in response to a question submitted by a listener.3 If, whatever humans have, Superman has more of it, then he might have super digestion, enabled by super bacteria in his gut. His bacteria would generate super waste gases—especially hydrogen sulfide (H2S) and methane (CH4). These enhanced effluences would be noticed immediately by anyone standing near him, especially in a closed elevator. But therein lies two new superpowers. Hydrogen sulfide is smelly and actually deadly, even in small concentrations, giving literal meaning to the phrase “silent but deadly.” It’s one of the few gases that we can smell at a much lower concentration than what will kill you. Evolutionarily, that’s why farts smell bad. Anybody who took pleasure in flatulence-based aromas (eau de fart) would be summarily removed from the gene pool. So that’s one superpower: he could kill everyone in the elevator if he chose to.

But also, methane is highly flammable. If you must know what that looks like chemically:

CH4 + 2 O2 [image: ] CO2 + 2 H2O + Energy

Though rife with risk and hazard, those who attempted to light farts with matches or a cigarette lighter at summer camp were performing an actual science experiment. Combine the methane in Superman’s farts with his infrared vision, and he could roll down his drawers, aim his butt at a target, let one loose, and direct his infrared vision at the gas stream, creating a veritable flamethrower. Surely occasions abound in crime fighting where a butt flamethrower would be useful, but shooting flames from your eyeballs would be simpler and less humiliating.

Is any of this different from a fire-breathing dragon? Perhaps not. Cows, which all have active digestive systems, utilizing multiple stomachs, burp and fart more than two hundred pounds of methane per year, per cow.4 Many farms today harness cow methane and burn it for heat and electricity in their barns.5 Methane is also a potent greenhouse gas, nearly thirty times as absorptive of infrared energy as carbon dioxide. So if you see a cow-Alien descend from a spaceship, keep your distance, front and back. If they’re also equipped with Superman’s infrared vision, the creature could ignite flames at both ends.



A persistently portrayed feature of Aliens is their ability to communicate with one another telepathically. Why not? Our thoughts are nothing more than neurochemical and electromagnetic impulses within our brain. From afar you can’t know the neurochemistry, but the electromagnetic activity creates a field both inside and outside your skull, which is detectable and, in principle, decipherable. There’s otherwise no secret undiscovered means of projecting thoughts or information from one being to another.

Here’s why we can make that claim: to communicate, or to simply detect any signal at all, requires a change in the configuration or energy state of a system. Consider that, in 2016, astrophysicists figured out how to detect ripples in the fabric of space-time6 caused by two colliding black holes in a distant galaxy. After traveling at the speed of light for billions of years, the energy of those waves that washed over Earth was small enough to require a measurement on the scale of one one-hundredth the diameter of a proton—a triumph of relativity and quantum physics. To achieve that level of precision requires that you account for all other possible causes of vibrations in the experiment. And they did. The lesson? If anybody is walking around with actual extrasensory perception (ESP), be they human or Alien, it would not escape our detectors, empowering physicists with means to eavesdrop on telepathic secrets.

A spooky possibility, however, would be if the Aliens project electromagnetic signals into our brains that we think are our own thoughts. This trick is famously used by Jedi in the Star Wars franchise. Works especially well when you’re not otherwise authorized to walk past a guard on duty. You wield your authority with a gentle wave of your hand. The guard mindlessly agrees with you and lets you pass. To control someone’s thoughts is to control their behavior, which would signal the end of free will. If Aliens wielded that power over us then it’s game over.

Consider, however, that metal can shield electromagnetic fields. Any cavity enclosed by metal is called a Faraday Cage and will protect all that’s inside from electromagnetic intrusions. Lightning itself cannot even penetrate. The military builds such rooms and calls them SCIFs, for Sensitive Compartmented Information Facilities. That’s where they share secrets that can’t be externally bugged by any form of electronics. What this means is that all the people we know, or have read about, who wear “tinfoil” hatsVII may be our saviors when confronted with mind-control Aliens.



Some Aliens like to disappear and reappear at will—popping in and out of existence. A highly improbable green Alien named “the Great Gazoo” visited Fred Flintstone and Barney Rubble in the last season of the 1960s prime-time Stone Age cartoon The Flintstones. Gazoo had the power to appear and disappear with the snap of his finger. As you might have guessed, the show had just “jumped the shark.”VIII Even though Gazoo was not real, it doesn’t change the physics of the situation: you cannot simply pop into and out of existence without a trace. When matter disappears, it becomes energy, not nothing.

You can’t cheat E = mc2.

One could, however, access a wormhole through space-time—stepping in and out of your location without making a formal entrance or exit and without leaving a trace. We know how to make wormholes, only we can’t. We don’t have the right ingredients. Wormholes require a substance that may or may not exist in the universe, carrying negative gravity, allowing you to pry open the fabric of space-time. Regular gravity, on the other hand, wants to collapse space-time onto itself. The humanoid superheroes Thor and Superman are both Aliens. And they both arrived on Earth via wormholes,IX so we’re good there.

The physics of invisibility remains a fascinating frontier of quantum optics. The challenge is to get a photon of light from behind you, which you otherwise would have blocked, to travel around your body and come out the other side, continuing on its way as if you weren’t there at all. In the 2002 James Bond film Die Another Day, starring Daniel Craig, his Aston Martin Vanquish employed technology, at the press of a button, to simply disappear from view. It uses physics, rather than the magic required for Harry Potter’s invisibility cloak in the book and film storylines. In both cases, however, you have not physically disappeared. You’re still there. It’s just that nobody can see you.

This distinction is not a simple matter of semantics. A clear window is transparent because visible light photons from one side emerge coherently on the other side. The glass has disappeared from view, even though it’s still there. Conversely, most household glass blocks ultraviolet light. So if we could tune our eyes to that band of light, transparent windows would all of a sudden become opaque. One of the factors that delayed the creation of lenses for microscopes and telescopes was the technological challenge of manufacturing perfectly clear glass. Hence the prevalence of crystal balls as transparent objects in storytelling and even in ancient reference to planetary orbits, each embedded in a “crystalline sphere,” allowing you to see through them all, to the outermost layer of “fixed” stars.



The coolest thing ever would be if Aliens occupied more spatial dimensions than we do. We are three-dimensional creatures. Nothing to stop an Alien from living in four or five or more dimensions. If they never deigned to pass through our measly three dimensions, we would never know they were there. But if they did, they would appear out of nowhere, and we would only be able to detect three of the Aliens’ higher dimensions of existence. In a simple example, imagine we were 2D creatures living in, and constrained to, a flat plane. We would know squares, but have no concept of a cube, which requires an extra dimension that lives outside of our 2D awareness. If an aligned cube sank through our world, all we would see are squares. If a sphere passed through our 2D world, all we would see are circles.

Another feature of higher-dimensional Aliens would be their ability to see all the organs inside your body. Actually, they would be able to see inside of any 3D enclosure. This power comes not from some magic X-ray vision. It’s a simple property of your existence in a higher spatial dimension. If you first draw a square on a sheet of paper, and then imprison a stick figure within its border, nobody in the universe of your 2D paper would know about your stick figure. For them, no sight line has access to the square’s contents. Yet what’s inside is completely visible to you, a high-and-mighty 3D person, relative to all the flat residents within the paper. Upping this analogy by one dimension, everything that sits within a 3D enclosure, in a 3D world, is completely visible to all 4D beings. If we had access to this fourth spatial dimension, privacy laws would look very different. More importantly, medical surgery would be transformed, granting the 4D surgeon direct access to your innards without cutting you open.

These higher-dimensional Aliens could, in principle, disappear from view by simply sliding out of our three dimensions. But this doesn’t make them invisible. They’ve simply exited your space. While passing through our dimensions, we would most definitely detect their existence even if we can’t envision their full form in their higher-dimensional world.

In summary, Aliens that disappear from view—no problem. Aliens that step back and forth across wormholes—no problem. Aliens that disappear without a trace within our three dimensions? Now you’re violating universal laws of physics.

The closest example we might imagine to being transported into another dimension is a fish, living its whole life underwater. It suddenly gets yanked from the sea with a hook in its mouth, grabbed by human hands, stared at briefly, judged to be too small, then tossed back, to live another day and tell its friends what just happened. No matter how that incident gets told, fellow fish friends will never believe it, even though the fish never left three dimensions. Now imagine the challenge of describing an actual higher-dimensional excursion.7

People who say they saw Heaven and try to describe it usually have a hard time doing so. But if a prerequisite for seeing Heaven is you being dead, then why should anybody believe you? Unless you saw Heaven while you were temporarily dead and doctors brought you back to life. If so, then modern medicine thwarted the will of your God. Seems to me, that’s a story worth hearing too.

