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AVI LOEB
Interview: Zac Bayly

Theoretical physicist and Harvard University astronomer Abraham (Avi) Loeb is on a mission
to discover the living wonders of the universe — as in, those living outside of earth's
atmosphere. While the search for prebiotic molecules and signs of microscopic life on other
planets and moons within our solar system is a widely accepted scientific endeavour, the
search for complex extraterrestrial life and indeed alien civilisations (past or present) has
long been consigned to fringe science and science fiction. Avi believes this should be the
case no longer. In 2021 he released two visionary books on the topic. The first,
Extraterrestrial: The First Sign of Intelligent Life Beyond Earth, passionately argues that the
peculiar nature of the interstellar object called 'Oumuamua that passed through our solar
system in 2017 suggests it was neither comet or meteor, but rather something designed by
another civilisation. The second, Life In The Cosmos: From Biosignatures To
Technosignatures, is a comprehensive analysis of the many possibilities for discovering life
in the universe — a text book for the burgeoning field of astrobiology. Having been the
longest serving Chair of Harvard's Department of Astronomy from 2011 until 2020, he is
now the Head of the Galileo Project, which aims "to bring the search for extraterrestrial
technological signatures of Extraterrestrial Technological Civilizations (ETCs) from accidental
or anecdotal observations and legends to the mainstream of transparent, validated and
systematic scientific research." How exciting!

Zac Bayly: Hello!
Avi Loeb: Hey Zac.

Zac Bayly: How are you?
Avi Loeb: I'm doing well. Where are you in Australia now?

Zac Bayly: I'm in Sydney, and funnily enough I've flown here to shoot one of the cover
stories for this issue.
Avi Loeb: Oh, okay! What is it about?

Zac Bayly: It's a science fiction-inspired fashion story.
Avi Loeb: Oh, | see!

Zac Bayly: One of the things | wanted to talk about is about your thoughts on science
fiction.

Avi Loeb: Well, speaking about science fiction... Tomorrow the Venice Film Festival is going
on, and they've told me there will be a 'Meeting with "Oumuamua’ — the object from
interstellar space that | wrote a book about — in honour of the Italian translation of my
book. They had 23 film projects submitted by first year students of the [renowned Verona
film school] Side Academy all inspired by my book.

Zac Bayly: Amazing! What other kinds of people have reached out to you since
Extraterrestrial came out?

Avi Loeb: | had about 1700 interviews over a year and half since the book... | had about, |
would say, 50 — five zero — film producers and documentary-makers that contacted me



with interest in making a documentary or a film about it. That gives you an impression of
how much interest there has been. In addition to that of course | just finished the follow-up
book and it will come out in June 2023.

Zac Bayly: May | ask what that's about?

Avi Loeb: It's about the future of humanity and how it relates to extraterrestrial intelligence.
Recently there was a lot of interest in another object [CNEOS 2014-01-08] | discovered two
years later, after ‘Oumuamua was reported. It turns out there was a meteor that was the
first [interstellar object detected in our solar system] because it was detected on January
8th 2014, whereas ‘Oumuamua was October 19th 2017. So, ‘Oumuamua was almost four
years later. ‘Oumuamua we detected based on the reflection of sunlight, and it was the size
of a football field — you know, a very big thing.

Zac Bayly: And flat like a pancake, right?

Avi Loeb: Yeah, it had the unusual properties. It was most likely flat, based on the reflection
of sunlight, and moreover it was pushed away from the sun by some mysterious force,
without showing a comet or a tail. In 2019 there was another object called '2020 SO' that
shared the same qualities — it was pushed away from the sun by reflecting sunlight but had
no comet or a tail, and it ended up being a rocket booster launched in 1966 by NASA.

Zac Bayly: Oh amazing.
Avi Loeb: It was discovered by the same telescope in Hawaii, Pan-STARRS. We know that this
one was artificial because we produced it. The question is: who produced ‘Oumuamua?

Zac Bayly: Yes.

