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“Emily’s book is a compulsive read. It demonstrates what being an observational astronomer is really like—the highs, the lows and the unscheduled things that can happen at telescopes around the world! Give this book to every young person (especially the girls!) that you know who likes maths and science.”


—Jocelyn Bell Burnell, astrophysicist, University of Oxford
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—Tamara Robertson, host of Mythbusters: The Search and STEM speaker
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INTRODUCTION


“Have you tried turning it off and back on again?”


This phrase, repeated by weary IT specialists the world over, had possibly never prompted such horror. First of all, it was one in the morning, and I was sitting in a chilly control room on top of the highest mountain in Hawaii. I was nearly fourteen thousand feet above sea level, twenty-four years old, and desperately fighting through sleep and oxygen deprivation to salvage several hard-won hours of PhD thesis research time on a piece of broken equipment.


Second, the equipment in question was the Subaru Telescope, a 630-ton beast housed one floor above my head in a fourteen-story dome. A joint venture between the U.S. and Japanese astronomy communities, the telescope boasted a pristine primary mirror more than twenty-seven feet in diameter (the largest single piece of glass in the world) and a suite of some of the most sophisticated scientific instruments and imaging tools on the planet. It cost $47,000 per night to operate, and after submitting a twelve-page science proposal to the professors in my department, I had been granted one of these valuable nights—tonight, the only night allotted to me in the entire year—to point this telescope at a handful of galaxies five billion light-years away.


No, I had not tried turning it off and back on again.


The evening had been going excellently until one of the control room computers had produced an unsettling bloonk sound and prompted the telescope operator—the only other person with me on the mountain—to freeze in her seat. When I asked what was up, she cautiously informed me that one of the mechanized supports holding up a mirror had just failed, but “it’s okay. I think the mirror is still on the telescope.”


“You think?”


“Yeah. If it wasn’t, we would have heard a crash.” Solid reasoning, if not exactly reassuring.


We’d apparently gotten lucky with how the telescope was positioned when the mechanized support failed, preventing an immediate disaster. For the moment, it was still holding up the secondary mirror, notably smaller than the primary but still four feet wide, four hundred pounds, and suspended seventy-three feet in the air to redirect light collected and reflected by the primary mirror into the camera I was using. Unfortunately, if we moved the thing again, we’d be at risk of dumping the secondary onto the floor, and that was if we were lucky. If we were unlucky, it would hit the primary on its way down.


We put in a nervous call to the Subaru members of the day crew, a group of engineers who worked on maintaining the thirteen telescopes on the mountain during the daylight hours when the observers were asleep. The Japanese crew member we reached cheerfully informed us that he had, in fact, seen this happen earlier in the day, that the mechanized supports were probably fine and it was probably just a false alarm, and that turning the power off and then on again would probably fix the problem. It seemed impolite to point out that we were talking about a multimillion-dollar telescope and not a modem.


I didn’t know what four hundred pounds of glass hitting the concrete floor above my head would sound like, but I knew I didn’t want to find out. I was also quite sure I didn’t want to be forever known as “the grad student who killed Subaru.” I’d heard too many “I broke the telescope” stories over the years to ignore the fact that this was a very real possibility. One of my collaborators had destroyed an outlandishly expensive digital camera on a telescope by innocently touching two of the wrong wires together; the story had gotten back to his boss before he did. Another astronomer, this one a veteran observer, had slammed the business end of a telescope into a movable platform inside the dome that she had forgotten to retract partway through a sleep-deprived night. Sometimes these sorts of failures weren’t even anyone’s fault. A gargantuan three-hundred-foot-wide radio telescope in Green Bank, West Virginia, had just up and collapsed one evening, crumpling like a stepped-on soda can partway through an observation. I couldn’t remember exactly what had caused the infamous Green Bank failure, but I was convinced the words mechanized support had been involved. The cautious thing for me to do would be to call it a night, drive back down to the observatory’s sleeping quarters, and have the day crew carefully check things over the next morning.


On the other hand, this was my only night on the telescope. Tomorrow, it wouldn’t matter whether I’d experienced a mechanical failure, a false alarm, or even just some poorly timed clouds; telescope time is strictly scheduled months in advance, and another astronomer would be arriving with a completely different science program. All that would matter was that my night had come and gone without completing my observations. I would have to submit a whole new proposal, hope for another hard-to-get yes from the telescope committee, wait an entire year—a full trip of the earth around the sun—until the galaxies were back up in the night sky to try again, and hope that night wouldn’t have any clouds or telescope problems.


I desperately needed these galaxies. Several billion years ago, each of them had hosted a strange phenomenon known as a gamma-ray burst. Astronomers’ best guess was that these bursts were coming from massive rapidly spinning dying stars whose cores were collapsing into black holes and cannibalizing the stars from the inside out, igniting violent jets of light that came streaking through the cosmos to arrive at Earth as flashes of gamma rays lasting mere seconds. Stars died all the time, of course, but only a handful of them were flashing us like this, and nobody could explain why. I had built my entire PhD thesis on the idea that studying the chemical makeup of these stars’ home galaxies—the same gas and dust they had been born from—was the key to understanding why they exploded the way they did. Subaru was one of the only telescopes in the world capable of such observations, and the day crew had said it was probably giving me a false alarm. If I called off the night, I’d be giving up what could well be my only opportunity to ever study these galaxies, losing a linchpin of my thesis research in the process.


Of course, having the largest piece of glass in the world sitting in pieces on the dome floor wouldn’t help matters either.


I looked at the operator, and she looked back at me. I was the astronomer, so with all of my twenty-four-year-old, third-year-grad-student, still-had-to-pay-the-young-driver-fee-to-rent-a-car wisdom, this was my call. I looked at the printout of my meticulously crafted observing plan for the night, which was falling further and further behind with every minute that Subaru sat idle. I looked at the fuzzy image of the night sky on my computer screen, coming from the small guider camera that was always on and showing us where the telescope was pointed to help observers like me find their way through a bottomless sea of stars.


