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To Earthlings everywhere.




FOREWORD


During a conference celebrating the fiftieth anniversary of the search for extraterrestrial intelligence (SETI), Jill Tarter left her purse on a bus—a bus I happened to be driving. At the time, I was fresh out of graduate school, working at my first post-education job as a public outreach officer at the Green Bank Telescope. On that particular night, my job involved driving a large vehicle full of SETI dignitaries to the telescope so they could eat dessert underneath its dish, then driving them back, and never crashing.


I parked the bus and ran after Tarter, who was then the director of the SETI Institute and whose fictional alter ego, a character from the book and movie Contact, had been my childhood inspiration for entering the radio astronomy world.


“I think you left your purse,” I said when I reached her. I extended my arm, the bag hanging awkwardly from it like I was a person who didn’t carry bags.


She said, “Thank you,” smiled, and continued toward the observatory’s lounge.


In that same lounge, astronomers had held the first SETI conference a half-century earlier. They gathered under the rainbow light of a 1960s chandelier and debated this: Are we alone in the universe? And if we’re not, how much company do we have? They poured the foundation for the SETI work that would come, stacking itself atop their conclusions, asking over and over those same initial questions and investigating them with new scientific knowledge and technology.


As I watched Tarter walk away, I thought about how I could have recited her resume to her, having watched her career ever since I’d known what a career was. That milestone of mental development coincided with my watching of the movie Contact, based on a 1985 book by Carl Sagan about the discovery of alien life, when I was twelve. I was enraptured in a way I hadn’t ever been before, even though I’d been reading dubious but thrilling books about wormholes and black holes and time travel for years. Here, in SETI, was this whole scientific world that I didn’t know existed, and here was this person leading its charge—a fierce, determined, stubborn, smart woman who asked big questions about the universe and didn’t hear “No” as “No” but as “Keep trying.” I wanted to be like her, to investigate the kinds of mysteries she investigated, to know the things she knew.


I watched the film obsessively, mouthing, “If it’s just us, that seems like an awful waste of space,” along with Jodie Foster, who played the extraterrestrial finder Ellie Arroway. I read and reread Sagan’s book, glossing over my inability to understand ruby masers, obsessing instead over my cosmic insignificance and the broad brushstrokes of the big cosmic questions.


At my first college astronomy internship, with the National Radio Astronomy Observatory, I lived in a house with five other interns. One night, we watched Contact together. Here’s why: it was the thing that had brought us here. And that’s something I’ve heard from many astronomers around my age, especially the women: Contact was their earliest inspiration, the first depiction they saw of what astronomy was, and the first time they saw a scientific character and thought, “I see myself in that person.”


One of the other interns said, “Did you know she’s partly based on a real scientist?”


That real person, the intern continued, was a woman named Jill Tarter.


Fictional Contact follows Arroway as she searches for a radio signal from an intelligent extraterrestrial civilization, battling bureaucracy, politicians, economic woes, statistical unlikelihood, institutionalized sexism, and her own emotional demons. As a nonfictional woman scientist and a SETI scientist, Tarter faced the same challenges. But this is where the two women’s stories depart: Arroway finds a signal. E.T. calls. E.T. sends instructions for building a spaceship. Humanity builds the spaceship (not without trials), and (not without trials) Arroway becomes the sole passenger. To my knowledge—and I’ve interviewed her a lot—Tarter has never been on a spaceship. But if our real world does make contact with extraterrestrial intelligence—a discovery that would be one of the biggest and most impactful humans have ever made—we will owe much of the thanks to the real Tarter, who got in on the early days of the field, kept it alive during its lean years, and pushed its science and technology forward, even as politicians, the public, and even other scientists said the endeavor was not worthwhile.


After I returned Tarter’s purse that night in Green Bank at the SETI conference, I biked home, to astronomer Frank Drake’s former bachelor pad—a farmhouse that, set up against the woods and complete with a chicken-slaughtering room in the basement, many found remote and creepy. But I loved it, and I loved knowing Drake had lived in this house when, in 1960, he made the first modern search for extraterrestrial intelligence, called Project Ozma.


He didn’t find what he was looking for. That night, I looked up at the bright swath of Milky Way stars and wondered when, or if, anyone ever would.


Three years later, when I was an editor at Astronomy magazine, I wrote Tarter an email, informing her that we’d met for five seconds when she lost her purse and then asking if I could write a biography of her. After a bit of back and forth, including the question “Why should I believe you can write a whole book?” she agreed.


Today, I’ve had the privilege of doing countless hours of interviews with Tarter, of asking her questions I haven’t even asked my own family members, of getting to know her in a way that has made her a regular person to me and not that soft-focus, pedestaled hero she was to me when I was younger. We’ve torn apart file cabinets and photo albums; I’ve pestered her peers about her personality; I’ve slogged through transcripts of congressional meetings and 300-page conference reports—all with the idea of understanding how Tarter came into herself, how she came to SETI, how SETI has evolved since becoming a science, and how its future may play out.


