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            To my three terrestrial partners, Ofrit, Klil, and Lotem, and our neighbors in interstellar space
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            I am seeking to learn from a higher intelligence in outer space what we could aspire to be.

            —Avi Loeb (February 26, 2023)
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            Introduction

         
         Congratulations! You are among the generations of humans to live at the dawn of humanity’s interstellar future. We live in
            a time of great cosmological change, a time of mounting evidence that we are not alone, and that we can and will initiate
            encounters with the Universe, and whatever inhabits it, beyond our Solar system.
         

         
         Over just the past decade the evidence of extraterrestrial life, extraterrestrial civilizations, and extraterrestrial interest
            in us has mounted rapidly. The possibility of life on Mars and Venus is being explored. The statistical likelihood of life
            existing on one of the innumerable exoplanets in a star’s habitable zone is high, and soon to be explored by spacecraft capable
            of sending data back within a human lifetime. Most important, for the first time, the search for near-Earth extraterrestrial
            artifacts is the work of science, privately and publicly funded. Whether or not humanity persists long enough to get off its
            home planet and to exist independent of its home star is on us. And, if we are diligent, smart, and intrepid, just maybe we
            manage this with an extraterrestrial assist.
         

         
         One opportunity to do so has already slipped through humanity’s collective fingers.

         
         Data support the possibility that in 2017 an extraterrestrial-manufactured artifact passed through the Solar system. That year, astronomers, using data collected by the Panoramic Survey Telescope and Rapid Response System (Pan-STARRS) located at Haleakala Observatory, Hawaii, identified an interstellar object1 that they called ‘Oumuamua, which translates to “scout” in Hawaiian. Based on the wealth of empirical data collected about
            the object, I argued that it was most plausibly of extraterrestrial manufacture, rather than a naturally occurring interstellar
            rock.
         

         
         The data revealed that ‘Oumuamua’s shape—long and remarkably flat—was to an extreme degree unlike any space object seen before.
            The data also showed to a certainty that its unusual trajectory around the Sun was changed, not by any visible outgassing
            such as occurs with all comets, but most likely due to it being pushed by solar radiation, just like NASA’s rocket booster,
            2020 SO, which was discovered by Pan-STARRS on September 17, 2020. Then there was ‘Oumuamua’s extraordinarily low velocity
            at the point when our Solar system encountered it, which was measured at what astronomers call the Local Standard of Rest
            (LSR). In space everything is moving relative to everything else. An object at “rest,” such as ‘Oumuamua, is an object with
            a velocity that makes it comparatively still among all that movement. This is rare. ‘Oumuamua’s being at the LSR made it an
            outlier to 99.8% of all stars. Nature infrequently puts objects at the LSR. If, however, humans wished to manufacture an object
            and place it at the LSR, that would be well within our technological know-how. And that is why I likened ‘Oumuamua to a buoy
            our Solar system ran into rather than a rocket aimed at our Solar system.
         

         
         Because we had no means of imaging ‘Oumuamua, because we had no means of capturing ‘Oumuamua, and because our instruments
            of detection were not designed and built for detecting near-Earth objects of potential extraterrestrial manufacture, we have
            only inconclusive data. Inconclusive data are, of course, the case for much of science, and it is the presumptive condition
            of all science at the leading edge of discovery in new domains of inquiry. It is also the case, as I argued in Extraterrestrial: The First Sign of Intelligent Life Beyond Earth, that of all the explanations for the data we did manage to collect concerning ‘Oumuamua, the simplest, most plausible explanation
            for its behavior was that it was manufactured, albeit not by humans.
         

         
         Simple and plausible hold, of course, only if you grant human civilization is likely not alone in the Universe. For many, granting that possibility has proven not a stumbling block so much as a brick wall. To date, however, scientists seeking a natural explanation for ‘Oumuamua’s extreme elongation and smooth non-gravitational acceleration have encountered only more walls. Briefly consider Jennifer Bergner’s and Darry Seligman’s “Acceleration of 1I/‘Oumuamua from radiolytically produced H2 in H2O ice,” published by Nature in March 2023. It offers a refinement of Seligman’s 2020 hypothesis that ‘Oumuamua was composed entirely of molecular hydrogen
            ice, which, along with the hypothesis that ‘Oumuamua was pure water or pure nitrogen, was subsequently acknowledged to be
            unworkable. However, cosmic ice made of water ice partly dissociated into hydrogen by cosmic rays in interstellar space, Bergner
            and Seligman proposed in 2023, might work. Perhaps, but neither simply nor plausibly. First, we have no data that suggests
            nature produces interstellar icebergs made up of water and hydrogen. And second, the evaporation of hydrogen trapped in Bergner’s
            and Seligman’s proposed water-hydrogen comet wouldn’t explain ‘Oumuamua’s observed non-gravitational acceleration. The models
            Bergner and Seligman advanced ignore the cooling that results from evaporating hydrogen, which once accounted for decreases
            the hypothesized outgassing by a factor of 3, which makes the model untenable as an explanation for ‘Oumuamua’s known properties.2

         
         That five years after ‘Oumuamua’s discovery the scientific debate about its possible origins remains robustly unsettled is
            good news for science. That an extraterrestrial origin is for many still a non-starter is sobering news for human civilization.
            
