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PROLOGUE



BENNU


THE MOST DANGEROUS ROCK IN our solar system is asteroid Bennu.


With a diameter about the height of the Empire State Building, Bennu is as massive as an aircraft carrier. Reflecting only a tiny fraction of the sunlight that shines upon its surface, it is also one of the darkest objects in our solar system. Most other asteroids reflect five times as much.


Bennu was discovered on September 11, 1999, by scientists at the Lincoln Laboratory at MIT, an entity tasked with keeping an eye on the sky, searching for potential threats from both foreign nations and the interstellar abyss. Bennu was of immediate interest because its dark surface suggested a carbon-rich composition, meaning it is a rare type of asteroid that could provide a wealth of information about the essential components of life and the foundations for a habitable world. Billions of years ago, others like it may have delivered the chemicals that make up the biomolecules in our cells, the water we drink, and the air we breathe.


Today, scientists are interested in Bennu because it poses a major threat. On September 24, 2182, if humanity takes no steps to prevent it and the odds line up, Bennu will hit the surface of the Earth at a velocity of Mach 36, or 27,000 miles per hour—a freight train crashing into the planet. Its path will blaze through the atmosphere many times brighter than the midday sun. The impact will release a blast of energy equivalent to 1,450 megatons of TNT. To put that in perspective, the total energy expended during all nuclear testing throughout history is estimated to be 510 megatons. Bennu’s crash landing would triple that in an instant.


In some respects, the Earth would hardly register such an event: the orbit and axis would remain unperturbed. In other respects—arguably more pertinent ones—the consequences would be devastating.


Bennu’s impact would create a crater four miles wide and half a mile deep. It would trigger a magnitude-6.7 earthquake. Approximately fifteen seconds after impact, areas within tens of miles of the crater would experience an air blast driven by Bennu’s hypersonic path through the atmosphere and massive energy release at the surface. The wind would be twenty times more powerful than a Category 5 hurricane. The sound wave would be louder than an orchestra of air-raid sirens, blaring from every direction. Curious onlookers who flocked to their windows to view the fireball would be greeted with a barrage of fragments as the glass imploded. Residential homes would be flattened, the few survivors determined by location and random luck. Office buildings and highway bridges would twist, distort, and ultimately collapse. Trees would be blown down; those that somehow managed to remain upright would be stripped of their branches and leaves.


After another fifteen seconds—still well under a minute after Bennu’s initial impact—fragments of earth and rock that had been violently excavated by Bennu would rain down upon this damaged area. The largest rocks that Bennu sent flying would be the size of sixteen-story buildings. In the aftermath, power outages, food and water shortages, and communication blackouts would last months as the region remained inaccessible.


In short, a Bennu impact would be a major natural and humanitarian disaster. Most of the damage would be concentrated within tens of miles of the impact site, but there would be catastrophic results for hundreds of miles. If the asteroid struck a major population center, the loss of life would be staggering.


Bennu’s orbit brings it extremely close to our planet. It is this proximity that gives us a chance to determine whether we should prepare for disaster. If this space rock is going to hit, humanity will face a difficult choice: begin planning to evacuate a wide region of the world or launch a mission to knock the asteroid from its path. Either way, we’ll need to know all we can about Bennu.


In 2011, NASA awarded me a billion dollars to accomplish just that. The mission would come to entail not only sending a spacecraft to the asteroid but bringing a piece of it back to Earth.


It is a story four and a half billion years in the making.













PART I














INTERLUDE



TWO CARBON ATOMS


LONG AGO, TWO CARBON ATOMS were born entangled in the heart of a star.


It was an aging star, nearing the end of its days. All its life, the star had been able to fend off the relentless pull of gravity. At first, this was easy. Grab any four hydrogen atoms and fuse them together until helium ash formed, generating enough pressure to negate gravity’s tug—a brilliant steady state. Hydrogen was so abundant that the star felt like it would live forever.


But the hydrogen was not infinite, and one day, three billion years after it was born, the star ran out. Gravity is patient; it always wins. Slowly, it yanked the outer layers of the star inward. Eventually, the pressure in the star’s heart became so great that the helium began to burn, producing new elements: nitrogen, oxygen—and carbon, including those two identical, entangled atoms.


The remaining helium burned more quickly than its hydrogen predecessor. After one billion years, the star was drained. It did not go quietly. Its cache of remaining hydrogen and helium reached nuclear temperatures in random pockets. The resulting surges of energy flung star fragments in all directions, releasing the carbon twins into space.


