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Levy: I’'m Francis Levy, Co-Director of the Philoctetes Center, and welcome to Extraterrestrial
Life. All week long I’ve been waiting to say that phrase because the Philoctetes Center is so
terrestrial in its gravitation, in its use of communications media, cell phones, internet, fax, we are
firmly linked into the terrestrial world.

I’m pleased to introduce Jim Ferris and welcome him back after having been a participant in the
Origin, Evolution, and Future of Life on Earth panel, which was very successful. James Ferris is
Research Professor of Chemistry and Chemical Biology at Rensselaer Polytechnic Institute and
Director of the New York Center for Studies on the Origins of Life. Dr. Ferris will moderate this
afternoon’s panel.

Ferris: Why don’t you all introduce yourselves and Debra why don’t you start?

Fischer: I’'m Debra Fischer. I'm a Professor of Astronomy at San Francisco State University and
my research is on the detection of extrasolar planets—planets around other stars.

Dick: I'm Steve Dick. I’'m the NASA Chief Historian. I’ve been writing about the history of this
debate on extraterrestrial life for the last thirty years and I still haven’t run out of things to say.

Loeb: I’'m Avi Loeb, Professor of Astronomy at Harvard University. I’'m working mostly on the
early universe and how the universe started, but recently became interested in extraterrestrial
civilizations.

Marusek: I’m David Marusek. I’m a science fiction writer and extraterrestrials are part of my
beat.

Itzkoff: My name is Dave Itzkoff and I write a column for the New York Times Book Review
called “Across the Universe,” which is about science fiction and other kinds of speculative
fiction. I have a Bachelor’s degree in English.

Ferris: Thank you. What I was thinking of doing today to get things on the same sort of platform
is to talk about what life is. We’re going to be concerned with extraterrestrial life, but how do we
define life as we know it here on Earth? And then we can go from there to talk about the
potential for life in other places. Could you quickly come up with a more or less all-inclusive
way of saying what is life basically?
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Fischer: You’re starting with the hardest question.

Ferris: It is, but I think we need to start there. And then we can go on to talk a little bit about the
characteristics of life as we know it here on Earth. Is anyone on the panel willing to jump into
this quagmire?

Nersessian: But you are the one who gave a definition of it last time.

Ferris: You remembered. Okay, I’ll start. The very simple or basic definition as I see itis a
system that is capable of replication with change. There’s a one-sentence definition of life. Let’s
take it a step further. Once we have that definition, it’s hard to put anything on it, like what the
living things do. We could try to go into some sort of characteristics. Does life communicate?
How does it maintain itself? Let’s start with that. As a living system, what do you do?

Loeb: I’ll mention just two brief comments from the point of view of an astronomer. The first
comment is that when everything started, when the universe started, there was no water around,
there was no oxygen, and there was no carbon. We are sort of an afterthought—the existence of
life came about after stars burned hydrogen and made heavy elements. And one of these stars is
the sun and there was some debris left over from the formation of this star—some pieces of rock,
one of which is the Earth. On the surface of the Earth, there was liquid water that allowed
chemical reactions to take place and to end up as complicated, complex molecules that allowed
organisms, like we are, to exist. So it seems circumstantial that complexity came out from the
very simple initial conditions of the universe. But it’s not something that was pre-planned—it’s
not like the universe was designed for us to exist in it.

Now the question is: are there other places where there are circumstances similar to that? The
first thing that comes to mind is that it requires liquid water. So are there other places where we
can find liquid water—other pieces of rock near other stars that have liquid water? Can we find
evidence of that in our solar system, for example? Or can we find evidence for complex life as
we know it in the way that it affects the environment, like the atmosphere, by observing other
planets around other stars? That’s the common view that astronomers have on this subject.

Now, it’s also possible that there is life out there in a very different way that we are not
imagining. We often think about it in the context of our environment here, but you could imagine
that instead of water, perhaps ammonia can be used to support complex molecules to make
chemical reactions that take place and so forth. But that’s well beyond our ability right now to
explore. The issue is really whether we can see evidence or look for life similar to what we find
here.