Fanciful dreams are also a challenge to describe with any precision. Maybe it’s our mind routinely accessing other dimensions. Or, more likely, it’s just neurochemistry having fun.



One TV Alien deserves special attention. In spite of mediocre reviews from critics, the sitcom Out of This World ran for four seasons,X beginning in 1987. It featured a half-Alien teenage girl, Evie Garland, born of a human woman and a highly humanoid male Alien from the planet Antareus. His spaceship crashed on Earth, after which he met, married, and mated. He was later called back to his home planet to fight in a war, leaving behind his wife and daughter. One of Evie’s several Alien abilities, which first manifested when she turned thirteen, is the power to stop time by simply touching together the tips of her two index fingers. Upon doing so, she can then move and maneuver within the scene, both manufacturing and mending the sitcom-havoc required of the plotlines.

In Albert Einstein’s theory of relativity, the flow of time is relative and can be influenced by your motion through space or by the strength of gravitational fields. This cosmic fact, as with other laws and principles of physics, is not “just a theory,” but has been verified across the Galaxy and across the universe.

There’s no reason, in principle, why advanced Aliens could not harness these facts-of-physics into a superpower. If our teen Alien managed to subject everything around her to an extremely high gravitational field, such as what one finds in the vicinity of a black hole, then her perceived passage of time would feel normal, while everything else would have slowed to a near-standstill. No, she can’t stop time completely, but she can make it pass arbitrarily slowly for all around her. The problem is that if you find yourself in the same place at the same time as someone else, it means your worldlines intersect. “Worldline” is the slick and authentic term that describes your life’s trajectory through space and time. Where worldlines join, every person, place, and thing at the point of intersection will experience the same flow of time. So the closer Evie approached others, frozen in the scene, the slower her time would tick as well. Can’t get around that fact. But I’m otherwise happy to write Out of This World a hall pass for thinking up this novel and entertaining Alien power.

Evie also wields powers of telekinesis—the ability to move objects at will, without physically touching them. There’s no end of such portrayals in movies that feature very, very, very smart people, even though there’s no biological reason whatsoever for such powers. Apparently, we’re not content with just really smart people solving really hard problems. In both the 1996 film Phenomenon, starring John Travolta, and in the 2014 film Lucy, starring Scarlett Johansson, for example, the main character becomes superintelligent and also telekinetic. In Phenomenon, the main character could also sense ground stress that precedes earthquakes—an admittedly useful power of perception.

When cinematic smart people wield the ability to move stuff, it’s often with finger gestures controlled by their mind. Of course, we perform telekinesis in physics all the time. It requires a configuration of matter that can act on the object you want to control, and it has nothing to do with your brain. In physics each of the forces creates a field that can set matter into motion under the right conditions. A familiar example comes from electromagnetic fields. They’re how magnets manage to move things. And if we could manufacture and manipulate mini–black holes, we could move things around in our lives gravitationally.

Ordinary matter is neutral, possessing a mixed and balanced number of negative charged electrons and positive charged protons. But if you managed to segregate some of the object’s electrons over to one side, you could then adjust the charges within your finger to display an excess of protons toward the object, thus attracting it. Want to push it away? Show it an excess of electrons.

Two problems, however: (1) Your satchel of black holes would all merge into one larger black hole. That larger black hole will then consume you. That even larger black hole will then systematically consume all of Earth. That would be bad. And (2) electrons are necessary ingredients in all molecules. They’re what enable atoms to stick together and exhibit the myriad properties that make life possible. To pull electrons away from their jobs is to ionize the molecules, undermining the integrity and identity of the molecules themselves. That’s why ionizing radiation is harmful and ultimately lethal.

Ignoring those complications, teen-Alien telekinesis is clearly a useful power to possess, especially when navigating the complex and stressful social life of high school.



	I. In operation from 1892 to 1954, Ellis Island, a federal center in New York Harbor, processed more than 12 million immigrants to the United States: https://www.statueofliberty.org/ellis-island/overview-history.

	II. Usain Bolt’s top speed, 27 mph. Bobcat, 30 mph. Gray wolf, 35 mph. Grizzly bear, 35 mph. Hyena, 40 mph. Lion, 50 mph. Cheetah, 70 mph.

	III. Now formally known as “sea stars.”

	IV. Margaret Keane (1927–2022), famous for illustrating children with huge eyeballs, rendering them simultaneously adorable and terrifying.

	V. The world record currently stands at 112 seconds, obtained in a highly contrived acoustic setup using a pistol fired inside a buried, empty oil storage tank. See Bob Yirka, “New World Record Set for Longest Duration Echo in a Man-Made Structure,” Phys.org, January 17, 2014, https://phys.org/news/2014-01-world-longest-duration-echo-man-made.html.

	VI. Arabic scientist Ibn al-Haytham (a.k.a. Alhazen) made this discovery in the eleventh century, in conflict with the teachings of Plato and Ptolemy of ancient Greece.

	VII. In modern times, of course, “tinfoil” in the kitchen has been replaced by aluminum foil, a much better electrical conductor, but the name is with us to stay.

	VIII. The phrase “jump the shark” comes from a single episode in 1977 of the 1950s-nostalgia sitcom Happy Days, in which one of the main characters, while waterskiing during a trip to California, jumps from a ramp over a shark in the water below—a sure sign that the creators had run out of ideas.

	IX. In 2012, I consulted with DC Comics for a story that landed in Action Comics #14. In it, Superman visits NYC’s Hayden Planetarium and uses specialized equipment to witness the destruction of Krypton, whose light was only just then reaching Earth. For him to have been launched Moses-style, as an infant in a basket, and arrive on Earth in that same basket, not having aged, either he traveled at the speed of light or he instantly passed through a wormhole. But if he traveled at the speed of light he would not have beaten the light from the destruction of Krypton. So the DC storytellers agreed that, for the story to work at all, newborn Superman must have arrived via a wormhole.

	X. For context, the original Star Trek, The Jetsons, and Gilligan’s Island were each canceled after only three seasons. The Munsters and The Addams Family after two seasons.
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6 ALIEN EVIDENCE

For reasons not entirely understood, the need for a question to have an answer is often greater than the need for the answer to be verifiably true. This neurologically mysterious feature of the human mind goes way back, typically referencing deities to account for all that was not understood at the time. Polytheism may represent the pinnacle of this exercise, where different gods accounted for each mystery, each inexplicable natural phenomenon, and each precipice of ignorance.

The great Alexandrian polymath Claudius Ptolemy, in awe of the mysterious motions of planets on the sky, penned in the margins of his greatest work, Almagest (AD 150):


When I trace at my pleasure the windings to and fro of the heavens bodies, I no longer touch earth with my feet, I stand in the presence of Zeus himself and take my fill of ambrosia.



He didn’t fully understand what the planets were doing. That would require another 1,500 years. But Ptolemy was sure Zeus was on top of the situation.

By the eighteenth century we understood planetary orbits, thanks to the sequential efforts of Nicolaus Copernicus, Johannes Kepler, and Isaac Newton, which basically canceled Zeus. But writing in 1717 and 1718, for the second edition of his seminal classic, Opticks,1 Newton would wonder how the solar system can remain stable with everybody tugging on everybody, everywhere, all the time, via their mutual gravitational attraction:


Blind Fate could never make all the Planets move one and the same way in Orbs concentrick, some inconsiderable Irregularities excepted which may have risen from the mutual Actions of Comets and Planets upon one another, and which will be apt to increase, till this System wants a Reformation.



That “Reformation,” invoked at the limits of Newton’s understanding of the planetary motions, referenced the hand of God.

We would later understand the stability of the solar system through the work of French mathematician Pierre-Simon Laplace in the early nineteenth century. He developed a branch of calculus called “perturbation theory,” which allowed a full analysis and understanding of how the flying circus of planets, moons, and comets can remain in stable orbits around the Sun. The almighty, omnipotent God of the Bible was no longer necessary to make things right. Laplace is rumored to have told Emperor Napoleon, upon being called out for ignoring God’s handiwork in his calculations, “Sir, I had no need for that hypothesis.”

What happened there has played out for millennia. It’s what philosophers call the “God of the gaps.” When you are ignorant of the answer, and so is everyone else, you assign the cause to God. After you’ve figured out the answer, God shifts to other frontiers where science has yet to tread.