The two atoms sped away from their shattered parent star. They cooled and crystallized. They met up with other carbon atoms and banded together, forming chunks of graphite. The graphite wandered through the interstellar medium for millions of years, until it was swept up into the gravity of a new star, with a pull so powerful it commanded a swirling halo of gas and dust.


The graphite combusted with oxygen in the primordial disk and two new molecules of carbon dioxide sped away into space. The twins yearned to stay together but the swirling disk of gas and dust was turbulent and unyielding. The carbon atoms could not hold on to each other. Torn apart, they each collided with metal grains scattered in the dust clouds surrounding them. The metal surface catalyzed a chemical reaction, transforming each twin into sticky tar. Their tar-coated metal stuck to nearby dust grains, allowing them to grow into pebbles. The pebbles grew to boulders and the boulders grew to asteroids.


The carbon twins traveled inside their two host asteroids as they tore through space in random directions. One asteroid was flung inward toward the Sun. Finding other bodies like itself, it snowballed into a massive planet. This terrestrial carbon twin settled into the crust of the newborn Earth. Billions of years later, it became folded into the genetic code of a human being named Dante Lauretta.


The wandering twin avoided this fate. Its host asteroid survived the chaos of the early solar system. A billion miles from its sibling, it settled into a relatively stable orbit in a belt between Mars and Jupiter. The two carbon atoms were destined to meet again on September 24, 2023, when the OSIRIS-REx spacecraft delivered a sample of asteroid Bennu into Dante’s waiting hands.















CHAPTER 1



ORIGINS


IN THE LATE SUMMER OF 1992, I was working as a short-order breakfast cook at a dive bar called Mike’s Place in Tucson, Arizona. In addition to their infamous nickel pints and quarter pitchers of Old Milwaukee beer, Mike’s offered a $0.99 breakfast—two eggs, hash browns, and toast—perfect for sopping up a night’s worth of alcohol. Around 10:00 a.m., the University of Arizona frat boys stumbled in, like bears out of hibernation, delirious and hungry. They ordered three or four breakfast specials each. Behind the grill I flipped eggs like a machine, deftly dodging missiles of splattered oil.


Serving up breakfast had become second nature. I had been paying my way through college working jobs like this for the past four years. As my body moved through the motions of flipping hash browns and cracking eggs, my consciousness was free to ponder other things.


I was worried. I was about to start my fifth and final year as an undergrad. Only weeks before, left arm dangling from my beloved firetruck-red 1972 Volkswagen Microbus (nicknamed “Gus”), I had rolled back into Tucson after one final summer following the Grateful Dead, camping in the Sierra Nevada mountains around Lake Tahoe, and cooking out of my van for weary thru hikers on the Pacific Crest Trail.


My fifth year. That thought resonated in my mind. I never planned on spending five years in Tucson; it just sort of worked out that way. At the end of the last school year, I wasn’t ready to move on. I had completed all the requirements for a theoretical math major, but I knew that wasn’t my path. By taking a fifth year of courses, I could explore physics and Japanese culture—and also buy a little more time to save money and put off those upcoming student loan payments for another year. I was hoping to find clarity before embarking on my next stage in life.


I had grown up way off the grid, in a single-wide trailer that stood on tripods at the end of a long dirt road. The front yard was dirt, the backyard was dirt, and the Arizona desert surrounded us like an untamed wilderness. We had to drive miles to fill our five-hundred-gallon tank of water every couple of weeks.


Family life wasn’t great. My father embarked on a steady diet of alcohol and marijuana until my mother kicked him out when I was twelve. I became a fatherly older sibling to my two little brothers, who were six and eight years my junior.
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Dante and a friend on tour with the Grateful Dead circa 1992. Credit: Dante Lauretta personal photo








My escape came from exploring the alien world of the desert. I collected scraps of metal to build a fort for myself and my brothers, a safe hideout for when our parents were fighting. I scouted for swimming holes and hunted for gems and minerals. In the desert, I sought wonder and distraction—and found plenty of both.


I especially loved picking through the remnants of old mining operations, imagining the men who had once staked out this desolate patch of land and set about excavating the unlikely cache, sleeping on the hard ground and rising with the sun. I would comb the tailings piles, feeling a thrill of discovery whenever an alluring mineral specimen emerged from the debris.


