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English translation of article in Hebrew in Ha’aretz weekend edition (January 4, 2019):
Oded Carmeli

If it Turned Out to be True, it Would be One of the Greatest
Discoveries in Human History

A strange, pancake-like object that crept into the solar system excited the scientific community.
All this was nothing compared to the storm that took place when Prof. Avi Loeb, chair of the
Astronomy department at Harvard University, published an article in which he mentioned the
possibility that it was nothing short of an alien lightsail. In this interview, he tells why we have
not yet met other life forms, and why the best thing that can happen to us is actually the
discovery of dead civilizations.

"I do not care what other people say," says Prof. Abraham (Avi) Loeb, chair of the department of
Astronomy at Harvard University, who published one of the most controversial scientific articles
of the past year (and one of the most popular in the media). "I simply do not care. | say what

I think is right, and if the general public is interested in what | say - this is a welcome result but
an indirect result. Science is different from politics. It is not a matter of popular opinion." Loeb,
56, was born in the village (Moshav) of Beit Hannan near Tel Aviv and studied physics at the
Hebrew University as part of the Talpiot program. The well-known researchers Freeman Dyson



and John Bahcall have offered him a long-term fellowship at Princeton's Institute for Advanced
Study, whose faculty included Albert Einstein and Robert Oppenheimer. In 2012, TIME
magazine selected him as one of the 25 most influential people in space. Loeb won prizes, wrote
books and published seven hundred articles in the most important scientific journals in the world.
And in October 2018, along with his postdoctoral fellow Shmuel Bialy - another Israeli - he
published an article in the Astrophysical Journal Letters in which he seriously raised the
possibility that an intelligent species of extraterrestrials sent a piece technological equipment to
Earth.

The object in question is "Oumuamua. For those who do not follow the news of space,
"Oumuamua is the first object in history to be definitively identified as coming from outside the
Solar System. The first interstellar guest came to us from the direction of Vega. In "Contact",
Vega is the star from which the radio signal was sent to Judy Foster. In reality, ‘Oumuamua was
discovered a Canadian astronomer named Robert Warwick, using the Pan STARRS telescope at
the Haleakala Observatory, Hawaii. In the Hawaiian language, "Oumuamua™ means a scout, a
messenger that came from afar. The scout was discovered on October 19, 2017, close to the
location of the Earth (relatively close, of course; "Oumuamua was discovered at a distance of 33
million km from us, or about 85 times the distance from here to the moon). While all the planets,
asteroids, and comets that come from our solar system are orbiting in a single plane, since they
formed out of the same gas and dust disc that circled around the Sun, "Oumuamua entered the
Solar System north of the plane in an extreme hyperbolic approach with a speed of 26.3
kilometers per second beyond the escape velocity from the solar system. A reconstruction of its
path indicates that "“Oumuamua crossed the orbital plane of the planets on September 6, 2017,
with the Sun’s gravity accelerating the object to a speed of 87.7 kilometers per second, and on 9
September, 2017, the object moved close to Mercury. On October 14, five days before it was
discovered in Hawaii, the object passed 24,180,000 km from Earth, or about 62 times the
distance from here to the Moon. Two days later the object crossed back to the north of the plane,
and this time it was just behind Saturn’s path — on its way out of the Solar System, toward the
constellation Pegasus.

How does it feel to sit next to colleagues at the University’s cafeteria the day after you
publish an article such as the one which suggested that ‘Oumuamua might be a lightsail?

"The article was written, among other things, on the basis of conversations | had with colleagues
whom | respect scientifically. Senior scientists recognized that this object is strange, but they
were afraid to publish their thoughts. | do not understand that. After all, academic tenure is
designed to give scientists the freedom to express their sincere thoughts without risking their job.
Unfortunately, most scientists come to tenure - and continue to worry about their image.

As children we ask questions about the world, we allow ourselves to make mistakes. The ego
should not play the dominant role. We should explore the world innocently and honestly. As
scientists, we enjoy the privilege of maintaining our childhood curiosity. Rather than worry
about our ego — we should pursue the truth, especially after having tenure. "

If you did not have tenure, would you not publish the article?