I turned the power off and back on again.
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The simple act of stargazing is an experience shared by almost every human on the planet. Whether we’re peering through the stifling light pollution of a bustling city, struck motionless by the riot of stars arcing over our heads in a remote corner of the globe, or simply standing still and feeling the enormity of space waiting just outside our planet’s atmosphere, the beauty and mystery of the night sky has always entranced us. You’d also be hard-pressed to find someone who hasn’t admired the dramatic astronomical photographs produced by the world’s best telescopes: the sweeping vistas of stars, galaxy pinwheels, and rainbow-hued gas clouds that supposedly hold the secrets of the cosmos.


What’s less well-known is the story behind where these photos come from, how and why we’re taking them, and who exactly is extracting those secrets of the universe. Astronomer sounds like a romantic and dewy-eyed sort of job, and its practitioners are a unicornesque rarity: of the 7.5 billion people on our planet, fewer than fifty thousand are professional astronomers. Most people have never even met a professional astronomer, let alone contemplated the details of such a strange career. When thinking about what an astronomer does (on the rare occasion that it’s thought of at all), people tend to imagine their own experiences with stargazing taken to an obsessive level: a nocturnal geek peering through a really big telescope in a really dark place, maybe donning a white lab coat and confidently spouting off the names and locations of things in the sky as they patiently sit in the cold and wait for their next discovery. The handful of astronomers in movies also become a go-to reference: Jodie Foster hunkering down with headphones to listen for aliens in Contact or Elijah Wood peering through a suspiciously powerful backyard telescope to discover a planet-destroying asteroid in Deep Impact. In almost every case, the observing is merely the prelude to the real drama; the sky is always clear, the telescope is always working, and after a minute or so of wide-eyed awe, the movie astronomer dashes off to save the world with a few snippets of perfect data in hand.


This was certainly the mental image of astronomy that I had in mind when I claimed it as my future career. I’d come to astronomy in the same way as countless other amateur and professional space enthusiasts, through a childhood of backyard stargazing in a New England factory town, Carl Sagan’s writing on my parents’ bookshelf, and those jaw-dropping photographs of nebulae and star fields that seemed to always show up as the backdrops of TV specials and science magazine covers. Even when I arrived at MIT as a first year and blithely declared myself a physics major in my first step toward an astronomy career, I had only a vague sense of what I’d be doing all day in my chosen profession. I was becoming an astronomer because I wanted to explore the universe and learn the stories of the night sky; beyond those broad strokes, I wasn’t particularly fussed with what the exact job description of “astrophysicist” entailed. My daydreams were about contacting aliens, unraveling the mysteries of black holes, and discovering a new type of star. (So far, only one of these has come true.)


I did not daydream about being the final decision point for keeping one of the world’s largest telescopes intact. I never imagined that one day, I’d be shimmying up the support struts of a different telescope to duct-tape a piece of foam across its mirror in the name of science, researching whether my employer carried experimental aircraft insurance, or willing myself to somehow fall asleep next to a tarantula the size of my head. I didn’t know that there were astronomers who traveled to the stratosphere and the South Pole for their work, astronomers who had braved polar bears, faced down gunmen, and even died in pursuit of a few precious bits of light.


I also had no idea that the field I was entering was changing as rapidly as the rest of the world. The astronomers I read about and imagined—swathed in fleece, perched behind an impossibly large telescope on a cold mountaintop and squinting into an eyepiece while the stars wheeled above them—were already an endangered and evolving species. In joining their ranks, I would fall even deeper in love with the beauty of space, but to my surprise, I would also wind up exploring my own planet and learning the stories of an incredible, rare, and rapidly changing—even vanishing—field.




CHAPTER ONE


FIRST LIGHT


TUCSON, ARIZONA


May 2004


I got my first glimpse of a telescope—a real, large, world-class-observatory telescope—on the road heading west from Tucson. I had just finished my sophomore year at MIT, flying to Arizona straight from my final exams in quantum physics and thermodynamics, and was picked up at the Tucson airport by Phil Massey, an astronomer with gray mad-scientist curls, black-rimmed glasses, and a wide grin. My research adviser for the next ten weeks, he was driving me to Kitt Peak National Observatory, deep in the Sonoran Desert, where we’d be spending five nights observing at one of the telescopes as a kickoff to my summer project. It would be my very first visit to a professional observatory.


I had learned from our email exchanges that I would be studying red supergiants. Red supergiants are massive stars with at least eight times as much mass as our own sun. Because of their large masses, they’ve sped through their stellar lives at breakneck speed, taking a mere ten million years to transform from their newborn state—brilliant blue-hot stars freshly formed out of gas and dust—to their current state, blazing deep red like a dying ember and swelling up to many times their original size in a last-ditch effort to stay stable and alive. Death for these stars most likely means a violent interior collapse followed by a rebound explosion known as a supernova, one of the most luminous and energetic phenomena in the universe and the process by which black holes are sometimes formed.


Phil and I had met just once before, briefly, the previous January, and he’d chosen me as his summer student based on a presentation he’d seen me give on my first foray into astronomy research. When we’d first started discussing plans for the summer, Phil had offered me a choice of two projects, literally red or blue: the red dying stars or the blue newborn ones. I didn’t know a great deal about either, but I thought black holes were fascinating, and since the dying stars seemed fractionally closer to that point, I opted for red. At Kitt Peak, Phil and I would be observing about a hundred red supergiants in our own galaxy, the Milky Way. I’d then spend the rest of the summer working with the resulting data, trying to measure the stars’ temperatures and contribute a tiny piece to the ongoing astronomy-wide puzzle of exactly how these stars evolved and died.


