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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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Shawn G. Henry

English translation of article in Der Spiegel magazine (January 4. 2019)

Johann Grolle

If Extraterrestrials Are Peaceful, We Can Learn a Lot from Them

Are there technological civilizations on exoplanets? Had theirs space probes reached our
vicinity long ago? When will they contact us? Astronomer Avi Loeb addresses these questions —
and encourages researchers to talk more about them.

SPIEGEL: Professor Loeb, do you have a favorite alien?
Loeb: To be honest, I don't like science fiction personally. I have problems when the action in a

movie violates the laws of physics. In those cases I cannot enjoy the experience esthetically.



SPIEGEL.: If you don't like aliens, why are you exploring the question of extraterrestrial
intelligences?

Loeb: Because that's one of the really big questions. I was always interested, even as a young
kid, in thinking about the big picture. And the most fundamental of all questions is: Are we are
alone?

SPIEGEL: Why do you consider this question so fundamental?

Loeb: If at some point we encounter other intelligent beings, it would radically change our
perspective of our importance in the big scheme of things. In addition, extraterrestrial
intelligences could enormously increase our knowledge. Learning from them would improve our
understanding of the world. It could be a shortcut — just as if somebody from the Middle Ages
would get a glimpse of our world in the 21st century.

SPIEGEL: Are the prospects of encountering aliens better today than they were in earlier times?
Loeb: We live in a special time. For one thing, we've only found out in the past few years how
widespread life might be in our galaxy. The Kepler satellite has taught us that every fourth star
has an earth-like planet with temperatures favorable for the emergence of life. And secondly,
today we have the necessary technology to answer the question of whether we are alone.
SPIEGEL.: If we assume that some extraterrestrial civilization was really discovered how
significant would this be compared to other important discoveries in human history?

Loeb: I think it would be the biggest of them all. If you think about the history of humans, the
perspective has changed as they evolved — from a single individual to a family, a tribe, a country,
and finally we even found other continents with people living there. If we would now find other
beings beyond planet Earth, this would be the biggest step ever.

SPIEGEL: How do you think it will happen? Will there be a moment when we receive some
intelligent signal from space, and suddenly this world will be a different place?

Loeb: I can't tell you what this moment will look like. But it will be shocking. Because we are
biased by our own experiences. We imagine other beings to be similar to us. But maybe they are
radically different. For example, it is quite possible that we won't encounter the life forms
themselves, but rather only their artifacts. In any case, we ourselves are not designed for
interstellar journeys. The only reason astronauts survive in space is that they are under the
protection of the Earth's magnetic field. Even when traveling to Mars, cosmic rays will become a
major problem.

SPIEGEL: So, E.T. is just a robot sent out by extraterrestrials?

Loeb: Why not? Or the extraterrestrials could, instead of traveling themselves, send 3-D printers
which then could print artifacts or even living organisms, using the material that they find on
other celestial bodies.

SPIEGEL: Do you think that the big moment of first contact will happen in your lifetime?



Loeb: My guess is that we will first detect some technological debris rather than biological life
itself.

SPIEGEL: How? Orphaned spaceships? Abandoned junk?

Loeb: Exactly. Most civilizations might be very short-lived. In other words: I'm afraid that they
don't take good care of their home planet and that in the end they will destroy themselves — by
nuclear wars, by interventions in the climate, by environmental destruction ...

SPIEGEL: So, astronomers would be like inner-galactic historians, reconstructing lost high-tech
cultures from the ruins?

Loeb: That's why I call it "space archaeology".

SPIEGEL.: In "Astrophysical Journal Letters" you recently put forward the hypothesis that the
first extraterrestrials might even be here already ...

Loeb: Yes, on October 19, 2017, the PanSTARRS telescope in Hawaii detected an unusual
object in the sky. It moved so fast that it must have originated from some place beyond our solar
system. This makes it the first visitor from outer space that we know of. It was christened
"Oumuamua".

SPIEGEL.: Is it astonishing to find an asteroid wandering across the galaxy and finally finding its
way to us?

Loeb: Quite astonishing, in fact. Ten years ago, before PanSTARRS began operating, 1
calculated together with two colleagues whether this instrument should find any objects from
outer space. Assuming that such objects originate from solar systems similar to ours, we came to
the conclusion that the probability is somewhere between 1:100 and 1: 100.000.000.

SPIEGEL: Oumuamua shouldn't exist at all?

Loeb: That's correct. Besides, it is quite a mysterious object in other respects, too. Its brightness
changes dramatically, suggesting a very strange shape. A sphere would always reflect the same
amount of sunlight. Only a disc or a cigar-shaped body would sometimes turn its edge and
sometimes its broad side towards us, which would make it flicker while rotating.

SPIEGEL: But just being shaped in a strange way, doesn't make Oumuamua a spaceship yet ...
Loeb: I agree. But the more we found out about this object, the weirder it got. In June a paper
was published in the journal "Nature" describing the orbit of Oumuamua. It differs significantly
from an orbit shaped just by the gravitational field of the Sun.

SPIEGEL: What do you conclude from this?

Loeb: There was some additional force acting on Oumuamua. For example, if it is a comet, it
could have emitted gases while flying past the Sun. This would provide a kickback like in a
rocket. However, a considerable part of its mass would have evaporated — about ten percent.
SPIEGEL.: Is that unusual for a comet?