"I guess not. It is not just the tenure issue. | serve as chair of the Harvard Astronomy department,
director of the Institute for Theory and Computation and founding director of the Black Hole
Initiative. In addition, | chair the Board on Physics and Astronomy of the National Academies in
the US. So I am risking my public image, if my assertion turns out to be untrue. On the other
hand, if it turns out to be true, it is one of the greatest discoveries in human history. To make
progress in our understanding of the universe, we need to be reliable, and the only way to be
reliable is to follow what you see as true and not worry about your image. What is the worst
thing that can happen to me? That I will be removed from my administrative duties? This will
offer the benefit of providing me with more time for my scientific research.™

What are they looking for?

The first interstellar visitor to be detected triggered great excitement among scientists, but its
shape and behavior also raised lot of questions. "Astronomers observed it through telescopes, but
not enough,™ says Loeb in disappointment, in my interview with him in Tel Aviv last week.

"We observed it continuously for only six days, between 25 and 31 October, 2017, about a week
after it was discovered. At first the observers concluded: OK, it must be a comet, but they did not
see a cometary tail. Comets contain ice and this ice evaporates from their surface as they
approach the Sun. But we did not see a trail of gas or dust from "Oumuamua. Then astronomers
thought: well, it must be an asteroid, just a piece of rock. But over its spin period of eight hours,
‘Oumuamua’s brightness changed by a factor of 10 - while the brightness of almost all asteroids
we know varies by at most a factor of three. If we assume that the reflectivity of light is constant,
that means that "Oumuamua is at least ten times longer than it is wide when projected on the sky.
There are two possible interpretations for this extreme geometry. One that the object looks like a
cigar and the other that it looks like a pancake. The same observers studied the lightcurve of
"Oumuamua and concluded that if it received many gravitational kicks along its journey - and
this is likely since it spent a lot of time in interstellar space - its shape is more likely to be
pancake-like. Later, additional strange features were discovered involving, for example, its
origins."

| wrote before that the origin of "“Oumuamua is from the direction of Vega, but it is not entirely
accurate. Space is huge and even at *Oumuamua’s speed — which exceeds the speed of any
chemical rocket used so far - the journey from Vega to the Solar System would have taken
600,000 years. But the Vega star which is circling around the Milky Way like the sun and all
other stars, was not in that region of the sky 600,000 years ago. "If you average the speeds of all
the stars in the vicinity of the Sun," says Loeb, "you get a system called the Local Standard of
Rest. "Oumuamua was nearly at rest in that special system before it was scattered by the Sun. It
did not approach us. It stayed in place, like a buoy in the sea, until the ship of the Solar System
bumped into it. Only one out in 500 stars is so much at rest in that frame as "Oumuamua was.
This is a very low probability. After all, if it was a rock kicked out of another planetary system,
we expected it to inherit the speed of its parent star, not the average speed of all the thousands of
stars in our vicinity. "

But the biggest surprise came last June, as new data from the Hubble Space Telescope implied
that the mysterious object had accelerated during its passage through the inner solar system in
2017 - an acceleration that was not explained by the Sun’s gravity. Excess accelerations of this
magnitude can be explained by the rocket effect in comets: as a comet approaches the Sun, the
Sun warms the ice on its surface and turns it to gas which pushes the comet like a rocket. But the



observations did not reveal a cometary tail behind "“Oumuamua. Moreover, outgassing would
have caused a rapid change in the spin period of the object, which was not observed and could
have broken the object into fragments.