In the desert I could reinvent myself. I could pretend to be anyone. I was a swashbuckling adventurer, an explorer of the unknown. On one memorable expedition, I convinced one of the few neighbor kids to follow me into an abandoned mine. My friend was nervous, but I plowed ahead, displaying the kind of bravado I only wished I could show at home. Moments later, I heard coming from behind me the unmistakable rattle of a snake that meant business. I waited in the tunnel for hours until my friend returned with a stranger from the nearest homestead who quickly dispatched the snake with his pistol. Far from considering the afternoon a failure, I reveled in the memory of my most daring adventure yet.


I’m not certain whether the chaos of my young life necessitated this persona, or if it simply revealed it—but however it happened, it stuck. Even after my father left, even after my mom moved us to a Phoenix suburb and life evened out a little bit, I still wanted to test the limits of everything, to see how far into the wild I could go.


Like most smart kids in tough situations, I intuited that higher education was a way out, a way off the treadmill of endless financial struggle and unaffordable desires. Since no one in my family had been to college, it had taken on an almost mythical status in my mind.


Now, after four years of study, I found myself at a crossroads. Soon, I would graduate from the University of Arizona, and I had no idea what to do after that. I was looking for a spark, something that would ignite my curiosity and challenge my mind… and pay the bills.


As the breakfast crowd thinned out, my mind snapped back to the kitchen. It was time to clean up and head home, and hopefully get some of this grease out of my hair.


It was a stunningly bright Saturday in September when I untied my apron and stepped outside the diner. Nine hours in front of the grill was hell on the body, and I sat on the patio to rest my feet before walking home, a nickel pint of Old Milwaukee in one hand and Friday’s edition of the Arizona Daily Wildcat, the student newspaper, in the other. I took a long drink and opened the paper wide. That’s when I saw a full-page ad in blocky, decisive letters:




WORK FOR NASA





I pushed the sweaty hair out of my eyes to read the fine print, amazed that such a possibility even existed.


Those three words echoed in my mind. NASA represented the best of the best—the one part, I felt, of the US government that did very difficult things and did them very well. They asked big questions and launched big, bold spacecraft to seek answers. To work for NASA meant to be at the spearhead of human exploration.


It was as if the dirty window I had been looking through my whole life was wiped clean. I had found my path.


I headed home and immediately started working on my application to the NASA undergraduate research program, hoping beyond hope to land that job. Not only did I get it, but it changed my life’s whole direction.
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Thirty-two years earlier, on a cool April night in 1960, a twenty-nine-year-old scientist in browline glasses named Frank Drake went to work at the National Radio Astronomy Observatory in Green Bank, West Virginia. He pointed an eighty-five-foot dish toward Tau Ceti, a star about the size of our Sun, roughly twelve light-years away. Dubbing his experiment Project Ozma, in honor of the fictional Princess of Oz, he tuned the receiver to 1420 MHz, the frequency of radio waves emitted by interstellar hydrogen. This frequency is in a part of the radio spectrum referred to as the “water hole,” a cosmic quiet zone where both hydrogen and hydroxyl (one hydrogen and one oxygen atom) are detected. The “H” and “OH” lines, as scientists refer to them, are visible from anywhere in the cosmos, in the quietest part of the entire electromagnetic spectrum of the universe.


Drake was looking for signs of an extraterrestrial civilization. For the next two months, for six hours a day, he waited for a message from outer space. The search for extraterrestrial intelligence, or SETI, had begun.


Drake wasn’t the first person to consider using radio waves for interplanetary communication; some of the technology’s most notable pioneers believed they had received messages from extraterrestrials. While experimenting alone in his Colorado Springs lab in 1899, Nikola Tesla intercepted strange, unidentifiable signals. He became convinced he “had been the first to hear the greeting of one planet to another.” In 1920, Italian inventor Guglielmo Marconi said he had received something similar. “I believe it is entirely possible that these signals may have been sent by the inhabitants of other planets to the inhabitants of Earth,” he boldly stated.


In 1959, Giuseppe Cocconi and Philip Morrison published a seminal paper in Nature, in which they proposed scanning a narrowband frequency across the galaxy to search for life. Just as we had let our own radio and television broadcasts drift into space for years, Cocconi and Morrison reasoned that any intelligent civilization would be doing the same.


While Drake’s two-month search was a bust, it provided a much-needed spark to the scientific community. A year after his project ended, Drake invited a group of ten astronomers to West Virginia for the first significant conference on extraterrestrial intelligence. Morrison was there; Carl Sagan was too. So was a man named John Lilly, a physician and philosopher working on communicating with another form of alien intelligence—dolphins. Understanding how animals talk to each other, he reasoned, was a step toward figuring out how creatures on other planets might as well. So taken were the attendees with Lilly’s work that they decided to call themselves the Order of the Dolphin. After their time together, Lilly sent them all small silver pins featuring the marine animal.