Loeb: Not necessarily. But we should have seen these gases. Despite an intensive investigation,
no cometary tail was discovered. And there is something else that is really strange: the rotation
of Oumuamua should have changed during outgassing, but this effect was not observed either.
SPIEGEL: What's the meaning of this?

Loeb: I wondered whether there might be another force acting on Oumuamua. And the only one
I can think of is the pressure of the Sunlight.

SPIEGEL.: Is this a force sufficiently strong to have an observable effect on such a body?

Loeb: This is the critical point. The power of the solar radiation is relatively weak. It could only
have a visible effect if Oumuamua if is a very thin object.

SPIEGEL: What do you mean by "very thin"?

Loeb: Less than a millimeter thick.

SPIEGEL: Wow! That's not a disc any more. That's just a sheet. How could something like that
have come about? It's difficult enough to imagine how a giant cigar could have formed — but a
giant sheet of paper?

Loeb: I can't imagine that either. I would be grateful if someone came along to make a
suggestion. But as long as there is no natural explanation, we are left with the possibility that it is
an artificial product. A light sail made by intelligent beings.

SPIEGEL: This sounds like quite an outrageous suggestion. If the very first object from outer
space turns out to be an artifact, such artifacts seem to be much more common out there than
natural asteroids or comets. So, do you think that interstellar space is a gigantic junkyard littered
with debris of alien civilizations?

Loeb: You are addressing an important point. We've worked it out: If Oumuamua is a randomly
wandering object, every solar system would have to produce millions of billions of such objects
— unless it's not random. It could be a targeted mission.

SPIEGEL: Y ou mean to say: Oumuamua is an active space probe and it is spying on us?

Loeb: I'm just saying that this is a possibility. I follow a detective's strategy. And Sherlock
Holmes said: "If you have ruled out the impossible, then what's left is the truth, however unlikely
it may seem."

SPIEGEL.: It's not exactly common for a respected scientist to put forward such suggestions.
What were the reactions like?

Loeb: There was a huge response. Really unprecedented. I was about to go to Berlin for a
conference. And there were four TV crews waiting in front of my office. One even came to my
home before [ boarded the taxi to the airport.

SPIEGEL: And how about your colleagues? What did they think about your hypothesis?

Loeb: Most of them agree that Oumuamua is very weird. But still, they hesitate to say: Maybe it

is an artificial object.



SPIEGEL: Speculating about aliens is a pretty exotic idea. You might as well say: "there was
magic involved, or some divine creator."

Loeb: Not at all. Thinking about distant civilizations is nothing speculative. We know that we
exist. So at least one life form developed advanced technology. And we know that there are
conditions similar to those on Earth in a quarter of all planetary systems around other stars. Then
why shouldn't there be intelligent beings elsewhere? I follow what I call the principle of cosmic
modesty. We humans tend to think of ourselves as something special. But history has shown
time and time again that this is an illusion. We thought that Earth was at the center. But it
revolves around the Sun, which revolves around the center of our galaxy, which is only one of
billions of galaxies in the universe. The principle of modesty requires us to assume that neither
are we something special from a biological point of view. And if there are other intelligent
beings out there, chances are that they are technically much more advanced than we are.
SPIEGEL: Some people blamed you for just trying to attract attention with your hypothesis of
spaceship "Oumuamua.

Loeb: That's nonsense. I didn't even issue a press release on our paper. If I had been interested in
attracting attention I would have done so. But that's not what it was about. My only motivation is
to think about the world. I don't care what people think.

SPIEGEL: According to a proverb, whoever has a hammer will see nails everywhere. Perhaps
the only reason why you consider *Oumuamua to be a light sail is just because you are working
on one yourself as part of the project "Breakthrough Starshot"?

Loeb: I don't deny that my imagination is limited by what I know. Certainly my ideas are
influenced by what I'm working on. But this is true for everybody.

SPIEGEL.: Please, tell us: What is it about the Starshot project?

Loeb: It all started when Yuri Milner, an entrepreneur from Silicon Valley, came to my office in
May 2015 and asked me if I'm willing to lead a project whose goal would be to send a probe to
the nearest star, the constraint being that it should arrive within our lifetime.

SPIEGEL: Sounds pretty weird. A rocket would take close to 100.000 years to reach our nearest
neighbor Proxima Centauri ...

Loeb: I told Yuri I had to think about it. Proxima Centauri is four light years away from Earth.
To get there in 20 years, a probe would have to travel at a fifth of the speed of light. After six
months I had a clear idea of the concept.

SPIEGEL: How?

Loeb: One thing was clear: I had to rule out any kind of propulsion with the probe's fuel on
board. Even with plutonium, the energy density is far too low to reach such speeds. That's why a
light sail accelerated by a powerful laser from Earth seemed to be the only feasible way.

Together with Yuri and Stephen Hawking we presented the concept in New York: The idea is to



accelerate the probe with a 100 gigawatt laser beam for a few minutes. Once it is five times as far
away as the moon, it will have reached a fifth of the speed of light.

SPIEGEL: Provided the probe is very small and light ...

Loeb: Yeah. We plan a payload of about one gram. The probe needs a camera and also a
navigation and a communication device. The miniaturization of electronics allows us to
accommodate all this.

SPIEGEL: You are envisaging an extremely powerful laser. Don't you think that your mini-
probe will evaporate as soon as it is hit by the beam?

Loeb: To prevent this from happening, we need a material that almost completely reflects the
incoming laser light. It must be a perfect mirror that absorbs less than one 100,000th part of the
light. Such materials do exist.