Today, in many cases, “God of the gaps” has morphed to “Alien of the gaps.” Or to add some assonance, how about “Aliens of our ignorance.” The abbreviation “UFO” uses “Unidentified” as its first word, preceding “Flying Object.” A perfectly sensible way to ID something you don’t understand or can’t identify. But one cannot overemphasize a simple truth: Just because you don’t know what you’re looking at does not mean you know what you’re looking at. Of course, the question-loving skeptic must always retain an open mind, but not so open that your brains spill out, losing all ability to analyze the evidence before you.

Failure to heed this advice leads to newspaper headlines declaring “UFOs are Real,”2 which, on face value, make no sense at all. The abbreviation UFO has become synonymous with visiting Aliens from outer space, which, if so, should then require we call these things IFOs, for “Identified Flying Objects.”

In modern science, we are generally comfortable staring into the unknown. That’s what attracts us to the frontier. The persistent media declaration in the face of new discoveries that scientists must “go back to the drawing board” misses the fact that active research scientists are always at the drawing board. But somehow, there’s nothing less comforting to the public than a scientist, when confronted with a mystery, who says “I dunno.” “Your guess is as good as mine!” Or “We’re clueless on that one.” Slightly more fulfilling responses might include “We’ve got top people working on that” or “We have several hypotheses that might explain things.” Perhaps the Austrian poet Rainer Maria Rilke said it best:3


Be patient toward all that is unsolved in your heart

and try to love the questions themselves.





Conspiracy thinking is another mysterious force that operates on the otherwise logical human mind. It sits adjacent to the “I’ve gotta have an answer now” camp of thinking. What all conspiracy theories have in common is a gap between their acquired data and an unearned conclusion about what’s actually going on. This naturally lands conspiracy theorists in places where they must ignore conflicting data (known as confirmation bias) and then just make shit up to cross the data gap in ways that serve their foregone conclusion. In the simplest example, you are certain the UFO is an Alien flying saucer, but all you have is a fuzzy image of lights in the sky. You have insufficient data to justify your conclusion, but that doesn’t matter to you. The US government declares it’s a weather balloon. But that claim is inconsistent with what you are sure is the truth. So, you conclude that the real information is being withheld from you and the government has engaged in a conspiratorial cover-up.

Let the record show that more than two hundred weather balloons are lifted to the stratosphere every day in the United States.4 That’s more than seventy thousand per year, far exceeding the number of UFO sightings reported to the Washington State–based National UFO Reporting Center (NUFORC).5 But it may account for the preponderance of spherical UFOs reported worldwide, greatly exceeding the iconic saucer of decades ago. Here’s the latest cumulative tally of shapes, from more than 100,000 reports, compiled by NUFORC:


ORB             29%

TRIANGLE        20%

OTHER           10%

FIREBALL        10%

DISK / SAUCER   9%

EGG             8%

CIGAR           6%

CHANGING       4%

RECTANGLE      3%

DIAMOND        2%



Frankly, orbs as UFOs are much less interesting than any other shape on that list, perhaps because they’re the easiest to account for.

If you need to speak with someone after seeing a UFO, the Ohio-based Mutual UFO Network, abbreviated MUFON, is dedicated to supporting observers. On their website,6 you can click on “REPORT A UFO” or even “REPORT AN ABDUCTION OR NON-HUMAN CONTACT.” So whether or not you think you saw actual Aliens, they are eager to hear and log your story.



One can’t fully explore the UFO phenomenon without also inquiring whether sightings occur equally around the world. We presume Aliens would have no specific reason to favor one country or another. Yet that’s not what we see. UFO sightings occur overwhelmingly in English-speaking countries—by more than a factor of twenty-five—as meticulously compiled from decades ago up to the current moment by NUFORC.7

Lots of ways to account for these findings:

[image: A table titled “World UFO Reports — 1950s thru Present” shows the number of UFO reports from various countries, with the USA having the significantly highest count at 140,219.]

	English-speaking countries take UFO sightings much more seriously than do other countries, who otherwise think nothing of unusual sightings in the sky.

	English-speaking countries have a much more developed pop culture acceptance of Aliens through movies and storytelling.

	Residents of English-speaking countries look up more, for no apparent reason.

	All countries spot UFOs at the same rate, but mostly English-speaking countries know how, when, and where to report them.

	The English-speaking countries of the Anglosphere—the United States, the United Kingdom, Australia, Canada, and New Zealand—comprise an intelligence cartel called the “Five Eyes.” And all five countries are collectively delusional.

	All the UFOs are visiting Aliens that prefer to spy on people who speak English.



One of those is the right account. Perhaps No. 4. But the stark contrast of UFO sightings on a world map remains curious and in desperate need of a confirmed explanation. As for account No. 5, collective delusions are a real thing when prompted by strong, shared beliefs, and can create a feedback loop of mimicry and heightened suggestibility.8 Examples abound, but two deserve special mention. In 2023, at the Dallas Zoo, a clouded leopard named Nova escaped its enclosure and went missing for several hours. Intense media coverage of the incident prompted nearby residents to be on the lookout, which spawned countless reports from people claiming to see the escaped leopard in the streets and in their backyards. Zoo officials would ultimately discover the leopard, near its enclosure, having never left the grounds.9

And in 1994, in the small town of Ruwa, Zimbabwe, more than sixty elementary school children corroborated a story, in front of each other, that a silver craft had landed in their playground during recess. On board were life-forms in black suits with big eyes and small noses. The children drew with crayons what they saw. This close encounter happened while all the adults were inside the school during a morning break.

How many child eyewitnesses equal one adult eyewitness? How many adult eyewitnesses equal one actual Alien?



The famous Area 51 is a top secret United States Air Force facility within the Nevada Test and Training Range. Located eighty-three miles from Las Vegas, in Lincoln County, it has an average population density of 0.4 people per square mile.10 The place has all the trappings of a secret government installation, where they would surely collect crashed and captured flying saucers along with dead or living Alien bodies. Being a secret facility, Area 51 fills an easy gap in everybody’s data, en route to your certain conclusions. Presumably, however, the Aliens land in places all around the country and around the globe. It would be odd if only secret government officials knew about those landings, with no bystanders and other curious onlookers to capture video of screaming Aliens getting hauled away in trucks destined for Area 51.

The film Close Encounters of the Third Kind portrayed a massive government cover-up that culminated in organized human contact with intelligent Aliens. The great meeting of the Alien Mother Ship took place not in Lincoln County, Nevada, but in a place damn near as empty of residents—Crook County, Wyoming, population density: 2.7 people per square mile. Easy to evacuate when you’re doing secret stuff. One peeve I had was that the government knew the Aliens were arriving via flying saucer. Yet the arrival zone was framed with runway lights. Flying saucers don’t need runways. A big illuminated bull’s-eye, maybe. Runway lights, no.

The original movie poster was explicit about the ranking of evidence in reports of Alien sightings…


CLOSE ENCOUNTER OF THE FIRST KIND:

Sighting of a UFO

CLOSE ENCOUNTER OF THE SECOND KIND:

Physical Evidence

CLOSE ENCOUNTER OF THE THIRD KIND:

Contact


 
Notice that, according to the poster, the simple sighting of a UFO does not constitute evidence. As any scientist would declare, physical evidence is the gold standard and not eyewitness testimony. Psychologists and scientists have known forever about the susceptibility of eyewitness testimony to all manner of bias, traceable to your mental state, your prior expectations, your desires, your imagination, and even the pressure of peers and authorities. Other sources of bias include your religion, your politics, and your culture. Your academic pedigree is irrelevant. Your military rank is irrelevant. So too is whether you are a truth-telling member in good standing of your community.

Of course, one needn’t be skeptical of eyewitness accounts to ordinary events or phenomena. If I misplace my car keys and you tell me you saw them on the bench, I have no good reason to grill you on the accuracy of your claim. Worst case, you saw somebody else’s car keys and not mine. Or they’re my keys, though not my car keys. A grown, mature person is not going to mistake keys for a beer can. But if you instead see something extraordinary, then, as a scientist, I need extraordinary evidence to support it. In every case I can think of, that means you hand me evidence that didn’t filter through your brain, such as an object of Alien manufacture. Or better yet, bring forth the Alien itself. Not that eyewitness accounts have no value. At best, they call attention to phenomena that deserve much more attention.



In the 1950s and 1960s, many flying saucers were photographed along roadsides. These images were quite special, considering that back then only two kinds of people carried cameras: journalists and tourists. And some of us were photographed only once per year, while posing for our official school photo.

Roadside flying saucers became less common as the auto industry began to abandon hubcaps as wheel decoration. Mere coincidence? Along bumpy roads, especially where potholes lurked, a car was almost guaranteed to drop a hubcap without the driver noticing. Most were affixed to the wheel by friction, with no nuts or bolts. They were heavy, but throwable like Frisbees, and you could photograph them flying through the air. Yup, hubcaps made excellent faked evidence of flying saucers.