Playful names aside, the conference’s lasting contribution to SETI studies was the Drake equation, a formula that estimates the number of potential intelligent civilizations in the galaxy:




N = R* • fp • ne • fl • fi • fc • L





N: The number of civilizations in the Milky Way galaxy whose radio emissions are detectable.


R*: The annual rate of formation of stars suitable for the development of intelligent life.


fp: The fraction of those stars with planetary systems.


ne: The number of planets, per solar system, with an environment suitable for life.


fl: The fraction of suitable planets on which life appears.


fi: The fraction of life-bearing planets on which intelligent life emerges.


fc: The fraction of civilizations that develop the technology to produce radio waves.


L: The average number of years such civilizations produce those signals.


The equation wasn’t particularly practical to begin with; scientists didn’t have concrete numbers to plug in for many of these variables. Instead, the Drake equation gave scientists a laundry list of problems to tackle. Refine the variables in this equation, and only then could we seriously consider how to find and communicate with other forms of intelligence, our cosmic neighbors in the Milky Way.


It took a decade and a half, but NASA finally put some skin in the SETI game in 1975, when it began funding projects around the country. Mercilessly disparaged in Congress as a farcical waste of taxpayer dollars, NASA’s SETI initiatives limped along, underfunded and underappreciated. Eventually, nearly twenty years later, the science community got clever. Instead of asking for cash under a SETI heading, they tweaked the program ever so slightly and came up with a respectable new name. On October 12, 1992, a couple weeks after I saw that ad and rushed home to apply for the Space Grant program, NASA officially launched the High Resolution Microwave Survey.


As soon as I knew of its existence, I was a SETI fan. The concept of scanning the skies for aliens sounded like a high-tech version of what I had been doing for years. Sitting around a campfire, chemically modified, grappling with those giant questions: Why is matter alive? Why is it arranged in such a way that a pile of it is sitting here even asking this question? How could this phenomenon be limited to just this tiny speck of dust in one tiny corner of the universe?


My roommate Zac and I were completely aligned on this front. Even though we were cash-starved students, we pooled our money to buy a subscription to Omni magazine, a publication that delightfully blended science and science fiction. It was candy for a young scientist’s mind. The October 1992 issue contained an article by the guru himself, Frank Drake, describing the NASA-funded SETI program. The opening paragraph was pure scientific swagger. In it, Drake coolly predicted that scientists “will probably discover intelligent life on other planets by the year 2000.” As I read the words aloud to Zac, our eyes grew wide.


Later that month, I finally received news on my application in the form of a letter from a place called the Lunar and Planetary Laboratory. Puzzled, I told Zac to put his book down. “You ever heard of this?” I asked, holding the letter out so he could read the return address.


“That must be the Department of Planetary Sciences. I think I’ve seen their courses listed in the catalog.”


“How have I never heard of that before?” I thought aloud as I hefted the volume from the bottom of the bookshelf and flipped to the Ps. Sure enough, crammed onto a half page of the catalog was a stunning list of courses: Exploration of the Solar System, Jovian Planets and Satellites, and Principles of Cosmochemistry (whatever the hell that was). Somehow, I’d been a student at UA for four years, taking courses in physics, math, astronomy, and geology, and had no idea this department existed.


Remembering the envelope balanced on the arm of the couch, I chucked the catalog back onto the shelf. Hands twitchy, I tore it open. “It’s about my application!”


“Congratulations!” the first line began. “You have been selected for the Arizona NASA Undergraduate Research Space Grant Program.”


“Holy shit.” I passed the letter over to Zac as I collapsed on the couch. “I did it. I actually got the job.” My grease-soaked days as a breakfast cook were over. I tried to imagine what kind of project I might work on as my eyes settled on the cover of Omni, its corners creased and well-worn. A bold block-letter font promoted the cover story, “On the Origin of the Solar System,” by Carl Sagan and Ann Druyan, while a futuristic-looking spacecraft burst forth from interstellar flames.
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Dr. Carl DeVito’s office was stereotypical of an academic, cluttered with stacks of papers, shelves packed with mathematical journals, the air suffused with the smell of old books and copier ink. I thought I knew the math department well; it had been my home at UA. I tutored in the math lab and used their computers for my homework. Yet I had never met Dr. DeVito, who was now the advisor for my Space Grant project, even though he had been a professor there for years. DeVito had been working with Richard Oehrle, a professor in the linguistics department. Together, they developed a logic-based language to communicate with alien societies.