Ferris: So you’re saying that there could be other forms, but you feel that water is very important
in this whole process.

Loeb: If we just assume that that’s the generic way of making life happen.

Fischer: You asked what these systems do and I think there’s such an incredible range—from
plants that certainly don’t communicate to creatures that have some sense of self-awareness and
communicate and have egos and look for life elsewhere in the universe. So it’s tough to define

something and I like the idea of sticking with stuff that’s observable, starting with what we
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know. So we could speculate, as Avi said, that there’s life in ammonia as a solvent for life, that
there’s silicon-based life instead of carbon, but we know that carbon is one of the most abundant
elements in the universe and that carbon is capable of a range of molecular bonds, unlike silicon.
Double-bonding and triple-bonding is easy; long strings of polymers. A carbon base seems like a
really good place to start, if you’re going to define a box where you’re going to look: carbon life
and water as the ideal solvent. So I agree with those two materials.

Ferris: So you’re saying that we should start with what we have here and then go from there. But
the basis of this society is imagination and I don’t want to leave that out because that’s why
we’re here and that’s one of the objectives. Maybe don’t make that box too small.

Fischer: Okay. But one of the things is that a lot of the tests that we design to look for life are
very specific and they test for the things that we know. And so we’re going to miss a lot of the
exotic things, I’'m afraid.

Dick: I’ll say something about imagination because historically, if you look back, there’s been an
interest in this subject going back thousands of years, to the ancient Greeks, and even before. But
the interest up until the last century or so has almost entirely been in extraterrestrial intelligence.
Everybody had their own idea of what extraterrestrial intelligence might be. Kepler, for example,
believed there might be intelligence on the moon because he saw a perfectly circular crater—this
is right after the telescope was discovered—and he thought they must be made by “cellanites,” as
he called them. And he thought they would be sort of troglodytes who had to live under the
ground because he realized the temperature there would be very hot. And there were others who
had a bigger idea that the closer you got to the center of the universe, you would have beings
who were more sublime and subtle. And so there has been a lot of imagination, especially in
terms of the extraterrestrial intelligence debate. I think only in the last century have we really
gotten down to the scientific questions of the origins of primitive life, which are really what the
astrobiology programs and most of the research these days are about. There is, of course, a SETI
component, which is no longer funded by the federal government; it was outlawed by the
government in 1993—or the funds were cut, anyway.

Farris: It’s not outlawed—it’s allowed.

Dick: It’s allowed, but not with federal funding—that’s right. That is an ongoing program, but
not within the federal government.

Farris: Well, since you brought up intelligent life, maybe we should take a crack at that. How do
we define intelligent life? Could you give us your feeling on how you would define it?

Dick: Well, the SETI people have an operational definition—it’s a technological civilization
from which you can get a communication—a radio-communicative civilization—because that’s
the way we think you have to detect them. And some of you may have heard of the famous
Drake Equation, which is the number of radio-communicative technological civilizations in the
galaxy, which Frank Drake came up with in the early 1960s. I don’t want to get sucked too
much into that equation, but the answer really depends on what assumptions you put in. Some
people come up with a billion technological civilizations in the galaxy that might exist and others
come up with one. I always say that you have to be careful or you’ll prove that we don’t exist.
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That’s the main way to search for intelligence these days and so that’s sort of the operational
definition that’s being used.

Loeb: There are several times that you mentioned already that people define things based on the
ability to answer questions scientifically. So the idea is that you define something in a way that
allows you to actually do an experiment and see if it exists. There may very well be things that
we don’t imagine and that we will never look for. But that’s the way that science makes
progress—we imagine something that we can do an experiment on and we do the experiment. If
we find the result that we anticipated, that’s very nice; if we don’t, that’s also telling us
something. That’s the only way to make progress.

Ferris: You made the statement that plants don’t communicate with each other. I think an
argument could be made that they do. We won’t go into that, but they do give off compounds
that affect other plants of the same type. There are examples of that, but I guess that doesn’t fit
into the definition of intelligent life because it’s not technological.