         

         
         Since the publication of Extraterrestrial I have been asked many times about “Day Two,” or what I believe will happen immediately after humanity encounters evidence of extraterrestrial technological civilizations. We already have the answer. The media will take notice. A small percentage of the public will take notice. But an overwhelming majority of humans will continue to live their lives without giving it much thought. Our politicians will continue to seek re-election, those in business will continue to seek profits, and Day Two will look and feel much as Day Minus One. 

         
         This would not surprise me. What was a little more surprising—and disappointing—was the fact that on Day Two, and continuing
            over Years One through Five, a majority of the scientific community expressed a skepticism about this evidence that was greater
            than anything directed at scientific speculations such as string theory, types of dark matter, and multiverses. This is despite
            the fact that to date we have no empirical data demonstrating a theorized string, a dark matter particle, or a single universe
            other than our own. Scientists, in other words, are more comfortable asserting the existence of phenomena they have no empirical
            evidence for than accepting the possible existence of a phenomenon—Extraterrestrial Civilization (ETC)—for which we do.
         

         
         What this all rolls up to is the following realization: The question to answer isn’t, “What will we do on the day after we
            encounter evidence of ETC?” The question is, “What will we do as we encounter ever more evidence of ETC?” And that is why
            I have written Interstellar.
         

         
         Humanity is on the cusp of profound discoveries about our cosmic neighborhood. The Universe is knocking on our door just as
            we are preparing to open it, and the great likelihood is that incontrovertible evidence of extraterrestrial sentient intelligence
            is just on the threshold. Cosmological-firsts and civilization-altering realizations are perhaps even just months away.
         

         
         We need to prepare. We need new instruments of observation and interception. We need far greater transparency, and with it
            coordination of effort, among scientists and governments. Arising out of that transparency, humanity needs new expectations
            about how encounters with interstellar objects, and eventually with non-terrestrial life and non-terrestrial civilizations,
            are likely to unfold. How we prepare, how we as a civilization and a scientific community now behave, will determine the psychological
            costs and benefits of this new era of sentient terrestrial existence. For starters, we will need a new vocabulary.
         

         
         The rapid pace at which evidence of the plausible existence of extraterrestrials can accumulate is captured by the fact that in 2022 the United States government admitted the existence of unidentified aerial phenomena, or UAP, previously known as UFOs. Notably, almost immediately after admitting UAP existed, America’s military began firing missiles at them. Within the first two months of 2023, American planes destroyed a high-altitude balloon, of known Chinese manufacture, and three unidentified objects. That they were most likely human-made doesn’t change the fact that we fired on them without being certain. Just months earlier, and for the first time in our history, humanity began scientifically rigorous multipronged initiatives to search for alien artifacts. The first of these, the Galileo Project, which I direct, launched slightly before the government’s acknowledgment of UAP, and by 2022 the first of the Project’s observatories specifically designed to identify UAP went live. And within 2022 alone, ‘Oumuamua went from being the only identified interstellar object to being chronologically the third of four. 

         
         Within that year, a review undertaken by my student Amir Siraj and I of the catalog of fireball and bolide data of the Center
            for Near Earth Object Studies (CNEOS) was determined to have identified two interstellar meteors. Both of them, the data show,
            are built of far tougher materials than the vast majority of space rocks that originate in our Solar system. And one of those
            two awaits our recovery, resting at the bottom of the Pacific Ocean just north of Manus Island. Even without full access to
            all the data the United States government holds, we know to within a ten-kilometer grid where its fragments rest. During 2023,
            an expedition I am heading will, it is hoped, discover fragments of an interstellar object.
         

         
         No matter what is discovered on that ocean floor, as a civilization we need to better prepare ourselves.

         
          

         Whether we acknowledge it or not, my generation and yours, as well as the ones that will follow, are living in the first years of a new era, one in which humanity steps into its interstellar future. We have never been so close to scientifically valid proof that life on Earth and human civilization are not alone in the Universe. I am convinced that we are tantalizingly close not only to learning terrestrial life is not the only life in the Solar system, and that human civilization is not the only civilization to exist or have existed: I am also convinced that most of humanity is not ready. 

         
         Decades of science fiction has ill served our civilization. In virtually all of these stories, space and extraterrestrial
            life are used as backdrops in front of which are performed familiar genre narratives, be they horror, fantasies, love stories,
            or action-fests. Among the possible outcomes of our first contact with ETC, the least likely is a human-alien handshake in
            front of the White House or a contest of our missiles versus their lasers. For reasons of science and statistics, the far
            greater likelihood is that we will encounter ETC garbage or an extraterrestrial AI probe, and the encounter will occur at
            all only because we seek it out.
         