Also, the less familiar you are with atmospheric and sky phenomena, the more likely you will see something you don’t understand. That’s to be expected. But unfamiliarity with sky phenomena is not synonymous with Alien activity. The worldwide community of amateur astronomers, who observe the sky more than any other demographic in society, hardly ever spot UFOs. Why? Amateur astronomers typically own their own telescopes and they know, at all times, what the Sun, Moon, stars, and planets are doing on the sky. They further wield a keen understanding of weather patterns, which directly affect their viewing conditions. While you might want to avoid amateur attorneys and amateur neurosurgeons, the badge of amateur, when applied to astronomers, is an honor, not an insult.

Consider the behavior of planet Venus in twilight skies. This sister planet to our own, with similar size and surface gravity, is otherwise shrouded in thick white clouds, so it reflects sunlight brightly back into space. And because it orbits closer to the Sun than we do, it cannot wander far from the Sun in the sky, offering stunning appearances in twilight either after sunset or before sunrise. Venus at its brightest is twenty-four times brighter than the brightest star in the night sky. So if you recite that rhyme:


Star light, star bright,

First star I see tonight,

I wish I may, I wish I might,

Have this wish I wish tonight



… and your wishes have not been coming true, it’s because all these years you’ve been wishing on a planet.

When low in the sky, Venus can also take on the characteristic red-orange-yellow colors of sunset, giving the illusion of active, changing lights. Venus is variously mistaken (by the uninitiated) for the North Star, itself the forty-ninth brightest star in the night sky, airplane landing lights, and, all too frequently, a UFO. If an airplane looks like it should be coming in for a landing, and it just hovers in place, you’ve got a UFO to report. The annals of UFO chasers is rich with futile accounts of veteran police officers chasing UFOs in their squad cars.11 In one case, the UFO was darting left and right in the sky, with the officers discovering only later that they were chasing Venus along a stretch of road that curved back and forth.

Venus was capable of even more mischief on July 11, 1991, when a total solar eclipse crossed Mexico City and was witnessed by millions of residents. In what bordered on a collective delusion, when the sky went dark, just before, during, and just after the seven minutes of totality, Venus became strikingly visible in the sky, thirty-five degrees away from the eclipsed Sun. Other nighttime regulars were visible too, including Mars, Jupiter, and Regulus, the brightest star in the constellation Leo. Surprising everyone but amateur and professional astronomers, live video captured audible waves of people pointing and declaring there were UFOs in the sky.12 The groupthink was strong. Some even cited a fulfilled prophesy of the Mayans, that a UFO would arrive at such a time.

Evening noctilucent clouds are a personal favorite. Unlike ordinary clouds, these remain luminous deep into twilight because they live so high in the sky that while the Sun has set for you on your horizon, it has not yet set for the cloud, whose horizon sits much farther away, imbuing it with an eerie sunset glow against your darkening skies. A shoo-in every time for a UFO sighting, and evidence, by the way, that Earth is round.

Additionally, any twilight rocket launch is guaranteed to ascend high enough, en route to orbit, for its rocket plume to remain in sunlight while you and your skies are steeped in darkness. Note that these two phenomena are visible only during twilight. Launch plumes or high-altitude clouds late at night, when the Sun has set for them both, would go unilluminated, and therefore unnoticed by UFO enthusiasts.

Perhaps the coolest UFOs are orographic clouds. These are formed atop mountains by warm, moist air currents that ascend along their sides. As the air cools in the higher elevations, its moisture content condenses into clouds that form and position themselves above the highest point of the mountain like a hat. Often these clouds are large and cylindrical. They can form at any time of day. But when they form during twilight, as with noctilucent clouds, they sit high in the sky and see the Sun set much later than for you at the base of the mountain or at sea level.

[image: A bright, glowing object with a comet-like trail illuminates the night sky above a calm beach.]
This leaves them illuminated by the vibrant red-orange-yellow sunset colors against a darkening sky. Under these special conditions, the orographic cloud looks just like a self-luminous Alien Mother Ship, responsible for countless UFO calls to local police departments.

[image: A mountain range with a lenticular cloud hovering above the peaks.]
To the amateur astronomer, these are all examples of IFOs.



Most of NASA’s photographic imagery of the Martian surface sits in the public domain. Mars is a rock-strewn desert with a terrain that shifts constantly due to surface dust storms, creating no end of dynamic features, accented by shadows. In 1975, NASA sent two planetary probes to Mars: a lander, Viking 1, and an orbiter, Viking 2, both arriving a year later. The orbiter took extensive, low-resolution pictures of the surface, including one from the Cydonia region, which revealed a shadowy, but obvious, large-scale face sticking out of the Martian surface. This was not just any old face—not a canine or feline or avian or piscine or porcine or equine or reptilian face. It was a simian human face. As you might expect, the image triggered extraordinary Alien interest back on Earth, where enthusiasm ran high. But at this point we might ask the question: “Why should Aliens from another planet look at all human when most life on Earth, with whom we share common DNA, doesn’t look human at all?”

Another good question is: “What looks like a human face, no matter the angle of the Sun?” Answer: “A human face.” What we must do is return to the region when the Sun is at a different angle to the Martian surface and observe whether it still looks like a human face. NASA did just that in 1998 with a ten-times-higher-resolution camera on board the Mars Global Surveyor probe.13 The face went away, although two depressions in the outcrop offered what would be eye sockets for shadows to land.

The visual fixation with faces is a form of pareidolia, which afflicts us all. So blame our genetics and not our wishful thinking. Within images of random shapes and forms, we rapidly identify what looks familiar to us, especially human faces. The famous inkblot Rorschach testI in psychology is an exercise in pareidolia. Furthermore, we commonly imbue these forms with meaning, intent, and even providence. That’s how you get Aliens on Mars, Jesus on tortillas, and my emotional banana slice on Twitter:

[image: A social media post by Neil deGrasse Tyson featuring a photo of a slice of banana on a spoon with dark spots resembling a sad face with the caption “Sad banana.”]
The fallibility of the human sensory system is why the fist-clenched courtroom battle cry of “I need a witness!” is particularly terrifying to anyone who seeks objective truths in the world. Even Leonardo da Vinci knew five centuries ago that: The greatest deception men suffer is from their own opinions.14 Another curious fact of being human: we’re much more compelled by impassioned anecdotal testimony than by bar graphs and statistics that may contain the same or even conflicting information. That’s why TV commercials use human beings and not charts to get you to believe what the advertiser wants.

Scientists are human too. But the enterprise enjoys built-in error-checking mechanisms, enshrined in the scientific method, to ferret out and diminish the influence of biases on our research. Think of it as a noble act of self-awareness en route to understanding how the universe works. We do this without “proof” of what’s true. That term has precise meaning in mathematics and in logic, but not in science. In science we seek compelling evidence that’s also repeatable. We then see how it fits into our ongoing hypotheses and theories. After that, we move on to other unsolved questions in need of our attention, all the while doing what we can to keep our biases at bay.

Since scientists don’t actually run around proving things, we are not susceptible to the repeated claim that you can’t prove a negative. Can we prove there are no Aliens living at the bottom of the ocean? No. Especially since less than half the ocean bottom is mapped with high resolution. In fact, we know more about the surfaces of both the Moon and Mars than about our own ocean bottom. Want evidence of that? In 2005 the nuclear submarine USS San Francisco collided with an uncharted sea mountain.15 But we can offer observations that make an Alien presence there highly unlikely. If intelligent Aliens lurk in our oceans, then they hang out exclusively in all the places we’ve yet to map. And they’ve never revealed themselves in the era of photography to any of the fifty thousand cargo ships, tankers, ferries, fishing vessels, and cruise liners afloat every day.16 This does not “prove” the Aliens aren’t there, but it renders the question much less interesting.

In a simpler, land example, I can’t prove that a cave has no bear unless I go inside. But I can perform simple experiments that make the likelihood so low as to render the question uninteresting. For example, I could smooth the soil outside the cave door. Bears are big and heavy and leave paw prints wherever they walk. If weeks go by and the soil remains undisturbed, I’m betting we have no bear. Not proof. Just strong evidence against the hypothesis.