Dick: No, not into that particular definition. I do think we need to bring in imagination here. |
wrote a book called The Biological Universe, meaning that if the universe is full of life, rather
than us being the only life, then it’s quite different from just a physical universe where you have
planets, stars, and galaxies. If you have a universe full of life—you have life, mind, and
intelligence—that’s called the biological universe and that’s normally what we mean when we
talk about carbon-based life. But I’ve also pointed out that you really need to take cultural
evolution into account because 10,000 years ago, we were not very different biologically from
what we are now. We are very different now in terms of cultural evolution than we were 10,000
years ago. So I would say that you have to take cultural evolution into account when you’re
talking about extraterrestrials.

I’ve come up with an argument that maybe the universe is not the biological universe, but a post-
biological universe, by which I mean that it may in fact be artificial intelligence—and then this
gets you into all kinds of arguments about strong artificial intelligence versus weak and whether
it’s even possible in principle. But we don’t think in long enough terms—Iife could be billions of
years old. It could have evolved long before we did. And the question is, where does cultural
evolution take you after a million or a billion years, much less 10,000? One guess, which I think
you could make arguments for, is that it would no longer be biological because any civilization
that can improve its intelligence will improve its intelligence; one way to do that is with artificial
intelligence and there may be other ways, too.

Loeb: It’s not clear to me at all that intelligence is a guarantee for survival, that it’s something
beneficial, because first of all, if you look at politics these days, it’s clear that we may end up in
a nuclear war or some event that will eventually terminate life as we know it. Moreover, if the
conditions change—for example, if the star changes its properties—intelligence is very fragile,
it’s very sensitive to the exact temperature on the surface of the planet. And you may have
crocodiles that are very dumb and can adjust to changing conditions and that prevail and exist
much more out there in space than intelligent beings. So intelligence may be short-lived; it may
be a phenomenon that we are encountering now that will not survive for much longer. We
shouldn’t think of it as the ultimate thing that is actually promoting survival. And it may be the
explanation for why we haven’t yet seen evidence for intelligent life out there, that it’s a short-
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lived thing—a phase—on our planet. There are many speculations you can make. And the issue
is really how to do an experiment that will teach us whether they are out there or not. How can
you check for that?

Marusek: Well, as a science fiction writer, intelligent extraterrestrials are what we’re interested
in because dumb, unintelligent life is hard to weave a story around. You can have a solar-system-
wide cloud of fungus that drifts through the universe and eats planets, but that, at best, is just a
background element in a story. You kind of have to have intelligence in order to write a story.

Part of the Drake Equation is what the technological level of this possible civilization is. Because
a billion years ago civilization may have been sending out messages—broadcasting messages—
but they went by us a long time ago.

Dick: It’s not the level. There’s a parameter called “L,” the lifetime of a technological
civilization. And so this is where you get into cultural evolution and how long the culture will
evolve before it destroys itself. And that is the biggest uncertainty in the entire Drake Equation—
its “L.” We’ve been a technological civilization for only about a century if you talk about a
radio-communicative technological civilization. You can put a century in there or you can put a
million years or a billion years, and right there you’ve got a factor of 10 to the 9™ or so.

Marusek: Well, maybe not to do too much on SETI just yet, but isn’t it true that SETI people are
moving into other areas or looking for other things besides just radio telescope signals?

Fischer: Optical SETI.

Marusek: Optical SETI, right. I’ve read there’s an idea that intelligent societies a billion years
ago, who may have already become obsolete and extinct, have possibly set up archives that are
intended to be broadcast indefinitely, or have sent artifacts to park themselves at the Lagrange
points of various astral bodies so that millennia later, other civilizations can find them.

Loeb: I should say that if you were to ask whether we are visible to the instruments that have
been used so far to search for SETI, the answer is no, because all the searches that were done so
far were at frequencies well above a gigahertz. If you do a radio search, you have to define the
frequency. Most of the television and radio broadcasting and military radars are done below a
gigahertz. If you open your FM dial and look at it, it has hundreds of megahertz. There was
never a SETI search at the frequencies that we are transmitting at. So in fact my interest in the
subject was to point out that we are now developing instruments that will help us to image the
early universe and the same instruments are operating at a hundred megahertz. So for the first
time in history, we are able to actually eavesdrop on a civilization that is similar to ours and it’s
never happened before. So the point is if you go away from the Earth, how are we visible? For
example, we have TV, radio, and military transmissions and we have been doing that for fifty
years. It turns out that these instruments that are now being built can see a planet like the Earth
from a distance of fifty light years.