Phil and I chatted and got to know each other on the drive, but I was also gawking out the window at the southern Arizona desert. The baking summer heat and sunlight were stunning, a world away from the muggy green spring I had left behind in Massachusetts, and I took in the orange-brown dirt and stretches of saguaro cactus and beaming blue sky. Phil pointed out the tiny white silhouette and pair of contrails from a high-altitude jet and mentioned that experienced astronomers can gauge the quality of the sky they’ll be observing that night based on how long the contrails are. If they’re long and fluffy, there’s a lot of moisture in the atmosphere to stir up and interfere with the starlight, while if they’re short—just a little tuft trailing behind the plane—we would be in for a crisp and clear night. The jet we were watching had a short tail.


Phil knew the drive to the observatory by heart and told me where to look at the exact moment when Kitt Peak’s four-meter telescope first popped into view. The white dome, eighteen stories tall, glinted in the pounding desert sun. The telescope inside has made groundbreaking observations of everything from nearby stars to impossibly distant galaxies in the decades since it achieved “first light”—the moment when the completed telescope took its first look at the night sky—in 1973.


The vast majority of modern-day telescopes use mirrors to collect light from the stars, and the most fundamental property of these telescopes is the mirror’s size. A larger mirror means that when we point the telescope at an object, a bigger area is available to collect light from the object. (It’s the same principle behind why your pupils dilate in a dark room.) The distance from one side of a mirror to the other—its diameter—also dictates how sharp of an image the telescope can produce, like using a telephoto lens to get a clear photo of something small and far away. For well over a century, major strides in astronomy have revolved around the progression toward bigger and bigger mirrors, with their diameters dictating a telescope’s fundamental ability to see farther into space. As a result, mirror size has become the defining characteristic of a telescope, to the point where it’s sometimes entwined in the telescope’s name or even defines the name entirely. At Kitt Peak, the flagship telescope is widely referred to as “the four-meter.”


Eventually, we peeled off Route 86—already an incredibly barren and empty stretch of highway—and started winding our way up a meandering mountain road. At first, there was very little sign that we were going anywhere but deeper into the desert: long stretches of pavement, some switchbacks, and minimal signs of any life at all beyond the cacti. The only clue that we were heading to an observatory was the occasional curve of a white dome peeking out from between the hills. Later on, we started getting a few hints that we were not on just any mountain. As we neared the summit, signs started appearing, imploring nighttime drivers not to use high beams and eventually not to use any headlights at all in an effort to preserve the mountain’s darkness.


Today’s best observatories are built in the high, dry, remote places of the world. High altitudes give us a slightly thinner atmosphere and less turbulence in the air between the summit and the stars. Deserts mean air devoid of water vapor and moisture, good for weather and for image quality. The reasoning behind the remote locales is a bit more obvious: the farther we are from the rest of the world, the darker the skies (although even the darkest parts of the planet are fighting a constant battle against encroaching light pollution).


Kitt Peak lies near the southern border of the United States, less than thirty miles from the Mexican border. The mountain itself is all brown rock and stubby trees, indistinguishable from the desert around it but for two things: the white domes hunkered like sleeping giants across the long summit ridge and the invisible but very real perfection of the air passing over the summit. The land around the observatory largely belongs to the Tohono O’odham Nation. A prominent rock formation in the distance, shaped surprisingly like a telescope dome, is known by them as Baboquivari and is, in their cosmology, the center of the universe.


As our car climbed, I found myself wondering: what’s a professional observatory going to be like? I had a mental picture of a big behemoth of a telescope like the one we’d spotted from the road, perched white and alone on some stark rock outcropping of a mountain ridge, but that was about it. I hadn’t much thought about details like where we’d sleep (during the day? would we sleep?), what we’d eat (should I have brought some snacks?), or any of the other logistics. I figured it would all sort itself out and focused instead on drinking in our surroundings as we neared the summit.
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TAUNTON, MASSACHUSETTS


1986


Not quite knowing what was coming was not a new sensation. I’d long since come to terms with the idea of optimistically ploughing forward with “I want to be an astronomer!” as my guiding plan.


I’d been enraptured by space for as long as I could remember, but the original spark could be traced back to early 1986, when Halley’s Comet made its most recent close flyby of the earth. My parents and older brother and I lived in a suburb of Taunton, Massachusetts. A blue-collar southern New England city with industrial roots, it nevertheless gave way to forested streets and ponds and cranberry bogs once you made it a few highway exits out of town—dark enough for stargazing.


Neither of my parents were scientists by training. Before I was born, they’d both earned teaching degrees, with a focus in special education. My mom worked as a speech therapist but eventually went back to school for a graduate degree in library science and moved up through the library positions of the Taunton school system. My dad had studied teaching but worked as an independent truck driver for years while becoming a self-taught computer expert, and by the time I was born, he was working at an insurance company as an IT specialist.


Still, both of them were scientists by nature, fundamentally curious about the world around them and constantly eager to learn as much as they could about whatever corner of it might catch their attention. My dad had taken an astronomy class as an elective in college at Northeastern, which made enough of an impression for him to take it up as an interest and pass the enthusiasm along to my mom.


In keeping with their lifelong habits, once my parents got into something, they were into it, full bore. When that something was astronomy, my dad scraped up funds to buy a backyard Celestron C8, a squat orange cylinder with an eight-inch mirror, and built his own table to mount it on along with some added shelving to store eyepieces, equipment, and a copy of Norton’s Star Atlas. The flames were further fanned by Carl Sagan’s Cosmos television series premiering in 1980, which prompted my librarian mom to stock up on his books. By the time I was born in 1984, astronomy was a background buzz in our house in the same vein as gardening, woodworking, birds, and classical music. My parents were determined to give my brother and me a rich and varied set of potential interests to explore.