Beginning in July 2023, many UFO fans in the United States, but especially the press, were mesmerized by one after another earnest testimonies by whistleblowing ex-military and -intelligence officers under sworn oath in the US Congress. To reduce the historical giggle factor, and to be more inclusive of what people report, the government rebranded UFOs as UAPs, for Unidentified Anomalous Phenomena. After being treated to fuzzy videos of mysterious objects in the sky and over the ocean, some obtained by navy pilots in restricted military airspace, this congressional Subcommittee on National Security, the Border, and Foreign Affairs was told of “nonhuman biologics” and other evidence of Aliens gathered from crash sites being held in undisclosed locations under lock and key, requiring high-security clearance that even members of Congress could not obtain. Clearly, US government agencies were secretly masterminding a cover-up, withholding all evidence from the public and the press.

A year earlier, in July 2022, the Pentagon had established the All-domain Anomaly Resolution Office (AARO),17 whose task is to collate, document, and analyze UAP reports from land, sea, air, and space, supplied by government agencies that include the CIA, FBI, NASA, FAA, and all branches of the Department of Defense. The objective was to identify and mitigate potential threats that UAPs may pose to national security. Though expanded, this goal was not fundamentally different from a half dozen previous government programs that trace back to 1948. These efforts to characterize and risk-assess unidentified phenomena were hatched after the Roswell, New Mexico, incident got memorialized in the local newspaper with the headline “RAAF [Roswell Army Air Field] Captures a Flying Saucer.” The most famous of these programs was Project Blue Book, run by the US Air Force from 1952 to 1969, and disbanded after twenty-one years of no conclusive evidence of Aliens and no value to the scientific community.18



This no-conclusive-evidence posture continued into the Barack Obama presidency (2008–2016), when his administration issued the following statement:


The U.S. Government has no evidence that any life exists outside our planet, or that an extraterrestrial presence has contacted or engaged any member of the human race.… In addition, there is no credible information to suggest that any evidence is being hidden from the public’s eye.



If it’s all a cover-up, then of course the President would be in on it. But what would motivate a cover-up? Two reasons are commonly offered: (1) we’re secretly trying to reverse-engineer Alien ships and weapons to secure a militaristic and geopolitical advantage in the world; and (2) if we really knew the truth, we couldn’t handle it.

As for the first account, it’s easy to be impressed with the pace of scientific and technological growth after the second World War—especially after the Roswell saucer crash in July 1947. Coincidentally, three months later, Air Force Captain Chuck Yeager would first break the sound barrier. A decade after that we have lasers and orbiting satellites. And a decade after that we’re traveling to the Moon. All surely enabled by reverse-engineering captured Alien hardware. But there’s another explanation. If you think that way, you may be a modern-day Erich von Däniken. He denies the intellect of ancient peoples, crediting Aliens with their achievements. You’re denying the exponential progress of modern science and technology, and prefer to credit Aliens for that too. As explored elsewhere,19 the exponential growth of anything is hard for the human mind to comprehend. Yet it’s happening all the time, all around us, driven in the US by actively funded research programs in science and technology, all prompted by the 1945 White House document: Science, the Endless Frontier; a report to the President on a program for postwar scientific research, authored by Truman’s science advisor Vannevar Bush. Among other shifts in American priorities, that report birthed the National Science Foundation in 1950.

As for the second account for why there’s a cover-up, it’s getting harder and harder to make that claim. In the old days, reports were primarily from regular people sharing firsthand Alien sightings from their backyards or on country roads—in the face of official government denials with nary an insider in the mix. That’s a recipe for a cover-up if there ever was one. But since then, countless insiders from multiple branches of government have come forth with firsthand knowledge of Alien cover-ups. Note, however, that if you make a documentary using an exclusive lineup of government insiders who claim that the US Government is secretly interacting with Aliens, that kinda means it’s no longer a secret. Just saying. More importantly, the excitable public seems to be handling the information just fine. What’s left to cover up? By the time anybody actually brings forth an Alien from the locked shed out back, the event may be anticlimactic.

Yet the documentaries continue.

In the heavily marketed 2025 documentary The Age of Disclosure, dozens of high-ranking military and government officials, including US presidents, senators, and members of the House of Representatives parade in front of the camera to testify what they’ve heard, what they know, and what they’ve seen regarding not only UAPs but also crashed and recovered Alien spacecraft and technologies. We are further reminded of a sentence from a speech President Ronald Reagan delivered to the United Nations in 1987:


I occasionally think how quickly our differences worldwide would vanish if we were facing an alien threat from outside this world.



He’s not wrong. During the UAP congressional hearings of 2023, 2024, and 2025, we had not seen that much bipartisan cooperation toward a unified goal since… nobody remembers when. Common enemies, real or perceived, tend to accomplish just that.

What distinguishes The Age of Disclosure from other documentaries in the genre is its emphasis on credible testimony more than on the display of fuzzy images and video records of UAPs. No rural farmers commenting on what hovered over their crops on the back forty. No revelers reporting on what they saw in the sky upon exiting their local bar at 2 a.m. Nobody wearing a tinfoil hat.

I know what you’re thinking: the testimonies must be true, because everyone interviewed was calm, reasonable, reliable, believable, impassioned, and high-ranking. Indeed, the most compelling accounts were from those who claimed to have interacted directly with captured Aliens and their technology. Some even declared they were biologically harmed by their close encounters. Maybe everyone was telling the truth, the whole truth, and nothing but the truth—not just what they believed to be true but what is actually true. Yet at no time during the nearly two-hour documentary was an actual Alien or actual Alien technology presented.

In science, there’s no such thing as a credible claim or a credible witness, only credible evidence. (Remember Percival Lowell claiming that Mars had canals?) Imagine a full-length documentary on whether elephants exist, and they spend the whole time interviewing honest people who have seen elephants—in circuses and on safaris. These testimonies come from expert animal trainers and wildlife conservationists. Imagine further that each testimony was compelling and heartfelt, given under oath and via polygraph. One problem: the documentary never shows an actual elephant. Seems to me, if the filmmakers had a real elephant to display, then they would do so. When? In the first five minutes. No sworn testimonies needed. Just add rolling end credits and your documentary is ten minutes long.

Let’s verify with Hollywood royalty, just to make sure. As of 2026, the full portfolio of Steven Spielberg Alien movies includes Close Encounters of the Third Kind (1977),II E.T. the Extra-Terrestrial (1982), War of the Worlds (2005), and Disclosure Day (2026). In each story, the visiting Aliens ultimately reveal themselves—because filmmakers know that’s a cool thing to show—and after that, nobody needs to rely on word-of-mouth to establish the existence of Aliens. If we invoked these same standards of evidence for documentaries, only one documentary would be necessary—the first one.



What, might you ask, does all this look like to a skeptical scientist? No, we can’t prove a negative, but we can pose questions that force a reassessment of claims. Consider a top ten list of rational perspectives, often ignored or overlooked by Alien enthusiasts, but this list goes to eleven.


	 As of this publication, the number of smartphones in the world is rising through 7 billion,20 each capable of shooting high-resolution photos and video. Because of that, more than 5 billion photos and videos are uploaded to the internet each day.21 Where are the non-fuzzy images of Aliens and their spaceships?

	Most smartphones, and nearly all Apple iPhones, offer near-instant access to your camera. No need to enter your code and no need to fumble around for the camera app as you page through your screens. This means anybody can take a fast photo of anything after grabbing anyone else’s smartphone. Timing myself at this task, I can pick up your phone and photograph you all within three seconds. That’s just the kind of photographer you need to be when a fast-moving Alien darts in front of your car. You don’t know how long it will remain visible, and it could disappear at any moment. So, where are all the photos of fleeting Aliens?

	We’ve plunked SUV-sized rovers on the surface of Mars, equipped to take high-resolution images of the planet’s surface. The James Webb Space Tele-scope is supplying detailed images of gas clouds thousands of light-years away, along with images of galaxies forming shortly after the universe was born. Why are images of UFOs within our own atmosphere not as sharp as our telescopic images of the universe?

	More than a million people are airborne at any given moment, yet nobody with a window seat has ever captured a high-resolution image of a Mother Ship or some other Alien craft. When combined with Google Earth, and other satellite-generated imagery of Earth’s surface, we’re poised to crowdsource the observations of any Alien invasion of Earth. Wouldn’t we see them coming before any government agency does? If instead they get around via teleportation or wormholes, then they would just appear where they needed to be, when they needed to be there. If so, then they wouldn’t need a spaceship and there’d be no UFOs.

	For the government to create extensive files on Aliens, with information that somehow eludes the rest of us, requires that the Aliens visit US military restricted airspaces and other government-run zones exclusively. Is this an Alien strategy to avoid detection by everybody’s smartphones?

	In the era of smartphones, reports of Alien abductions have plummeted.22 No longer, even among believers, is your eyewitness testimony sufficient when an unused camera sits in your pocket. Or are Aliens camera-shy and avoid abducting you when they see you brandish a smartphone?