SPIEGEL: Even a million kilometers from Earth you still want to accelerate your probe further.
Is it possible at all to focus laser light with such precision?

Loeb: Yes, it is. Our concept is to install many small infrared lasers across an area of one square
kilometer. This will allow us to focus the beam up to about five times the distance from the
moon. This is an important limitation, by the way. If we could focus the beam to a greater
distance, we could use less powerful lasers, because then we could accelerate the probe over a
longer period of time.

SPIEGEL: Twenty years later, if the probe really reaches its destination, it has to take pictures
and send them back to Earth. But the transmitter on board is unlikely to be more powerful than
the one we use in our mobile phones. This will be quite a weak signal to transmit across a
distance of four light years ...

Loeb: Traveling across such a distance the beam of the signal will spread out to more than the
size of the Earth's orbit around the Sun. So the probe only has to target the Sun, and Earth will be
within the signaling footprint. However, we will need a big receiver on Earth.

SPIEGEL.: Let's assume that all this really works out well and you receive a photo of Proxima
Centauri sometime in 2050 or so. Is such a picture worth $10 billion, which is the currently
projected cost of development?

Loeb: For one thing, it will be possible to send a lot of probes into space once the launch system
is constructed, because the expensive part is the infrastructure of the laser beamer, the probes
themselves will be rather cheap. Moreover, project Starshot is not about the photo itself. It's
about demonstrating that we can leave the solar system. This will open the door to a completely
new frontier of space exploration.

SPIEGEL: Could you also send such a probe after Oumuamua to find out whether it really has
the shape of a sail?



Loeb: Yes, this is possible. Oumuamua is moving too fast for a chemical rocket, but with a laser
driven light sail it would be possible to catch up with it even well below our speed goal, at a
tenth of a percent of the speed of light.

SPIEGEL: But still, it is doubtful whether this will ever happen. Is there any other way to find
out if there is any truth in your hypothesis about the spaceship Oumuamua?

Loeb: Absolutely. In a few years, the Large Synoptic Survey Telescope will go into operation,
which is the successor to PanSTARRS. If objects like Oumuamua are randomly scattered in
space this instrument should see thousands of them, and we would then be able to study them
much more thoroughly. By the way, celestial bodies of distant origin are likely to already orbit
within our solar system. The gravitational field of the Sun and Jupiter acts like a fishing net that
can capture bodies arriving from outer space.

SPIEGEL: Can they be distinguished from the many homegrown asteroids within the solar
system?

Loeb: Yes. Because they come to us from arbitrary directions, their orbit is likely to be inclined
towards the plane of the planetary orbits. We have even identified some candidates.

SPIEGEL: And those you would now like to investigate more closely?

Loeb: Yes, I see this as a whole new way of studying distant planetary systems without the
hassle of traveling to them. It's like a dinner party where some guest turns out to come from a
distant country. Just by interviewing the guest, you can learn a lot about this country without the
need to pay the airfare and go to that country. As to Oumuamua, we only became aware of it,
when this guest had already left and disappeared through the dark street. As to the next visitor,
we will study it earlier and more thoroughly.

SPIEGEL: To change perspective, for a moment: If there really is a highly advanced civilization
somewhere out there, did they already get the news that there are some intelligent beings here on
planet Earth?

Loeb: If this civilization is as technically advanced as we are, they should be able to detect our
radio signals form a distance of tens of light years.

SPIEGEL: Would it be desirable to contact them?

Loeb: This depends on how optimistic you are regarding their intentions. If these beings are
peaceful, we could learn a lot from them.

SPIEGEL: But they could also be an existential danger for humanity. The historical situation
here on Earth which probably comes closest to the arrival of aliens, was the landing of Columbus
in the Americas. For the peoples living there this turned out to be a catastrophe.

Loeb: I agree. Therefore, the best thing to do is to listen first. Once we detect a signal, we can
figure out what to do.

SPIEGEL: Professor Loeb, thank you for this interview.



»Wenn diese Wesen iriedlich
sind, konnten wir
viel von ihnen lernenc

SPIEGEL-Gesprach Gibt es Hightech-Zivilisationen auf fremden Planeten? Haben uns ihre
Raumsonden ldngst erreicht? Wann werden wir Kontakt mit ihnen aufnehmen? Mit
diesen Fragen befasst sich der Astronom Avi Loeb — und fordert, dass Forscher mehr dariiber reden.

Loeb, 56, leitet das astronomische Institut
der Harvard-Universitdit. Er hat mehr als
700 theoretische Arbeiten iiber astrophysi-
kalische Phdnomene veriffentlicht. Sein
Interesse gilt unter anderem schwarzen
Léchern und der Geburt der ersten Sterne.
Zuletzt forschte Loeb intensiv iiber die
Frage nach Leben und Intelligenz jenseits
der Erde — ein Thema, iiber das er derzeit
ein Lehrbuch schreibt.

SPIEGEL: Herr Professor Loeb, haben Sie
einen Lieblings-Alien?

Loeb: Um die Wahrheit zu sagen: Ich mag
Science-Fiction nicht. Meist widerspricht
die Handlung im Film den Gesetzen der
Physik, und dann macht mir das Zugucken
keinen Spaf3 mehr.

SPIEGEL: Wenn Sie keine Aliens mogen,
warum erforschen Sie dann die Frage, ob
es auflerirdische Intelligenzen gibt?