Marusek: I’ve read—I’m not a scientist, so | really depend upon you guys as experts—that the
signals that we send out inadvertently—TV, microwave, and such—are such low power that they
really wouldn’t be much detectable beyond fifty light years?
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Loeb: Well, that’s my point. So now we are building actual instruments that can see for the first
time at distances of tens of light years and, with future extensions of these instruments, you can
go to hundreds of light years. That was never done before. And these instruments will be
operational within a couple of years. This is a new development. And you just get the data from
the sky that you get otherwise, for other purposes. You just need to process it. It doesn’t require
any major investment to fund; the data will just come. These instruments will be able to set new
limits on twin civilizations similar to ours for the first time. That was never done before. So we
were looking for other civilizations at frequencies that we are not transmitting at.

Dick: Well, it depends on what the power is of the detector on the other end, of course. If you’ve
got a huge interferometric radio telescope, you might be able to hear a lot more than if you have
a small one. You always hear that they’re out there getting our “I Love Lucy” programs, but that
would not be very easy to decipher.

Itzkoff: Do we know with any certainty if there were other civilizations that they’d have to be
using any kind of radio—

Loeb: No, because we are developing now, for example, cables. So you have digital television
that doesn’t transmit anything. So, in fact, the old technology that we used to have, in particular
the ballistic missile radars, the warning systems that we used against the Russians, these were
very powerful and they were just broadcasting out. And all we can hope is that within fifty light
years, there is nothing hostile because it’s looking back at us right now. We have been careless in
terms of how much we broadcast out.

Dick: But it’s the great game in SETI to figure out—you’ve got 10 billion radio channels to
figure out which channel to tune into. It’s not easy. So what you can do is tune into millions of
them at a time—that’s what the SETI program does now—but then you have a lot of channels to
look through and figure out where to look. You’ve got a lot of places to look.

Loeb: But the antennas, the hardware of such a SETI instrument, at low frequencies, are just
dipole antennas that you can buy at RadioShack. The idea is to put a lot of them—10,000 of
them over a square kilometer—and then you get enough of a collecting area.

Marusek: Is that similar to the Allen Array?

Loeb: Yes, except the Allen Array, again, is operating close to a gigahertz and above. But these
other observatories are operating between 80 and 300 megahertz, which is just where we are
transmitting.

Marusek: You mention that we would hope that there would be no hostile listeners within fifty
light years. How many solar systems would that encompass?

Loeb: Well, first of all, you can easily answer the question of how many stars are out there. So
within about several tens of light years, you have about a thousand stars. As you go to a factor of
ten more, you get a thousand times more stars—you can get millions of stars. Now the question
is what kind of planetary systems do they have? Do they have an Earth-like piece of rock
orbiting one of these stars that allows liquid water to exist? You need the rock to be at the
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appropriate distance from the star so that the temperature on the surface will allow liquid water.
If it’s too close, water will evaporate; if it’s too far, it will become ice.

Marusek: Which gets us back to the question, what is life? What do we need for life?

Ferris: Maybe we could go to some specific examples. We’ve talked about the Earth. Let’s take
our solar system—where are possible places where we might find life just in our own solar
system?

Loeb: Europa is a very good sign.
Fischer: Europa is one of our best bets, yes.

Loeb: There seems to be a layer of ice on top but then, underneath it, there may very well be
liquid water. Well, the question is whether there are fish.

Ferris: Well, I guess you could say that. Europa is a moon of Jupiter; Ganymede and Callisto
have similar properties. So they are possibilities also. How about our favorite place that we keep
worrying about these people coming after us—Mars?