	The phrase “nonhuman biologics” in congressional testimony was widely interpreted as Alien body parts. But taken at face value, it simply references everything in the diverse tree of Earth life that is not human. For all we know, the testimony was referencing tree bark. Or turnips. Or tabbouleh. Why didn’t they reference “non-Earth biologics”?

	Many of the same people who declare the US government to be a bloated, inefficient bureaucracy also claim government officials have masterminded the greatest Alien cover-up the world has ever known, requiring hundreds, if not thousands of people to keep a secret. Is that humanly possible?III US founding father Benjamin Franklin didn’t think so:

Three may keep a Secret, if two of them are dead.23




	In places where the US government secretly stockpiles Aliens, you’d think by now a night janitor would have smuggled a smartphone into the Alien storage room, recorded a short video, and posted it to the internet. It would likely go viral faster than videos of adorable kittens. Upon being discovered via surveillance cameras, the janitor would be fired from the job, but it wouldn’t matter. That janitor would quickly become the richest, most famous janitor there ever was. Why has no janitor done this?

	With all the fuzzy photos of UFOs, maybe Alien spacecraft are actually fuzzy?
Lastly,


	How many sworn testimonies are worth an actual Alien?





Sometimes you just have to use common sense. In early 2024 a spate of nighttime UFO sightings occurred over northern and central New Jersey. Consider two reasons why most UFO sightings are at night: (1) Their lights are more readily seen against a dark sky and, (2) it’s dark out, so it’s harder for you to positively identify what you’re looking at. Reports came in fast and furious, attracting the attention of major news outlets and lawmakers. Some of the objects were ID’d as airplanes, coming in and out of New Jersey’s two airports in the region: Newark Liberty International and Teterboro, which accommodates mostly private aviation. Other sightings were ID’d as nighttime drones flown by enthusiasts—a marketplace that’s rising through $5 billion annual sales worldwide.24 But then there’s the subset of sightings for which nobody had a good explanation. The Pentagon declared they were not a threat, while simultaneously saying they can’t identify them. That happens to be a discomfiting pair of facts: you don’t know what they are, but you otherwise know they are safe. Which left open the “Aliens of our ignorance” fallback answer. I was asked by CNN to comment on these sightings. When prompted, I told them that, being an Earthling, I cannot claim to know or understand the motives of Aliens. But if I were an Alien, northern New Jersey would not be the first place on Earth I’d think to visit. No disrespect to Jersey people, but I think they know I’m right.



	I. Named for the Swiss psychiatrist Hermann Rorschach (1884–1922), who created the inkblot test used to assess personality and mental functioning.

	II. In December 2007, Close Encounters of the Third Kind was selected by the United States Library of Congress for preservation in the National Film Registry—done for films they deem “culturally, historically, or aesthetically significant.”

	III. The World War II Manhattan Project engaged upward of 100,000 people, but they were scattered across five locations, and very few people knew the full magnitude of what they were working on.
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7 ALIEN TO ME

In spite of lifelong longings, I’ve never actually been abducted by space Aliens. And yes, I’d tell you if I ever were. Apparently, I’m not alone in this secret desire. The 1977 hit song “Come Sail Away” by the rock group Styx describes an Alien abduction, but only after line-by-line metaphors comparing one’s path through life to the allure of a voyage on the open seas. In a lyrical transition from angels to Aliens calling from above, the final two lines are explicit: “We climbed aboard their starship / We headed for the skies.” This brings us full circle. After the 1947 Roswell incident, the Swiss psychiatrist Carl Jung referred to flying saucer sightings as “technological angels.”1

I would later read Kurt Vonnegut Jr.’s 1969 novel Slaughterhouse-Five, a semi-autobiographical, sci-fi-infused account of the author’s life, especially his time as a POW in Dresden, Germany, just after the Allied bombing of the city toward the end of World War II. The book was followed shortly thereafter by a 1972 film of the same name. As illuminating as the story’s accounts of history may have been, that’s not what captured my imagination. Told via flashbacks, the main character gets abducted by Aliens at night in his backyard—via a beam of light, of course. You never see the Aliens, although you can hear them speak. The main character gets transported into their four-dimensional world as a zoo creature, but he gains full access to his entire timeline of life.

We live in three space dimensions plus one time dimension, as Einstein made clear at the beginning of the twentieth century with his theory of relativity. We can journey back and forth within any of our three space coordinates, but within our time coordinate we are prisoners of our present, forever transitioning between our inaccessible past and our unknowable future. To the Aliens in Slaughterhouse-Five, their timeline instead behaves just like our space coordinates, allowing you to revisit your birth, your death, and any significant or interesting event in between. In that world, there’s no past, present, or future—all three exist simultaneously. Vonnegut’s brilliant narrative tool left me even more desirous of what the Aliens might have in store for me. Apparently, not everyone thinks that way. In 1998, UFO researcher Ann Druffel published How to Defend Yourself Against Alien Abduction. I bought her book with my own money and blatantly flouted all advice it offered, like, avoid driving alone at night on an isolated country road. Disappointingly, I remain unabducted.



Of the two or three times I have been asked to testify before the US Congress, one was to represent my branch of science in support of government funding for “The Search for Life in the Universe.”2 My subtitle was “An Overview of the Scientific and Cultural Implications of Finding Life in the Cosmos.” The need for this testimony came about because, in the late 1970s, NASA had been given Senator William Proxmire’s “Golden Fleece” award3 for squandering public money in their support of SETI—the search for extraterrestrial intelligence. Thenceforth, SETI would be forced underground, to be funded via private philanthropy.

As a noun, the word “fleece” references wool from sheep. Used as a verb, it means to be swindled, such as how a pickpocket might fleece you of your valuables without you noticing. Proxmire’s criterion for the award was simple—if he couldn’t figure out how or why the research was being conducted, or he could not imagine what the long-term benefits to society might be, the federal agency granting the money was “eligible” for the award.

Government-funded basic research exists at all because the commercial sector does not value it and cannot foresee a return on their investment within the horizons of quarterly and annual reports. Yet corporate R&D ultimately thrives on this basic research, birthing entire industries that strengthen our health, our wealth, and our security. In a world populated only by Senator Proxmire and acolytes, we would all still be living in caves.

Proxmire gave 168 of these awards monthly, from 1975 through 1988, until he left office. So successful was this public relations stunt that the watchdog organization Taxpayers for Common Sense gave him a lifetime achievement award in 1999, and resurrected the Golden Fleece in 2000, with Proxmire himself serving as honorary chair. My testimony was requested by NASA in 2001.

The backstory to all of this, of course, derives from an enthusiasm for Aliens that the public thinks the scientific community does not have. In 1961, Frank Drake, who would later give us nucleonic Aliens, proposed a formula to estimate how many intelligent, tech-savvy civilizations might be out there in our Milky Way Galaxy. We expect this number to be significantly lower than the number of planets with life at all, which requires some extra culling of the data for a reliable estimate. For example, of all the planets that could sustain life, what fraction actually do? And of all planets that harbor life, what fraction have anything more than single-cell organisms? (A state that Earth itself sustained for billions of years.) Of those planets with complex organisms, what fraction of those contain intelligent life? Of those planets with intelligent life, what fraction can communicate across the depths of space using radio-wave technology?I

That’s the number of civilizations of interest to us in our search for intelligent life in the universe. Although we might also ask how long such civilizations last. That matters because if societies come and go, then the ones that no longer exist today for having trashed their life-sustaining environment, or killed themselves off with their own technology, or simply lost all curiosity with the universe, should be removed from the accounting.

Running these numbers with the latest and best available estimates, as I’ve done elsewhere with Princeton colleagues,4 we get about a hundred extraterrestrial civilizations in the Milky Way Galaxy that are capable of transmitting and receiving radio signals through space. That gives an average distance between such civilizations of about five thousand light-years. So, without wormhole communication, if we received signals from Aliens today, those signals would have been sent five thousand years ago, back when we were inventing paper. More importantly, for any signal we send today, we should not expect a response before a round-trip travel time of tens of thousands of years. But that hasn’t stopped us from trying.

A year before his formula, Frank Drake used telescopes at the National Radio Astronomy Observatory in Green Bank, West Virginia, to monitor two Sun-like stars—Tau Ceti (12 light-years away), and Epsilon Eridani (10.5 light-years away)—that were presumed at the time to support Earth-like planets. This highly publicized project was called Project Ozma, named for Princess Ozma, ruler of Oz. Why? Drake was inspired by how Frank Baum, the author of the iconic series of books, kept in touch with his fictional creations:


As you know, I am obliged to talk these matters over with Dorothy by means of the &quot;wireless,&quot; for that is the only way I can communicate with the Land of Oz.5



One hundred and fifty hours of observations yielded no discernible signals in the din of cosmic noise. Not even “There’s no place like home.”