Loeb: Das ist eine der ganz grofien Fragen
der Menschheit. Schon als Kind habe ich
mich fiirs Grundsitzliche interessiert. Und
die grundsétzlichste aller Fragen ist doch,
ob wir allein sind im Universum.
SPIEGEL: Wieso halten Sie diese Frage fiir
so fundamental?

Loeb: Falls wir irgendwann auf andere in-
telligente Wesen stofien sollten, wiirde es
das Bild unserer eigenen Bedeutung radi-
kal umwilzen. Aulerdem konnten aufler-
irdische Intelligenzen unser Wissen uner-
messlich vermehren. Von ihnen zu lernen,
konnte den Erkenntnisprozess enorm ab-
kiirzen — gerade so, als wiirde ein Mensch
des Mittelalters in unsere Welt des 21. Jahr-
hunderts katapultiert werden.

SPIEGEL: Glauben Sie denn, dass die Aus-
sichten, Auflerirdischen zu begegnen, heu-
te besser stehen als zu fritheren Zeiten?
Loeb: Wir leben in einer besonderen Zeit.
Zum einen haben wir erst in den letzten paar
Jahren herausgefunden, wie verbreitet Le-

Das Gesprich fiihrte der Redakteur Johann Grolle in
Loebs Biiro an der Harvard-Universitdt in Cambridge.
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Astrophysiker Loeb
»Unser Sonnensystem verlassen«

ben in der Milchstraf3e vermutlich ist. Die Mis-
sion des »Kepler«-Satelliten hat uns gelehrt,
dass fast jeder vierte Stern von erdahnlichen
Planeten umkreist wird, auf denen lebens-
freundliche Temperaturen herrschen. Zum
anderen haben wir heute die notige Techno-
logie, um die Frage, ob wir allein sind, durch
Beobachtungen beantworten zu konnen.
SPIEGEL: Wie bedeutsam wire die Entde-
ckung einer auflerirdischen Zivilisation, ver-
glichen mit anderen grofien Entdeckungen?
Loeb: Es wire die grofite, die bedeutsams-
te aller Entdeckungen. Unser Horizont hat
sich schrittweise vom Individuum zur Fa-
milie erweitert, dann zum Stamm, zum
Land. Irgendwann fanden wir andere Kon-
tinente, auf denen Menschen leben. Wenn
wir nun auch jenseits der Erde auf andere
Wesen stoflen sollten, wire dies die ulti-
mative Horizonterweiterung.

SPIEGEL: Wird es irgendwann einen Mo-
ment geben, in dem wir ein intelligentes
Signal aus dem All auffangen, und plotz-
lich wird die Welt eine andere sein?

Loeb: Ich kann Ihnen nicht sagen, wie dieser
Moment aussehen wird. Aber er wird scho-
ckierend sein. Denn wir sind befangen durch
unsere eigenen Erfahrungen. Wir stellen uns
Wesen vor, die dhnlich sind wie wir. Aber

Digas_14216.001.001.PDF 05.01.2019-14:53h

vielleicht sind sie ja ganz anders. Es ist zum
Beispiel gut moglich, dass wir gar nicht den
Lebensformen selbst begegnen, sondern nur
ihren Artefakten. Zumindest irdisches Leben
ist nicht gemacht fiir interstellare Reisen.
Dass sich Astronauten lénger in der Inter-
nationalen Raumstation aufhalten kénnen,
liegt nur daran, dass sie durch das Magnet-
feld der Erde geschiitzt sind. Schon auf der
Reise zum Mars wird die kosmische Strah-
lung zu einem erheblichen Problem werden.
SPIEGEL: Das heif3t, E. T. ist nur ein Robo-
ter, den die Aufierirdischen als Sendboten
ausgeschickt haben?

Loeb: Warum nicht? Oder die Extraterres-
trier konnten, statt sich selbst auf die Reise
zu begeben, 3-D-Drucker verschicken, die
dann mithilfe des Materials, das sie auf an-
deren Himmelskorpern vorfinden, leben-
dige Organismen ausdrucken.

SPIEGEL: Denken Sie, dass Sie die erste
Begegnung mit diesen gedruckten Fremd-
lingen noch erleben werden?

Loeb: Mein Tipp ist, dass wir gar nicht auf
eine intakte Zivilisation treffen, sondern
nur auf deren Uberreste.

SPIEGEL: Wie? Also verwaiste Raumschif-
fe? Herrenloser Weltraumschrott?

Loeb: Sie sagen es. Ich fiirchte, dass Zivili-
sationen meist sehr kurzlebig sind. Mit an-
deren Worten: dass sie mit ihrem Heimat-
planeten nicht sehr pfleglich umgehen und
sich am Ende selbst zerstoren — durch
Atomkriege, durch Eingriffe ins Klima,
durch Umweltzerstorung.

SPIEGEL: Und den Astronomen kommt
dann die Rolle innergalaktischer Altertums-
kundler zu, die aus den Ruinen untergegan-
gene Hightech-Kulturen rekonstruieren?
Loeb: Ganz genau. Ich spreche deshalb
von »Weltraumarchdologie«.

SPIEGEL: In den »Astrophysical Journal
Letters« haben Sie kiirzlich die Hypothese
formuliert, dass die ersten Auflerirdischen
vielleicht sogar schon da seien. Im Ernst?
Loeb: Ja, am 19. Oktober 2017 registrierte
das »Pan-Starrs«-Teleskop in Hawaii ein un-
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Das Ratsel
um ‘Oumuamua

Bekam das Sonnensystem vor einem Jahr Besuch
von einer Sonde, dievon einer auBerirdischen
Zivilisation entsandt wurde?