Tarter has spent more than 40 years trying to answer the question “Are we alone?” And never during those decades did she know how close she may have been. The wondering keeps her up at night. But her scientific questions are, in some ways, the same as the existential questions that keep us all up at night. We have all spent dark hours wondering about our place in it all, our aloneness both terrestrial and cosmic. Tarter’s life and her life’s work are not just a quest to understand life in the universe: they are a quest to understand our lives in the universe.


So, spoiler alert: this book will not tell you whether They Are Out There. But hopefully it gives some insight on earthlings, and what we’re doing down here.




TERMS


100-Year Starship: A research program sponsored by the Defense Advanced Research Projects Agency launched in 2011. Its mission is “to make the capability of human travel beyond our solar system a reality within the next 100 years.”


Active SETI: The act of broadcasting messages toward space with the idea that they may be received by extraterrestrial civilizations.


Allen Telescope Array: A SETI-centric telescope made of 42 radio antennas. The SETI Institute and the University of California, Berkeley, completed this scaled-down version of the array in 2007, primarily with funds from the Paul G. Allen Foundation, hoping to expand it eventually to 350 antennas. After Berkeley backed out, leading to a hibernation in 2011, the organization SRI International took over management.


Ames Research Center: The NASA center located in Silicon Valley and the place within the agency where SETI got its start. The center is now a leader in astrobiology and the search for exoplanets.


Arecibo Observatory: The home of the 305-meter-wide telescope on which Tarter and colleagues have done SETI observations for NASA’s High Resolution Microwave Survey and the private Project Phoenix. Some of the data that feeds the University of California, Berkeley, SETI@Home program also comes from this telescope.


Band: A range of frequencies or wavelengths.


Bandwidth: The range of frequencies or wavelengths to which an instrument is sensitive.


Blueshift: The apparent squishing of electromagnetic waves into a shorter wavelength that occurs when an object is moving toward the observer.


Breakthrough Initiatives: The Breakthrough Listen project to do SETI, the Breakthrough Message program to send a missive to space, and the Breakthrough Starshot idea to send a suite of small probes to the nearest star. The initiatives are all funded by Russian billionaire Yuri Milner.


Contact: A 1985 science fiction book by astronomer and public figure Carl Sagan that portrayed a successful SETI project. The fictional astronomer who found the fictional aliens was, in part, inspired by Jill Tarter. In 1997, director Robert Zemeckis adapted the novel into a movie of the same name, starring Jodie Foster.


Deep Space Network: A NASA-operated network of radio telescopes that primarily downloads data from and uploads commands to spacecraft beyond Earth’s orbit. SETI scientists have also used them to test equipment.


Doppler effect: The redshifting or blueshifting of electromagnetic waves (be they in the radio, infrared, optical, ultraviolet, or gamma range) that happens when the object emitting the light is moving away (redshift) or toward (blueshift) the observer (usually a telescope).


Drake equation: An equation that SETI pioneer Frank Drake created as a kind of agenda for the secret Order of the Dolphin meeting in Green Bank in 1961. The equation considers the factors that would lead to intelligent, technological, communicative life in the Milky Way and multiplies them together to estimate the number of communicating civilizations that likely exist in our galaxy at any given time.


Electromagnetic Radiation: The spectrum of light, made of photons, from radio waves to gamma rays.


Extremophile: An organism on Earth that exists in extreme conditions that most life would find unpalatable.


Exoplanet: A planet outside our solar system.


Feed: The part of a radio telescope that funnels the radio waves from space toward the instrument that actually detects them.


First SETI Protocol: More formally called the “Declaration of Principles Concerning Activities following the Detection of Extraterrestrial Intelligence,” this protocol describes the steps scientists and political leaders should take to verify and react to a potential message from extraterrestrials.


Frequency: The number of light waves per second that passes by a given spot, measured in units like Hertz and megaHertz.


FUDD: The Follow-Up Detection Device, used by the SETI Institute. The device—identical copies of which lived at the main telescope and a remotely operated backup telescope—analyzed candidate signals in real-time and could provide evidence that a signal came from space and was not interference from earthly devices.


Green Bank: An observatory site in remote West Virginia. Frank Drake’s first SETI project took place here in 1960, as did the Order of the Dolphin SETI meeting the next year. Tarter did early SETI work there, and she and her colleagues used the 140-foot telescope for Project Phoenix. Today, the Breakthrough Listen project runs partly on the 100-meter-wide Green Bank Telescope.


Habitable Zone: The region around a star in which a planet can harbor liquid water.


Hat Creek: The town and observatory site of the Allen Telescope Array.


HRMS: The High Resolution Microwave Survey, NASA’s first full-scale SETI project, which began observing in 1992 with the Arecibo Observatory. In 1993, Congress canceled the project.


Jodrell Bank: An observatory in Lower Withington, England, at which Tarter and colleagues performed initial SETI experiments, and where Bernard Lovell secretly used the SETI team’s equipment to search for signals from Russian spacecraft.


JPL: NASA and Caltech’s Jet Propulsion Laboratory, located in Pasadena, California. During the High Resolution Microwave Survey, which involved deeply targeting specific stars and doing shallower but wider surveys, this site led the “survey” part of the project.


Kepler Space Telescope: A planet-hunting telescope, launched in 2009, that has found thousands of planets outside our solar system.


Light-Year: The distance light travels in a year, or 5.9 trillion miles.