In 1966, Carl Sagan enlarged upon and republished a book written in 1962 by Russian astrophysicist Iosif Shklovskii, titled simply Intelligent Life in the Universe. The book explored, among other things, how one would mount a scientifically informed campaign to search for intelligent life in the universe. By 1971 NASA was off and running with a major study called Project Cyclops, detailing what bands of radio frequencies should be used, the number and size of the telescope arrays, how long the search might require, and how an exchange of radio signals might unfold. The anticipated cost to build and operate such a search was up to $10 billion over ten to fifteen years. In 1971 we were still walking on the Moon, so the scope and attendant expense, though ambitious, was not beyond anybody’s dreams.

It costs hardly anything to conduct a study. But when the time comes to build the thing, that’s when congressional bean counters take notice—as they did in a 1978 NASA proposal to implement the recommendations of Project Cyclops. It was never funded. No one country can own cosmic discovery. People in charge can either fund it or not fund it, which creates an ever-shifting landscape of who leads the world in one branch of science or another. Currently, Earth’s largest radio telescope—at a mile in circumference—is the Five-hundred-meter Aperture Spherical Telescope, acronymed as FAST, in the Guizhou province of China. In the world of telescopes, larger is better, enabling the detection of weaker and weaker signals. So, if any of those hundred or so civilizations in the Galaxy feel compelled to send messages to Earth, Chinese astrophysicists may be the first to decode them.



After 1978, what NASA would do is not emphasize the search for intelligent life but instead focus on exobiology and the search for life of any kind. That reduced the fleece factor and has served as a fertile driver of planetary exploration ever since: from highly capable SUV-sized Mars rovers, to a Europa mission in search of undersea life, to the search for exoplanets, to the search for gas molecules traceable to life itself in exoplanet atmospheres. These scientists are today called astrobiologists.

Based on circumstantial evidence, I have concluded that pure biologists make bad astrobiologists. Earth-based life so preoccupies them that thinking outside the box—or rather, outside the sphere—can be a challenging, if not impossible, task for them. In 1996, NASA announced the possibility of microfossil life on a meteorite that was traceable to Mars, based on the analysis of air trapped in pockets within the rock. The composition of gas molecules precisely matched that of the Martian atmosphere and no other planet—evidence that small rocks can escape planetary surfaces, flung by ground shocks induced from larger meteor impacts. They then wander through space and land elsewhere in the solar system. Earth’s stash of meteorites includes Moon rocks too, arrived without the benefit of a Moon mission to retrieve them.

That Martian meteorite, on close examination, contained a well-known organic molecule, polycyclic aromatic hydrocarbon—sensibly abbreviated PAH—and iron in two states: oxidized and non-oxidized. Generally, when you find iron, it’s either all oxidized, giving us the familiar color of rust, or it’s not oxidized at all, depending on the environment. To get both together requires special circumstances and scenarios that life provides for free. Within our bodies, for example, iron-rich hemoglobin gathers oxygen from our lungs and transports it to the rest of our body, where it gets metabolized as a source of energy. Afterward, the oxygen-less iron returns to your lungs to reload. So the simple act of breathing satisfies that condition. A tiny, tubular, worm-looking feature was also spotted in an image from a scanning electron microscope. Checking in at no larger than one-tenth the size of the smallest known cellular life on Earth, its existence was a mystery.

The discovery attracted so much interest that the press conference, normally held at NASA HQ, was hosted by President Clinton in the Rose Garden of the White House. Freshly appointed as director of New York City’s Hayden Planetarium, I was called by PBS, among other networks, to comment on the discovery in an installment of the news spotlight show Charlie Rose. I was live in studio, along with a philosopher and a third commentator, who was a biologist/anthropologist, brought in remotely on-screen. After the philosopher pondered the question of whether rocks themselves are living things, we moved on to the science of the discovery. For extraordinary claims you want to know whether the same evidence could be explained via ordinary means. So some skepticism of life on a Martian meteorite is, of course, scientifically healthy. After a brief back-and-forth about the PAHs and the iron, Charlie Rose showed the image of the wormy thing, at which point, unprovoked, the biologist firmly asserted, “That can’t possibly be life!” I was taken aback by his certainty. In my field of astrophysics, there’s too much we don’t know for anybody to carry that much confidence in a research result on the frontier. His reasoning was that it’s a fraction the size of the smallest life on Earth. That’s when I politely reminded him that we were talking about a rock from… MARS. I mistakenly presumed that countless Alien-themed movies might have softened his grip on Earth-based life.

The wormy thing on the Martian meteorite spawned studies of whether life at that size is possible at all, leading to the term “nanobes,” or more broadly, “nanobacteria.”II Controversial as that was, and continues to be, organic (nonliving) crystalline structures provide at least one feasible alternative account.



Returning to Aliens that might build spaceships, in 1995 there was a highly viewed primetime documentary, airing on the Fox Network, that showed an Alien autopsy, filmed just after the 1947 Roswell saucer crash. The full title: Alien Autopsy (Fact or Fiction?), narrated with the trusted and mellifluous voice of Jonathan Frakes, of Star Trek: The Next Generation. Shown in grainy black-and-white footage, in an old-timey operating room, the documentary was surely real.

Except it wasn’t.

The filmmaker would later admit that it was a modern hoax. But at the time, I didn’t need his confession. Three elements were dead giveaways of the fakery. As a summer intern at AT&T Bell Labs in the 1970s, I was sensitized to the history of telephone innovations. So I couldn’t help but notice that the wall telephone in this 1947 operating room had a coiled handset cord, which was not common until the 1950s and into the 1960s. Not only that; thanks to a filmmaking class I took in college, I noticed the style was cinema vérité, where the camera is not tripod-mounted, but follows the action, as though you inhabit the point of view of the doctors performing the autopsy. First appearing in the 1950s, cinema vérité was not fully developed until the 1960s. Lastly, from the little I know about physiology, you can’t just lift organs out of a surgically opened chest cavity without first detaching the organ from all that connects with it. During the autopsy, nothing was connected to anything else. The surgeons carefully, but effortlessly, lifted organs from the body as though the Alien was a patient in the HasbroTM child’s game Operation.

Sad that the best-ever video evidence is faked—a sign of how strongly people want and need to believe that Aliens are among us.

So why not bring forth the Alien itself? In September and October of 2023, on national television,6 as UAP testimonies from whistleblowers and others continued in the US Congress, I publicly called for physical evidence to be presented and not just described under sworn testimony. One of the many features of science that distinguishes it from other human pursuits is that we establish objective truths not by swearing with your right hand in the air while taking an oath. In scientific conferences we don’t even pinky-swear. We simply present the evidence, and our analysis of it, for review by colleagues. That’s when it becomes their duty to find any flaws in the methods and tools that acquired the data, and in the reasoning behind the conclusions.

Coincidentally, just a few weeks earlier, the Mexican Congress had held hearings on UFOs where scientists rolled out two humanoid Alien mummies from a thousand years ago, recovered in Nazca, Peru. I was delighted to see those carefully curated bodies out on display in protective glass cases. And in my interviews, I had contrasted that transparency in the Mexican Congress with the evidence-free testimony-fest in the US Congress. My praise precipitated an email exchange with one of the Mexican Peruvian-mummy wranglers, name withheld by request:


From: ____________________

To: Neil deGrasse Tyson

On Behalf Of Spes Clinica del Alma

Sent: Tuesday, October 3, 2023 6:59 PM

Subject: THE NAZCA MUMMIES

Dr. Neil DeGrasse,

It is an honor to establish communication with you. My respect and admiration for your work.

I saw the interviews on CNN and The Late Show where you expressed the interest in continuing the investigation in relation to de Nazca Mummies. We want to express to you that we have the corpse that have shown in the Mexican Congress under legal protection in Mexico City. We want to share with you all the research and work we have made.

It is of our special interest to make alliance and continue this important research with you.

If this of your interest we extend a cordial invitation to you to come to Mexico City with expenses paid and with the cordiality you deserve.

Sincerely,

__________



With anti-immigrant sentiment on the rise in the United States and elsewhere, am I the only one to find the phrase “we have the [Alien] under legal protection in Mexico” to be geopolitically surreal? Regardless, who wouldn’t want an all-expense-paid trip to see Aliens? I was warmed by the invitation, which included links to their analysis, complete with X-rays, MRI scans, and subsequently a book on the findings. But I’m only an astrophysicist, so my reply was simple and direct:


From: Neil deGrasse Tyson

To: ____________________

Sent: Thursday, October 12, 2023 2:37 PM

Subject: Re: THE NAZCA MUMMIES

Thank you, Señor, for that kind invitation to visit Mexico City and personally inspect the Alien bodies you have brought forth to Congress.

