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SUMMARY: In this paper we argue for the possibility that even in the event of a
Galaxy teeming with extraterrestrial intelligence (ETI) the probability of receiving
recognizable signals from the ETIs may be very low. There are two majors factors
that may limit our ability to detect other civilizations.

(i) Evolutionary mismatches may cause difficulties analogous to humans attempt-
ing to communicate with lower primates.

(ii) Independent evolutionary paths resulting from differing planetary /stellar en-
vironments may result in life whose cognitive processes and consequent perceptions
of the universe are very different from ours. Interpreting signals from such civiliza-
tions may prove a very difficult or even futile task. Even on Earth, an example of a
cognitive mismatch is that between humans and dolphins, where evolution in very
different environments has led to difficulty in establishing communication between
these two species.

The main effect of the second factor is to limit communication while the effect
of the first is to constrain what communication is possible to a ”window of oppor-
tunity”, a finite period of time, 7,,, when communication may be possible before
diverging evolution makes it impossible. For example, if the number of ETIs in

the Galaxy is one million and if 7, < 106 years, the average separation of ”con-

tactable” civilizations, <7“> > 5 x 103 light years so that one star in 10'° narbors
such a civilization.

If the above arguments are correct we reach the following conclusions.

® The absence of detected signals does not translate into an absence of ETI’s.

® Targeting individual stars in the search for ETI has a low probability of success.

® The use of radio signals is of limited value because with such large separa-
tions between ”contactable” civilizations interstellar scintillation strongly limits the
propagation of radio signals. Similarly, optical communication would be hindered
by interstellar extinction.

® Possible alternatives to current searches for narrow band signals include lis-
tening for modulated broadband signals, searching for narrow-band signals in the
microwave/FIR spectrum and searching for evidence of artificially processed envi-
ronments. All such searches would need to be ”all sky” to have a reasonable chance
of success.

Key words. Astrobiology — Extraterrestrial intelligence — Radio lines: general —
Galaxy: stellar content
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1. INTRODUCTION

The search for extraterrestrial intelligence
(SETI) has now spanned four decades. As in other
areas of science, this discipline has both a theoreti-
cal and an experimental basis. Although the exper-
imental side has proceeded sporadically, the theory
has developed more or less continuously over this pe-
riod of time and has led to controversial debates on
the prevalence of extraterrestrial intelligence (ETT)
in our Galaxy. The state of the field can be summa-
rized with the following observations.

The theory which, in principle, drives the ob-
servations makes two distinct predictions. (i) The
Galaxy is filled with ETTs and communication with
them is likely to succeed. SETI should, therefore, be
encouraged. (ii) There are very few ETIs (perhaps
none) in the Galaxy and SETI is therefore a waste
of time and resources.

The great proliferation of life on Earth, the
discovery of extrasolar planets and the common
physics shared by all stars suggest that platforms for
the development of life, analogous to ours, are very
common and that other civilizations in the Galaxy
should, therefore, exist. Adding to this argument
the possibility that life evolves according to other
paradigms (life as we don’t know it - as might hypo-
thetically exist in the oceans of Europa and Titan)
we are tempted to conclude that the Galaxy should
be teeming with life.

On the other hand, direct evidence suggests
otherwise. After a number of unsuccessful searches
SETTI has failed to turn up even a hint of extrater-
restrial life. If the Galaxy is indeed crowded with in-
telligent civilizations we shouldn’t have to look very
hard. Even if such societies are not directly com-
municating with us, we should be able to see "evi-
dence” of their existence analogous to the EM pollu-
tion emitted by daily activity on Earth.

In this paper we investigate a scenario under
which the Galaxy may well be full of life but at
the same time it is invisible to our listening devices.
We begin with a short review of the SETI literature
and the Drake equation. We then describe the cog-
nitive process as it might relate to extraterrestrial
communication. In the final section we discuss the
role played by cognition in limiting our ability to un-
derstand communications from civilizations that are
significantly more advanced than we are.

2. OVERVIEW

2.1. The Drake Equation

Most estimates of the number of ETIs are
based on some variant of ”The Drake equation”,
commonly written as,

Nc:N*prhszfiF87 (1)
where N, is the number of civilizations (or ETIs), N,

is the number of stars in the Galaxy, f, is the frac-
tion of stars that harbor planets, Nj, is the number
of planets per star that lie in the habitation zone,
as defined by terrestrial standards, f;, is the fraction
of such planets that host the initiation of life and f;
is the fraction of life-initiating planets on which life
evolves to intelligence, as defined by human stan-
dards. The final parameter, Fg, represents the frac-
tion of the star’s life over which the civilization sur-
vives. The probabilities are normally assumed to be
independent of each other but this view has been
recently challenged by Livio (1999, see below).