         
         Along with building new tools and defining, and thereafter funding, new scientific and technological research, humanity needs
            to reset our cultural understanding and expectation of what it means to encounter an extraterrestrial object. And at the leading edge of research and theory, astrophysicists, cosmologists, and
            astronomers are gathering data-informed insights into humanity’s meaning and purpose in the 13.8-billion-year-old Universe.
         

         
         Embracing the fact that UAP exist, that interstellar material of exceedingly rare material strength is within our grasp, and that evidence of ETCs is going to rapidly mount is to confront the near and far future possibilities of humanity. The times we live in demand that we undertake this search with all the intellect, skill, dedication, and joy we can muster. Not just because we now have evidence that UAP are real, and that some percent of them are perceived threats, and not just because ETCs are increasingly irrefutable, but because we live at a time of ever-mounting alarm over human-made existential threats, from climate change to war. All humans must take up this work because humanity stands at a crossroads. The next steps we, and especially our scientists, take, I am convinced, will decide if our civilization is destined to persist, spreading terrestrial life throughout the Universe, and thereafter where humanity stands in the pantheon of cosmic civilizations. 

         
         It is tempting, and humanity’s hubristic default, to presume we warrant a place within that pantheon. The greater statistical
            probability is that we don’t.
         

         
         The best-known scale for assessing civilizations was invented in 1964 by the Soviet astronomer Nikolai Kardashev. Kardashev
            dedicated much of his career to the theory and practice of searching for extraterrestrial life, but arguably his best-known
            contribution is the Kardashev Scale. By this scale a civilization that has mastery of its planet’s energy resources is labeled
            a Type 1. That is about where humanity currently stands. Once a civilization has mastered how to harness the total energy
            output of its host star it is elevated to a Type 2. And a Type 3 civilization has learned to draw on the full energy of its
            galaxy.
         

         
         The Kardashev Scale has merits, but it has, I believe, one clear deficit. Energy consumption tells us too little about the
            culture of a civilization, its priorities, its ambitions, its expectations for itself and life on and off its home planet.
            I believe there is a more useful perspective. The technological level of civilizations should not be gauged by how much power
            they tap. Instead, it should be measured by the ability of a civilization to reproduce the astrophysical conditions that led
            to its existence.
         

         
         By this cosmic scale, a C-class civilization is one that is able to recreate the habitable conditions on its planet without relying on the energy of its home star. For example, had the dinosaurs attained this level of technological ability, then the consequences of the Chicxulub impactor, an asteroid or comet ten miles wide that struck Earth 66 million years ago, would have been devastating but not an extermination-level event. While in 2022 NASA’s Double Asteroid Redirection Test (DART) was the first demonstration of planetary defense technology, or the ability to impact and thereby possibly divert an Earth-bound asteroid or comet, our current ability to nudge anything the size of Chicxulub is zero. Nevertheless, we can imagine some fraction of humanity, facing a similar crisis, surviving off of nuclear energy and food grown in greenhouses. 

         
         A B-class civilization could adjust the habitable conditions in its immediate environment to be independent of its host planet and
            host star. A human civilization at a B-class level would be capable of building a Noah’s ark in fact. Spreading first throughout the Solar system, then beyond it, and
            most likely relying upon AI probes with the programming and technology capable of restarting terrestrial life on distant exoplanets,
            human-built spacearks would hedge against the destruction of Earth and Sun. And at the top rung of the ladder would be an
            A-class civilization. This is one capable of recreating the cosmic conditions that gave rise to its existence, namely a civilization
            capable of producing a baby universe in a laboratory.
         

         
         Achieving the distinction of an A-class civilization is plausible by the measures of physics as-we-know-it. The related challenges were already discussed in 1990
            in a paper co-authored by Edward Farhi, Alan Guth, and Jemal Guven. Their assertion: “We are suggesting . . . that the laws
            of physics as we know them permit in principle the creation of a new universe by human initiative.”3 The language of math applied to the known physical laws points us toward the testable hypothesis that the opening phrase
            of the Book of Genesis might more accurately be written, “In the beginning . . . there was the lab coat.”
         

         
         This leads me to a more difficult question: Where, as of 2023, would humanity fit on this cosmic scale of civilizations? I
            believe we’re closer to a D-class civilization, or one actively degrading its home planet’s ability to sustain conditions that prolong life and civilization.
         

         
         And now we can begin to see our predicament. We also begin to see our opportunities. I am convinced that if we are to seize
            them all humanity must learn to lean into science. It is science that will give us a new vocabulary for the upward trajectory
            of our civilization, science that will guide technology to give us the necessary tools, and science that will best determine
            why the psychological costs of encounters with ETC will become, in practice, benefits.
         

         
         A goal of this book is to make and keep you excited about our interstellar future. I believe humanity’s ability to sustain an optimistic and scientific focus on the possibilities inherent in the reality shared by all sentient intelligence will determine whether or not our civilization joins the ranks of interstellar civilizations. 