Maser: A word that stands for “microwave amplification by stimulation emission of radiation.” It is essentially a laser—naturally occurring or made by a person—that emits photons at a very, very narrow set of wavelengths (like the single, pure color of a laser) but at the lower energies of radio waves, microwaves, and infrared waves. Tarter and colleagues investigated masers in the universe because they believed they represented the narrowest-band signals nature could produce, so anything narrower had to come from a synthetic source.


METI: Messaging Extraterrestrial Intelligence, another term for “active SETI.”


Mobile Research Facility: The mobile tractor-trailer out of which the SETI Institute ran the High Resolution Microwave Survey and Project Phoenix operations at each site.


Moore’s Law: The observational idea, put forth by Gordon Moore in 1965, that the number of transistors on each square inch of an integrated circuit doubles every year. A decade later, he revised the idea to a doubling every two years. In both forms, it predicts the exponentially growing power of computers. That growth, though, cannot continue at the same pace forever, although it has held relatively true so far.


MOP: Microwave Observing Project, the planning-stage precursor to NASA’s High Resolution Microwave Survey.


Mopra: The second telescope Tarter’s SETI team used remotely during observations with Australia’s Parkes telescope.


Narrowband: A signal that exists over a small range of frequencies, like a radio station broadcast.


NASA: The National Aeronautics and Space Administration.


NRAO: The National Radio Astronomy Observatory.


Order of the Dolphin: The code name for the group of 10 scientists that gathered in 1961 for a SETI meeting in Green Bank, West Virginia, after Frank Drake’s first experiment.


Parkes Radio Telescope: The 64-meter-wide radio telescope in Australia where Project Phoenix began after the scientists were allowed to purchase time on the telescope. Today, Breakthrough Listen uses the telescope for SETI work.


Project Cyclops: A NASA-sponsored study into the kind of telescope that could realistically search for an alien civilization, released in 1971. The committee proposed an array of many small radio antennas that work together, as the Allen Telescope Array’s antennas do today. NASA never built this proposed telescope, but the report from the project first inspired Tarter to join SETI as an enterprise.


Project Ozma: Frank Drake’s first SETI project, in which he used the 85-foot Tatel telescope in Green Bank to search for radio signals from the stars Tau Ceti and Epsilon Eridani in 1960.


Project Phoenix: The private SETI project that “rose from the ashes” of NASA’s canceled High Resolution Microwave Survey. It ran from 1995 to 2004, using the telescopes at Parkes, Green Bank, and Arecibo.


Receiver: The part of a radio telescope that collects and detects radio waves, analogous to a camera at the focus of an optical telescope.


Redshift: The apparent stretching of electromagnetic waves into a longer wavelength that occurs when an object is moving away from the observer.


RFI: Radio frequency interference, or human-produced radio waves—from things like Wi-Fi routers, cell phones, digital cameras, satellites, and spark plugs—that appear in and contaminate radio telescope data.


Second SETI Protocol: A proposed document detailing how to decide whether to purposefully broadcast a message to space, with the idea that it could reach an alien civilization, and the best practices for such a broadcast.


SERENDIP: An ongoing set of SETI projects named the “Search for Extraterrestrial Radio Emissions from Nearby Developed Intelligent Populations.” Tarter worked on the initial version, and the Berkeley-run project is now on its sixth incarnation.


SETI Institute: The institute that Tarter co-founded to study all aspects of the existence, formation, and evolution of life in the universe. It came into being in 1984, and it continues today in Mountain View, California, employing scientists who research topics ranging from exoplanets to extremophiles to Martian geography. The SETI Institute also operates the Allen Telescope Array.


SETI Live: A short-lived citizen science program that allowed users to categorize signals from real-time SETI data delivered from the Allen Telescope Array. The funding for the project came from Tarter’s 2009 TED Prize.


SETI Quest: The TED Prize–sponsored portal that allowed members of the public to participate in the SETI Institute’s work, in the form of software and algorithm development and citizen science.


Wavelength: The distance between two peaks of an electromagnetic wave. Radio waves (including microwaves) range from about 1 millimeter to 100 kilometers.




PEOPLE


Peter Backus: Backus was a radio astronomer and programmer for NASA’s SETI program from 1985 to 1988 and its co-principal investigator from 1988 to 1994. After the program was canceled, he worked in management positions for Project Phoenix, as a software engineer for the SETI Institute’s search system and as a manager of the SETI Institute’s SETI observing programs. Today, he is a member of the NASA Astrobiology Institute.


Natalie Batalha: Batalha is an astrophysicist at Ames Research Center and serves as mission scientist for the planet-hunting Kepler Space Telescope, which she has worked on since it existed in only proposal form. She has been awarded a NASA Public Service Medal and is a leader on the agency’s Nexus for Exoplanet System Science program to understand which exoplanets may be habitable.


John Billingham: Known as the “father of SETI at NASA,” Billingham co-directed Project Cyclops and, afterward, began NASA’s SETI program. According to his 2013 obituary at the SETI Institute’s website, he “transformed SETI from an occasional experiment into a systematic program.”