2.2.
tions

The Case Against Numerous Civiliza-

Pessimistic scenarios (e.g. Barrow and Tipler
1986) correctly point out that investigations of ETIs
ignore the possibility that our existence is the prod-
uct of a low-probability event. In fact, our existence
is independent of probabilities; we ask questions be-
cause we exist, regardless of how we came to be, and
our existence does not, in any way, imply that life is
a universal phenomenon (this is the so called weak
anthropic principle). Proponents of the pessimistic
scenario also use the colonization argument. If there
are many civilizations in the Galaxy, they are most
likely characterized by a distribution of evolution-
ary stages such that we are at the low-end tail of
the distribution. At the high-end tail there must ex-
ist the most advanced civilization in the Galaxy and
it might have as much as a 10'° year evolutionary
jump over us. Such a civilization should be capable
of colonizing the entire Galaxy. Since we see no evi-
dence of such colonization, ETIs must be sufficiently
sparsely distributed so that the high-end of the dis-
tribution is unpopulated. The ETIs must therefore
be low in number, or nonexistent. A third argument,
that derives from the Cold War, is that Fls is very low
(Fs ~ 10~%) because civilizations destroy themselves
through war or pollution as soon as they develop ad-
vanced technology. Finally, an argument made by
Carter (1983) is based on the similarity between the
biological evolutionary time scale here on Earth and
the Sun’s evolutionary time scale. In this view it
takes longer to evolve life than to evolve stars, thus
ETIs are rare. This argument holds so long as the
two time scales are independent. The counterargu-
ment is provided by Livio (1999).

2.3. The Case for Numerous Civilizations

Recent developments in extrasolar planet re-
search have worked in favor of the optimistic scenar-
ios. There are three major new pieces of evidence
that support a large value of N.. We now describe
briefly the rash of recent discoveries of extrasolar
planets, the discovery of short-period planets and the
work of Livio (1999) on ozone evolution time scales
and the impact these have had on our interpretation
of the Drake equation.
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2.3.1. Discovery of Extrasolar Planets

As of the writing of this paper there
are over 100 planets reported in the literature
(e.g. see the extrasolar planets catalog at
www.obspm.fr/encycl/catalog.html). Most of these
planets have been discovered via the radial velocity
method. Since the amplitude of the radial velocity
signal depends on the proximity of the planet to the
star (in addition to the dependence on the appar-
ent planet mass) there is a selection that favors the
discovery of massive, short period planets. Conse-
quently, the actual distribution of planets may be
quite different and it is plausible that the discoveries
are just sampling the ”tip of the iceberg” in terms of
the actual population of planets. It is therefore quite
possible that most stars may have planets. Certainly
we are evolving away from the position that planets
are relatively rare objects in the Galaxy. We there-
fore adopt f, = 1.

2.8.2. The Number of Planets in the Habitable Zones
of Stars

The traditional argument against a large num-
ber of planets in the habitable zones of stars is based
on two observations. For early type stars, the zones
are broad but the stars are too few to provide suffi-
cient planets (the stars also evolve too quickly — see
the next subsection). In the case of the late type
stars, the zones are too narrow and too close to the
stars to be relevant to planets. Since the late stars
are the most numerous, the argument goes, there are
relatively few stars to chose from.

The recent discoveries of short-period extraso-
lar planets go a long way in countering the above ar-
gument. If such planets exist around late type stars,
they are within the habitation zones of stars later
than G. The relatively high frequency with which
short period planets are found suggests that they are
common. It is therefore possible that all the later
spectral types may contain significant populations of
planets in their habitable zones. Although there is
not enough data to place a hard number on N, the
discovery of short period planets and the relatively
high frequency of late type stars support the opti-
mistic scenarios that favor high values of Np,. We
therefore optimistically set Ny, = 1.

2.8.8. Time Scale for the Evolution of Life

Perhaps the greatest uncertainty in the Drake
equation is the parameter f;. The pessimistic view
(e.g. Carter 1983) is based on the only example we
know, that of life on Earth. The essential argument
is based on the following assumption and observa-
tion.

Assumption: The time scale for the develop-
ment of intelligent civilizations, 7, is independent of
the time scale for the evolution of the parent star,
Ty

Observation: The first observation of 7. is that
on Earth. Since that is the first such observation and

since 7. &~ 7, for the Earth (to within a factor of 2)
it must be true that 7. > 7, in general.

This simple but powerful argument remained
unchallenged until very recently when Livio (1999)
proposed a counterargument. Livio challenges the
argument that 7. is independent of 7,. Instead, Livio
argues, T. = T.(7x). The argument is based on the
observation that the development of the ozone layer
(the key ingredient to the formation of advanced life
here on Earth) is a strong function of the amount of
UV flux incident on the planet. Since the UV flux is
greater for earlier spectral types, the time scale for
the development of ozone, 7,,, is much shorter for
early type stars and increases strongly toward the
later spectral types.

If one assumes that 7. & 7,,, then according
to Livio’s calculation the most likely result is that
Te & Tyx. In other words, it is not at all surprising that
we see T, &~ Tp on Earth because the equivalence of
the two time scales is the most likely outcome for any
place in the Galaxy. This line of reasoning strongly
argues against the pessimistic scenarios.