Still, the real catalyst sparking my interest in astronomy was my brother, Ben, almost ten years my senior. I’m fairly convinced that when two siblings are this far apart in age, hero worship is just part of the package. Growing up, Ben was always the first and foremost arbiter of all things cool in my eyes, and he was endlessly patient with me rather than annoyed by a tiny tagalong. Ben played the violin, and therefore I asked to play the violin. Ben did science fair projects, so I started fashioning nonsensical “experiments” out of whatever toys or household items I could get my hands on. I even wanted braces because Ben had them (an opinion that was reversed rapidly once I was the one in the orthodontist’s chair).


In February 1986, I was eighteen months old, and Ben was eleven, studying Halley’s Comet for a school project. These sorts of projects always became full-family endeavors, so all four of us tromped out into the backyard one cold winter night, armed with our eight-inch telescope and its homemade table, to get a glimpse of this once-in-a-lifetime comet flyby (it’s next due back in 2061). According to my parents, I was brought out to get a brief look with the worry that I might be a typical fussy toddler, scared of the dark and eager to get back inside. Instead, I was entranced: gaping up at the sky, staring through the telescope (in retrospect, I’m amazed that a not-yet-two-year-old could look through an eyepiece, but they swear I managed it), and refusing to go back inside as long as Ben was still observing.


The love of astronomy stuck in a way that my love of braces didn’t. I was an early and voracious reader, and a few years after Halley’s Comet, I was learning about star clusters and black holes and the speed of light thanks to Geoffrey T. Williams’s Planetron books, which chronicle the adventures of a little boy with a toy that transforms into a magical spaceship and sweeps him off to explore the heavens. I have a strong memory of being five, reading about how fast the speed of light was, and repeatedly flicking the light switch on and off in my room to convince myself that yep, once I flipped it on, the light arrived pretty much instantly. That seemed pretty fast to me.


Later, I inhaled every astronomy book I could get my hands on, watched Mr. Wizard and Bill Nye on TV, and went to every movie about scientists and space that came along. I remember particularly enjoying the movie Twister because it gave me an encouraging look at what scientists themselves might actually be like. The fictional tornado researchers on screen were doing cool and exciting research and having fun along the way, and the main character was a woman who rolled around in the mud and was obsessed with science but still managed to end the movie with a great kiss (a combination I’d already been warned might not be tenable in the long run thanks to plenty of other movies featuring women who Had to Choose between Careers and Men).
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Age six, sporting my beloved new Hubble Space Telescope T-shirt shortly after its 1990 launch. Credit: Henri Levesque.


My parents did what they could to encourage my interest in space, but opportunities to explore a career in astronomy aren’t exactly found on every street corner. None of us even knew a professional scientist, let alone an astronomer, and while my entire extended family was filled with kind and bright and enthusiastic people, nobody had a PhD or knew much about what this sort of job entailed. All four of my grandparents had left school at young ages, despite being uniformly strong and passionate students, to work in local factories and contribute income to their families. My maternal grandmother in particular had been devastated by this and wept the day she left school; she later returned to complete a high school degree alongside my grandfather, Pépère, and went on to get a practical nursing degree while raising five kids, with Pépère working at the big silver factory in town. My parents and some of my aunts and uncles had all been first-generation college students, drinking in as much education as they could but ultimately getting practical degrees that would lead to good jobs: engineering, actuarial science, teaching. It was a big, loud, and exceedingly loving family, buoyed by an immense amount of collective curiosity and a love of learning for learning’s sake, but nobody had a road map at hand for how to get started on a career in something as intangible and fanciful as astronomy.


I did get to chat with a professional astronomer once during my childhood. Our house was a twenty-minute drive away from Wheaton College, a tiny but excellent liberal arts college. When I was seven, my parents took me to a public stargazing night at the campus rooftop observatory, and I quickly informed the professor running the event that I wanted to be an astronomer. He bent down to my height, looked me right in the eye, and said, “Take as much mathematics as you can.” I stared seriously back at him and responded, “Okay.” From then on, maths became my focal subject in school. I skipped one grade of maths, then another, falling into complex bus arrangements for a few years to get me between the high school where I took first year geometry and the middle school where I took seventh grade everything else.


In July 1994, a flurry of astronomical excitement hit the news when word got out that the Shoemaker-Levy 9 comet was on a collision course with Jupiter. As the strike approached, speculation both inside and outside the astronomy community was focused around what would happen to Jupiter after being hit by a comet. Would we see any signs of the impact? The fabulous new Hubble Space Telescope was scheduled to observe it, but nobody was quite sure what they would see.


After the impact, the news came quickly that the view exceeded all expectations. The comet strike had left what looked like a spray of stark dark-brown bruises across Jupiter’s lower flank. I remember a clip being shown over and over of a group of astronomers huddled around a few computer monitors at the Space Telescope Science Institute in Baltimore, grinning and gasping with excitement at what they could see. At the heart of the group, a bespectacled young woman named Heidi Hammel sat front and center, gleefully celebrating with her companions as spectacular images of Jupiter came rolling in. My dad and I brought the backyard telescope outside soon after and spotted the impact scars on Jupiter with our own eyes, but that glimpse of the excited astronomers was what made a lasting impression on me. These were people who loved astronomy just as much as I did, doing this for their job, and feeding off one another’s excitement. That could be me.


This particular moment stuck with me because despite having a vibrant and supportive family and happily immersing myself in science, I was also frequently a lonely and frustrated kid. I was the only kid in my school who liked astronomy instead of Nickelodeon, who took violin lessons instead of ballet and soccer, and who was skipping around schools as I blasted through maths classes. I was well aware that I was the weird kid who listened to classical music on her Walkman, who watched documentaries about squid instead of popular TV shows and movies, and who preferred beat-up cargo pants and T-shirts with maths jokes on them to whatever was trendy at the time. I chafed against the isolation; I wanted friends, loved the idea of playing with other kids and having adventures and messing with sparkly nail polish and platform flip-flops (it was the 1990s), but not enough to give up who I was. I wanted friends who shared my love of space and maths and old musicals. I wanted to be a world-famous astrophysicist, the first woman on Mars, the next Carl Sagan, but I also wanted to go on dates and get kissed and share all my imagined adventures with someone. I refused to believe that this was an impossible proposition. Surely, I couldn’t be the only kid like me in the world.