         
         To accomplish its goal, the book is split into two parts. The first five chapters speak more directly to the steps taken and
            still ahead of us to fully embrace what I think of as humanity’s future after yesterday. In these pages, I will address the
            practical measures our civilization must take along multiple fronts to expand our search for extraterrestrial artifacts, to
            prepare our civilization for their discovery, to consider the technology we have and will soon have to advance the science
            behind our search. These steps are either informed by science or dependent on science. What we must do the moment after we
            discover evidence that we are not alone has already become the work we are and will need to continue doing.
         

         
         Our interstellar present raises practical questions of science and technology. New telescopes will be built. New spacecraft
            will be designed and launched. These will speed the discovery of non-terrestrial life, artifacts humans did not manufacture,
            evidence of other civilizations. The timing of these discoveries is unknowable. Certain, however, is that humanity becoming
            interstellar raises not just practical questions, but touches on the most fundamental questions of our sentient existence.
            Already, the practical questions cannot be separated from these more philosophical questions. That is why the last five chapters
            of Interstellar are more wide-ranging, even somewhat spiritual. I believe our interstellar future scientifically raises, and helps answer,
            the most profound questions conscious intelligence confronts. It is in the spirit of an optimistic, scientific, philosophical
            enthusiasm that I hope before 2023 is over to find and hold evidence of an extraterrestrial artifact.
         

         
         And maybe, just maybe, when I do find it, it will have a button or two that I can push.

         
         
      
   
      
      
      
         
            Part I

         
         
      
   
      
      
      
         
            1
Ascending the Ladder of Civilizations

         
         In June 2021, the US Department of Defense delivered a report to Congress confirming that military pilots have seen and photographed
            UAP, that these objects are perfectly real, and that despite decades of gathering data on the phenomenon, the Department of
            Defense does not know what the objects are. Promptly called “The Pentagon Report” when it was released, it remains one of
            the more significant indicators that humanity now lives during the early years of a new era.
         

         
         February 4, 2023, established that our transition to this new era will be bumpy. On that date, an aerial phenomenon we could
            explain, a Chinese-manufactured balloon, was shot down by US Air Force pilots off the coast of South Carolina. China declared
            it had been built for meteorological research purposes. The United States made an ever more evidence-backed claim that it
            had been built for espionage. Within weeks, three UAP were shot down. Because of where they were shot down—over Alaska, Canada’s
            Yukon Territory, and over Michigan’s Lake Huron—gathering evidence as to their manufacture has been difficult. But the scientific
            presumption is that all three UAP were human-made.
         

         
         We do not know if the United States military’s admission of the existence of UAP was an early acknowledgment, perhaps even a signal to its adversaries, that it knew some percent of reported UAP were surveillance technology launched by other nations here on Earth. Evident in subsequent news conferences, given by both the military and the White House, was confusion. In one instance, it took two missiles to destroy a UAP, the first having missed the small object. And at a press briefing on February 13, 2023, White House Press Secretary Karine Jean-Pierre declared, “I know there have been questions and concerns about this, but there is no—again no—indication of aliens or extraterrestrial activity with these recent takedowns,”1 all but begging the unanswered question, What would such an indication be? Tipping a hand to its own uncertainty, the Department
            of Defense signaled it was broadening its scope of interest when it renamed the “Airborne Object Identification and Management
            Group” the “All-domain Anomaly Resolution Office.”2 From curiosity with just airborne UAP, the government is indicating by the name change that this new office’s concern will
            be with unexplained phenomena being tracked everywhere—space, air, land, and sea. In less than two years, the American government
            went from denying, even belittling, interest in UFOs to rebranding them UAP, declaring them a pressing matter of national
            concern, and on occasion ordering the military to neutralize some of them.
         

         
         How quickly worries about UAP shift from being the focus of one nation’s military to a species-wide scientific concern will
            be one measure of how quickly humanity might ascend the ladder of civilizations.
         

         
         The confusions of February 2023 were hinted at by those of October 2022. I was then reminded that this shift of perspective, from narrow nationalist interests to a shared interstellar curiosity, will not happen seamlessly. That was when I first read that Ukrainian astronomers were reporting multiple sightings of “dark” objects three to twelve meters in size, reaching speeds of fifteen kilometers per second, and traveling with no optical emissions. I was at home, sitting at my desk, when a string of emails called my attention to the reports by way of asking me for my thoughts and reactions. Most of these emails led by pointing out that, if what was being reported was true, the capabilities of these “phantom” objects exceeded anything human-made aircraft or rockets were capable of. Were Ukrainians seeing UAP that evidenced an extraterrestrial civilization’s interest in terrestrial events? 