The above argument suggests that it is not
unreasonable to hypothesize that f; &~ 1. Shklovskii
et al (1966) suggest that fr, = 0.1, a number that is
consistent with assuming f; ~ 1. We therefore adopt
fi =1 and fL =0.1.

2.8.4. Ciwvilization Lifetimes

The last term, F§, is normally taken to repre-
sent the lifetime of a technologically advanced soci-
ety as a fraction of the host star’s lifetime. Thus,
for example, if our society were to continue until
the Sun evolves off the main sequence, the fraction
would be =~ 0.5. Under a pessimistic scenario in
which the society destroys itself through weapons of
mass destruction (say after 100 years of technolog-
ical development) the fraction becomes vanishingly
small, ~ 10~°. In this paper we shall assume an op-
timistic scenario, namely that such societies evolve
away from unstable equilibria as we have done in
recent years, on the basis that survival is an evolu-
tionary trait even at a societal level. Certainly, the
establishment of single superpower leads to a type
of stability where the one power will ensure that its
survival is guaranteed. Shklovskii et al (1966) sug-
gest a typical civilization lifetime of 107 years. This
lifetime represents a time scale that is 1072 that of
the Sun. We therefore adopt F, = 1073.

2.3.5. Optimistic Estimates of N,

Using the numbers we have adopted above, we
estimate that N, ~ 106. This estimate is similar to
that quoted in Shklovskii et al (1966). Recent devel-
opments in extrasolar planet research (as discussed
above) support this optimistic number. Nothing in
those results argues for numbers lower than 10%. We

therefore adopt this number for all subsequent dis-
cussions.
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2.4. Current SETI Investigations

The general strategy of current SETT efforts is
based on two major assumptions.

(i) Most signal-emitting ETT's are more
evolved than we are and are, therefore, capable of
emitting signals of much greater strength than those
emanating from Earth-based commercial transmit-
ters. Sensitivity of the listening device is therefore
not of paramount importance but since we don’t
know where the signals are coming from, sky cov-
erage is important. This assumption is a reasonable
one in light of the fact that our civilization has just
entered the era of electromagnetic communication.

(ii) The signals we should search for are prob-
ably quite distinct from those produced naturally in
the Galaxy. They are probably narrow band sig-
nals (frequency spread < 1 Hz; something that is not
commonly observed in nature) and they are proba-
bly emitted at radio frequencies, since the Galaxy is
relatively opaque at other wavelengths. The logical
radio frequency is the neutral hydrogen 2lcm line
transition (and integer multiples thereof) since it is
a universally observable line and can act as a natural
reference. Such narrow-band emissions make useful
beacons because it is easy to measure small changes
in frequency arising from the rotation of the emit-
ting planet (thereby confirming that the signal is ar-
riving from a planet, which by itself cannot produce
detectable radio signals).

We now describe ongoing projects that are
based on the above assumptions.

2.4.1. Project Phoenix

Phoenix is a multi-phased project that targets
primarily solar type G dwarfs. It’s first phase was
completed in 1995, after a 16-week observing run at
the Parkes radio telescope in Australia. It has the
capability to explore a large frequency band of ~ 106
Hz and has a limiting sensitivity given by:

S =1.6 GWd? (pc),

where GW means gigawatts (10° Watts), and the dis-
tance is expressed in parsecs. By comparison, com-
mercial transmitters on the Earth are capable of no
more than 0.01 GW of power. Even in the case of
the nearest stars (d ~ 1pc), the project Phoenix sen-
sitivity does not allow detection of commercial type
transmissions analogous to those currently polluting
the near- Earth environment. However, in light of
assumption (i), above, this is probably not a major
constraint. To date project Phoenix has targeted 200
stars with no convincing (repeated) detections made.

In a future phase, project Phoenix will utilize
the Arecibo 300m radio telescope to perform a much
more sensitive search for ETI transmissions.

2.4.2. META

The META project consists of two phases, the
first of which has already been completed (Horowitz
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and Sagan 1993). Its approach differs somewhat
from project Phoenix. It searches less of the spec-
tral window but covers most of the sky and therefore
most of the volume of the Milky Way. Thus, the pres-
ence of even just one ETI in the entire Galaxy could
be detected if its transmitter is powerful enough.
META uses the Harvard/Smithsonian 26 meter dish
located at Agasizz Station. The sensitivity of the
META search is given by,

S =17 GWd? (pc).

Project META has detected 37 narrow-band
signals of a kind that has never before been seen in
nature. Unfortunately, none of the detections were
sustained, i.e. they were absent in re-observations
minutes later.

2.4.8. SERENDIP

This project, run by the Lawrence Liver-
more Laboratory in California, is similar to project
META. It has greater sensitivity, given by:

S = 0.2 GWd? (pc).
but has not covered as much sky as the META. It

also has detected a number of narrow-band signals
but none have been re-observed.