I had hope thanks to the summer geek camps I was able to attend. In seventh grade, I scored high enough on the SAT to gain entrance to the Johns Hopkins Center for Talented Youth summer program. There I had my first encounter with other kids like me, a group who thought being able to play a Mozart violin concerto and do trigonometry made me cool, not a social pariah. I took an astronomy class through the program during the summer after ninth grade, and it blew my mind. I’d gone from being the only kid I knew who liked astronomy to being surrounded by an entire class of them. My people, it seemed, were out there—I just had to get to them. It was these summer experiences, along with the science fairs, music lessons, and a whole lot of time studying for AP exams, that launched me toward college at the ultimate geek mecca.


Most of my extended family was in the room when I found out I’d been accepted to MIT. The whole lot of us had just gotten back from an afternoon in Boston: my cousin Nathan and I had qualified to perform at the all-state music festival as a saxophonist and violinist, respectively, and in keeping with family habit, about twenty people had invaded Symphony Hall to watch us perform and then piled back into my parents’ house for pizza and postconcert celebrating. In the midst of all this, I’d changed out of my concert clothes and padded barefoot down the driveway to grab the mail. I’d been deferred in MIT’s early action admissions round and had all but written them off, so a giant fat envelope in the mailbox from them didn’t even register as a blip. I lived in Massachusetts, after all, and it wasn’t unusual to get pamphlets from MIT advertising this or that engineering program.


I toted the mail back into the house, where a few surprised looks at the envelope convinced me to open it in the kitchen as everyone milled around. When a folder slid out with CONGRATULATIONS CLASS OF 2006 emblazoned on it, I gawked, dumbfounded, as the entire room erupted around me. My parents and brother were delighted, and my cousins and aunts and uncles all cheered raucously. Meanwhile, my grandfather—Pépère, the undisputed heart and anchor of the family—leaned back and hitched up his belt, the same tell he used when he had a killer hand in cards, as a slow, wide smile took over his face. He’d always been convinced that my cousins and I were each geniuses on our way to changing the world, so he alone seemed unsurprised by the envelope still sitting in my hands. It was one of those rare moments where I knew then, not just in retrospect, that I was seeing my life change tracks in front of me.


My family met my declaration that I was going to study physics and become a professional astronomer with an attitude I can best describe as supportive trepidation. Lots of “That’s awesome! You go for it! Exactly what kind of job will you get with that?” Apparently behind the scenes, there were lots of murmured conversations about the practicality of my majoring in something as abstract as physics. Things like engineering or biology at least had obvious endpoints and employment options, but none of us, myself included, had much idea of where the career path for a physicist, let alone an astrophysicist, would head. It was my brother, Ben, who eventually settled matters by pointing out that since this story would still end with me holding a physics degree from MIT, odds were I could probably convince someone to hire me.


Now I just had to make it out with that degree and, ideally, figure out what astronomers actually did along the way.


[image: image]


KITT PEAK NATIONAL OBSERVATORY, ARIZONA


May 2004


Once Phil and I arrived at the Kitt Peak summit, there was a quick flurry of checking in and finding our assigned spartan but comfortable rooms in the observatory dormitory before I was taken on a quick tour of the mountain. Our first stop was the towering four-meter telescope I’d been admiring from the highway. As we wandered up to the door of the building, I felt like I was standing beside something on the scale of a skyscraper, although I would learn later that this telescope is a borderline midget by today’s standards.


What do people picture when they hear the word telescope? For most, the word calls to mind one of the backyard models mounted on a tripod or maybe the old-fashioned kind that a pirate held to his eye or Galileo balanced on his balcony. Maybe the picture extends to a dome with a literally telescoping tube poking out of it.


People don’t generally picture the ten-meter-mirror behemoths that are the twin Keck telescopes on the summit of Mauna Kea in Hawaii, or the Arecibo radio telescope, a gargantuan metal dish nestled in the curves of a Puerto Rican hillside. It’s pretty hard to look from a diminutive backyard telescope to the sprawl of giant dish-shaped antennae that make up the Very Large Array radio observatory in New Mexico and see how they can possibly be traced back to the same basic design.


In reality, they can. Most modern earthbound telescopes are built, quite simply, to observe light, and they do so using a series of mirrors. A large, curved main mirror—the primary mirror—collects the light coming from wherever the telescope is pointed and reflects it. The light then bounces up to somewhere else, either a camera or another mirror that continues the reflection sequence, until it reaches some of the world’s best scientific instruments, tailor-made to capture the dim light of the stars.


The telescopes themselves are on giant mobile mounts, with motors and gears turning them to keep them pointed toward a single object in the night sky as our planet slowly rotates. Optical telescopes—telescopes designed to observe the same light as our eyes—are housed in domes that block outside light and keep things dark. The tops of the domes are built to turn; the telescope will look at the sky through a wide slit in the dome that turns along with the telescope, keeping the narrow window of sky aligned with wherever the telescope is pointed.


When Phil and I stepped inside the four-meter telescope’s dome, the building was cavernously quiet and surprisingly dim after the blinding desert sunlight. There were no lights on, but enormous vents on the side of the dome were open, letting in cracks of light and a breeze to keep the dome interior cool. If the vents were sealed, the whole structure would bake and heat up in the afternoon sun and then take hours to cool off after dark, sending invisible waves of heat skyward and stirring up the air above the telescope like the ripply view above pavement on a hot summer day, interfering with the quality of the observations. There was the quiet murmur of humming machinery, the occasional creak or ping of metal, and the distinctive smell of old motor oil and machine grease seemed embedded in the very walls.