As I settled in, Dr. DeVito radiated enthusiasm from behind his desk.


“It’s an exciting time for SETI,” he said.


I smiled and nodded, trying not to let my face spread into too wide of a grin—I didn’t want to look like a noob. But the fact that I was talking with an esteemed professor about communicating with aliens—and getting paid for it—had me squirming in my seat.


“When we do contact extraterrestrial life, we’ll need a way to communicate with them. That’s why you’re here,” Dr. DeVito announced.


I knew this much. My application was successful mainly because of my unique combination of majors. I had been studying science alongside language for years. DeVito’s passion project required the ability to think creatively in both disciplines.


As he defined the project’s scope, I could sense that we thought alike. DeVito treated SETI communication like a math problem. And, like any good math problem, he began with the assumptions.


“Our current SETI efforts are focused on searching the water hole,” he started.


I nodded. This had been in Drake’s article in Omni that I had nearly memorized.


“As a result,” DeVito continued, “any contact between our civilization and an alien one would be via radio in this frequency range. This assumption immediately implies that our correspondents have a basic knowledge of science—enough, at least, to build a radio transmitter. By that logic, they should be able to learn a language based on fundamental scientific principles.”


Any alien capable of building a radio transmitter must know all about the propagation of light waves through space. Such devices were complicated pieces of equipment, requiring detailed knowledge of electricity and magnetism. They had to understand the same fundamental facts about the universe that allowed earthly scientists to build their radio telescopes.


“If they can develop radio technology,” DeVito continued, speaking faster as he realized that I was keeping up with his line of thought, “they can count, they know about chemistry, they are familiar with melting and boiling points, and they understand the nature of gases. If we share all this common knowledge, then we can communicate about numbers, chemical elements, and physical units such as the gram, the calorie, the degree, and so on. Once this basic set of concepts is established, more interesting information can be exchanged.”


“How will you communicate information about the chemical elements?” I asked.


“The language is based on mathematical set theory,” he replied. “The elements will be introduced as a new set, once the integers have been established. We’ll start with hydrogen. Hydrogen is defined as the set of all atoms having atomic number one. Helium is the set having atomic number two, and so on.”


“What if that’s too simplistic?” I asked, surprised by my own boldness but wanting badly to impress my new mentor.


“I think we can do much better than that,” I continued, “and maybe the answer lies in the SETI approach itself. The H and OH spectral lines that define the water hole show us how energy is partitioned in these two molecules. The lines make unique patterns and that is how we know that space is not an empty void—it is a chemistry laboratory.


“A better set,” I offered, “is to use the hydrogen energy levels. Instead of assigning each element a number, which could be difficult to interpret, we could use their spectral ‘fingerprint.’ Any alien civilization that is exploring the universe is going to have their share of spectroscopists, and they are going to recognize these patterns immediately. Heck, they likely have libraries of these patterns to analyze their radio data.”


DeVito nodded. “Sounds like we have a focus for your project. Go advance the DeVito-Oehrle language to transmit the periodic table!” he said theatrically.


I spent the rest of the school year savoring every moment that I worked on the SETI project. DeVito was an encouraging, invested mentor, and we met often at the Fidlee Fig, the breakfast buffet in the student union. Over the course of the project, I built what I called the “SETI Word Processor,” a program that allowed the user to type in any chemical reaction and have it translated first into the DeVito-Oehrle language and then into binary. I imagined that someday my code would be attached to radio telescopes around the world, with teams of scientists typing out messages to our cosmic neighbors. In my wildest dreams, I was the technician pushing the button, sending a message to the stars.


Just a few months after I started working on this project, it was clear I would never leave. I decided to go to graduate school to study planetary science with a focus on SETI. If I could get into UA, which had one of the world’s best programs, then I wouldn’t even have to move out of my apartment.
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The University of Arizona is more than my alma mater. It is—as far as I and many others in planetary science are concerned—one of the spiritual homes of the discipline.


In 1960, the same year that Frank Drake launched Project Ozma, a Dutch astronomer named Gerard Kuiper founded the Lunar and Planetary Laboratory in a remote corner of the top floor of UA’s Atmospheric Sciences Building. At the time, the study of the planets and their satellites had fallen out of favor; the rise of space photography in the early twentieth century inspired scientists to see and study—for the first time—heavenly bodies beyond our galaxy. While our understanding of extragalactic space grew by leaps and bounds, knowledge of the planets we share the solar system with faltered. Kuiper, however, spent his early career researching planetary science, as unfashionable as it may have been. He discovered that Titan, the largest of Saturn’s moons, had an atmosphere of methane gas, revealed never-before-seen satellites of Neptune and Uranus, and detected carbon dioxide on Mars.