2.4.4. OSETI

There are several projects that rely
on optical beacons, hence the term optical
SETI or OSETI. There are groups at Har-
vard/Smithsonian  (http://mc.harvard.edu/oseti),

Princeton (pugg.princeton.edu/~ oseti), Berkeley
(sag-www.ssl.berkeley.edu/opticalseti) and at the
Columbus Optical SETI Observatory in Columbus,
Ohio (www.coseti.org). This search assumes that
other civilizations will utilize optical pulses for their
messages. This method is not subject to interstel-
lar scintillation. All these searches are targeted, i.e.
they look for these pulses one star at a time.

3. WHERE ARE THEY?

If the Galaxy is filled with ETIs why have we
not detected them? Surely, at least one of them
should have evolved to a sufficiently advanced stage
to build a beacon that can be detected from any-
where in the Galaxy. There are, by way of explaining
these phenomena, two major possibilities. Either,
there are no ETIs, which we, along with other re-
searchers view as very unlikely, or there is an unfore-
seen problem that prevents communication across
the Galaxy.

Recently, Cordes et al. (1997) came up with
one such problem that is based on physical consid-
erations. Any radio signal that travels through the
Galaxy is subject to the same problem that starlight
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is subject to when it passes through the Earth’s at-
mosphere. In the latter case, the star appears to
twinkle. In the former case, the radio signal twinkles
also, but more dramatically. Thus, a possible way
out of the ”where are they” dilemma is that we are,
in fact, detecting ETT signals, though only the scin-
tillation peaks. In other words, one sees the signal
once and then it’s gone, unless one is prepared to
search for a much fainter after-signal. Cordes et al.
(1997) propose a statistical analysis that takes scin-
tillation into account and might be able to address
the question of how many ETIs there are without
actually indicating their location.

Despite the technical ”safety net” provided by
Cordes et al, there remains the question of why there
is no one ETI that can emit sufficiently strong signals
to overcome this technical difficulty. For example, if
we take the most advanced ETI in the Galaxy (if
randomly placed in the Galaxy, it is about 10 kpc
away from us, assuming N, = 10), it would have to
transmit 10 GW of power in order to be detected by
the current search techniques. Although this power
requirement is 10 orders of magnitude greater than
that of commercial transmitters on Earth, it rep-
resents less than a thousandth of the Sun’s power
falling on the Earth. A sufficiently advanced civiliza-
tion should be able to harness this kind of energy.

This problem relates to the greater issue of
how ETIs communicate with each other. Assump-
tion (ii), above, inherently assumes that most ETIs
communicate according to a paradigm that we have
developed here on Earth, This assumption operates
despite the fact that we are probably among the
least developed communicating civilizations in the
Galaxy (having just developed the ability ourselves).
Although one can make the argument that common
physics drives common technologies, we have no way
of predicting what our own future holds in store and
what future approaches to communication will look
like.

In this paper we wish to examine the possibil-
ity that assumption (ii) is not, in fact, correct. The
following section details an argument that communi-
cation with ETIs may be much more limited than is
currently believed.

4. COGNITIVE DEVELOPMENT AND
THE WINDOW OF OPPORTUNITY

Our understanding of the universe is ulti-
mately based on a model that is constructed from
sensory inputs feeding the cognitive processes of our
brains. Our ability to communicate is similarly de-
termined. The cognitive model of the world changes
with time as does our manner of communication. On
Earth, all species share the same initial conditions
(the advent of life on Earth) so differences in com-
munication are the result of differing evolutionary
paths and the passage of time. On other planets
such cognitive diversity may be greatly enhanced by
the diversifying effect of initial conditions that vary

globally from planet to planet (i.e., life as we don’t
know it).

On the experimental side, SETI has so far
turned up nothing. Admittedly, SETI has not been
active over a long enough period to make a strong
statement but given the predictions of the optimistic
scenario, it is somewhat surprising that no hint of
ETIs has been discerned. In response to this out-
come we have re-examined the Drake equation by
considering the concept of cognitive interfaces. That
is, the ability for two species to communicate, given
their totally independent evolutionary paths, must
also be evaluated. We pose the question of whether
a strong mismatch of cognitive processes may lead
to an absence of meaningful communication (partic-
ularly radio communication) even in the presence of
teeming Galactic ETTs. The argument is made that,
even with similar evolutionary paths, the stage of
development is a critical factor in the communica-
tion process. An example would be the attempt of
a modern human to communicate meaningfully with
an ape. An ETI that is too far ahead of us (we
are the apes) or one that is too far behind (they
are the apes) cannot easily communicate with us.
The time scale over which the two ETIs can commu-
nicate meaningfully is therefore limited because an
ETI that has evolved by a factor equal to our evolu-
tionary advantage over apes is unlikely to make its
message understandable to us because we don’t have
the cognitive skills to recognize their messages. Or,
it may simply be a matter of the more advanced so-
ciety abandoning arcane communication methods in
favor of more efficient methods that would be unrec-
ognizable by us. If the time scale of the evolutionary
overlap is short enough then even a Galaxy teeming
with ETIs will be invisible to us.

Since we don’t know how cognition evolves
in extraterrestrial environments we have to consider
three possibilities.