David Black: Black served as CEO of the SETI Institute from 2014 to 2015. His previous positions include president and CEO of the Universities Space Research Association, chief scientist for the International Space Station, and deputy chief for the Space Sciences Division at Ames Research Center.


William Borucki: After designing heat shields for the Apollo spacecraft, Borucki masterminded the Kepler Space Telescope, championing its concept for decades before it became reality. He has received the National Academy of Sciences’ Henry Draper Medal and the Shaw Prize for his efforts in finding exoplanets.


Stuart Bowyer: Bowyer, an astronomer at the University of California, Berkeley, is credited with founding the field of extreme ultraviolet astronomy. Tarter met Bowyer at Berkeley, where he showed her the Cyclops Report that inspired her to begin her SETI work. He headed the SERENDIP program on which she got started in the field.


David Brin: Brin is a scientist, futurist, and science fiction author who has won the Hugo, Nebula, Locus, and Campbell awards for his writing. In the field of active SETI, he is a strong voice in opposition of broadcasting messages without significant forethought and oversight.


Richard Bryan: Bryan served as a Democratic senator from Nevada between 1989 and 2001. In 1994, he introduced an amendment that killed the nascent NASA SETI program, the High Resolution Microwave Survey.


Giuseppe Cocconi: Cocconi, a physicist, authored the seminal Nature paper “Searching for Interstellar Communications” in 1959, suggesting scientists could look for communications from extraterrestrials by doing radio searches around the wavelength at which hydrogen atoms naturally emit radio waves.


Betty and Dick Cornell: Jill Tarter’s mother and father, who raised her up into the scientist and engineer she is today.


Kent Cullers: Cullers worked as a team leader and subsystem manager for the targeted search portion of NASA’s first SETI project, on which he was also key to the digital data processing effort. At the SETI Institute, he was a senior scientist and project manager for Project Phoenix. The blind astronomer, Kent, in the movie Contact is based on this real Kent.


David DeBoer: DeBoer is a research astronomer at the Radio Astronomy Lab at the University of California, Berkeley, where he works on, among other things, the Breakthrough Listen initiative. In the past, he has served in leadership positions for the Allen Telescope Array and helped set up the Woodbury telescope for Project Phoenix.


Bill Diamond: Diamond began a position as president and CEO of the SETI Institute in 2015, after spending decades in the world of industry, dealing with photonics, optical communications, X-ray technologies, and semiconductors.


Frank Drake: Drake conducted the first modern search for extraterrestrial intelligence, called Project Ozma, in 1960. He authored the Drake equation and was a key figure at the Order of the Dolphin meeting, the first SETI conference. He also sent the first radio broadcast containing a message meant for extraterrestrials—the Arecibo message. Drake was the president of the SETI Institute from 1984 to 2000 and later was the director of its Carl Sagan Center for the Study of Life in the Universe.


John Dreher: Dreher became part of NASA’s High Resolution Microwave Survey, its first SETI project, in 1989 and continued his SETI work on Project Phoenix when the federally funded search ended. Dreher also acted as project scientist and program manager for the Allen Telescope Array during its research and development period and continued as project scientist during its construction, while also working on its detectors.


Ann Druyan: Druyan co-wrote the original Cosmos series, starring Carl Sagan, and created, produced, and co-wrote the 2014 redux, Cosmos: A Spacetime Odyssey, staring Neil deGrasse Tyson. She was also the creative director for the Voyager Interstellar Message project, which placed golden records—etched with a multimedia portrait of humanity—aboard the twin Voyager spacecraft. She and Sagan married in 1981.


Ron Ekers: Ekers has been the president of the International Astronomical Union, the director of the Very Large Array, and the foundation director of the Australia National Telescope Facility. It was in this latter role that he rented the Parkes telescope to the Project Phoenix team.


Debra Fischer: Fischer is an exoplanet astronomer at Yale University. She is currently developing a next-generation instrument called ExPRESS to find planets like Earth. She has discovered hundreds of planets—as well as the first exoplanetary system that contains multiple worlds, a discovery she made in 1999.


Jake Garn: A Republican senator from Utah who championed SETI in government meetings during the early 1990s.


Daniel Goldin: Goldin served as NASA administrator from 1992 to 2001. It was at the beginning of his tenure that Congress canceled the agency’s SETI program. He is currently the president and CEO of hardware company KnuEdge.


Sam Gulkis: Gulkis co-led the survey portion of the High Resolution Microwave Survey from the Jet Propulsion Laboratory in Pasadena, California.


Gerry Harp: Harp is currently co-director of the SETI Institute’s Center for SETI Research. He has worked at the institute since 2008, coming to the organization with a background in quantum mechanics.


Mae Jemison: In 1992, Jemison became the first African American woman to go to space. An astronaut, medical doctor, and engineer, Jemison currently heads the DARPA-sponsored 100-Year Starship program, which aims to pave the way for future interstellar travel.


Yuri Milner: A Russian billionaire, Milner founded the Breakthrough Prizes—awards in physics, life sciences, and math—as well as Breakthrough Initiatives, which include the Breakthrough Listen program to search for intelligent extraterrestrials, to learn more about life in the universe.