In the 1950s, Kuiper focused his attention on our nearest neighbor. For years, his fellow scientists—when they paid attention to the Moon at all—couldn’t seem to agree on anything about it. Was it cratered because of ancient volcanic activity or because it had been pummeled with asteroids? Was the surface soft and fluffy or hard and crunchy? Nobody knew. Figuring that the history and physical properties of the Moon could tell us a lot about the formation and composition of our own planet, Kuiper began work on a lunar atlas project, gathering and taking new photographs to give scientists a baseline for studying our fascinating natural satellite.


Kuiper’s timing was impeccable. After the launch of Sputnik in 1957, Americans once again turned their attention to our own solar neighborhood. Four years later, when John F. Kennedy proclaimed that Americans would walk on the Moon before the decade was out, Kuiper was, quite literally, the man with a plan—the only man, in fact, with any plan. His mission to map the Moon was suddenly a national priority. When Kuiper set up shop on UA’s campus, he brought with him 14,000 pounds of books, paper, and instruments. Over the next decade, Kuiper and the scientists he recruited to work at the lab would play an integral role in the Apollo program. (It would take years for Kuiper to get the respect he deserved, though; long after it was founded, LPL was still derided as the “Loony Lab.”)


But perhaps Kuiper’s greatest legacy was transforming modern planetary science into an interdisciplinary pursuit. Alongside traditional astronomers, he filled the halls of LPL with physicists, geologists, and atmospheric scientists. This trailblazing streak at LPL would continue over the next half century, as the lab became a training ground for young planetary scientists and ultimately made UA the first university to control a spacecraft mission from its campus.


In 1992, at the end of the fall semester, with graduate school application deadlines looming, I made an appointment with the head of LPL, Dr. Eugene Levy. Levy was a daunting figure, a man with a tall forehead, cleft chin, and a reputation for not mincing words.


“I want to go to grad school here at LPL,” I told him. “And I want to search for extraterrestrial intelligence.”


Levy’s response was swift and simple: “Hell no.” Like a cosmic pinprick, his words deflated my dream. “That’s career suicide. We probably won’t even admit you to the program if you put that in your personal statement.”


“What do you mean? SETI is a legitimate, NASA-funded project,” I countered.


“Not for long,” he said, almost chuckling. “Senator Bryan has pretty much declared war on the program.”


Indeed, as soon as the NASA-led search got underway, the Senator from Nevada made it his mission to cancel its funding. “This hopefully will be the end of Martian hunting season at the taxpayer’s expense,” he gloated in a press release.


Instead, Levy encouraged me to study Mars. In the early 1990s, like the Moon before it, Mars was on the rebound after nearly two decades of neglect.


Launched in 1975, the NASA flagship Viking Project provided astonishing data about the red planet. The Viking armada consisted of two orbiters, each with their own lander, to scour the Martian surface and atmosphere and search for evidence of life on the planet.


I remembered July 4, 1976, very well. I was five years old, and the front page of the Arizona Republic had a picture of a NASA robot that had just landed on Mars. That was when I first felt the spark, the same one I experienced when I opened that student newspaper.


In the years since, the orbiters had revealed volcanoes, giant canyons, cratered terrain in the south, and smooth young landscapes in the north. The images also contained abundant evidence of ancient fluvial systems, with river-like channel networks, signs of catastrophic floods, and landforms reminiscent of shorelines. The landers, however, failed in their ultimate goal; the life detection experiments proved inconclusive.


After years of observation and experimentation, scientists concluded that solar ultraviolet radiation saturates the surface of Mars. This damaging radiation, combined with the extreme dryness of the soil and reactive chemicals, made the Martian surface uninhabitable to any kind of life we’re aware of.


This conclusion took the wind out of the sails of Mars exploration. Throughout the ’80s, NASA focused on building the space shuttle, de-emphasizing studies of the Moon, Mars, and more distant solar system destinations. But the scientific community continued to press for Mars, arguing it contained a wealth of untapped and valuable information. A strong case was made for comparative planetology, built around the evidence of ancient water flows. Clearly, Mars’s climate had been different in the past. If we were at all concerned about the future of planet Earth, we needed to understand how Mars could transform from a warm, wet paradise into the barren desert world reminiscent of George Lucas’s Tatooine or Frank Herbert’s Arrakis.