Avi Loeb: So that's ‘Oumuamua, but then if you go back to the 2014 meteor, it was an object
the size of a watermelon. Much smaller by a factor of 200. The only reason we could saw it,
even though it was so small, is because it burned up in the Earth's atmosphere and collided
with the Earth. You should think of the Earth as a fishing net: it moves through space around
the sun and then every now and then it collides with an object. The meteor burned up in the
lower atmosphere of the Earth and disintegrated, but it was an outlier because it was
tougher than all the other meteors in the same catalogue. It was twice tougher than iron, so
that was very unusual. Moreover, we calculated that it was moving outside of the solar
system faster than 95% of all the stars in the vicinity of the sun. So, it was clearly an outlier
and the interesting question is whether it was natural in origin or maybe artificial. When it
disintegrated the fragments from it fell about a hundred miles off the coast of Papua New
Guinea, so we are planning an expedition to search the ocean floor there. Most likely we
will find tiny fragments the size of dust particles. But there is a chance that maybe
something remains from the main body, from the main object, and if we find it, if we see
some buttons on it, | would love to press one of these buttons. [Laughs]

Zac Bayly: [Laughs] This is one thing that I find interesting about Fermi's paradox [which
describes the conflict between the lack of clear, obvious evidence for extraterrestrial life
and various high estimates for their existence summed up with the question "but where is
everybody?"] is that if this object had hit the same spot in the ocean 20 or 30 years ago
perhaps we wouldn't have detected it, right? We're very recently able to see a little bit
more clearly.



Avi Loeb: Exactly. The point is that only over the past five years astronomers discovered
interstellar objects—objects that came from outside the solar system. I'm talking about big
objects, not dust particles.

Zac Bayly: And presumably their arrival hasn't just magically coincided with us developing
the technologies to spot them, right?

Avi Loeb: Yeah, it's just because we now have the ability to detect them. Before that, we
didn't. So, when Enrico Fermi said, "Where is everybody?" he didn't really have the
instrumentation, the telescopes to look through the window. He was sitting in the living
room and saying, "l don't see my neighbours".

Zac Bayly: [Laughs] My blinds are shut but | can't see my neighbours.

Avi Loeb: Yeah, you better look through your windows and you better use a high-quality
telescope to see your neighbours. Just over the past five years we discovered the first
interstellar objects that came from beyond the solar system, and the first two were unusual.
That was the meteor that we just talked about in 2014 and the second was ‘Oumuamua.
Both of them looked like outliers, they were anomalies. And | say if the first objects you find
look weird then maybe we are missing something about our cosmic neighbourhood.

Zac Bayly: Right, right.

Avi Loeb: Let me give you two examples. A hundred years ago it was thought that the sun
was made of the same material as the Earth. And then a young scientist named Cecilia
Payne-Gaposchkin decided to do her first doctoral thesis in astronomy at Harvard
University, and she concluded that the sun is made mostly of hydrogen, actually, not of the
rock that the Earth is made of. And that was contrary to the common belief, and in fact—

Zac Bayly: What year was this?
Avi Loeb: Her PhD was 1925.

Zac Bayly: Oh, so not even a hundred years ago.

Avi Loeb: Yeah, 98 years ago, 97 years ago. One of the most distinguished astronomers at
the time was on her thesis committee, his name was Henry Norris Russell, he was the
director of the Princeton University Observatory, and he said, "This is impossible, you should
take this statement out of your thesis." And she was a young, female scientist and she said,
"Okay well I'll take it out", you know, because otherwise she wouldn't get her PhD. And she
took it out but then for four years he collected his own data and analysed it and then
concluded after four years that she was correct, that she was right.

Zac Bayly: Actually, | remember reading about this and | remember thinking "What an
asshole".

Avi Loeb: Yeah, what an asshole. And then the second story is in 1933 an astronomer in his
thirties named Fritz Zwicky, he discovered that most of the matter that you find in clusters
of galaxies cannot be the matter that we see in the solar system, the ordinary matter that
we are made of.

Zac Bayly: Are you referring to dark matter?



Avi Loeb: Yeah, he was the first to argue that there is dark matter in the universe. And then
for 40 years he was ridiculed, including in his own institution, Caltech. This idea of dark
matter was completely dismissed. They said, "No, we know what matter exists, we see it in
the solar system, there is nothing else". And only 40 years later people started taking it
more seriously, and now of course it's the folklore. But we still don't know what it is. It's
80% of all the matter in the universe and we don't know what it is. So that's the second
story. And the third part of the story is the interstellar objects that we discovered over the
past five years. The first two of them did not look like the rocks we had seen in the solar
system. So, | say, you see this story coming back again and again. The sun's not made of the
same material as the Earth. Most of the matter in the universe is not what we find in the
solar system. Then those interstellar objects do not appear to be similar to the rocks we
found in the solar system until now. | say we should be open-minded to surprises.