         
         Most of my replies led by pointing out what we knew for certain. Ukraine was in a military conflict with Russia, and this
            guaranteed the introduction of a lot of noise—ordnance, drones, airplanes—in the astronomers’ data. In short, the lack of
            reliable data made the reported phantoms an unpromising phenomenon for science to address. And so I ignored the reported sightings
            until a high-level official in the United States government showed up at my front door and asked for my thoughts on them.
            A few hours later, I wrote a paper laying out the scientific reasons the Ukrainian reports were most likely false. If we accept
            the reported distance and speed of the dark objects, physics and math tell us that the friction of any dark object that blocks
            light with the surrounding air would generate a bright optical fireball. If, however, you reduce the objects’ inferred distance
            by a factor of ten, then they would be fully consistent with the size, speed, and appearance of artillery shells.
         

         
         On reading my article, the Ukrainian astronomers who authored the original report declared me a “theorist” and stuck to their
            belief that the objects remained mysterious UAP, and, striking a curious note of national pride, they observed, “our characteristics
            of the objects are very similar to those of US military pilots and Canadian civilian pilots.”
         

         
         Hidden in the brief global interest with phantom UAP possibly in the skies over war-torn Ukraine and in the United States destroying UAP of uncertain origin is, I think, a larger worry. Humanity runs the risk of spending years, perhaps generations, couching its interest in extraterrestrial artifacts within historically and locally defined contests among terrestrial nations. It is in this sense that we need a new vocabulary that reflects an interstellar frame for understanding our species’ predicament. For example, hidden in the exchanges that followed the Ukrainian report was an unasked question: Why do humans imagine that so advanced and technologically capable extraterrestrial civilizations would want to send phantom craft to our atmosphere to observe our rather parochial practice of industrial murder? Isn’t it more probable
            that advanced ETC would be animated by the broader scientific curiosity the Chinese want to claim was the purpose of their
            balloon?
         

         
         We must similarly ask, why is it that the United States’ concern with UAP has always been, and largely still remains, the
            province of branches of the American military? The Pentagon Report was momentous. A wealth of empirical data about UAP was
            finally acknowledged to exist; more, still classified data very likely exist. That after the first balloon was spotted over
            the United States, the North American Aerospace Defense Command (NORAD) stated it had enhanced its radar to pick up on smaller
            objects suggests they had been able to do so all along. What the nations of the world do with the data they hold, and to which
            branches of government they entrust those data, goes immediately to the question, what will humanity do with the mounting
            empirical evidence that UAP exist? How we respond, and with what guiding assumptions, will, I believe, determine for how long
            we remain a D-class civilization being led by our local history rather than by the methods and logics of universally shared scientific inquiry.
         

         
         We did not need the Pentagon Report, Ukrainian astronomers, and NORAD to tell us that UAP are not science fiction. They are simply science. Explaining the physical world’s phenomena is what the scientific method was invented for. The Universe, of course, is full of unexplained and insufficiently explained phenomena. Some remain squarely in the realm of theory—dark matter, for just one example. Others, like UAP, are questions answerable through the collection of more and better observational data. What is more, we know manufactured technology arriving from interstellar space is plausible because we’ve already sent human-manufactured technology into interstellar space. The effort to answer whether another civilization has done likewise, and perhaps with far greater sophistication, quickly presents us with some of the most awesome, enduring questions of human civilization. 

         
         The conclusive, empirical discovery of a vast extent of “dark” matter previously invisible to us would be significant. It
            is unlikely, however, to alter our understanding of ourselves. By contrast, whatever we discover through the science of extraterrestrial
            artifacts—say, that life and civilizations are common throughout the Universe or life and civilizations are exceedingly rare—we
            will nevertheless confront a species- and civilization-altering question: What is humanity’s place among life in the universe?
            There is something frustrating about the fact that for decades humanity has expended far greater amounts of money and talent
            in pursuit of a better understanding of, and some empirical evidence for, dark matter than it has in pursuit of extraterrestrial
            artifacts. But there is a silver lining. There is much to be done that will accumulate evidence touching on the existence
            of ETC capable of sending UAP to Earth’s atmosphere, and some of it can be done quickly.
         

         
         Whether or not this scientific work is done quickly depends on how long it takes us to redress how ill-prepared we are to
            undertake the work of resolving UAP into EAP (explained aerial phenomena). And that will require, I believe, confronting an
            uncomfortable cultural fact: like our planet, our D-class civilization is immature.
         

         
         In the family history of all the stars in the Universe, our own is a toddler. Most stars were born billions of years before
            the Sun. Many are so old they have already consumed their nuclear fuel and cooled off to a compact Earth-sized remnant known
            as a white dwarf. And of the billions of stars in our own Milky Way galaxy, roughly half host an Earth-sized planet in the
            zone that would allow for liquid water and the chemistry of life.
         

         
         That means that here in the Milky Way alone, the dice of life have been rolled in innumerable places under conditions similar
            to those that produced life on Earth, and likely much, much earlier.
         