Eventually, NASA listened. As I sat in Tucson discussing my career options with Levy, Mars Observer was hurtling through space, hailed as NASA’s triumphant return to the red planet.


Hesitantly, I agreed to consider Levy’s advice. I applied to several schools around the country that had faculty members engaged in the Mars Observer mission.


A few months later, in the spring of 1993, I opened a thick envelope from Washington University in St. Louis, brimming with good news. I had been accepted to the Department of Earth and Planetary Sciences, awarded a graduate fellowship in the McDonnell Center for the Space Sciences—alleviating my concerns about money for a while—and earned a research position with Professor Ray Arvidson, lead data scientist on the Mars Observer mission. Though I was also accepted to UA, Levy encouraged me to go to St. Louis and broaden my perspective.


So, I planned my move to the Midwest. I sold Gus, packed everything I owned into two tiny suitcases, and booked a plane ticket to St. Louis. My own personal transformation from rambling explorer to serious scholar had begun.


Before I left Arizona, I went on one last hike to say farewell to the desert. That evening, I sat alone on a summit in the Tucson Mountains, listening to wind whisper through the spines of the saguaro cacti around me. My eyes teared up as I thought of leaving this place, the only home I’d ever known and the place where I felt the safest. I lay back on the boulder and stared up into the dark sky. The stars winked back at me brilliantly and I could feel their summon.















CHAPTER 2



SIGNS OF LIFE


STANDING ON THE FLOODED BANKS of the Mississippi River, which, to this desert boy, seemed miraculously full of water, St. Louis had the aura of a Big City. Without mountains on the horizon to orient me, I felt lost in the decaying patchwork of old factories, confounded by the blatant racial segregation and Sunday blue laws.


Still, there was opportunity ahead of me at Washington University and I was grateful to be there. I strolled the Danforth Campus, which housed most of the academic departments, including Earth and Planetary Sciences, taking in the buildings’ Collegiate Gothic architecture. I spent many afternoons admiring its square towers, corner turrets, and arched passageways. I found myself staring back at the gargoyles perched on corners, above doorways, and along windowsills. The contrast with UA couldn’t have been starker.


Dr. Ray Arvidson had lured me to St. Louis with the promise of being at the forefront of modern Mars exploration, supporting the first team to study Mars since the Viking 1 lander ceased communicating with Earth in 1982, the result of human error that caused the lander’s antenna to go down.


The transition from undergraduate to graduate school was a revelation. In Tucson, I had indulged every interest, studying East Asian culture alongside hard-core physics classes. However, in St. Louis, my sole focus became the world of space exploration, poring over every new discovery, discussing planet formation over lunch, obsessing over this new wave of Mars exploration of which, remarkably, I was a part. Gone were the directionless days of flipping eggs; I was involved in serious research—and doing my best to become a serious researcher.


When I arrived in St. Louis to join the Mars Observer mission team, the spacecraft was scheduled to enter orbit around the red planet in just over a month. I could hardly contain my excitement and anticipation as I thought about what lay ahead. The spacecraft was equipped with an impressive array of instruments to study the composition of the Martian surface, map the topography and gravity, search for a magnetic field, observe the weather and dust storms, and explore the structure and circulation in the atmosphere—tools to study Mars’s atmosphere, climate, geology, and the characteristics of its moon, Phobos. But more importantly to me and many others, it was a mission that held the promise of unlocking some of the greatest mysteries of the solar system.


At the Space Grant Symposium in Arizona the previous spring, I had listened to a keynote speech by Phil Christensen, the principal investigator for TES (short for Thermal Emission Spectrometer), one of the six instruments on board. TES measured the heat emanating from the Martian surface. Amazingly, these infrared photons encode information about the mineral content of surface rocks, frosts, and the composition of clouds. A mere postdoc, Phil in his presentation took us on the roller-coaster ride of building, testing, and delivering TES to the spacecraft. I sat in awe in the audience, realizing that by winning the contract to launch a science instrument into space, Phil had also launched his career.


During my time at LPL, I also had the opportunity to attend a seminar by Bill Boynton, a professor who also had an instrument on board Mars Observer. His gamma-ray spectrometer measured the high-energy photons produced by nuclear reactions on the Martian surface. With the instrument’s neutron detectors, the plan was to map the distribution of hydrogen—and therefore water—across the entire surface. The Viking experiments were thought to have disproven the existence of life on Mars, but many of us in the field remained unconvinced. One of the experiments had positively identified organic compounds on both Viking landers, but they were later shown to be chlorine compounds, interpreted as contaminants from cleaning fluids. Still, we held out hope that Bill’s instrument would reveal where to focus future searches for evidence of life on Mars.