Der Astronom Avi Loeb halt das fiir maglich.

1 Der Eindringling

Am 19. Oktober 2017 entdeckte das »Pan-Starrs«-
Teleskop in Hawaii einen eigenartigen Himmelskérper.
Er bewegte sich so schnell, dass er kein Teil unseres
Sonnensystems sein konnte. Es musste sich bei
‘Oumuamua (hawaiisch: »Erster Bote aus

der Ferne«) um ein fremdes Objekt handeln.

DER SPIEGEL

-- 1 Ratselhafte Bahn <

‘Oumuamua zeigt eine Bahn-
abweichung, wie sie von Kometen
bekannt ist, aus denen Gase
austreten. Doch konnte weder

ein Kometenschweif beobachtet
werden, noch dnderte sich die
Rotation des Objekts, wie es

bei Masseverlust durch Aus-
gasung zu erwarten ware.

» A Sonnenkraft

Es bleibt fiir Avi Loeb nur die Annahme,
dass der Strahlungsdruck der Sonne
auf ‘Oumuamua eingewirkt hat.

Diese Kraft ist aber so schwach,

dass sie nur Korper mit groRer
Oberflache und winziger Masse
beeinflussen konnte -

etwa ein papier- 'i’i"i'

diinnes Segel.
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E1 Blinkzeichen <

Die Helligkeit von ‘Oumuamua
schwankt: Offenbar rotiert das
Objekt und reflektiert dabei
aufgrund seiner besonderen
Gestalt unterschiedlich viel
Sonnenlicht. Der Effekt ist so
ausgepragt, dass ‘Oumuamua
eine bizarre, lang gestreckte
Form besitzen miisste - wie sie
bei Himmelskdrpern des Sonnen-
systems nicht vorkommt.

» [ Weltraummiill

Sollte ein solches kiinstlich
hergestelltes Lichtsegel unser
Sonnensystem zufallig erreicht
haben, miisste man annehmen,
dass es im Weltraum von solchen
Artefakten nur so wimmelt.

Das mutet unwahrscheinlich an.
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H Seltsamer Zufall «¢

Vergleichsweise selten verirren
sich Asteroiden aus fernen
Sternensystemen in unser
Sonnensystem. Loeb zufolge
liegt die Wahrscheinlichkeit,
mit »Pan-Starrs« einen solchen
Irrldufer zu sichten, irgendwo
zwischen 1:100 und
1:100000000.

. g

» ld Alienmission

Loeb mutmaRt deshalb,
dass eine auBerirdische
Zivilisation*Oumuamua
gezielt als Erkundungssonde
in unser Sonnensystem
geschickt hat.
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gewohnliches Objekt am Himmel. Es beweg-
te sich so schnell, dass es von einem Ort jen-
seits unseres Sonnensystems stammen muss.
Es ist damit der erste Besucher aus dem All,
von dem wir Kenntnis haben. Es wurde auf
den Namen ‘Oumuamua getauft.

SPIEGEL: Wire es denn erstaunlich, wenn
sich ein durch die Galaxis fliegender Aste-
roid hier zu uns verirrt hétte?

Loeb: Allerdings. Vor zehn Jahren, ehe das
»Pan-Starrs«-Teleskop in Betrieb ging,
habe ich zusammen mit zwei Mitarbeitern
berechnet, ob sich mit diesem Instrument
Objekte aus anderen Sonnensystemen auf-
spiiren lassen. Unter der Annahme, dass
solche Objekte aus Sonnensystemen stam-
men, die dem unseren dhneln, kamen wir
zu dem Schluss, dass die Wahrscheinlich-
keit dafiir irgendwo zwischen 1:100 und
1:100 000 000 liegt.

SPIEGEL: Das heifdt, ‘Oumuamua diirfte
es eigentlich gar nicht geben?

Loeb: Ja. Auflerdem handelt es sich auch
in anderer Hinsicht um ein rétselhaftes Ob-
jekt. Seine Helligkeit schwankt drastisch,
was auf eine eigenartige Gestalt schliefien
lasst. Eine Kugel wiirde immer gleich viel
Sonnenlicht zuriickwerfen, nur ein zigar-
ren- oder scheibenférmiger Kérper wen-
det uns beim Trudeln mal die Kante, mal
die Breitseite zu und flackert dabei.
SPIEGEL: Aber nur weil es komisch geformt
ist, muss es ja noch kein Raumschiff sein.
Loeb: Das nicht. Aber je mehr wir heraus-
fanden, desto seltsamer wurde es. Vorigen
Sommer kam eine Arbeit in der Zeitschrift
»Nature« heraus, in der beschrieben wird,
dass die Bahn von ‘Oumuamua von derje-
nigen abweicht, die es eigentlich im Schwere-
feld der Sonne beschreiben miisste.
SPIEGEL: Was bedeutet das?

Loeb: Es muss eine zusdtzliche Kraft auf
‘Oumuamua eingewirkt haben. Wenn es
sich zum Beispiel um einen Kometen han-
delt, dann koénnte er beim Vorbeiflug an
der Sonne Gase ausgestoflen haben, die
ihm einen Riickstof3 geben wie bei einer
Rakete. Allerdings miisste dabei ein be-
tréchtlicher Teil seiner Masse verdampft
sein — ungefihr zehn Prozent.