Zac Bayly: Right, right. Given life on our planet and how little we know about the universe
outside of the solar system — our one example is a solar system that contains an
abundance of life on a planet, which would suggest that there is potentially a lot of other
places out there that are similar, right?

Avi Loeb: Right, yeah, so now we know something that was not known a decade ago, and
that is, based on the Kepler satellite data, we know that somewhere between a few per cent
up to a hundred per cent of all the sun-like stars — stars that look like our sun —
somewhere between a few per cent and a hundred per cent of them have a planet the size
of the Earth, roughly at the same separation. So, you basically roll the dice of life, of
intelligent life, tens of billions of times in the Milky Way galaxy alone, so even if the chance
is small —

Zac Bayly: It probably exists a lot, right?

Avi Loeb: Yeah, and given that most of the stars that were born billions of years before our
sun, | say that it's very likely that there were scientists smarter than Albert Einstein on an
exoplanet around another star a billion years ago before us, long before us. And the
civilisations, the technological civilisations that benefitted from their wisdom could have
sent probes that would have reached us by now. Even if they used just chemical propellants,
they could have traversed and crossed the interstellar distances throughout the Milky Way
galaxy by now and reached our vicinity. So, are we living in a reality where we have probes
near us that we can find from other civilisations? It's not a philosophical question; this is a
question that we can answer using telescopes, just looking around. That's the rationale
behind the Galileo Project that | established a year ago.

Zac Bayly: This is one thing that I'm curious about—the resistance to these kinds of ideas
when actually this is a science. This isn't science fiction, this is about saying these are
possibilities, let's explore them.

Avi Loeb: Exactly.

Zac Bayly: I'm curious to know what resistance you're meeting in the scientific
community.

Avi Loeb: Well, just to repeat what you said, if you look at the write-up that | sent you from
the Venice Film Festival, at the end of it they asked me 'what message would you like to
send about the future that awaits us, to young students like those at Side Academy', and my



message is simple: what was considered science fiction in the past may become science in
the future. That's what | told them.

Zac Bayly: | mean if you predicted mobile phones a hundred years ago you would seem
insane, you know?

Avi Loeb: Yeah, and if you imagine a cave-dweller going to New York City and looking at all
the gadgets that are available, the cave-dweller would never be able to reverse-engineer
anything. If we encounter technological equipment that is far more advanced than we are,
that's the most likely situation. Because our modern science and technology is just a century
old, and that's a small fraction of the age of the Earth or the age of the Sun. So most likely
what we will encounter would be far more advanced than we are. It could also be that there
are civilisations that are very primitive but to visit them we have to take a spacecraft that
will carry us there which will take too many years. That is a very tedious task. It's most likely
we will find a civilisation first that visits us, and there would be a technological gap. They
would probably be much more advanced, and we should be open-minded because it's
possible that any device will be equipped by artificial intelligence. | call this Al astronauts.
They will not be biological creatures because—

Zac Bayly: A creature has to survive that travel.

Avi Loeb: Exactly. They cannot survive the long journey, the harsh conditions of space. My
expectation is that we are likely to encounter something like that or some devices that are
space trash, they are not operational anymore. And it's possible ‘Oumuamua was just some
surface layer that was torn apart from a spacecraft or something like that. It's possible.

Zac Bayly: One thing, off of that, in your Medium piece that you titled 'Interstellar Dating',
you mentioned the possibility that an extraterrestrial technological civilisation could be so
advanced that after an encounter we might be 'ghosted’, which to me implies that they
are so advanced that they can go anywhere in the universe and they've seen life on so
many places that we are unremarkable.

Avi Loeb: Exactly. It's sort of like ants on the sidewalk seeing a biker that passes by. The
biker wouldn't care less about a specific colony of ants. We came very late to the cosmic
play. The universe existed for about 13.8 billion years. We just came at the end.

Zac Bayly: Do you think if another species or civilisation were so advanced it might be akin
to us studying lower intelligences here on Earth, like cephalopods or cetaceans or corvidae
or something like that, where it's kind of like they show signs of intelligence. They're not
like us, but—

Avi Loeb: Yeah, you know, I'm not sure we are that intelligent. One reason I'm searching for
intelligence in space is because | don't find it often here on earth.

Zac Bayly: [Laughs] Right.