The telescope itself towered in the center of the closed dome, mounted on an enormous concrete support structure painted bright blue. Unlike my parents’ old backyard Celestron telescope, housed inside an orange tube, this one—like most modern telescopes—was largely open to the air. Its most important element, the eponymous four-meter-diameter primary mirror, sat at the base of a large white mount, pointed straight up at the smaller secondary mirror held in place by a tall skeletal metal frame. Impressive as it was, the whole setup looked almost small compared to the mass of infrastructure surrounding it: the stairs and walkways leading to a raised platform, the doors in the walls leading to a catwalk wrapping around the outside of the dome, and the shiny metal panels of the dome itself, including the interior mechanics for opening and closing the dome slit.


It wasn’t a big-lensed behemoth waiting to be extended and poked out of the dome slit, the way telescopes are so often depicted in cartoons. There was no obvious eyepiece at the back, no chair for an observer to sit in. Instead, the back end of the telescope where you’d normally expect to spot an eyepiece disappeared into a forest of cables and wires and metal boxes containing the digital cameras and other research instruments we were about to use.
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At Kitt Peak National observatory, opening the telescope dome during my first professional observing run in 2004. Credit © Philip Massey.


There was also nobody running around the dome in a white lab coat, shuffling charts or notebooks. The people we did see were members of the observatory’s day crew, outfitted in dungarees and T-shirts and more likely to be carrying toolboxes than clipboards as they performed the daily work of keeping the telescopes running seamlessly. There were no star maps or other bits of paperwork scattered about. The overall impression was less sterile laboratory and more garage or construction site. That afternoon, with the vents and dome flung open to the blue sky, the mood inside the telescope resembled the stage of a theater on the afternoon before a show. It wasn’t quite empty and not quite quiet. The overall feeling was one of preparation, of waiting. The observatory crew slipped in and out, the daylight filtered in, and I got the distinct sense that the whole place was preparing for night to fall and the show to begin, for the (literal) stars to arrive. Astronomy even borrows some terminology from the stage—our time on a telescope is referred to as a run, as in “I have a three-night observing run coming up next week.”
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The summit of Kitt Peak national observatory. Credit: NOAO/AURA/NSF.


That night, when the telescope was observing, there wouldn’t be anybody in the dome. The light from the sky—caught by the primary mirror, redirected by the secondary, and gathered by the instruments—would be translated into digital data and sent immediately to banks of computers in the “warm room” tucked away next door, where the observers (professional astronomers) and telescope operators (people specifically trained to operate the great beast of a machine sitting out in the dome) would be sitting and watching the data come in. The dome itself would be cold, dark, and almost undisturbed, interrupted only by the mechanical rumble of the dome turning and the higher-pitched whizz of the telescope following the sky as it moved from object to object.


As we left the four-meter telescope and walked around the mountain to visit a few other domes, I started really taking in the landscape around me. The whole place was incredibly still and silent: wide expanses of dry desert below us, mountains in the distance fading into a bluish haze, the only bit of movement the occasional turkey vulture soaring by below the summit. The telescopes were so monolithic and quiet, scattered among the rocks and trees, that they seemed less like construction and more like an organic part of the mountain. I was buzzing with excitement inside, but it struck me just how intensely motionless everything else around me was. An observatory summit is a place of sleeping giants, of getting ready and waiting as night slowly comes.
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CAMBRIDGE, MASSACHUSETTS


september 2002


Arriving at MIT, I was delighted to be surrounded by the camaraderie of a few thousand other science-loving geeks and immediately declared myself a physics major. There was just one catch: I’d never actually taken a physics class before.


I’d read about physics, thanks to Carl Sagan and Planetron, and I had a smattering of knowledge about gravity and how stars worked and even some factoids on relativity, but I certainly couldn’t have told you much about the maths behind how a spring worked, or derived an equation to describe friction, or explained what exactly electricity and magnetism had to do with each other. Still, a physics major was the first step in becoming an astronomer, so a physics major I would be.


I’d been raised on enough inspiring go-getter spunky underdog movies—Legally Blonde came out the year before I started college—to make this seem like a great idea. I’ll just buckle down and make it work! Sign me up for the advanced introductory physics class! I’m sure I can ace it with enough determined facial expressions and a “get psyched” playlist! I’d missed the fact that those movies usually compressed the actual hard work into zippy two-minute training montages with lots of drums in the background. It quickly became clear that they had glossed over the many, many nights spent awake at two in the morning, sprawled on the floor with a mess of notes in front of you, vision blurring from fatigue, trying to will your homework into making sense and begging the one person in the study group who knew what they were doing to not go to bed yet. Physics, as it turned out, was hard. Really hard.


My only consolation was that it at least appeared to be hard for everyone. I have a lasting memory of sitting in that advanced introductory physics course and watching our professor, Frank Wilczek, during one particular lecture. He was an excellent teacher and brilliant scientist who would win a Nobel Prize just two years later for his research on quantum chromo-dynamics, but he would also occasionally forget just how smart he was compared to us freshmen. One day, he filled two entire blackboards, top to bottom, with some monster mathematical proof before turning around to earnestly caution us that “the simplicity of this is deceptive.” Simplicity? You could practically see the we’re screwed thought bubble appear en masse over the heads of everyone in the class.


At the same time, I adored MIT. I was quickly making lifelong friends, all of us bonding over our shared classroom battles and helping each other through our 2:00 a.m. homework piles as much as we could. I even managed to squeeze in time to attend my very first parties, explore campus by moonlight, and start dating a fellow first year named Dave. An athletic computer science major from Colorado, Dave was taking chemistry and calculus with me and seemed to see my enthusiasm for astronomy and programming as a distinct plus rather than a blemish on my femininity. We clicked early and well, and he helped draw me out of my shell by reminding me that I was now beyond the insular middle and high school world where people shunned me for being smart.