If not cometary outgassing, what gave "Oumuamua the extra push? Here Loeb entered the
picture. According to his calculations, the acceleration of Omuamua could have been caused by
the momentum of sunlight. "The only hypothesis | could think of," he says, "is a boost from
sunlight. But in order for it to be effective, the object must be very thin, less than a millimeter
thick, that is, a pancake-like sail. In addition, the Spitzer space telescope did not detect heat from
the object, implying that it must be small and hence its reflectivity should be ten times higher
than a typical asteroid or comet. And so, what we have in front of us, then, is a thin, flat, shiny
object. That's how I arrived at the idea of a solar sail. A lightsail uses the momentum of light that
reflects off it for propulsion. Instead of using fuel, it is pushed forward by returning light. In fact,
this is a technology that our civilization is developing these days. "

Sending Technological Bottles to Space

Avi Loeb certainly knows a thing or two about lightsails. In 2016, the physicist and entrepreneur
Yuri Milner announced along with Stephen Hawking, Mark Zuckerberg and others, a new
initiative: Breakthrough Starshot, to launch lightsails at a fifth of the speed of light for the
purpose of exploring the neighboring star system system, Alpha Centauri, four light years away.
Loeb chairs the scientific advisory board for the project.

"The first question we asked about "Oumuamua was whether a lightsail could survive impact by
dust and gas particles along its interstellar journey - and we found that it would. Then we
calculated that the excess acceleration provided by sunlight would match that observed if the sail
was less than a millimeter thick. We cannot tell if the object is technologically functional or
defunct, in which case the spacecraft just floats in space. But if "Oumuamoa was created along
with an entire population of similar objects launched at random, the fact that we discovered it
with Pan STARRS means that a quadrillion such objects must be produced per star in the Milky
Way during the age of the galaxy. The requirement is drastically reduced if one assumes that
"Oumuamua was sent on a targeted mission into the habitable region of the Solar System. One
has to keep in mind that humanity did not broadcast anything tens of thousands of years ago,
when the object was still in interstellar space. And so, any sender did not know there was
intelligent life here. Therefore, in case of a targeted mission — it can only be a fishing
expedition.”

Fishing for what?

"I do not know. | like to go on the beach with my daughters, like here in Tel Aviv, and look at
seashells that were swept ashore. Occasionally we find a glass bottle between the natural
seashells. Similarly, we should study any interstellar object that enters the Solar System and
check whether it might contain a message in a bottle. So far we have searched for signals from
extraterrestrial civilizations in the radio, because we developed this technology ourselves a
century ago. But another approach is to search for a technological bottle. Humanity sent \VVoyager
1 and 2, already into the interstellar space. These are technological messages in a bottle. And in
the next century we will likely send many more bottles at much higher speeds. "



Like Breakthrough Starshot?

"Exactly. Our goal in this project is to launch lightsails to a fifth of the speed of light so that they
will reach the Alpha Centauri within 20 years. And the reason is clear: | am 56 and Yuri Milner
is 56. At this speed, we could see any photos taken by such probes during our lifetime. Of
course, the sailboats will continue on their way long after Milner and I will not be here. It is
possible that space is full of such lightsails and we just cannot detect them with existing
telescopes because they are small and fast. We only noticed "“Oumuamua because this was the
first time our detection technology was sensitive enough to notice objects that are tens of meters
in size passing near the Earth. In three years, the construction of LSST will be completed,
providing us with a far greater sensitivity than Pan-STARRS. This will allow us to detect many
more objects which originated from outside the solar system. At that point we will know whether
or not "Oumuamua is an anomaly. The importance of my article was to attract the attention of
astronomers so that they will allocate observing time on the best telescopes at our disposal to
study additional interstellar objects, and perhaps even contemplate a space mission to fly by
them, take a close-up photo or even land on their surface and study them in greater detail. At the
moment, we do not have the propulsion technology that allows us to catch up with "Oumuamua.
The visitor came to dinner, went out into the street and disappeared into the darkness. And we
might never know what it was looking for. "

But the Breakthrough Listen Project used a radio telescope to listen to "Oumuamua with
unprecedented sensitivity, to the level of a cell phone transmission. And we did not hear
anything.

"When | suggested to Milner that we listen to "Oumuamua in early November 2017, we knew
that the chance of receiving a signal was negligibly low. Because even if there is radio
transmission, it will not necessarily be sent in our direction since it will likely be beamed to
conserve energy. That is, even if this scout had broadcasted back to its operators, we will not
necessarily intercept the signal. In addition, we do not know the transmission frequency. Andit is
also possible that the broadcasting is intermittent with a low duty cycle, occurring only at special
times. Finally, it might be a non-operating space junk with nobody to broadcast to."