Philip Morrison: A former Manhattan Project physicist, Morrison co-authored the 1959 Nature paper “Searching for Interstellar Communications,” suggesting scientists could look for communications from extraterrestrials by doing radio searches around the wavelength at which hydrogen atoms naturally emit radio waves.


Chris Neller: A research assistant and admin at the SETI Institute, Neller was the reason Tarter kept track of her travel and paperwork.


Bernard Oliver: Oliver, nicknamed “Barney,” led research and development at Hewlett-Packard for approximately 40 years. He traveled to Green Bank, West Virginia, to see Frank Drake’s early SETI efforts and attended the Order of the Dolphin conference shortly thereafter. He later co-directed Project Cyclops and became senior manager for NASA’s SETI program. When Congress canceled this federal project, he helped the SETI Institute secure private funds to implement the private Project Phoenix, for which he was a volunteer senior scientist.


Tom Pierson: Pierson co-founded the SETI Institute and was the one who filed its official paperwork in 1984. He served as its CEO for decades afterward, growing it from its initial small staff, focused on SETI, to a multidisciplinary organization of more than 100 researchers.


William Proxmire: Proxmire served as a Democratic senator from Wisconsin from 1957 to 1989. He was an outspoken opponent of SETI and awarded NASA’s efforts to find life in the universe with his Golden Fleece Award—issued for what Proxmire deemed wasteful government spending—in 1978.


Jon Richards: Richards runs the Allen Telescope Array’s observing program and keeps the public updated in real time about what’s going on at the telescope at SETIquest.info.


Carl Sagan: What didn’t Sagan do? He was the host of the television series Cosmos; the author of the book Contact, which features a protagonist partly modeled on Tarter; and one of the masterminds of the Voyager golden records. He wrote many popular books and hundreds of scientific papers and championed SETI, and science in general, in the public arena. Decades after his death, people still name him when asked to think of a famous astronomer.


Seth Shostak: Shostak is currently co-director of the SETI Institute’s Center for SETI Research. He hosts the podcast Big Picture Science and authored the book Confessions of an Alien Hunter.


Bruce Tarter: Tarter’s first husband, Bruce was the director of the Lawrence Livermore National Laboratory from 1994 to 2002.


Shana Tarter: Tarter’s daughter and the assistant director of the Wilderness Medicine Institute at the National Outdoor Leadership School.


Charles Townes: Townes, the inventor of the maser and the laser, won the Nobel Prize in physics in 1964. He was the first to come up with the idea of optical SETI.


Margaret Turnbull: Turnbull is an astrobiologist and exoplanet astronomer who, with Tarter, developed the HabCat, a catalog of star systems that might be friendly to life.


Douglas Vakoch: Currently the president of METI International, a nonprofit organization focused on active SETI, Vakoch was previously the director of interstellar message composition at the SETI Institute. He is the head of the International Academy of Astronautics Study Group on Active SETI: Scientific, Technical, Societal, and Legal Dimensions.


Jack Welch: Welch, Tarter’s second and current husband, is considered a founder of molecular radio astronomy. He has directed the Radio Astronomy Lab at the University of California, Berkeley; has held the university’s Watson and Marilyn Alberts Chair in the Search for Extraterrestrial Intelligence; and was key to the development of the electronics inside the Allen Telescope Array antennas. The National Academy of Sciences, of which he is a fellow, says he “started the field of millimeter-wave interferometry.”


Dan Werthimer: The chief scientist for SETI at the University of California, Berkeley, Werthimer leads its SETI@Home project and the ongoing SERENDIP investigations. He is also now a key leader of the Breakthrough Listen program. When Berkeley and the SETI Institute worked together on the Allen Telescope Array, Werthimer was also part of that program.


Pete Worden: Worden is the former director of NASA’s Ames Research Center and the current chairman of Yuri Milner’s Breakthrough Prize Foundation.




The Universe is a pretty big place. If it’s just us, seems
like an awful waste of space.


— Carl Sagan, Contact




CHAPTER ONE


HOW’D A NICE GIRL LIKE YOU GET INTO A FIELD LIKE THIS?


On July 31, 2014, Auditorium 220 at NASA’s Ames Research Center fills with employees—a mix of 10-year-old button-down shirts, pleated Dockers, and the designer jeans of hip postdoctoral researchers. Pete Worden, the center’s director, steps in front of the crowd to introduce the afternoon’s speaker. Astronomer Jill Tarter stands to the side of the stadium seats, ready to deliver a talk called “Searching for ET: An Investment in Our Long Future.” She wears rimless glasses and the big bronze turtle earrings that go everywhere with her, her hands clasped behind her back. As Worden lists Tarter’s accomplishments—all related to her 40-year involvement in the search for extraterrestrial intelligence (SETI)—she shakes her head and smiles, laughing when he says, “Most of us are still trying to find intelligent life here on Earth.” When Worden finishes and Tarter takes the stage, the audience lifts their smartphones to snap pictures of her in front of an introductory PowerPoint slide before the lights dim.


“Your story—my story, our story—began billions of years ago,” she says. “But that probably doesn’t come first to your mind when you wake up in the morning.” A pause fills the air-conditioned room. “We need to change that.”