Dick: Historically, Mars has certainly been the place to look, starting with Percival Lowell in the
late nineteenth century and H. G. Wells’ War of the Worlds. I’d have to say, looking back over
the last fifty years, that the search for life on Mars has certainly been a driver of the space
program. NASA had barely been founded in 1958 when they had on the drawing board the space
craft to go to Mars, to be the first to do reconnaissance with Mariner 4, and eventually to land the
Viking Landers and look for life. That’s still controversial to some people, whether they found
life or not. The consensus is they didn’t. But now with all of the Mars Global Surveyors and the
Mars Exploration Rovers that are over there, they’ve revealed a lot about past water on Mars.
And so Mars remains very active as a possible exobiology site.

Fischer: Even subterranean water right now. And I think it’s interesting that the first place we
both said as our favorite place for life in our solar system is a place that’s outside the habitable
zone. And so thinking in terms of the classic habitable zone as not too far, not too close, is
maybe too narrow.

Dick: The habitable zone certainly has expanded from what it originally was.

Ferris: I think that’s the one thing—it was very narrow at one point, but if we look at where our
life is on Earth today, we’ve expanded our view of that. I don’t know how many kilometers
down you still find life. There’s no solar radiation or anything like that.

Dick: That’s extremely important, the point he’s bringing up. Life in extreme environments—
I’m particularly interested in it because I have a son who goes down in the Alvin to the bottom of
the ocean and looks at these hydrothermal vents, these black smokers, and you find these tube
worms and you find a profusion of life down at 10,000 feet, at extremely high pressures and
temperatures. That tells us something about the possibilities of extraterrestrial life—the
conditions are much broader than they used to be of where life can exist.
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Ferris: And you find life in ice and in other places like that, too. How about other bodies in the
solar system? I’m being the professor here, I guess. Be imaginative.

Dick: Well, if you want to be imaginative, there are people who still think there is life on Venus.
Venus is 900 degrees and it has sulfuric acid rain, but there are people who say there could be
life at the appropriate level. Or even on Jupiter—one of Carl Sagan’s favorite life-forms were the
gas bags floating in the clouds of Jupiter.

Itzkoft: Right, or on a neutron star.

Dick: Well, there have been science fiction novels written about that by Bob Forward, for
instance.

Loeb: An interesting question about this is whether there is a continuum in terms of the
complexity of chemistry, ending up with life as the most complex chemistry that we can
imagine. But then it’s just a quantitative question as to whether life developed in some sites or
not. And you can have complex chemistry—we know that—in very different sites. So what is so
special about life compared to just other chemistry?

Ferris: That’s yet another question. How about comets? How about asteroids?

Fischer: Extreme changes in conditions—you can be imaginative, but you can be imaginative
within a box. For objects that are certainly on highly eccentric orbits where they plunge in close
to the sun and then spend most of their time far away and that’s very cold, those are going to
represent serious challenges for life. And now you have an object that’s not so big and burrowing
down kilometers into a more protective environment is challenging, as well.

Dick: You have science fiction on this, too: David Brin’s Heart of the Comet and other novels
have been written on that. One of the big discoveries over the last few decades has been the
distance of complex organic molecules in these giant molecular clouds in outer space, up to the
level of amino acids. There are amino acids floating around out there; that’s not life, but it’s a
building block of life. It depends if you’re an optimist or a pessimist. If you’re an optimist you’ll
say that there are building blocks of life floating all around the universe, but if you’re a pessimist
you’ll say that that’s a long way from life. That’s the big jump.

Loeb: There was actually a scientific paper on this subject; it’s not just science fiction.
Ferris: You should defend your area.
Marusek: We’re used to this.

Loeb: The solar system as we see it now was not like that when it formed. There were many
more objects in it and they were kicked out because the planets that we see now are more or less
on stable orbits—stable within the lifetime of the solar system. There were many objects that
were around between the planets that were kicked out. And in fact there was a Nature paper, a
very short one by Dave Stevenson, about whether life—if it existed in one of these bodies that
presumably were small and perhaps were close to the sun—would survive if they were kicked
out. Obviously, you lose the heat source—the sun—but you can have radioactive decays within
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the object and he calculated that, in principle, in the deep interior of such objects that were
kicked out, life might survive. So it’s just like a spaceship moving through space, inside of which
you might have life.