I claim no special expertise in the analysis of biological tissue. That’s the work of biologists—and ideally, biochemists. Your research needs to be written up, submitted for peer review, and published in a research journal. And ultimately, offer samples of your specimens for peer analysis—sharing biological tissue via multiple labs.

That’s how objective truths are established in science. Not by sworn testimony or the impassioned plea of a single group of researchers.

We do this for findings much less extraordinary than what you have presented. On that level, it’s routine procedure. So it will never be about what I think, it’s about the quality of the data and its verification.

Best to you,

Neil deGrasse Tyson

Department of Astrophysics

American Museum of Natural History



The modern gray-Alien phenotype persists even in these Mexican mummies, and they are unmistakably classic: Large head. Almond eye sockets. Skinny bodies. Long fingers. Short—no more than a yard tall. Although an X-ray of one of their torsos revealed three large eggs—a curious reptilian element in an otherwise humanoid body.

By now you’d think the world of UFO enthusiasts would be jumping for joy. As noted, I was delighted to see evidence brought forth—something decidedly lacking during testimonies in the US Congress. But the person who revealed the mummies is a UFO enthusiast and had hoaxed the public before. So skepticism was justifiably high. A year later, an independent forensic archaeologist examined the specimens for the prosecutor’s office of Peru and reported: “They are not extraterrestrials, they are not intraterrestrials, they are not a new species, they are not hybrids, they are none of those things that this group of pseudo-scientists who for six years have been presenting with these elements.”7 He added that the humanoid dolls were assembled with animal and human bones, put together with synthetic glue. Does he speak the truth, or is Peru just jealous of Mexico?



A friend and colleague of mine, Princeton astrophysicist David Spergel, chaired the 2022 independent panel on behalf of NASA to study the UAP phenomenon. The sixteen members incuded physicists, space scientists, astrophysicists, representatives from the Federal Aviation Administration, a space law expert, a former engineer-astronaut, and assorted others from the space industry. Whenever scientists are involved, it will always be about the existence of rigorous, evidence-based data, not about eyewitness testimony. And if you’ve locked Aliens in a back room that you won’t show anyone, then scientifically, that’s the same thing as having no Aliens locked in the back room. The panel’s mission was “to identify what data—from civilians, government, non-profits, companies—exists, what else we should try to collect, and how to best analyze it.”

Of the several conclusions drawn, beyond the absence of convincing evidence that we have been visited by Aliens, the panel noticed that:


There is no standardized system for making civilian UAP reports, resulting in sparse and incomplete data devoid of curation or vetting protocols.



Which led them to recommend that:


NASA explore the viability of developing or acquiring a crowd-sourcing system, such as open-source smartphone-based apps, to gather imaging data and other smartphone data from multiple citizen observers as part of a wider effort to more systematically gather public UAP reports.



Such efforts in the recent past have discovered not Aliens, but a new atmospheric phenomenon: a large-scale but fleeting, red-orange and occasionally blue electrical discharge that extends above the stratosphere into the mesosphere, up to ten times higher than airplanes fly. Known as Sprites,8 these are blobs of glowing plasma that were first photographed in 1989 and not named until 1993. They tend to form above lightning storms and are likely triggered by them. Their taxonomy, which includes “jellyfish,” “column,” and “carrot” patterns, often punctuated with streamers, would surely enchant a UFO enthusiast. The lesson here is that mysterious phenomena masquerading as Alien activity continue to be discovered, and perhaps more await our efforts to document them. If we take a famous quote on the critique of miracles by the eighteenth-century Scottish philosopher David Hume, and swap a word or two, we find resonance:


No testimony is sufficient to establish a miracle Aliens unless it is of such a kind that its falsehood would be more miraculous astonishing than the fact that it tries to establish.9



To be clear, the goal of the panel’s recommendation was not to listen to your impassioned account, but to systematize the collection of data, which allows much more precise and accurate reporting, minimizing the error-prone role of the human senses.



If the Aliens do come and they are better looking than us, more mindful and demure than us, smarter than us, and more powerful than us, would we worship them? The urge to worship power—real or perceived or imagined—runs high in our species. Charismatic politicians, cult leaders, kings, queens, and gods all capture us in ways we cannot resist. We build monuments to them. We pray to them. We tithe to them. We organize rituals to worship them. Is the urge to find Aliens drawn from a genetic urge to worship? Among people who are religious, approximately 50 percent believe there is intelligent life elsewhere in the Galaxy. Among nonreligious people, however, that fraction rises above 75 percent.10 This argues strongly that without religion the urge to worship remains, and is fueled by a belief system in the absence of definitive evidence that intelligent Aliens have visited us. We’ve all seen the same Alien movies and TV shows and documentaries. So this divide is not cultural. It’s entirely spiritual.

The UFO religion Raëlism, founded in France in 1974 by Claude Vorilhon (known by his religious name Raël), was formed to bridge that gap. Worldwide, their followers are currently rising through 100,000. Raëlians believe that an extraterrestrial species known as the Elohim created humanity using their advanced technology. The Elohim are not gods, just powerful Aliens, and have created forty Elohim-human hybrids who became well-known prophets on Earth, including Buddha, Jesus, and Muhammad, with Raël as the fortieth and final prophet. The Raëlians reject traditional religion as irrational and unscientific. Compared with mainstream religions, 100,000 believers is small, but that they exist at all affirms a need, even among those who are not traditionally religious.



Like the human ego, our power to believe knows no bounds. Strong beliefs convince you to think something is true not only in the absence of objective evidence, but also in the face of confounding evidence. Meanwhile, nobody has to “believe” that stars are hot, that Earth is round, or that planets orbit the Sun. Nor must you believe that whales, elephants, and bears exist. The good thing about scientific truths—established by repeated experiments—is that they’re true whether or not you believe in them. The existence of Aliens on Earth has an uncounted number of believers, even though nobody has ever credibly brought forth an Alien for examination by astrobiologists and other scientists. Until that happens, like it or not, Alien visitations will remain a belief system like any other. Curious, skeptical scientists will continue to search for themselves. The rest of us eagerly await Aliens from the locked back rooms of secret government offices to be escorted into congressional hearings, or welcomed into town squares across the land. We’re already confident that we are not alone in the universe—the time has come to confirm if we are alone on Earth.



	I. Any intelligent civilization with advanced technology would know that radio waves, among all waves of the electromagnetic spectrum, can penetrate interstellar clouds of gas and dust with minimum attenuation, making an excellent medium of choice for cosmic conversations.

	II. In the physical sciences, the metric prefix “nano-” specifically and precisely refers to one-billionth of the quantity it modifies. Some fields have borrowed the prefix to reference anything small, like calling small robots nanobots.








EPILOGUE

If I ever go missing during a night of observing with my telescope, don’t look for me on Earth. Look up to the stars, because that’s where I’ll be. With the Aliens. In their dimension. They’ll probably confiscate my smartphone. I won’t try to harm them, so they may be kind. Or they might make me their pet. Sounds scary. But on Earth we treat needy pets better than we treat needy humans. In the United States alone we spend more than $150 billion a year on our dogs and cats,1 while the federal government spends less than 7 percent of that to alleviate homelessness nationwide.2 So our priorities are clear.

The Aliens might enjoy my stories as I regale them of life as an Earthling, in my sector of the Galaxy. Or they might be entertained and intrigued as I speak of all the ways human emotion, when unchecked, has the power to both build and unravel civilization.

The Aliens might be intrigued to learn that some of my fellow humans who ingest the hallucinogenic drug dimethyltryptamine (DMT), see Aliens. And there’s an associated movement to establish two-way communication and see what we might learn.3

The Aliens might invite me to join their Science Academy. If so, I would delight in comparing notes about what objects, phenomena, and theories our respective civilizations have discovered in the universe. But after a while, perhaps a long while, I’d tell them I want to go back to my loved ones, in my own dimension, in my own star system, on planet Earth. Upon return, whether or not I successfully describe my experience to fellow humans, I will have joined countless other abductees, with no evidence of my journey other than impassioned eyewitness testimony. But I might also have gleaned from the Aliens some knowledge, wisdom, and insight that we all want—that we all need—for civilization to survive its own forces of self-extinction. If so, then one day, in the not-so-distant future, it may be we who rocket to faraway, inhabited planets, becoming the Aliens their legends are made of.
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