(i) Most ETIs have similar enough cognitive
models of the universe so that communication be-
tween them is always possible at any time of their
development. In this scenario there is little or no di-
vergence of cognitive evolution between civilizations.

(ii) Most ET1Is have similar but evolving cogni-
tive models such that communication between them
is possible but only when their stages of evolution
coincide to within some finite time scale. Such a
window of opportunity is determined by the relative
timing of cognitive evolution time scales of any two
civilizations.

(iii) ETIs evolve from such different initial
conditions that their cognitive models rarely overlap
and communication between them is not possible.
In this ”"worst case” scenario the evolutionary paths
are radically different, rendering communication and
even contact impossible.

The essential issue is whether we can presume
that the sensory systems of ETIs and our own over-
lap? Even if we did share ”cognitive structures” (a
term that gets tweaked below), it is more than pos-
sible that what we hear and they hear, we see and
they see, we sense in other ways and they sense in
other ways, may be vastly unlike. On Earth, com-
munication between cultures, though we take it for
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granted now, was not always possible and, where
possible, was not always sought. Since we have no
data on how evolution might proceed under alien
conditions, arguments for or against scenarios (ii)
and (iii) must be based on observations borrowed
from life and history here on Earth.

4.1. Lessons from Earth

Consider the cetaceans, about whose intelli-
gence so much is made nowadays. The range of
hearing they experience is very different from ours,
thus the way our two kinds communicate through
sound waves does not overlap easily (Pryor and Nor-
ris 1991). So even if in the unlikely event that we and
they shared ”cognitive models” we and they exist
on fundamentally different perceptual planes which
has so far severely limited complex communication.
Another apt comparison could be between ”normal”
humans and those humans whose brain chemistry
is different from ”"normal”, such as autistic persons,
schizophrenics, or individuals under the influence of
hallucinogenic drugs. The latter types of individuals
share the same evolutionary history and fundamental
physiology with the rest of their species, yet subtle
changes in brain chemistry make for extremely diver-
gent perceptions among the ”abnormals,” thus ren-
dering communication between "normals” and ”ab-
normals” extremely precarious (Sacks 1990, 1995).
Assuming a perceptual overlap between humans and
ETTs is thus somewhat presumptuous.

Second, what do we mean by ”cognitive mod-
els”? An anthropologist would read this term as a
synonym for ”culture.” In this light, we must take
stock of several presumptions that are at best ar-
rogant, and are, moreover, arrogant in Euro-centric
terms. Since the Paleolithic times, different human
groups have invented vastly different technologies,
adaptive to the various conditions different societies
have encountered. Thus the plow was developed
in European, Middle Eastern, and Asian societies
whose agriculture had adapted to very thick and fer-
tile topsoils. When Europeans arrived on the east
coast of North America they were simply unable to
perceive that what native peoples were doing was
also a form of agricultural cultivation. Their horti-
culture was very different from Euro-agriculture but
well adapted to very thin and sandy topsoils. Eu-
ropeans refused to see or understand these practices
as forms of agriculture (Cronon 1983). In the case
of Californian native peoples, the Spanish were ut-
terly mystified by ways of life based upon foraging in
ultra-rich biological habitats which yielded sufficient
food for a sedentary, materially wealthy way of life
(Bean and Blackburn 1976). Again, that which Eu-
ropeans could not understand simply escaped their
cognition — and this occurred between cultures based
on the same biology and brain chemistry.

Third, even when humans develop nearly iden-
tical technologies, they don’t do the same things with
them. The Chinese had gunpowder centuries before
the Europeans did and made fireworks, not firearms,
with them. Similarly, they possessed advanced navi-
gation technology before the Europeans but did not
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utilize it in the same ways as Europeans appear to
have been compelled to do (Wolf 1982). Technolo-
gies are mostly quite neutral. Even if the ETIs know
about radio waves — does that mean they want to
do the same things with them that we do? Consider
nuclear power. In the total scheme of history, the
US and France are very similar sorts of nations; yet
the French public and technocratic elite feels quite
safe with nuclear power, while in the US, the pub-
lic has felt so utterly insecure about nuclear power
that the technocratic elite was obliged to reverse the
trajectory they had initially planned for this tech-
nology (Goldschmidt 1982, Falk 1982). Ultimately,
"we” (i.e. Euro-American scientists) have absolutely
no way to predict how ETIs will use technologies,
even if (and that is an if) the ETIs develop the same
technologies we do within the time frame window
scenario (ii) describes.