So why did SETI never detected direct radio signals from alien civilizations? We have been
listening for decades and found nothing.

"Judging by our behavior, it seems to me that the most likely explanation is that advanced
civilizations develop the technologies that destroy them shortly after they are capable of
transmitting signals. There is a time when culture is still careful, for example, not to enter

a nuclear war. But consider the possibility that the Nazis were successful in developing nuclear
weapons. In that case, the second world war could have led to mass annihilation. And there are,
of course, asteroids and global warming and lots of other self-inflicted wounds. The
technological window of opportunity may be very small. They launch such sails, but no longer



have someone to broadcast back to. "

That is to the question asked by Enrico Fermi - "Where is everyone?*" - You reply:
"Dead."

"Absolutely, most of them. Our approach should be archaeological. Similar to the way we dig
into the earth to discover cultures that do not exist anymore, we must dig in space to discover
dead extraterrestrial cultures."

Isn’t it more simple - and therefore more scientific - to assume that we are alone until
proven otherwise?

"No. Those who claim that we are singular and special show arrogance. My premise is cosmic
modesty. Thanks to the Kepler Space Telescope, we know that there are more planets like Earth
than grains of sand on all the beaches on Earth. So you think of a king who managed to take over
a piece of land from another country in a terrible battle, and felt that he was a great and
omnipotent ruler. And even imagine that he managed to control all the land on Earth. Even then,
he is like an ant that hugs a single grain of sand on a huge beach. Practically nothing of
significance. My guess is that we are not the only ants on the beach, that we are not alone. "

This is speculation. You do not know that for sure.

"The search for extraterrestrial life is not speculation, it is much less of a speculative than the
dark matter hypothesis, an invisible substance that accounts for 85% of the matter in the
universe. The dark matter hypothesis is part of the mainstream of astrophysics — even though we
never detected the related particles. Life in the universe is not speculation, for two reasons: (a)
We exist on earth, and (b) About a quarter of all the stars host a habitable Earth-size planet, with
physical conditions similar to Earth. There are many examples in mainstream science for
hypotheses that have not yet been confirmed by experiments or observations. Science makes
progress progress on a basis of anomalies, namely phenomena that cannot be explained by
conventional explanations. "

And here is the fact that there is a huge difference between the search for dark matter and
the search for extraterrestrial life. They would not have interviewed you for "*Good
Morning America" if you wrote a paper on the subject of dark matter.

"Indeed. This is because there is an extensive science fiction literature on contact with advanced
civilizations, with which the public is fascinated, but nothing like it on dark matter. So what?
Most scientists talk about searching for primitive life, but there is a taboo about searching for
intelligent life. This is not at all clear to me. After all, in the only place where we find a primitive
life, the earth, there is also intelligent life - if indeed we should be regarded as intelligent. Our
science is not in a healthy state. | asked a scientist studying objects in the Kuiper belt,

a senior astronomer who discovered many objects there, if he was looking for changes in their
brightness that might indicate artificial light. He said, "Why look? There is nothing to look for; it
is obvious to start with that their brightness will change as expected from reflected'. If you are
not willing to find unusual things, you will never find them. Of course, any argument should be



based on evidence, but once the evidence indicates an anomaly, it is necessary talk about the
anomaly. Who cares if this anomaly has appeared or not appeared in science fiction books? | am
not a fan of science fiction anyway. "

Come on, now. Do not you like science fiction?

"No. The moment | read a story that contradicts the laws of nature, it bothers me, I love literature
and I love science, but imagination that violates the laws of physics bothers me. "

So did not you read Arthur C. Clarke's ""Encounter with Rama?'" Because it is very
reminiscent of the meeting with "Oumuamua.

"No. What preoccupied me was the basic problems of life."
The origin of life? Their distribution in the universe?