The screen flashes to an illustration of the Big Bang, 13.8 billion years ago, and then Tarter clicks to an image of a pinwheeling galaxy like our Milky Way, born 10 billion years ago.


“We are intimately connected with these faraway times and faraway places,” she continues, “because it takes a cosmos to make a human.”


People nod in assent, feeling like they do when a book’s narrator articulates a fundamental truth that they themselves have never molded into words.


It has taken humans millennia to even begin to figure out how that cosmos made us, and we’re still not sure. We know a bit about how the universe began, how galaxies and stars got their starts, why planets exist, and what ours was like when the first microorganism claimed its spot in that strange ecosystem. But we don’t understand how earthly chemistry spat out that first living thing, or whether similar sequences have swept across other planets.


“We want to know,” Tarter says, “where do we come from? Where are we going? What is? Why is? And of course, we’re really interested in whether or not there’s anyone else out there.”


She shakes the projection system’s clicker, which is responding on a delay, like it’s communicating with a device light-years distant. “This thing is a bit jet-lagged,” she says, and the audience laughs.


Given that we can’t even get PowerPoint to work properly, it’s clear that our civilization is very young, technologically speaking. And we don’t know how long it will survive. We could cause our own demise (climate change, nuclear war, antibiotic-resistant epidemic), or death could come from above (large asteroid on a collision course, nearby supernova, dying sun). But for how young humanity—and all Earthling life is—Earth resides in an ancient galaxy. And odds are, if we find anyone else inside, they will be much older than we are (on the cosmic timescale, if they were any younger, they would still be excited about discovering fire).


Tarter’s face shifts as she becomes frank and colloquial. “Look,” she says, “I don’t expect extraterrestrial salvation. I don’t expect them to tell us how to solve our problems. But the very existence of such a civilization should motivate us to figure out a way to solve our own problems.”


Maybe SETI will find such alien civilizations. Their distant and unimaginable lives will convince us that we, too, can avoid blistering our planet or blowing each other up. Maybe humans, or whatever we evolve into, could live long enough to build interstellar transit systems or some other sci-fi-seeming technology.


But maybe SETI will fail. Maybe E.T. won’t phone home. Maybe there is no E.T.


Tarter, who has spent nearly her whole adult life hoping the cosmic phone will ring, would of course be disappointed. But Tarter claims, in this speech, that the search will be worthwhile (actually, she says “really, really, really worthwhile,” emphasizing with an up-and-down gesture of her hand and closing her eyes), even if we don’t find any aliens. SETI holds up a mirror, showing us how we look from a cosmic perspective—a perspective that began 13.8 billion years ago and encompasses 2 trillion galaxies beyond our own.


“And in that mirror,” she says, “we are all the same. It has the effect of trivializing the differences among Earthlings, differences that we’re willing to spill blood over. We have to get over that. I think SETI is a great way to do it.”


[image: image]


The first search for extraterrestrial intelligence happened in 1960, in Green Bank, West Virginia, when Tarter was still in high school. Astronomer Frank Drake, a young researcher with the National Radio Astronomy Observatory, had a bold plan and approval from the facility’s director. Drake had calculated that the observatory’s 85-foot radio telescope, which looks like a gigantic version of the old-timey satellite dishes still rusting in rural yards, could detect extraterrestrial radio broadcasts as weak as the ones humans then transmitted. No one had ever sought out extraterrestrials before, and it was possible they were abundant and talkative, just waiting for us to tune in. For all Drake—or anyone—knew, every star was home to a thriving civilization, blasting the Encyclopedia of Everything You Want to Know about the Universe into space and hoping societies like ours would pick up the transmission. It was a heady time, filled with big questions and potentially bigger answers. Are we alone? How did we get here? Where are we headed?


Drake selected two nearby sun-like stars, pointed the telescope at them, and scanned through frequencies much like you do when searching for an FM radio station. He sat alone in the buzzing control room beneath the telescope dish. As the night sky spun on, he wondered whether when he looked up at those two stars, called Tau Ceti and Epsilon Eridani, someone—maybe with two legs and a radar transmitter, or four legs and a broadcaster he couldn’t yet dream of—was looking out from their own planet at a tiny dot in their sky: our sun.


Over the course of four months, Drake sat in that control room for 115 hours, listening and hoping for signs of that someone.


He heard nothing.


[image: image]


Five hundred miles away, in suburban New York, a girl named Jill Cornell scrawled diligently away on her physics homework. Cornell, who later became Jill Tarter, first considered the possibility of alien life on a family vacation to visit her aunt and uncle on Florida’s Manasota Key. Her relatives had once been Manhattan bankers, but they got tired of the rat race and the nepotism rules that meant their marriage was a secret. So they chased the other American dream—to be free from the churn of chasing the American dream—and chucked their careers. They moved south to be beachcombers and construction workers. They built a succession of coastal houses, living in each before selling it and moving on. While the key is now filled with Airbnb vacationers clutching margaritas, Manasota once was nearly uninhabited, even lacking power lines during young Tarter’s earliest stays there. Without light pollution, the island sky seemed as dark as space actually is, Sagittarius for once looking like a convincing archer.