Ferris: Well, they do know that in the case of asteroids, that they have undergone reactions in the
inorganic compounds, which have changed them. They can see that this is like an erosion
process. So chemistry—water—has been acting in these asteroids. Maybe there was a long
enough time for life to have evolved there. There are organic compounds—it’s a real mess of
organic compounds—but they are there.

Dick: I should say that the skeptics historically have been very critical of this kind of argument.
They say you spent a billion dollars to go in search of life on Mars in the Viking Landers and
you didn’t find it on the surface. So now what do you do—you say, well, it may not be on the
surface, but it’s underground somewhere, so now we have to go look for that. And to an extent,
it’s a public policy question because taxpayers’ money is spent to look for those sorts of things.

Loeb: Well, if we visit one of these planets enough we will contaminate it with life. Life will be
found eventually.

Dick: That’s another question, contamination and back-contamination, yes.

Itzkoff: From what I’ve read, among science fiction writers, even though they produce this for a
living, they don’t all necessarily agree or take it as a given that there is other life in the universe.
A writer like Michael Crichton, who is maybe not the best representation of a science fiction
writer, but certainly one of the most successful, gave a speech a few years ago and he basically
equated SETI to a religion. He is very much opposed to government and even private support of
SETI. He feels it’s a waste of time.

Loeb: But why is that a religion if they are just making observations?

Itzkoff: I don’t know—there are a lot of things that Crichton says that I don’t necessarily agree
with.

Dick: There’s a new book out by George Basalla, who is a historian of technology, and it’s
called The Civilized Universe. He says that SETI is like deities for atheists because it’s a kind of
religious search, a search for a superior intelligence.

Loeb: But suppose they don’t find it—it wouldn’t mean that nothing is out there. They’re not
believers; they’re just doing an experiment. The way I define the difference between religion and
science—there are two differences, actually: one of them is that science doesn’t have answers to
all questions; the second one is that in science you don’t have a prejudice—at least, you
shouldn’t have. So if the SETI people are doing their observations without prejudice and they are
just looking out, setting limits, and not finding anything, it’s not a religion. They can change.
They may decide that there is nothing out there.

Dick: There are people, though, who would rather that we not look because of the possible
implications. I just came from a conference where we discussed this. This has been discussed for
500 years—what the implications are if we find life, especially intelligence.
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Loeb: You’re saying it’s better to be ignorant—

Dick: I’'m not saying that, but some people are saying it. And there’s no consensus on what the
impact would be. At the meeting I was just at we had somebody from the Vatican observatory—
a Jesuit priest— who said he thought that if extraterrestrial life was discovered that the Catholic
religion and Christianity in general would somehow adapt to it because the alternative is
extinction of the religion, which is not going to happen. But there may be a need for some real
adaptation.

Loeb: But as far as I can hear from religious people, they would say that God created the other
creatures, as well.

Dick: But you have big problems with redemption and incarnation in particular doctrines like
that which are directed towards the Earth.

Marusek: But that does raise the question—why is it seemingly so important to us to know
whether or not there is life in other places?

Dick: I think it’s because it defines our place in the universe. It’s a very different universe if it’s
just a physical universe where we’re a fluke, or if it’s a biological universe, which is full of life,
or a post-biological universe. It’s very different for long-term human destiny, whether it’s our
destiny to go out and populate the universe or whether it’s our destiny to go out and interact with
extraterrestrials.

Loeb: But if you think of it as chemistry, then it’s nothing special.

Marusek: Okay. Well, thinking of it as chemistry, there would be a difference, say, if we found
life in Europa and it was not based on DNA as opposed to if it was, correct? Because in the one
case, if it was not based on the same sort of chemistry as us, it might lead us to believe that life
could be very widespread throughout the universe.

Itzkoff: As a scientist, do you still leave that door open that maybe life can exist without DNA?