SPIEGEL: [st das ungewohnlich fiir einen
Kometen?

Loeb: Nicht unbedingt. Aber wir hétten
diese Gase sehen miissen. Trotz intensiver
Suche wurde kein Kometenschweif ge-
funden. Und noch etwas ist sonderbar:
Beim Ausgasen hétte sich die Rotation von
‘Oumuamua verdndern miissen, aber auch
dieser Effekt wurde nicht beobachtet.
SPIEGEL: Was folgt daraus?

Loeb: Ich habe mich gefragt, ob es viel-
leicht eine andere Kraft sein konnte, die
auf ‘Oumuamua eingewirkt hat. Und die
einzige, die mir einféllt, ist der Druck des
Sonnenlichts.

SPIEGEL: Ist diese Kraft stark genug, um ei-
nen solchen Brocken merklich zu bewegen?
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Loeb: Genau das ist der Punkt. Die Kraft
der Sonnenstrahlung ist verhaltnisméfiig
schwach. Einen sichtbaren Effekt konnte
sie nur dann ausiiben, wenn es sich bei
‘Oumuamua um ein sehr diinnes Objekt
handelte.

SPIEGEL: Was heifdt »sehr diinn«?

Loeb: Weniger als einen Millimeter dick.
SPIEGEL: Das ist ja nicht mehr als eine Fo-
lie! Wie soll denn so etwas entstanden
sein? Es ist ja schon schwierig genug, sich
vorzustellen, woher eine riesige Zigarre
kommen sollte — aber ein Blatt Papier?
Loeb: Eben. Auch ich kann mir das nicht
vorstellen. Ich wire dankbar dafiir, wenn
jemand einen guten Vorschlag macht.
Aber solange es keine natiirliche Erkla-
rung gibt, bleibt nur die Moglichkeit, dass
es sich um ein Kunstprodukt handelt. Um
ein Sonnensegel, das von intelligenten We-
sen hergestellt wurde.

SPIEGEL: Was Sie da sagen, klingt ziemlich
ungeheuerlich. Denn wenn sich das aller-
erste sonnensystemfremde Objekt, das wir
untersuchen, als Artefakt erweist, dann
hiefle das doch, dass solche Kunstprodukte

»Falls wir Signale auffangen,
kénnen wir immer

noch tiberlegen, ob wir eine
Antwort losschicken.«

viel zahlreicher durchs All fliegen als na-
tiirliche Asteroide oder Kometen. Ist
der interstellare Raum also ein giganti-
scher Schrottplatz, iibersédt mit zivilisato-
rischem Mill?

Loeb: Sie sprechen da einen wichtigen
Punkt an. Astronomen haben es aus-
gerechnet: Falls es sich bei ‘Oumuamua
um ein zuféllig umherschwirrendes Ob-
jekt handelt, dann miisste jedes Sonnen-
system Millionen Milliarden solcher Ob-
jekte produzieren — es sei denn, es handelt
sich gar nicht um ein ungezielt umher-
irrendes Objekt, sondern um eine gezielte
Mission.

SPIEGEL: Sie wollen sagen: ‘Oumuamua
ist eine aktive Weltraumsonde, und sie
spioniert uns aus?

Loeb: Ich sage nur, dass dies moglich ist.
Ich gehe vor nach der Methode eines De-
tektivs. Und Sherlock Holmes hat gesagt:
»Wenn du das Unmégliche ausgeschlossen
hast, dann ist das, was iibrig bleibt, die
Wahrheit, wie unwahrscheinlich sie auch
erscheinen mag.«

SPIEGEL: Es ist nicht gerade alltaglich, dass
ein angesehener Wissenschaftler solche
Thesen aufstellt. Wie waren denn die Re-
aktionen Threr Kollegen?

Loeb: Die meisten sind sich mit mir einig,
dass ‘Oumuamua uns sehr viele Rétsel auf-
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gibt. Trotzdem scheuen sie sich zu sagen:
Vielleicht ist es ein kiinstliches Objekt.
SPIEGEL: Uber Auferirdische zu spekulie-
ren ist ja auch eine ziemlich exotische Idee.
Genauso gut konnten Sie behaupten: Da
war Magie oder ein gottlicher Schopfer im
Spiel.

Loeb: Aber iiber ferne Zivilisationen nach-
zudenken ist doch gar nichts Spekulatives.
Wir wissen, dass wir selbst existieren. Zu-
mindest eine Lebensform mit fortgeschrit-
tener Technik hat sich also entwickelt. Und
wir wissen, dass es Bedingungen, die den-
jenigen auf der Erde dhneln, in einem Vier-
tel aller Planetensysteme in der Galaxis
gibt. Warum soll es dann nicht auch anders-
wo intelligente Wesen geben? Ich folge dem,
was ich das Prinzip der kosmischen Beschei-
denheit nenne. Wir Menschen neigen dazu,
uns fiir etwas Besonderes zu halten. Aber
die Geschichte hat ein ums andere Mal ge-
zeigt, dass das eine Illusion ist. Wir dachten,
dass die Erde im Zentrum liege. Aber sie
dreht sich um die Sonne, und diese wieder-
um kreist um das Zentrum der Galaxis, die
wiederum nur eine von sehr vielen Gala-
xien im Universum ist. Das Prinzip der Be-
scheidenheit gebietet es anzunehmen, dass
wir auch biologisch betrachtet nichts Be-
sonderes sind. Und falls es irgendwo da
draufen noch andere intelligente Wesen
gibt, dann kann es gut sein, dass sie tech-
nisch viel fortschrittlicher sind als wir.
SPIEGEL: Man hat Thnen vorgeworfen,
dass es Thnen mit Threr Hypothese vom
Raumschiff ‘Oumuamua nur darum geht,
Aufmerksamkeit zu bekommen.