         
         Surely, then, it is reasonable to suspect that life elsewhere not only exists but is quite common, and that in many cases it began long, long before our microbial ancestors got their start here on Earth. If so, then intelligent species may well be billions of years ahead of us in the building of technological civilizations. In addition, during the very short time span that encompasses human history, entire civilizations—Mesopotamian, Roman, Aztec—have come and gone and now exist only in cultural echoes that merely a few scholars hear, and through archaeological digs. Scale this analogy to the Universe and we can postulate the statistically plausible bet that other civilizations have come and gone, some leaving discoverable echoes and artifacts. And that the few civilizations that might persist could be millions, perhaps billions, of years older than our own. 

         
         
            A Thought Experiment

            Because we have already launched our own interstellar craft, we can usefully turn the tables on our own search for evidence
               of another interstellar civilization. At the time I type this, Voyagers 1 and 2 are the only spacecraft composing NASA’s interstellar
               mission; NASA engineered, built, and launched craft in expectation of their discovery by another sentient intelligence. Imagine,
               a million years from now in a galaxy far, far away, that NASA’s Voyager 1 space probe is diverted by the gravitational pull
               of a star, where it draws the attention of a species on one of the Universe’s innumerable planets that exist in a star’s habitable
               zone.
            

            
            Voyager 13 is about to fulfill NASA’s fondest dreams for it, and remarkably, Voyager 1 has, despite its long interstellar journey, survived largely undamaged since its launch in 1977. Its decahedral bus, a mere 47 centimeters in height and 1.78 meters across, has miraculously weathered its million-year journey intact and its most visible feature, a 3.66-meter-diameter parabolic antenna, is unharmed. Voyager 1 is pulled into a solar system’s orbit on a trajectory that has it pass close enough to the species’ telescopes that it is detected by the starlight it reflects. And in short order, the data streaming in from their other instruments help them determine Voyager 1’s speed, rotation, rough point of origin, heat signature, and clues as to its material composition. 

            
            Imagining the means by which Voyager 1 might be identified by another technologically adept civilization is less speculative
               than you might think. Whatever the biology of the species, their observatories would not look much different than ours. The
               Universe’s fixed physical laws effectively serve to put boundaries on the design of devices used to study them and tease out
               their consequences. There are only a finite number of ways you can build cameras that photograph distant objects and telescopes
               that pick up infrared wavelengths, just as there are a finite number of ways to generate the electricity necessary to power
               them. Put differently, all civilizations that confront the same unchanging natural laws and attempt to understand those laws
               will be constrained by those same laws as they manufacture technology, and they will tend toward certain common understandings,
               design choices, and conclusions.
            

            
            True, the gap in technological capabilities between civilizations could be so great that one might look upon the technology
               of the other with as much comprehension as a chimpanzee watching a presentation at an Apple launch event. Humanity confronted
               with a civilization that had the benefit of millions of years’ experience of total mastery of all the physical laws, classical
               and quantum, would be akin to such a chimpanzee, if not something even less flattering, say a termite. But it is also possible
               that the gap between species could be small enough to make the relationship more that of a student to a teacher.
            

            
            Being generous, we might posit such a gap to be about 2,000 human-history years long. I imagine that the inventor of the Antikythera
               Mechanism4, a shoebox-sized device about two millennia old that ancient Greeks used to calculate the locations of celestial bodies, on being introduced to an iPhone might still think of the forces of the natural world in terms of gods and spirits, but would also bring a remotely usable frame of reference to the table—far more than a chimpanzee or a termite. Even a student so disadvantaged could make rapid progress understanding an iPhone, especially with a sufficiently gifted and patient teacher. 

            
            Enough common knowledge and even a two-thousand-year gap is likely bridgeable. Of course, if a species is without sufficient
               scientific knowledge, or is resolutely interested only in its own planetary biology and civilizations, or elects to be incurious
               about the possibility of other planetary civilizations, then it wouldn’t have a clue that a new piece of extraterrestrial
               trash had intruded on the orbit of their sun. Voyager 1 would come and go and they would continue on with their governing
               myths and, very likely, the presumption of being both the smartest and the only civilized life in the vast expanse of the
               Universe.
            

            
            For the sake of the current thought experiment, we must assume that this hypothetical species in the distant future is scientifically
               capable and interested in the arrival of even something as small and unassuming as Voyager 1 passing 24 million kilometers,
               or about the distance Venus is from Earth, from their home planet.
            

            
            Here is my first question: How impressed should we be with this species’ scientific and technological prowess?

            
            The answer: enviously impressed, but not for the reason you’d think. Humanity currently doesn’t have equipment capable of
               detecting a probe of that size at that distance. ʻOumuamua was at a similar distance from Earth, but it had a width and length
               of hundreds of meters (being most probably pancake shaped, its depth was harder to determine and can be left as “thin”). That’s
               considerably larger than Voyager 1, roughly a football field compared to a diminutive football player. And while the astronomers
               operating Pan-STARRS telescopes atop Hawaii’s Haleakalā Observatory in 2017 were able to discover this interstellar object, those aiming the infrared Spitzer Space Telescope—designed to peer deep into space rather than at rapidly passing nearer objects—failed to detect any heat signature. Whether there was none, or the signature was simply below the telescope’s ability to detect, we do not know. No instrument in humanity’s arsenal of cosmic discovery was then built for the purpose of detecting anomalous, and perhaps extraterrestrial, interstellar objects. 