Fischer: No, but maybe with a different DNA. DNA is so important for replicating that I
wouldn’t dismiss it, but I think one of the most interesting questions—and I don’t know the
answer to it—is whether or not life on Earth had a single origin or whether or not, over time, it
was eradicated by collisions, for example, and then restarted again, and whether there was more
than one spot on Earth where life started.

Loeb: There is also the issue of uniqueness. Is life as we know it the only possible life? And if
we find lots of other variants, it’s very interesting to realize that we are not unique in any way.

Dick: Interesting enough to put government money into it?

Loeb: Government money has been put into science for many other quite important questions
that are similar to this. For example, how did the universe start? We had space telescopes looking
at the beginning, trying to address the first chapter of Genesis in the Bible scientifically. When
was the first light produced? What happened in the universe early on? These are questions that
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were interesting to mankind throughout history, for thousands of years. And now we have the
ability to address them scientifically. That’s an amazing challenge. People wondered whether
there might be life in the stars out there, but now that we have the technological ability to address
this scientifically, it will be a great advance for our own culture to figure out the answer to these
questions. So I think we should not be too practical. We go through our life for fifty or a hundred
years wondering about the big picture—what’s our place? Everything we see around us, how did
it start; what’s our place in this big picture? And it’s important for us to figure out what’s going
on. So government money should be spent on questions that are interesting to the public because
that’s who is giving the money, the public. And if the public is interested in answering these
questions and the public goes to churches, why shouldn’t the public get the scientific version of
the story?

Dick: Well, Congress didn’t seem to agree when it cancelled SETI in 1993.

Loeb: That’s politics, right? Politics is not always going in the right direction.
Marusek: Along those lines, do you have anything to say about the anthropic principle?
Loeb: Recently it became very popular.

Marusek: Okay, define it.

Loeb: Okay. So the anthropic principle says that the universe as we see it has conditions that
allow us to exist and in other regions that we cannot directly see right now—space is bigger than
the region we can see since the Big Bang—conditions might be different. There are many
versions. That’s the simplest one.

Marusek: Conditions meaning gravity and the speed of light?
Loeb: No, not the speed of light.
Marusek: Weight forces?

Loeb: What physicists are now trying to resolve is that it turns out that in our universe, the
vacuum is not empty. The vacuum has some energy density to it—this is called the cosmological
constant. And, in fact, because of that, the universe is now accelerating its expansion. So instead
of slowing down the expansion—the matter usually would slow down the expansion—it seems
like there is a vacuum that dominates and that accelerates the expansion. This is something that
Einstein’s equations generated from a hundred years ago would have predicted, but now we
found evidence for the fact that the vacuum has some energy density to it.

Marusek: Is that dark energy?

Loeb: Dark energy or cosmological constant. Now why is that related to the anthropic argument?
Because as it turns out, if you try to come up with a fundamental theory of where the vacuum
energy comes from, there is no simple explanation. In fact, according to String Theory, which is
the most popular fundamental attempt to resolve the unification of gravity with quantum
mechanics, the vacuum can have different energy densities, different conditions, in different
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places. And then you ask the question, why do we have one value for the vacuum energy right
here? And the answer they came up with is the anthropic argument, because in those other
regions where, for example, the vacuum is much denser, the universe would be rather short-
lived. It would basically accelerate very quickly, you would not make stars, and you would not
make life as we know it. So we obviously exist in a region that allows us to exist and that’s why
we see around us this particular value, even though it’s not fundamental in any way. It allows us
to exist. So whenever you ask where would life exist—it would exist in those regions that allow
it to exist. And that’s anthropic reasoning.

Dick: But I would just point out that it’s a misnomer—it should not be the anthropic principle,
because anthropos implies human. The laws of the universe are not fine-tuned for humans,
they’re fine-tuned for life. So I think a better term would be the bio-centric principle—that the
laws of the universe somehow have embedded in them the possibility of life, not humans. It’s
caught on now, so it’s probably too late, but it’s really bio-centric, not anthropic.

Marusek: But it goes into the culture, I believe, where other types of fundamentalists—
Christians—see the anthropic principle as a source of intelligent design, that all of these factors,
all of these numbers that you could measure for our universe are tweaked in just such a way that
we are here. In that sense, that’s anthropic.