Loeb: Das ist Unfug. Ich habe ja nicht ein-
mal eine Pressemitteilung zu unserem Ar-
tikel herausgegeben. Wenn es mir um Wir-
kung gegangen wére, hétte ich das getan.
Aber darum ging es mir nicht. Meine Mo-
tivation ist einzig und allein, iiber die Welt
nachzudenken. Was die Leute meinen,
schert mich nicht.

SPIEGEL: Dem Sprichwort zufolge sieht,
wer einen Hammer hat, iiberall Négel.
Vielleicht sehen Sie in ‘Oumuamua nur
deshalb ein Sonnensegel, weil Sie im Rah-
men des Projekts »Breakthrough Starshot«
selbst an einem solchen arbeiten?

Loeb: Ich bestreite nicht: Meine Vorstel-
lungskraft ist beschréankt durch das, was
ich kenne. Sicher ist meine Fantasie beein-
flusst von dem, woran ich arbeite. Aber
das gilt fiir alle Menschen.

SPIEGEL: Erzédhlen Sie — was hat es auf
sich mit dem Projekt »Starshot«?

Loeb: Alles fing damit an, dass der Milliar-
dér Jurij Milner im Mai 2015 zu mir kam
und mich fragte, ob ich mir vorstellen
konnte, eine Sonde zu einem der erdnéchs-
ten Sterne zu schicken. Die Bedingung soll-
te sein, dass sie ihr Ziel noch zu unseren
Lebzeiten erreicht.

SPIEGEL: Klingt ziemlich irrwitzig. Eine
Rakete wiirde Zehntausende Jahre brau-
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chen, um unseren niachsten Nachbarn Pro-
xima Centauri zu erreichen...

Loeb: Ich habe Jurij gesagt, dass ich darii-
ber nachdenken muss. Proxima Centauri
ist vier Lichtjahre von der Erde entfernt.
Um in 20 Jahren dort anzukommen, miiss-
te eine Sonde sich also mit einem Fiinftel
der Lichtgeschwindigkeit bewegen. Nach
sechs Monaten hatte ich ein Konzept dafiir.
SPIEGEL: Namlich wie?

Loeb: Klar war, dass jede Art von Antrieb
ausscheidet, bei dem die Sonde ihren
Treibstoff an Bord hat. Selbst bei Pluto-
nium ist die Energiedichte viel zu gering,
um solche Geschwindigkeiten zu errei-
chen. Deshalb schien mir ein Lichtsegel,
das von der Erde aus mit Laserlicht be-
schleunigt wird, der einzige Weg. Die Idee
besteht darin, die Sonde mit einem Hun-
dert-Gigawatt-Laserstrahl einige Minuten
lang zu beschleunigen. Wenn sie fiinfmal
so weit entfernt ist wie der Mond, dann
hitte sie ein Fiinftel der Lichtge-
schwindigkeit erreicht.

SPIEGEL: Vorausgesetzt, diese Son-
de ist sehr klein und leicht.

Loeb: Ja. Wir sehen eine Nutzlast
von etwa einem Gramm vor. Die
Sonde braucht eine Kamera und
auflerdem Navigations- und Kom-
munikationsgerat. Die Miniaturi-
sierung der Elektronik erlaubt es,
all das unterzubringen.

SPIEGEL: Sie sprechen da von ei-
nem ungeheuerlich intensiven La-
serstrahl. Verdampft Thre Minison-
de da nicht, sobald der Strahl sie
trifft?

Loeb: Damit das nicht passiert, be-
noétigen wir ein Material, das das
eintreffende Laserlicht fast vollstdn-
dig zuriickwirft. Es muss sich also um ei-
nen perfekten Spiegel handeln, der hochs-
tens ein Hunderttausendstel des Lichts ab-
sorbiert. Solche Materialien existieren.
SPIEGEL: Sogar wenn die Sonde schon
mehr als eine Million Kilometer von der
Erde entfernt ist, wollen Sie sie mit Threm
Laser noch weiter beschleunigen. Kénnen
Sie Laserlicht so prazise fokussieren?
Loeb: Unser Konzept sieht die Installation
vieler Infrarotlaser in einem Areal von ei-
nem Kilometer Durchmesser vor. Damit
konnen wir den Strahl bis etwa zur fiinffa-
chen Mondentfernung fokussieren. Kénn-
ten wir ihn bis in noch grofiere Entfernung
biindeln, wiirde ein weniger leistungsstar-
ker Laser ausreichen, denn dann kénnten
wir die Sonde iiber einen ldngeren Zeit-
raum beschleunigen.

SPIEGEL: 20 Jahre spiter, wenn die Sonde
ihr Ziel wirklich erreicht, muss sie Fotos ma-
chen und zur Erde senden. Der Sender an
Bord diirfte aber kaum intensiver sein als
der eines Mobiltelefons. Wie soll das gehen?
Loeb: Das Foto wird vier Jahre brauchen,
um zur Erde zu gelangen. Bis dahin ist das
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Funksignal bis auf mehr als die Grof3e der
Erdbahn aufgefdchert. Die Sonde muss
also nur auf die Sonne zielen, und die Erde
wird innerhalb des Empfangskegels liegen.
Allerdings brauchen wir auf der Erde
einen groflen Empfénger.