"Real life, our lives as human beings. | would read philosophy books, especially on
existentialism. | was born on a farm in a village. Every afternoon | would collect eggs and on
weekends | would ride a tractor to the hills and read philosophy books on my own. | love nature.
| love to be alone. I do not exist on social networks. I think about my ideas when | am alone in
the shower. And I did not even think about a press release for this paper on "“Oumuamua. | wrote
a scientific article which was published like any of my research papers in a scientific journal and
posted on the arXiv ahead of time. | did not even make any statement to the press. Two bloggers
read the article on the arXiv - and their reports became viral."

And how does it feel to be a viral scientist? The report about your article on NBC News was
a the most popular science piece of 2018.

"I used the interaction with the media to explain the scientific process, that involves a lot of
uncertainty due to limited evidence. The populist movements in the US and Europe are based in
part on the fact that the public lost trust in what is labeled as “the scientific elite”. People deny
global warming, for example. One of my interviewers in Germany said, 'There are scientists who
say it is a mistake to speak with the public when you are still not sure.’" The same scientists think
that if we will expose situations of uncertainty, the public will not believe us when we talk about
climate change. But the lack of credibility stems precisely from the fact that scientists build an
ivory tower and only show the public their final conclusions. If a group of scientists shut
themselves in a room, and only at the end of the process come out and lecture their conclusions
to the public as to students in a classroom, then some people will not believe them since they
would feel as if they are treated as inferior. Since they have not seen the uncertainties, they are
did not see that in the early stages there was not enough data, and cannot appreciate that when
scientists agree — the evidence must be overwhelming. The right approach is to convince the
public that the scientific process is a normal, human process, no different from what a police
detective does in a crime scene or a plumber does to repair the pipes. Scientists are considered
elite because they themselves create this ivory tower artificially. They say: "The public does not
understand, so you do not have to share it. We will decide among ourselves what's right, and
then we will come out united and tell the politicians what to do. But then the populist politician



says: 'Only the elite says that, they hide other things from us.' The problem stems from the leap
to the conclusions and policy recommendations. Differences in opinions within the scientific
community when the evidence is unclear would give the public confidence in the scientific
process, and with confidence in the process comes credibility. "

And if we do discover that we are not alone in the universe? What effect will the discovery
have on our lives?

"The impact would be enormous. Most likely, the aliens will be more advanced than we are
because our technology was developed relatively recently in cosmic history. We could learn a
great deal from them - about technologies developed over millions or billions of years. And it
may be that this is why we have not yet identified intelligent extraterrestrial life, because we are
still rather primitive on the cosmic scale and cannot read the subtle signals around us. As soon as
we will leave the solar system, we might find a lot of interstellar traffic out there. We might even
receive a message saying: 'Welcome to the interstellar club!" Or we'll find a lot dead civilizations,
namely their remains."

And that would be good news? If there are many advanced civilizations that were killed or
self-eliminated, this would not be a good sign for our future.

"It would be an excellent sign. It would make us think again about what we are doing here and
now, and teach us a lesson of what needs to be done in order not to share the same fate of these
dead civilizations. We need to be more cooperative and less combative with each other. We
should avoid climate change and settle in space. This should lead to a good place. The basic
question is whether people are fundamentally good in their nature.”

And what is the answer?

"I believe so. As soon as it will turn out that there really are a lot of civilizations that have
become extinct, | believe that people will come together and reach the correct conclusions. And
if we discover the remnants of advanced technologies, they will prove to us that we are only at
the beginning of the road and not the smartest kids in the block. And that if we do not continue
on this path, we will miss a lot of what we can see and experience in the universe. Imagine
showing the iPhone you are using to record our conversation to a cave person. What would that
person think of this unusually sculpted object? Now, consider ‘Omuamua to be the iPhone and us
as the cave people. Imagine scientists, who are regarded as the bearers of reason and wisdom
among the cave people, looking at this instrument and saying — no, it is just a piece of rock. An
unusually shaped rock, but just a rock. How dare you claim that it is not a rock?”
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