            
            The species tracking Voyager 1 is more fortunate, possessing instruments capable of alerting them to the probe’s existence.
               And if this species has telescopes sophisticated enough to spy Voyager 1 in transit, that suggests strongly they were looking
               for just such an object. And in turn, that means the odds are good that their civilization also possesses the means to intercept,
               image, and even capture Voyager 1. And if all of these presumptions hold, then the species would soon be the possessors of
               the twelve-inch gold-plated copper disk5 encased in a protective jacket and mounted on the side of Voyager’s bus. Soon, the species’ scientists, and perhaps its planet-wide
               population, would hear a soundtrack that includes words of welcome in fifty-five terrestrial languages, diverse recorded sounds
               (thunder, a human heartbeat, crickets, the liftoff of the Saturn V rocket, a mother kissing her child), and an eclectic collection
               of music. More important, they would possess incontrovertible evidence that they are not alone in the Universe.
            

            
            Unfortunately, to date humanity does not have telescopes capable of picking up the existence of an interstellar object the
               size and distance posited for Voyager 1. And among our rapidly increasing fleet of spacecraft, we still have nothing capable of chasing, intercepting, and photographing, let alone capturing, any such object.
            

            
            This unfortunate fact leads to my second question: How great is the scientific gap between this species’ civilization and
               humanity’s? In fact, the technological gap is minimal to nonexistent. We possess the technology to create such instruments.
               The reason humanity does not currently have them is not a matter of means, but a matter of choice. And this is the real reason
               we should envy this hypothetical species.
            

            
            Yes, we would have much to learn from a species capable of bringing Voyager back for show-and-tell in their planetary museums. But the nature of those lessons wouldn’t be primarily technological or scientific. They would have more to do with the relative difference between the species’ place on the cosmic ladder of civilizations versus humanity’s. 

            
            Consider that for decades we’ve known that manufacturing and launching interstellar craft is not difficult. After all, we
               did it in 1977, sending both Voyagers into space at the reasonable cost of $865 million6. (That was also the year humans in the millions packed theaters to watch Star Wars, which happened to gross around $775 million.) If we can do this, another planetary civilization could, and depending on
               their priorities they might have created an interstellar mission able to send out far more than just two craft. And not just
               priorities, but longevity: The first words that open Star Wars are the only ones that make any of its make-believe even remotely plausible. “A long time ago” trailed across the screen
               before “In a galaxy far, far away. . . .” This was director George Lucas’s subtle reminder to his viewers that the Sun formed
               only 4.6 billion years ago, in the last third of cosmic history. If human civilization manages to persist, if the dawn of our interstellar era is not also its dusk, we
               will manufacture ships that can chase, image, and even capture a UAP or interstellar object.
            

            
            The reasons we are unable to do so now is that as a civilization we have not prioritized the search for extraterrestrial technology.
               More is at stake, however, than missing the momentous discovery that we are not alone. We are currently a D-class civilization, characterized by our short-sighted pursuit of selfish goals at the expense of the long-term survival of our
               civilization and our planet. If humanity fails to ascend the cosmic scale of civilizations, the odds increase that we will
               perish even before the Sun does. To jolt us out of our current complacency, humanity needs a sufficiently grand ambition.
               That ambition, I am convinced, is the scientific and technological pursuit of proof of an ETC.
            

            
         
         
            A Need for New Leadership

            Scientists must and will be at the forefront of positioning humanity to discover life and civilizations in the Universe. And that is why we need to think first of politicians. Before we, and Interstellar, can turn to the science, it is essential that we confront the stumbling blocks to science’s rapid advance. Well before any
               alien shows up to say, “Take me to your leader,” humans must ask, “Which of our leaders are preparing us for the future to
               come?”
            

            
            We must choose politicians with the curiosity and imagination to prepare our civilization for this endeavor. This is for a
               practical reason. However important the space initiatives of wealthy private citizens, it’s the politicians who will make
               the decisions and award the significant funds to mount a concerted search for evidence of extraterrestrial civilizations.
               It is also for a more subtle reason. It will be the leaders of Earth’s nations who will adopt the attitudes and advance the
               policies to prepare humanity for its ascent up the ladder of civilizations. Fortunately, that work has already commenced.
               Even if it was just recently true, and in many parts of our planet still true, that advocates for seeking extraterrestrial
               artifacts were relegated to the aluminum-foil-hat wearing, presumptive crazies, some leaders have already been at work destigmatizing
               the search for extraterrestrial civilizations and technology. That the Pentagon Report was released at all is in part due
               to their efforts. This is why, as humans across the globe exercise what authority they are allowed to exercise in choosing
               their leaders, I recommend we bear in mind the example of the late Senator Harry Reid of Nevada.
            