When Tarter was 10, her father took her for a seaside walk to teach her the constellations. He pointed up at each set of stars, explaining how they seemed to connect into a coherent picture. But they were actually light-years apart, he told her, only by happenstance lining up in our sights. Standing on the deserted beach with her father, toes knocking against the seashells she collected and categorized during the day, she considered the idea that those stars might be someone else’s suns. It made sense to her. And on some planet circling one of those stars, some other creature was probably walking along some other coast with her (his, its) parents. They could peer up at their sky and see our sun, which would be a part of constellations unrecognizable to us.


This is all very romantic—the mythology of a person, a convenient story in which the arc from past to present is clear. But such a hindsight-hued vision of history simplifies the way life actually is. Back then, Tarter was just a kid daydreaming about aliens. There is, really, nothing special about that. I did that; you probably did that. Sure, Tarter was smart, interested in exploring the universe from an early age (envious, for instance, that Flash Gordon got to drive the spaceship while his female accomplice, Dale Arden, waited around in a short skirt). But no one could have crowned Jill Cornell the future queen of SETI back then. There was no way to know she would eventually emerge from the crowd of other kids who had the same ideas.


But because she did emerge from the crowd of other kids who had the same ideas, the beach scene seems different—filled with foreshadowing and prelapsarian mythos. Before there were committee meetings and congressional hearings, before telescope groundbreakings and technology mishaps, before fundraising pitches and receiver upgrades, there was only this walk. There was only this childhood certainty that the scene was duplicated, triplicated, even quadruplicated elsewhere.
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Tarter grew up on the water—on Florida vacations as well as at home, in a small lakeshore apartment in Eastchester, New York. As an only child, she spent most of her conversational energy talking to adults, and her parents’ full focus fell on her. She lit up under her father’s beam of attention. He fostered their similarities—a love of deciphering the innards of objects, a desire to pull fish out of water, and a sense that the universe could be grabbed and dragged down to Earth for examination.


After he fought in World War I, Jill’s father, Dick, attended Swarthmore College. When the school offered him a scholarship to stay and study graduate-level astronomy, he declined, becoming a professional football player instead. Tarter has newspaper clippings, found in a family trunk that once belonged to Dick’s mother, from his athletic career. The yellowed pictures, whose ink has bled into three generations of fingertips, show him in 1920s sports gear. The kneepads are flimsier than inline skaters’, and the whole ensemble looks like a traumatic injury waiting to happen. But Dick himself looks tall, strong, charming—like he didn’t need kneepads anyway. Like if he told you something, you would believe it, or would at least want to.


Dick wanted his daughter to be self-reliant, and so he set milestones for her to achieve before she could do whatever it was she wanted to do. He let her go canoeing with him only if she portaged the boat, and she was allowed to attach herself to his hunting and fishing trips only if she braided her own hair first (a task that Jill’s mother, Betty, had performed for years, but one for which Dick had no time or skill). By the time she was eight, she had mastered the art of hair engineering and grown boat-hefting muscles, so she spent much of her free time with her father and his friends in sportsmen’s camps. She caught snakes, fish, and the equivocal attention of her mother, Betty.


“What would they think?” her mother asked her.


Who are they? Tarter thought. And what do I care?


Betty informed Dick that their daughter was not developing the way a girl should. She wasn’t graceful. She had a habit of draping reptiles across her shoulders. But she was only eight, so a social 180 was still possible. The next day, Dick hoisted Tarter and set her on the washing machine, which was her mother’s most prized possession and which occupied a large portion of the real estate in the kitchen. Whenever Dick sat her down there, Tarter knew they were going to have a conversation. This perch put her at eye level with her father, and she looked at his irises, waiting.


“Your mother thinks,” he said, in the timeless way of fathers, “that maybe since you’re getting older, you should be spending more time with her, rather than me.”


Tarter waited.


“Learning how to do girl things,” he continued. Whether or not he believed his own words, he insisted: this is what it means to grow up.


“Why do you have to do one or the other?” she asked. “Girl things or boy things?”


Dick had answers, sociological ones that Tarter didn’t want to hear. “These are the ways of the world,” he said.


Luckily, having spent so much time with her father, she knew how to manipulate him. She combined tears and logic, batting back rebuttals. Rhetoric plus emotional reaction yielded the desired product.


“Well, as long as you’re willing to work hard enough,” he relented, “I don’t see why you couldn’t do anything you want.”


His cave-in opened up an escape route, a way into the world she wanted to inhabit. Tarter calls what she said next the Washing Machine Declaration. What was the most male thing she could be, besides an actual boy? She knew from hanging around the sportsmen’s camps that lots of those guys were engineers. And although she had only vague notions of what an engineer did all day, she hardly paused before proclaiming, “I want to be an engineer.”


“And that was that,” Tarter says now. “From that moment on, that was just what I was going to do.”


She hopped off the washing machine.
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If she was going to be an engineer, her father was going to help her act like one. One day, he handed her a plastic transistor radio.


“Take it apart,” he said. “And then put it back together.”


Cracking open its shell, she found a whole world of indecipherable circuits, ribbons, and resistors, all communicating with each other. Finding and then dismantling that world was easy, but reconstructing it was not. There were pieces left over, bits of metal that seemed not to fit anywhere. She called for her father in a childish voice—the kind that adds an extra syllable to “Dad”—wanting him to make the inscrutable parts make sense again.