SPIEGEL: Nehmen wir mal an, all das
klappt wirklich, und Sie empfangen irgend-
wann im Jahr 2050 ein Foto von Proxima
Centauri. Ist ein solches Foto zehn Milliar-
den Dollar Entwicklungskosten wert?
Loeb: Zum einen wird es moglich sein,
sehr viele Sonden ins All zu schicken,
wenn das System erst einmal installiert ist.
Denn das Teure ist die Infrastruktur, die
Sonden selbst werden vergleichsweise bil-
lig sein. Auflerdem geht es bei diesem Pro-
jekt nicht um das Foto selbst. Es geht da-
rum nachzuweisen, dass wir unser Son-
nensystem verlassen konnen. Das 6ffnet
die Tiir zu einer ganz neuen Form der
Weltraumerkundung.

Himmelsobjekt ‘Oumuamua (Computergrafik)

»Ein Sonnensegel, von intelligenten Wesen hergestellt«

SPIEGEL: KOonnte man denn eine solche
Sonde auch hinter ‘Oumuamua herschi-
cken, um noch einmal nachzugucken, ob
es wirklich die Form eines Segels hat?
Loeb: Ja. ‘Oumuamua ist zu schnell, als
dass wir es mit Raketen noch einholen
konnten, aber mit einem lasergetriebenen
Lichtsegel schon — selbst wenn wir damit
nur ein Tausendstel der Lichtgeschwindig-
keit erreichen.

SPIEGEL: Das ist aber ein gewagter Plan.
Gibt es noch andere Moglichkeiten heraus-
zufinden, ob an Ihrer Hypothese vom
Raumschiff ‘Oumuamua etwas dran ist?
Loeb: Durchaus. In wenigen Jahren nimmt
das »Large Synoptic Survey Telescope«
seinen Betrieb auf, der Nachfolger von
»Pan-Starrs«. Falls Objekte wie ‘Oumua-
mua gleichmaflig im interstellaren Raum
verstreut sind, miisste dieses Teleskop Tau-
sende von ihnen sehen, die wir dann sehr
viel genauer untersuchen kénnen. Aufier-
dem diirften Himmelskorper fernen Ur-
sprungs auch innerhalb unseres Sonnen-
systems umherkreisen. Denn das Schwere-
feld von Sonne und Jupiter wirkt wie ein
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Fischernetz, das von der Ferne eindringen-
de Korper einzufangen vermag.

SPIEGEL: Kann man die denn dann von
den vielen heimischen Asteroiden des Son-
nensystems unterscheiden?

Loeb: Ja. Weil sie aus irgendwelchen be-
liebigen Richtungen zu uns kommen, ist
ihre Bahn héufig gegeniiber der Ebene der
Planetenbahnen geneigt. Wir haben sogar
schon einige Kandidaten identifiziert.
SPIEGEL: Und zu denen wiirden Sie nun
am liebsten Raumsonden schicken?

Loeb: Ja, ich sehe darin eine ganz neue
Art, ferne Planetensysteme untersuchen
zu konnen, ohne die Beschwernis einer
Reise zu ihnen auf uns nehmen zu miissen.
Es ist wie bei einer Dinnerparty, bei der
sich herausstellt, dass einige Géste aus ei-
nem fernen Land kommen. Wenn Sie sich
mit denen unterhalten, konnen Sie viel
tiber dieses Land lernen, ohne es bereisen
zu miissen. Bei ‘Oumuamua haben wir es
erst gemerkt, als dieser Gast bereits
im Mantel in der Tiir stand. Den
néchsten Besucher werden wir frii-
her und sorgfaltiger untersuchen.
SPIEGEL: Wie sieht es denn umge-
kehrt aus? Wenn irgendwo da drau-
en wirklich eine hoch entwickelte
Zivilisation existieren sollte, ist
dann die Nachricht, dass es hier auf
der Erde uns Menschen gibt, be-
reits zu ihnen gedrungen?

Loeb: Falls diese Zivilisation tech-
nisch so weit entwickelt ist wie wir,
dann miissten sie unsere Radiosig-
nale aus einer Entfernung von meh-
reren Dutzend Lichtjahren auffan-
gen konnen.

SPIEGEL: Wire es wiinschenswert,
Kontakt mit ihnen aufzunehmen?
Loeb: Das hidngt davon ab, wie optimis-
tisch Sie hinsichtlich der Absichten einer
solchen Zivilisation sind. Wenn diese We-
sen friedlich sind, konnten wir sehr viel
von ihnen lernen.

SPIEGEL: Die historische Situation hier
auf Erden, die einer Ankunft von Aliens
wohl am nichsten kommt, war die Lan-
dung von Kolumbus in Amerika. Fiir die
dort lebenden Volker war das eine Kata-
strophe — was nicht unbedingt hoffnungs-
froh stimmt.

Loeb: Da gebe ich Thnen recht. Deshalb
wird es weise sein, erst einmal nur zu hor-
chen. Falls wir Signale auffangen, konnen
wir immer noch iiberlegen, ob wir eine
Antwort losschicken.

SPIEGEL: Herr Professor Loeb, wir danken
Thnen fiir dieses Gesprach.
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