These two scientific instruments aboard the spacecraft were designed and built in Arizona, my home state. I felt a surge of pride knowing that those instruments represented the ingenuity and skill of my fellow Arizonans. It was a personal connection to the mission, and it only fueled my passion and dedication to making Mars Observer a success.


As we prepared for orbit insertion, Ray exuded an air of enthusiastic anticipation, like a parent awaiting the birth of their child. A veteran of the Viking program, he had devoted decades of his life to the study of Mars. The Mars Observer mission had been funded by NASA in 1986, just four years after the last signal from Viking. Ray, Phil, Bill, and countless others had been working tirelessly ever since. At that time, NASA’s Mars Exploration Program was in its infancy, and the agency was seeking to develop a series of missions to explore the planet. Mars Observer was meant to be the first, one that aimed to gather data and pave the way for future human missions to Mars. At a total cost of more than nine hundred million dollars, the future of NASA’s planetary exploration program was on the line.


To be part of a team dedicated to expanding our knowledge of Mars and pushing the boundaries of space exploration was obviously a dream come true. As we prepared for orbit insertion, the enthusiasm surrounding the mission was palpable, in St. Louis and around the world. The Mars Observer was more than just a vehicle fueled with hydrazine; it carried with it the collective aspirations of humanity to explore and understand the universe beyond our planet.


Beyond the invigorating work, one of the earliest bright spots of my life in St. Louis was the social scene. The first time I saw Kate was during my visit the previous winter at a departmental party for prospective graduate students. She strutted in with the air of an established scholar, a pair of hockey skates over her shoulder, her cheeks glowing from the rink. Kate blew right past me without a second glance, taking her place with the other graduate students, and I had not been able to get her out of my mind since.


As classes began, the graduate students gathered daily for lunch around a giant mahogany table in the department’s main conference room. For weeks, Kate was a no-show, and I started to wonder if the beauty with the skates had been an apparition. Finally, one day, Kate reappeared. Everyone sat rapt as she described being waylaid in the Adirondacks, where she had been collecting bedrock from remote mountaintops. The next day in my mineralogy class, Kate assumed her duties as our teaching assistant, and I suddenly became very invested in the subject.


Kate was every bit the explorer I was, a brilliant geologist with a hunger for unlocking the secrets hidden deep in the Earth. But she was also steady and centered, the product of an idyllic upbringing in rural Connecticut, the only girl among her parents’ four high-achieving children. When I looked into Kate’s blue-green eyes, I saw an improbable combination: a lifetime of adventure and the possibility of building the family I never had.


Even though I missed the desert, the proud saguaro, the sooty smell of the creosote, the dark, star-filled skies, I had found new love with Kate and new meaning with the team leading humanity’s triumphant return to Mars. Life in St. Louis was turning out all right.


That enthusiasm was tempered when, a couple of weeks later, I walked into Wilson Hall, intending to spend some hours in the basement office I shared with three other students. With orbit insertion happening the next day, I expected to find my colleagues in an anticipatory, if not celebratory, mood. Instead, I came upon Laura, a fellow aspiring Martian, collapsed against the wall, sobbing.


“What’s wrong?” I asked, squatting down beside her.


“We lost contact with the spacecraft on Saturday,” she blubbered. “The mission is over. My career is over.”


My chest tightened. “Are you sure it’s gone? Maybe it’s just a communication glitch.”


Laura looked up at me, ready to stamp out my optimism. “We’ve sent new commands every twenty minutes all weekend long—nothing. At first, the ops team assumed it had drifted off course, and that we would regain contact at some point. But it’s been silent for over two days. The spacecraft should have recovered from any anomaly by now.”


Months later, an independent investigation board from the Naval Research Laboratory would announce their findings: A fuel tank in the spacecraft’s propulsion system likely ruptured, leaking fuel during the long cruise to Mars. The leak probably spun the spacecraft, causing it to enter “safe mode,” and preventing it from turning on its radio transmitter.


“If it makes you feel any better, my plans are ruined too,” I sighed, hardly beginning to register what this would mean for me.


“You’ve been here, what? Two months?” Laura retorted, “Big deal.”


She was right. My two months were nothing compared to her two years, and it was infinitesimal compared to Ray’s decades. I couldn’t help but think of Bill and Phil, who had poured years of their careers into developing their scientific instruments. Their work had been meant to gather vital information about the red planet, and I couldn’t imagine how they felt, knowing their instruments were now floating, useless, in space.
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