            
            It was Senator Reid—with Senators Ted Stevens, a Republican of Alaska, and Daniel Inouye, a Democrat of Hawaii—who in 2007
               secured the relatively meager sum of $22 million to pay for the clandestine Advanced Aerospace Threat Identification Program.
               That was an important step toward the Pentagon’s report on UAP in 2021. But it was Reid’s frame of mind, even more than his
               efforts to recast a secretive, stigmatizing dialogue into a public, scientific one, that should inspire us. He was curious.
               He was open. He was courageous. When, in 1996, a friend suggested he attend a serious discussion of UFOs, Reid7 went and was fascinated by what he heard. When his friend John Glenn, the Mercury astronaut elected to the Senate, told Reid that he, too, was curious about the possibilities of life elsewhere, Reid was impressed. When his staff told him, “Stay the hell away from this,” Reid ignored them. 

            
            Senator Reid had no Ph.D. Brought up in a house made of railroad ties in the tiny Nevada town of Searchlight, he hitchhiked
               forty miles to high school, where the science classes were few. But at night he would lie in the yard on an old mattress and
               watch the shooting stars, wondering how the Sun stayed so hot. He had a scientist’s curiosity. It never left him. When he
               had the power to help with the search for evidence of life elsewhere, he used it. “I have never intended to prove that life
               beyond Earth exists,” he wrote not long after he left the Senate. “But if science proves it does, I have no problem with that.
               Because the more I learn, the more I realize that there’s still so much I don’t know.”
            

            
            The vocabulary humanity needs now will follow the frame of exploration and explanation our leaders provide. Curiosity, a willingness
               to be guided by a hypothesis and not a wished-for outcome, plus sufficient trust to invite the public into the pursuit of
               proofs significant not just to a nation or political party but to all humans promise a path forward for our civilization.
               The more hidebound our planet’s leaders and governments, the more uncertain that path.
            

            
            I was reminded of this in early 2022 during a forum with former Secretary of State Henry Kissinger. The ninety-eight-year-old
               politician and diplomat brought the full weight, and all its associations, of the twentieth century to the conversation. I
               asked him the following question: “If we find extraterrestrials, how do we play ‘realpolitik’ with them when we know nothing
               about their society?” Realpolitik, or the approach to the gamesmanship among terrestrial nations, was predicated on understanding
               in a pragmatic way the goals and interests of your nation’s counterparts, ally or adversary. How, I was asking, can that approach
               work when we confront a civilization about which we know absolutely nothing? Kissinger is considered one of the grandmasters
               of realpolitik—and his response to my question was telling:
            

            
            
               This is a very good question. If we ever establish contact with an extraterrestrial society8, we should make huge efforts to get into some dialogue to understand their perception of what they are facing and what needs
                  to be done, and then see to what degree it is compatible with our perception, including artificial intelligence and cyber
                  technology. Our civilization might not survive if a war is conducted to the limits of each side. We should prepare to analyze
                  issues as they arise and understand, as is the case with Russia or China, how do other societies view reality, what can we
                  learn, and what do we want to achieve after understanding them in a general context.
               

            

            There is wisdom here, but of a distinctly terrestrial sort. Secretary Kissinger’s use of Russia and China as the case studies
               to consider, his echo of the Cold War worry of an unsurvivable war, and his faith that the general context of shared understanding
               will be how all societies, terrestrial and not, view reality are all telling. They reflect consideration of the metaphorical
               gravity of human civilization rather than the physical laws of gravity itself. Those universal laws are far more likely to
               be our common vocabulary for communication.
            

            
            If we are to survive, let alone benefit from, first contact with an extraterrestrial technological civilization, we will need
               leaders who think like Reid not only in the United States but in every country. The search for extraterrestrial civilizations
               cannot be mounted by a nation here and a nation there. The discovery of extraterrestrial artifacts cannot become the classified
               property of our historically bound, narrowly interested twenty-first-century nation-states. The search for, and any discovery
               of, ETC needs to reflect universal principles and methods. As Kissinger makes clear, this is neither obvious nor easy. The
               most expedited progress, however, will occur if how we seek the data and how we manage any encounters follow the protocols
               of the scientific method, of the transparency of peer review, with “peer” understood as the world’s competent scientific minds.
            

            
            To the present, most terrestrial governments have confronted the question of encountering extraterrestrials as Secretary Kissinger did. They scale it as a terrestrial problem, a familiar concern, one that participates in the contests of states and ideologies that have governed so much of the last centuries of human existence. This is the wrong frame. We must consider it as parallel to responding to a global pandemic. Just as in the struggle to combat a pandemic, we must think and act as a species, not as a hodgepodge of individual nations. And just
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