Avi Loeb: One sign of us not being intelligent is that there was this New Horizons spacecraft
that was sent by NASA to study Pluto, and they decided to celebrate Clyde Tombaugh, the
scientist who discovered Pluto. They celebrated him by attaching a box with 30 grams of the
ashes of Clyde Tombaugh to the New Horizons spacecraft. Now, imagine extraterrestrials
finding this box. They would say, "It makes no sense, these humans are really strange



because they destroyed the genetic information by burning up the DNA of a human that
they want to commemorate." You know, these ashes are just like the ashes of a cigarette.

Zac Bayly: Did we really do that?
Avi Loeb: We did that! It was done by a scientific organisation called NASA.

Zac Bayly: No.

Avi Loeb: And the project, New Horizons, was led by a principal investigator who | know,
who is also a member of the Galileo Project, his name is Alan Stern. | approached him and |
said, "Alan, why did you do that? It makes no sense, you should have sent an electronic
record of the DNA of Clyde Tombaugh. That would have some information content, so
someone can reconstruct him." And he said, "Well anything like that would have been a
bureaucratic nightmare within NASA. It was much easier to send the ashes." This is a
primitive ritual that humans invented...

Zac Bayly: It is a very primitive ritual.
Avi Loeb: Yeah it makes no sense. You destroyed information about the person for no good
reason.

Zac Bayly: It feels like you could get more information from a stick that you attach to it.
Avi Loeb: [Laughs] That's right. So, the extraterrestrials will say, "Oh these humans are really
aggressive and not intelligent, we don't want anything to do with them." My suggestion to
NASA was to send a spacecraft that moves faster than New Horizons so that it will overtake
it and apologise for the box.

Zac Bayly: That's very, very funny. When we imagine life in other parts of the universe, I'm
curious to know what the chances are of it actually being very similar in form to earth
species? | know that we have common ancestors on earth, but there are forms that keep
appearing in nature, seemingly regardless of the ancestor. We've had hoofed animals that
have evolved into fish-like whales and dolphins, we've had dinosaurs and mammals
evolve into winged birds and bats...

Avi Loeb: This is one of the fundamental questions of astrobiology, whether there is one
solution that is sort of like an attractor that any form of life ends up being similar to the one
realised on Earth, or whether there are many possible solutions, each of them completely
different, and if you were to do the experiment again on Earth you would end up with very
different forms of life. We don't know the answer to that.

Zac Bayly: Do you think science fiction has played a role in delegitimising this area of
science, the search for extraterrestrial life?

Avi Loeb: No, it's the other way around. There was an interesting paper a few weeks ago
saying that most people who chose a career in astronomy did that because of a fascination
with science fiction. Given that fact, how is it possible that the search for extraterrestrial
intelligence is not that popular? It's not funded by federal agencies, it's considered risky. My
colleagues often tell me: extraordinary claims require extraordinary evidence, which is a
statement made by Carl Sagan in the seventies, and | say this is a self-fulfilling prophecy.
Extraordinary evidence requires extraordinary funding! If you are not funding the search
you will never find anything. By the way, the strange thing is, today, sadly, Frank Drake, who



developed the Drake equation [the famous equation that purports to yield the number of
technically advanced civilizations in the Milky Way Galaxy as a function of other
astronomical, biological, and psychological factors], passed away. But the point is the people
who worked on SETI have a problem with the search for extraterrestrial objects. For seventy
years they tried to look for radio signals and it's just like trying to have a phone
conversation, you need a counterpart to be transmitting when you're listening. It doesn't
matter how many phone numbers you put in your cell phone you will never speak with
Wolfgang Amadeus Mozart, he's not alive anymore, he died. So, if those civilisations that
transmitted radio signals are not around anymore or are not transmitting anymore because
they moved on to some much better technologies for communication, you will never see
those signals, they are billions of light-years away, they were generated a billion years ago.
So, it's not necessarily the best method to find extraterrestrial intelligence. Yet,
nevertheless, the SETI community that was engaged in searching for radio signals for
seventy years, they are hostile today to the idea of searching for objects. | don't understand
why.

Zac Bayly: No, really?
Avi Loeb: | found that really surprising. | didn't expect that.

Zac Bayly: My final question is: If you had a genie in a bottle, and you could make one
wish, would you want the theory of everything or the discovery of ETI?

Avi Loeb: Discovery of extraterrestrial intelligence because it may encapsulate a lot of
knowledge about the other questions. It's like looking over the shoulder of a class mate that
is much more intelligent than we are. We can find answers to fundamental questions, new
physics... | think it would hold the key to a completely new understanding of reality for us.