Finally, the biggest presumption in scenario
(ii) is "the imperial presumption.” In the extraordi-
nary circumstance of ETIs who exist in the same per-
ceptual plane as we do, have the same or similar tech-
nologies as we do, and who develop in a time period
that opens the window of opportunity for contact,
why should we assume that they would feel the desire
or compulsion to communicate with other intelligent
species? There are so many examples of xenophobic
human cultures in relatively recent historical times,
that it may not be wise to automatically assume that
ETIs want to "make contact.” The Chinese of, say,
500 AD to 1500 AD didn’t set out to militarily dom-
inate or culturally assimilate Southeast Asia, or the
area that is now Indonesia, even though they appar-
ently could have, because they didn’t want to. The
Japanese of the 15th through early 19th centuries
closed the door to outsiders, and did not open that
door until they were ready. We may be naive to be-
lieve, having turned our technological sights up to
the skies, that everyone ”out there” is waiting on
the edge of their seats to hear from us and to have
us hear from them. ”To boldly go where no man has
gone before” is really a European adventure story,
based upon narratives of both exploration of ”the
unknown” and the hope for conquest or at least ma-
terial gain when we get "there.” It may be difficult
to argue that a species with more advanced tech-
nologies than ours would necessarily be motivated by
such imperialistic or resource-driven interests; and in
the absence of a truly ”disinterested curiosity” in our
own species, it is probably fruitless to speculate on its
presence in others. There is yet another objection-
able assumption too, that we have also intimated:
that we already know enough about what there is to
know about wave phenomena and inter-stellar com-
munication to be able to assert that ETTs would use
radio waves to communicate with other civilizations.

Based on these considerations we hold that
scenario number two is the most likely. Scenario (iii)
would be an extreme variant of this view. On the
basis of this premise we calculate how narrow this
cognitive window would have to be in order to yield
a less than even chance of meaningful communica-
tion even under a variety of scenarios. We will show
that even with a window of the order of 10® years,
ETIs are difficult to detect, given the current search
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E}%llosophies, even if the Galaxy contains a million
S.

5. DISCUSSION

5.1. The Number of Contactable Civiliza-

tions

Our goal in this paper is to separate the ques-
tion of the number of civilizations in the Galaxy from
the one of how many can actually be contacted, or
otherwise known about. The latter is more relevant
to SETI because it influences the probability of the
search being successful. We begin by re-visiting the
Drake equation, and adding a term to the equation.

Under the optimistic scenario, there may be
as many as 10° technologically advanced civilizations
in the Galaxy. However, these societies are at var-
ious stages of development. The probability that
two extraterrestrial societies are at the same stage
of evolution, to say within a million years, is very
small. Using the Earth as an example, it has taken
5 x 10° years to evolve an intelligent species which
then has the potential to survive another 5 x 10°
years. Taking the latter time frame and applying
it to all other civilizations and assuming continued
evolution over that period of time, the probability of
any two civilizations achieving the same evolution-
ary stage (to within a million years) at any given
time is &~ 2 x 10~%. If we take a time scale, of 7,
years, as a communications window then we see that
fo ~ 2 x 107197, the fraction of all civilizations
that are emitting signals that we are capable of de-
tecting. Application of this new parameter to the
Drake equation yields Ny = N.f, = 27, detectable
civilizations, where 7,, is in years.

The galactic volume occupied by all stars is
Vo ~ 4 x 10" pc®. Therefore the average number
density of detectable civilizations is

NC w NCTw
ndsz/vng—g: : 2)

=0.25 x 10722N, 22 pc3 (3)
yrs
or

- N, T
~0.025x 1073 =% —2 kpc 3. 4
na ~0.025 x 107% =5 T06yrs <P (4)

5.2. The Challenge to SETI

The average separation of such civilization fol-
lows from the above,

1 NNV T
~—m=16|— kpc.
(r) nt? ( 106 ) 106yrs pe

()
Note that (r) is not a strong function of 7,. For a
relatively narrow window of 10° years and N, = 10,

the average separation of detectable civilizations is
~ 5,000 light years.

These figures present a number of difficulties
with regard to SETIL.

The number of stars, N, contained in a sphere
of radius (r)

10

106 106yrs

For 7, = 10° years, N = 10'° stars. This is
a daunting number of stars to survey in a targeted
search. In fact, if 7, < 10° years then all stars in the
Milky way must be surveyed.

It is clear that if the cognitive window is nar-
rower than 10° years, targeted searches are not prac-
tical. Even with a window of 10® years a total of
108 stars need to be surveyed. Limiting the search
to G stars still means targeting a million stars. Only
if the cognitive window approaches the stellar evo-
lutionary time scale does the number become more
practical (about 10,000 G stars).

We conclude that all sky-survey-type searches
are more likely to be effective if the cognitive window
is narrower than ~ 108 years. However, even with an
all sky survey there are two major difficulties.

5.3. Minimum Detectable Beacon Power

If the window of opportunity for communica-
tion is important, (7, < 7«) the separation between
detectable ETTs (those that would build radio bea-
cons) is much larger than the separation of all ETIs.
For example, if 7, ~ 106 years, (r) ~ 1.6 kpc. Based
on the search sensitivities used by current SETT pro-

grams, any emitting beacon would require a power
output,

d
Pbeacon ~ 1GW(_)2 = 1015 W.
pc

By comparison, the amount of solar radiation falling
on the Earth is 10'W. Thus, the nearest detectable
civilization would need to construct a beacon utiliz-
ing a tangible fraction of the stellar radiation falling
on its planet’s surface. Although large, this amount
of power may be manageable by a sophisticated so-
ciety. However, for detectable ETIs located further
away the required power approaches what might be
available locally to the planet that harbors the ETI.
Thus, even an all sky survey would benefit from
greater sensitivity.