“You need to figure it out yourself,” he said.


She did, in short order.


“I was fearless when he was around,” she says. “He was the center of my universe.”


But that center wouldn’t hold.


“Yes, he was ill,” she says, of the cancer that killed him just a year or two after he gave her the radio. “Yes, he was in and out of hospitals with cancer, and I had no idea how serious it was. But of course he was always going to be there.”


Given her grasp on evidence in the rest of her life, it’s clear that her emotional universe was subject to different laws from the physical one. It’s a characteristic that holds to this day, an almost “law of attraction” philosophy: If she believes something won’t, or will, happen, it won’t (or will).


In spite of Tarter’s denial, Dick died when Tarter was 12, just four years after the Washing Machine Declaration. His death shook her like a high-Richter earthquake—totally devastating, seemingly illogical, and completely unexpected. The ground was supposed to stay firm underfoot. But now that her father was gone, she knew familiar terrain could shift without warning, or rip itself apart. Her universe, the universe, became a centerless thing, vast and hard to comprehend.


Dick’s death rooted one particular idea in Tarter’s brain, an idea that would go on to have as much effect on her life as any academic degree or astronomical insight. The day he died, she remembered a question she had wanted to ask him. She doesn’t remember what it was—it wasn’t anything particularly important. “It was just this realization of a big black void,” she says. “I couldn’t ask him anything anymore.”


I should have asked him yesterday when I had the chance, she thought, the lesson stitched painfully into her brain.


When she was older and knew more Latin, she recognized the lesson as carpe diem. If you have an opportunity, take it. Now. Or else it may sublimate from something concrete into something absent.


Her father’s death also transformed the Washing Machine Declaration into a compass that oriented her life for years. “I told my dad I was going to become an engineer,” she says. “And I wanted to make my dad proud.” Imitating her determination those 60 years ago, she continues, “‘Goddammit, there’s no way I’m going to wimp out.’”


She probably used such profanity then, too, despite what they may have thought.


[image: image]


Tarter began researching what engineers did all day, and what sort of an education a person needed to do whatever that was: physics and high-level math in high school, she found, courses that fell into the “it’s just not done” category for women, even if the classroom doors lacked NO GIRLS ALLOWED signs.


“The guidance counselors of the era were just so awful,” Tarter says of high school in the late fifties and early sixties. “‘Why do you want to take calculus? You’re just going to get married and have babies.’” (She, in fact, did get married and have a baby. But it turns out that physics was—wonder of wonders—still useful and that one endeavor did not mutually exclude the other.)


Her physics teacher, whom the students called Doc, looked like her father. That similarity lit up her brain in places left dark after her father died. This interpersonal déjà vu led her to trust him with an extracurricular problem.


The fashion accessory du jour was a chicken wishbone, strung through a chain and worn as a charm. Suburban students walked around looking as if they might break into a pagan ritual at any time. Tarter wanted to silver-plate hers. A metal-wrapped wishbone never breaks. She would never have to battle for the long end, never herself get the short end. She knew bronze-plated baby shoes existed, so somehow, somewhere, someone knew how to alchemize objects’ exteriors. While she wasn’t that someone, perhaps Doc was. After class, she walked up to his desk. She could already imagine the eyes of the other students, envious of the shiny anatomy augmenting her own like extra bionic ribs.


“This is what I want to do,” she said, telling Doc about the bones and the baby shoes. “How do we do that?”


It’s a simple and somewhat vain sentiment in this scenario. But “This is what I want to do. How do we do that?” is also the essence of science.


“I don’t know,” Doc said. “But I’m sure we can find out.”


They scoured the library; Doc wrote letters to the shoe-coating companies, who told him the process was proprietary. But they gave enough hints for Doc to know he needed to combine acid and silver arsenate. And in a public school physics classroom, the two lowered the graphite-infused bone toward the chemical solution, turning it into an electroplating cell. Tarter and Doc watched as atoms attached themselves to the submerged bone. They lifted the object out of its bath, its crown breaching bright and promising. The next day, Tarter was the news item of the school day.


But later that week, she looked down to find the wishbone—covered in the scientifically shiniest metal on the planet—had already tarnished. She took it off and tried to scrub it clean but succeeded only in rubbing the shine itself off.


Today, when cough syrup sales are regulated and classroom dissections happen via software, this caustic-chemical collaboration would never be allowed. “Who knows what arsenic fumes were coming off that,” she says now. “But Doc was just one of the best role models you could have about science, being curious, and figuring it out.”
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The desire, perhaps even the need, to “figure it out” remains central to Tarter’s personality today, when she is in her early seventies. As Tarter recalls aloud those high school years, she is sitting on the deck of her vacation house at Donner Lake in Northern California.


She still loves to be on the water, near large concentrations of the molecule that gives us, and possibly others beyond our atmosphere, life. (It’s also the molecule that her husband, Jack Welch, discovered lives in the clouds of gas between the stars.) She and Welch bought this shoreline cabin in 1989. Decks protrude from each of the three stories, revealing a spectacular view of our planet on every level.
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