My dorm in particular was the stuff of anarchic counterculture geek dreams. When I turned up as a first year, the residents were busy constructing a gigantic wooden tower that would ultimately stand more than four stories tall. As it turned out, this violated Cambridge building codes, so after a couple of days of climbing all over the thing and hurling water balloons from the top (it was impressively structurally sound; these were MIT engineers building it, after all), the tower was carefully lowered with much fanfare. In the next four years, I’d help my dorm mates build giant catapults, human-sized hamster wheels, and even a roller coaster, all purely for entertainment and made primarily out of two-by-fours and optimism. MIT was my first real indication that the road to brilliance sometimes took a few turns that steered well clear of common sense. It seemed evident pretty early on that we were all getting a college experience unlike almost anywhere else, in spite of—or perhaps because of—the bruising we were taking from some of the most challenging science and engineering classes in the world.


Through all this, I remained convinced that despite my battles with coursework, MIT was the place for me. I wanted to be a professional astronomer, despite having only the vaguest sense of what the job actually entailed. I’d worked out early on that it meant being in school for the long haul—most astronomers I’d heard of had PhDs—and that I’d probably be using some very large telescopes at some point, but the details were unclear. I’d seen astronomers on PBS or in movies and imagined people sitting behind some enormous telescope situated inside a dome so they could…do something. It looked fun, and I’d liked our backyard telescope, so I filed this away as something I’d surely figure out when the time came.


In the autumn of my second year, I registered for MIT’s observational astronomy course, taught by Jim Elliot. At the time, he was just Jim—with his encouragement, I nervously got over calling him Dr. Elliot—so it took a while for the true value of this experience to sink in. Jim was a groundbreaker and pioneer in observational astronomy and a legend in his field. The stories I heard from him sounded like some sort of madcap adventuring cowboy version of astronomy. He had discovered Uranus’s rings and Pluto’s atmosphere from the Kuiper Airborne Observatory, a telescope that observed from the open door of an airplane, and had shepherded a veritable who’s who of famous astronomers through this very observing class. His reputation was wildly at odds with what we students saw as a brilliant but unassuming and friendly professor in his early sixties, calmly coaching us through our beginner-level observations and teaching us the fundamentals of how telescopes worked. Still, hearing about his observing adventures was a revelation. I’d assumed astronomers were an indoor sort, hunkering safely down inside a dome or puttering over a computer. That I could be a scientist and an adventurer was a new and compelling idea.


As part of the class, Jim would take us out to Westford, Massachusetts, and the tiny George R. Wallace Jr. Astrophysical Observatory in the evenings for the laboratory hands-on component of our class. Less than an hour from Boston, Wallace wasn’t exactly a dark-sky site—it really wasn’t all that different from my childhood backyard—but it was a bona fide observatory, with two decent-sized telescopes sporting twenty-four-inch and sixteen-inch mirrors in their own domes and a shed housing four fourteen-inch telescopes equipped with digital detectors. The fourteen-inch telescopes were what we would use, as a class, for our group observing projects. The class format roughly matched the format of professional observing: weeks of advance preparation for a small amount of time at the telescope to get a few hours’ worth of data that we’d then spend more weeks analyzing back at home. For us, a few evenings spent on observing lab trips would give us what we needed to complete our class projects for the entire semester. For professionals, a handful of nights at a telescope could fuel months of work and a research paper or two. We were already learning that contrary to popular belief, astronomers spent less time than might be expected at the telescope and more time delving into the data they had gathered during their brief visits.


This ratio sounded fine to me. Going into Jim’s class, I hadn’t even been sure I wanted to be an observing-focused astronomer. I’d never been a terribly hands-on disassemble-the-radio kind of child; I was much more interested in what the telescopes were pointing at than how to point them. I’d always assumed I would stick with the purely cerebral, theoretical side of astronomy (which I imagined meant pondering the mysteries of black holes while tipped thoughtfully back in an office chair somewhere). In my mind, the truly noble pursuit was actually understanding the fundamental physics of the stars, not mucking around with big clunking machines like a mere (and here you can insert the superior sniff of a nineteen-year-old who thinks she knows everything) engineer.


It took just one night of observing for me to get hooked. I loved it. Loved gearing up and heading out into the cold clear autumn nights, loved juggling a log book and old computer and flashlight with frozen fingers, loved climbing a ladder and wrestling one of those fourteen-inch telescopes to point it perfectly toward a star of my choice. I loved the thrill that came when everything was working and I could leap back off the ladder to peer at some brand-new data and my own hastily scribbled notes, all under the dim red lights of the shed. (Many observatories use deep-red lighting at night to help preserve observers’ dark-adapted vision.)


I have an abiding memory of standing in the November midnight cold, reveling in every perk of my teenaged metabolism as I downed Reese’s peanut butter cups by the handful, and peering through the viewfinder of my telescope at the exact moment that a meteorite went streaking through its field of view from top to bottom. I was pointed at a minuscule area of the sky, and the odds of a meteor passing through that tiny spot at the very moment when I’d pressed my eye to the eyepiece were vanishingly small. I don’t remember crying out or saying anything or even moving. I just stood there, perched on a ladder, eye pointed through the telescope, knowing what I’d just seen.


Yes, I thought. This is a good job.
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KITT PEAK NATIONAL OBSERVATORY, ARIZONA


May 2004


Phil and I ate dinner in the cafeteria with the collection of other astronomers and telescope operators who would be observing on the mountain that night, just before sunset. We all started by picking up our midnight meals, which we had ordered earlier in the day. According to an observer’s schedule, the dinner we were about to eat would be the second of our day, and around midnight or 1:00 a.m., it would be time for the third and final meal, referred to by everyone as “night lunch.” It’s simple fare—a sandwich, a few cookies, maybe a thermos of cocoa or soup—but it helps keep everyone going through the early-morning exhaustion.


I slid into my seat alongside the other astronomers, and Phil introduced me as a summer student going on my first observing run. This seemed to transmit some sort of invisible bat signal among the rest of the table, and everyone started to chime in at once to welcome me, wish me a good night, and offer a few friendly tips that almost immediately morphed into anecdotes and stories of observers who had come before.