At these distances, the ETI must broadcast
with a power of 108 GW, 10 orders of magnitude
greater power than that of our most powerful com-
mercial broadcasts, in order to be detected by the
current searches. Alternatively, if the goal is to de-
tect ”leakage” radiation, our systems must be ten
orders of magnitude more sensitive than they are
currently. As noted above, the leakage of radiation
might be deliberately minimized by a more advanced
culture.
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5.4. Interstellar Scintillation

Even if powerful beacons do exist in the
Galaxy, interstellar scintillation severely limits our
ability to interpret the signals we intercept. In their
landmark study, Cordes et al. (1997) show that re-
peatable detections of signals may not be possible for
beacons located more than 300 pc away.

This distance sets a natural criterion for the
proximity required to detect radio beacons. In our
analysis, the cognitive window of opportunity sets
the average separation between detectable (beacon-
constructing) civilizations. It is interesting therefore
to examine the situation when the two scales are the
same. Using equation (5) and setting (r) ~ 300 pc,
we obtain a window of opportunity of 10® years.

Thus, even with a liberally wide 7, our abil-
ity to detect uncorrupted signals is limited. If the
average separation of ”contactable” civilizations is,
in fact, greater than the scintillation distance, we
are forced to conclude that narrow band radio sig-
nals are impractical for communicating across the
Galaxy. Presumably an emitting ETT would also be

aware of this and would choose some other means of
communication.

6. HOW DO WE SEARCH?

The challenge to SETI, as conventionally prac-
ticed, is great. Narrowband radio signals are subject
to distortion and there are too many stars to search.
What are the alternatives? It is not the purpose of
this paper to develop new ideas for communication
but we briefly note some obvious alternatives.

Optical SETI is appearing on the scene. It
does not suffer from scintillation type effects, but if
the separation of ”contactable” civilizations is of the
order of kpc or more, then extinction becomes the
relevant issue. The fundamental problem remains.
The proposed optical searches are of the targeting
kin{l, and that is not feasible if our argument is cor-
rect.

An alternative would be a search for broad
band radio signals using an all-sky survey. Broad-
band signals are less affected by scintillation and
greater sensitivities may be possible. The difficul-
ties would include the burden placed on the beacon-
constructing ETI and our ability to sort out the
broadband signal from the Galactic background.

Another possibility would be to search for nar-
row band signals at microwave or far infrared fre-
quencies. Scintillation is not a factor at these fre-
quencies. However, the Galactic background is very
high and it may be difficult to pick out such signals
readily.

A possible alternative to EM contact would
be a search for evidence of artificially processed en-
vironments. Presumably, as a civilization matures its
energy requirements increase and the ability to shape
environments also increases. Evidence of large scale
"projects” may not be difficult to find. It may take
the form of Dyson spheres or other artificial look-

ing structures. The jets and lobes associated with
active galactic nuclei are examples of very efficient
engines and one may speculate fancifully that such
engines could be the work of energy starved super-
civilizations.

On the surface, searching for such processed
environments would appear to present significant ad-
vantages over attempts to communicate, given the
cultural biases associated with direct communica-
tion. However, more careful consideration of the role
of culture warrants a note of caution. FEven over
the short period of time representing the industrial
age on Earth, we have witnessed a marked change in
our attitudes toward the environment. Pollution of
the air, ground and water are no longer accepted as
unavoidable consequences of technological develop-
ment, and attempts are being made to reverse these
effects. In other words, the evidence of our industrial
capacity may actually be diminishing to an outside
observer. The counter argument is that we now boast
much greater levels of electromagnetic pollution in
the form of visible light and radio-frequency waves.
However, in the latter case some reversals are tak-
ing place. Tucson, AZ in the USA is now emitting
less visible light into space than before as a result of
a strict lighting ordinance. The essential point here
is that culture plays a role in determining how we
shape and affect our environment. It may well be
that more advanced civilizations choose not to pol-
lute and thereby avoid exhibiting their activities.

7. CONCLUSIONS

In this paper we have argued for the possible
existence of a cognitive window, a limited time scale
over which any two civilizations are matched for com-
munication. If such a window is sufficiently narrow,
< 108 years, the separation between detectable civi-
lizations is too great to allow for either a high chance
of detection or meaningful communications. This is
true even if the Galaxy is teeming with intelligent
civilizations. In order to detect other civilizations
with relative ease, it is necessary for the cognitive
window to be much wider than 10® years. If the
window is narrower than 10% years then the follow-
ing conclusions hold.

(i) The absence of detected signals does not
translate into an absence of ETT’s.

(ii) Targeting individual stars in SETT has a
low probability of success.

(iii) The use of radio signals is of limited
value because with such large separations between
”contactable” civilizations, interstellar scintillation
strongly limits the propagation of radio signals.

(iv) Similarly, optical communication would
be hindered by interstellar extinction.