Dick: But there’s a way to get around that and that is that there are many universes out there, a
multiverse. We just happen to be in one where there is life. Of course, the problem is that you
can’t see those other universes. Martin Reece has written a whole book on multiverses. So it’s a
serious idea, but it’s not provable yet.

Fischer: But, still, it’s been tweaked for all of the other nearby stars and their planetary systems,
as well.

Ferris: Okay. Maybe we should get to another topic. In terms of the question of why some people
feel they’ve seen evidence for extraterrestrial life, what do you think is the driving force? Is it the
one you mentioned of wanting knowledge that an extraterrestrial might come to the Earth? I
could see a very logical argument to say we don’t want any extraterrestrials here. It’s going to
just ruin our whole society. The usual example is when the Europeans came to North America

and they were really decimated to a certain extent by disease and guns and a variety of things
like this.

Loeb: Well, it’s the fear of the unknown, in a way.
Ferris: Those are examples; it’s not exactly the same.

Loeb: But the one advantage, of course, is that if they are much more advanced than we are.
Instead of investing government money and answering questions, we can simply ask them: why
is there a cosmological constant? We can save money and effort.

Fischer: I think there’s an economic driver for finding extraterrestrial life, but the idea that they
would travel across these great distances is, to me, hard to swallow. It would be much easier to
communicate with them and we could still do that without having them come here.
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Ferris: But what language are we using to communicate?

Fischer: Mathematics, some binary code we develop. I don’t know. But if you do accept the idea
that carbon-based life is likely, then, at least on Earth, carbon-based life has lifetimes of let’s say
a hundred years. It’s rare to go much longer. And to get to the nearest star—I mean, if you really
think about what it would take to travel to Alpha Centauri, the nearest star, just four light years
away, you can accelerate a probe—Ilet’s make it a nanoprobe—to ten percent the speed of light,
so it gets there in forty years and radios back the signal in four years. And about every ten years
someone from NASA headquarters goes to the people at JPL and says, “What would it take to do
this?” And everyone does the math and then they groan because there’s no engine—no fission
engines, no fusion engines, no propellant engines, no solar cells—that could do that at ten
percent of the speed of light. So you have to go to something exotic—anti-matter engines—that
might do it.

Dick: Yes, but if you’re a post-biological extraterrestrial and you’re immortal, you don’t care
how long—

Fischer: Right, it doesn’t matter. And I think we might be looking for the wrong thing. I think
you’ve hit exactly on the right point that instead of looking for life, maybe we should be looking
for a little nanoprobe seeding the surfaces. You know, people say we did an experiment and
looked at the moon and we’ve got square meter resolution of the surface of the moon and we
don’t see any spacecraft—they didn’t leave behind any picnic lunches when they were here. But
they wouldn’t have sent that because energetically it’s just infeasible.

Loeb: But there is the more fundamental question that Enrico Ferme, a very famous physicist,
asked more than fifty years ago, which is if they are out there and they are quite ubiquitous, why
haven’t they visited us? Why haven’t we seen them? And if we do archaeological digs, if we
look down in the Earth, we don’t find evidence of high technology. We don’t find monitors or
palm pilots or things like that in archaeological digs. And why is that? Maybe they’re not out
there.

Itzkoff: But we always sort of take it for granted that alien life is either going to be benevolent
and give us all the technology and answers to the questions we want or it will be belligerent and
come to conquer us. But what if it’s indifferent—what if it figured us out a billion years ago and
didn’t think we were that interesting and just kind of moved on.

Dick: I think the Ferme Paradox is a serious argument, but there are many ways around it.
There’s a book, Fifty Ways to Get around the Ferme Paradox. One of them is that they don’t like
to travel or they’ve been here already and went away because we weren’t interesting. Or there’s
the zoo hypothesis, where they’re at the edge of the solar system waiting for us to get our act
together. So it does have to be taken seriously and it’s stimulated a lot of thought, but it’s not a
showstopper. Although I have to say that this did play into the reason that Congress cut the
money because this argument was prevalent back in the