“Everyone gets pretty tired around 3:00 a.m., and you can do silly things. I remember a guy who was observing alone and got himself locked in the bathroom one time. He lost half an hour of telescope time before he could get out! Was that here?”


“Not sure, but I do know someone who was observing at the solar telescope and decided to stick some paper into the beam. You know how you can do this with regular telescopes to see a little focused image of whatever you’re pointed at? Well, this guy put a sheet of paper into a beam of the focused light of the sun. Burst right into flame.”


“Remember to keep an eye out for scorpions. We had an observer get stung by one a little while ago! Crawled right up her pant leg while she was at the telescope. Didn’t she have to get helicoptered to Tucson for treatment?”


I must have visibly blanched at the scorpion story—coming from Massachusetts, the worst I’d seen was the occasional wasp or roach—because someone in the group decided to continue in the same vein. “Yeah, the scorpions can be a problem, but have you ever heard the one about Steve and the raccoon? One jumped right into his lap while observing at the hundred-inch telescope.” Hundred-inch? “They said you could hear his scream as far away as the sixty-inch!” Where?


“Forget the critter stories. Who wants to tell the one about the telescope in Texas that got shot?” WHAT?


And so on.


(The scorpion sting victim was real but most certainly didn’t need a helicopter rescue. Someone did set a piece of paper on fire in a solar telescope, but not at Kitt Peak. There is a Steve who had a close encounter with one of the well-fed tame raccoons at Mount Wilson Observatory while observing at the 100-inch telescope, but he says it only tugged on his pant leg and swears he didn’t scream. However, the observer locking himself in the bathroom was completely true and later immortalized in the methodology section of his own research paper, and there is a telescope in Texas that has been shot.)


This was my first introduction to the spectacular and sometimes exaggerated tales of astronomy. Scorpions aside, I was captivated, equally eager to stay at dinner all night to hear more and to sprint off to the telescope and see about acquiring some great stories of my own.
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CAMBRIDGE, MASSACHUSETTS


January 2004


Back at MIT, now hopelessly addicted to astronomy courtesy of Jim’s class, I kept pulling out and dusting off the sense of excitement I’d gotten from observing as I continued to bushwhack my way through progressively thornier physics classes. I got some comfort from the fact that most of my classmates were in the same boat as me—we’d all gone from smoothly acing our high school classes to clawing our way to Cs and Bs—but it was still a slog.


Happily, I had at least aced Jim’s observing class, along with a field camp experience the following winter that I’d signed up for the moment Jim mentioned it. During January—MIT’s short winter semester—he took a small group of us to visit Lowell Observatory in Flagstaff, Arizona, where we would do supervised research with a local adviser and explore the area. ( Jim shepherded all the field camp students through a multiday hike down the Grand Canyon, stargazing with us at a campsite by the Colorado River and cooking us pancakes in the morning.) At Lowell, I worked with a young astronomer named Sally Oey. I was somewhat in awe of her. She’d recently won a prestigious national research prize and a competitive funding grant, and she was also a down-to-earth young woman with short hair and cargo pants like mine, clearly excited about our project studying the hydrogen gas in galaxies that could serve as the first seeds of newborn stars.


Sally was traveling frequently that January (something I would quickly learn was the norm for early-career scientists), and I happily hunkered down in her office with the data and research tasks she had given me. Several weeks later, I emerged excited to present the results of what I’d found. For whatever reason, I loved giving talks like this and was fairly decent at it; I tracked it back to years of being on stage as a violinist and drama club geek. My research presentation apparently made a strong enough impression for Phil Massey, another astronomer at Lowell, to choose me as his student when I applied to return to Lowell for a summer internship.


It was an auspicious start to my research career. My semi-arbitrary red vs. blue decision when choosing a summer project would ultimately kick off fifteen years of research on dying stars and a lifelong friendship with Phil. Unbeknownst to us, hidden in the list of stars we planned to study during the summer were the three biggest stars ever observed in the universe, humungous record-setting red supergiants that, if placed at the center of our solar system, would stretch well past the orbit of Jupiter. The mind-blowing discovery, which wouldn’t emerge from the data until I’d been through a two-month crash course in observing, data analysis, and introductory stellar physics, would make international headlines and become part of my very first scientific paper. Buoyed by an exciting research project, I would go on to earn my bachelor’s degree in physics at MIT and then my PhD in astronomy at the University of Hawaii (unwittingly following in the footsteps of Heidi Hammel, the excited young Jupiter observer I’d admired on TV back during the comet impact in 1994) before beating the brutal odds of the academic job market several times to work as a researcher at the University of Colorado and then a professor at the University of Washington.


I knew none of this as I boarded the plane to Tucson for that summer of research. I just knew that I was still desperately in love with the universe, eager for another chance to prove I could study it, and excited to finally find out, for a full two months and starting with my first real observing experience at Kitt Peak, what it actually meant to be an astronomer.
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KITT PEAK NATIONAL OBSERVATORY, ARIZONA


May 2004


Dinner on Kitt Peak wrapped up in time for everyone to head outside and watch the sunset together before scattering to the telescope, a time-honored tradition of astronomers everywhere. If asked, we would all supply some good practical scientific reasoning behind the habit—you get a good glimpse of what sort of night it’s going to be, a sense of upcoming weather, the sky quality, and so on—but the basic reason remains that it’s simply beautiful. Standing on a remote mountain with the earth stretching out into the distance and slowly spinning away from our nearest star, it’s a wonderful quiet moment to enjoy the vastness and stillness and colors as the night begins. On any given evening, I can promise you that scattered across the planet are a few small groups of astronomers, standing on dome catwalks or dining hall patios or even just a stretch of hard-packed earth and pausing in their work for a few moments to admire the simple beauty of the sky.
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