(v) Possible alternatives to current searches
for narrow band signals include: listening for modu-
lated broadband signals; searching for narrow-band
signals in the microwave/FIR spectrum; and search-
ing for evidence of artificially processed environ-
ments.
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UDK 52-37
IIpeznednu pad no nosusy

Y o0BOM pany ce H3HOCE apryMeHTH ¥
npuiaor MOryhnHOCTM [na je, 4ak U y CIy4dajy
[a Hama Fana&cma BPBU OJ BaH3E€MAJbCKUX WH-
requrennuja (B3U), seposaTtaoha nmpujema mpe-
[IO3HATJ/PUBUX CATHAJA BEIITAYKOT IOPEKJIA BEOMA
mucka. llocrtoje mBa riaBHA ¢axkTopa Koja Or-
paEMYaBajy HaIIy CIOCOOHOCT Oa AETEKTY]eMO
ApyTe MUBUIIN3ALLjE.

(i) EBonyrusue Pa3JMKE MOTY y3DOKOBATH
rTemkolhe aHaJIOTHE OHMMA KOje IIOCTOje y JbyH-
CKUM IIOKYIIAjuMa KOMYHUKAIMj€ CA HILKUM IIPU-
MaTuMa.

(ii) He3aBucHu eBOJYTUBHU IIyTEBU KOjU
npoussiaze U3 PA3IUYATUX I[JIAHETAPHUX /3Be3-
[aHUX OKpyKema Mory npousBectu B3U uwmjn
Cy KOTHUTUBHHU IIPOIeCH ¥ mpousnaseha mepren-
nyja yHUBEp3yMa BeoMa PA3JIUUYUTA O HAIIUX.
WHuTepuperupame curHaia TaKBUX IUBUIN3AIN]A
MOXKE C€ IOKa3aTU BeoMa TEIIKUM, aKO He u
memoryhwmM 3amatkoMm. Yak m Ha 3eMibu, npuMep
TAKBUX KOTHUTUBHUX pAa3jiuka HoCTOoju u3Mebhy
Jbyon W gesn¢uHA, TOe €BOJIyIHUja y BeoMa pa-
3IUYUTUM OKDPY:KEHBUMa TOBOAX OO Temkoha y
ycmocrapibaiby KoMyHUKanuje usmeby nse Bpcre.
I'naBrM ederar mpyror (baHTopa JeCTe CYIITUH-
CKO OrpaHMYEHe KOMyHUKaluje, HOK je eperar
OpBOT OrpaHUYEHE OHE KOMYHHUKAIUje Koja je
moryha ma ”"mposop”, Tj. KOHAUaH MEPUOM Bpe-
MEHA T,, Y KOM€e KOMYHUKANMja MOske 6utu Moryha

10

[Ipe Hero mITO je IUBEPTeHTHA €BOJYIUja YUUHUA
memoryhom. Ha mpumep, ako je 6poj B3U y
namo] asakcuju jeman MuWiIMOH u ako 7, < 10°
rOAVHA, IPOCEYHO PACTOjarbe IMUBUIN3AI]a KOje
6u Morsme ma KoMyHUmUpajy je (r) > 5 x 103
CBETJIOCHUX TOJMHA, TAKO Ma TEK JeIHA 3Be31a Y
10'° mpencTaBma cTaHUIITE TAKBE MUBUIU3AIM]E.
Axko Ccy ropmu apryMeHTU KOPEKTHU, HOJIA3UMO
o caenehux 3ak/bydyara:

e (OmCycTBO JETEKTOBAHMX CUTHAJIA He
3HAYM W OACYCTBO B

e [locmaTpatbe noje AMHAYHUX 3BE31a Y CE-
TU mpojerrmMma mMa BeoMa MaJy BepoBaTHONy
ycmexa.

e Kopumheme pamuo curnama je on
OorpaHrMdYeHe BPENHOCTH, 3aTO IITO HA TAKO Be-
JIMKUM pacTojamuMa u3Mely NuBUIM3aluja Koje
MOTy [a KOMyHHIupajy MeDysBesmama COUHTH-
Jamyja CHa:KHO OTPDaHMYaBa MIMPEHe Paguo CHr-
Hana. CuamdHO, ONTHYKA KOMyHMKanuja je ome-
TeHa Meby3Be3J1aH0M E€KCTUHKIN]OM.

e Moryhe anrepHaruBe CcaaIllbUM IIO-
TparaMa 3a CUTHAJIMMA yCKOT OICEera YKJbYYYjy
OCJIyHNIKABAKkE MOLYJIUCAHUX CUTHAJIA BEJIUKOT
omcera, IOTpara 3a CUCHAJAM YCKOI OICera
y Mukportasacaom/PUP nmemy cmekrpa um mo-
Tpara 3a TparoBUMa BENITAYKU IIPOIECUPAHUX acC-
Tpodpu3nykux OKpyskema. CBe TakBe morpare
Tpebaso O6u ma ce BpIIe MPEKO YMTaBOr Heba ma
Ou mMaJie pasyMHE U3rJele Ha YCIeX.



