The Search for
Extraterrestrial Intelligence
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SEARCHING FOR INTERSTELLAR COMMUNICATIONS

By GIUSEPPE COCCONI*

Cornell University,

\VU thoorios yet exist which emable a relable
1l estimate of the probabilities of (1) planct
formation ; (2) origin of Life ; (3) ovolution of sociotion
pomscssang advanced sowentific capabilitios In the
abwenco of sach thoories, our envircmmont sugposts
that stars of the main sequesce with a lifetime of
many billions of years can possess planets, that of &

set of wach planets two (Earth and vy prob.
ably Mass) supporet lifo, that life on ono such plan
imchades & socsety recently capeble of conaidernhle
sciomitific investigation. The lifetime of such societion
in bot kmown ;  but it sooms unwarranted to deny
that among such societion some might maintain
themselves for times veory loag compared to the time
of haman history, perhaps for times comparable with
peodogieal tisne, 1t follows, thon, that pear some star
rathor like the Sum there are civilizations with
scentific imterosts and with techmical possibilition
much preator than those now available 10 us

* Xow on loave sl CRRX, Genrva,

and PHILIP MORR'SCN{
haca, New York

To the beings of such & sociy, our San nwast
appear as o likoly mito for the ovolutson of & new
society. It is highly probable that for a lomg time
they will have boem oxpocting the development of
soieescn mear the Sus. 'Wo shall assuumo that long ago
thoy established a channel of communication that
would one day become known to us, and that they
look forward patisatly to the answoring signals froem
tho Sun which would make known to theen that & now
has entered the cosnumunity of intolligence

wocloLy
Whiat sort of a chaninel would it be

The Optimum Channel

luterstellar communioation aoross the palactse
plasma withous dispersion in direction and fight-tinee
w practical, »0 far as wo know, only with electro-
A Nolic WAVoS,

Since the objpeot of thos who operatle the source
i# to find & nowly evolvoed socioly, wo may pProsume
that the channel used will bo ome that plecm &
minkmum burden of frequency and angular diserioni
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Source

1 the 2l.cm. line

for about two-thinds of the directions in the sky. In
the directsons noear the plane of the galaxy there i

& backgrousd up 1o forty times higher

It & thus

economuoal 1o oxamine frst those noarby stars whoeh
are in dircctions far from the galactio plane
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If % the source a mirror is ussl [, meteos in dis
mwter, them the power required for it to generate in
our detector a signal as Jarge as the galactio back
r_f(nu’rl o

dWw,

ud B W.(e )
a0 af

Joeter B .

For source and reosiver with misrors like thoso st
Jodrell Bank ({ =80 m.), and for a dstance R> 10
light years, the power at tho source required is 104
W.e s )", which would tax osr presost techmicoal
possibilition. Howover, if the size of the two mirrors
s that of the tolescope already planned by the UR
Naval Resocarch Laborstory (I« 200 m.), the power
nooded s & factor of 40 Jower, which would fall
within even our limited capabilition

We have assumed that the source is boamung
townrds all the sun ike stars in its galactic neigh-
bourbood, The support of, say, 100 differont beasns
of the kind we have deseribod does not soeen an
impossible burden on & socioty more advanced than
our own, (Upon detecting one signal, even we woukl
quickly establish many search boame.) Wo enn then
hopo to sco a boam toward us from any suitable
star withan some tons of Light yvoars

Signal Location and Band-Width

In all directions outside the plane of the galaxy
the 2l.cm. emimaon line doss Bot emnerge from the
goneral background. For stars in directions far from
the galactie plane search should then boe mado aroumd
that wave dength, Howover, the unknown Doppler
shifls which arim from the moticn of unsean planots
suggost that the observed emission maght bo shifted
up or down from the naturml comoving atoms
frequency by 4 ~300 ke /s, { £ 100 k., 5.4Y), Clomer Lo
the galactic plane, where the 21-cm. line s strong, the
souree frequency would presumably move off to the
wing of the natural lime background ss observed from
the direction of the Sun

50 far aa the duration of the scanning @ concerned,
the receiver band. width appears to be unimportant,
he ussal rediometor relation for (uctastions in the
background applies heco, that is :
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where Afs w the band . width of the detector and t
the time constant of the post-detection recording

On the other hand, the background
scooptod by the recoiver is ¢

equgnrent.
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If wo set AF aqual to some fixed wvalue, then the
soarch time T required to examine the band F
within which we postalaied the signal to o = given
by

Fe F
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ndepenndont of receiver bandl - wideh A /s
Of course, the snaller the band-width chosen, the
weakor the signal which can he detected, provided
Afep-Afe. It Jooks rossonable for a fire offort to
chooso & band.-width A f4 normal in 21 om
but an integration time * longer than usasl

practice,
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¢ Eridani, and ¢ Indi. Al theso happen to have
southern  dechnations Three others, a Centauri,
70 Ophincows and 61 Cygni, lie noar the galactio plamne
and therefloro stand agninst higher backgrounds
Thero are about & husdred stars of the appropriate
lumimowity among the stars of known spectral type
within some fifty light
dwarfs botwoenn perhaps GO and K2 with visual
magnitudes less than about + 6 are candsdatos

yoars All main-sequenoe

The reader may mock to consign these spoculations
whally 1o the domain of science-fiction, Wo submat,
mther, that the foregoing line of anpument derson
strates that the prosemce of intorstollar
entirely consistont with all we now know, and that f
sigoals are prosont the means of detocting thom »
ww at hand. Few will deny the profound in port

y practieal and philosophical, which the detec
tion of mterstollar communications would have, We
thorefore feol that a diseriminating scarch foe seznals
dosetvim a conmiderable effort I'he probability of
sucooss i difficult to ontimate ; but if we never search,
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GES INDUCED IN MAMMALIAN ERYTHROCYTES
- WHOLE-BODY X-IRRADIATION

we. D. A, RAPPOPORT and B. W, SEWELL
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is dependent om (o) the sonsitivity to redistion of a
particular emzyme systom under ovaluation and
(&) the dogroe of sonsitivity of the analytical methods
employed

lmr-hrn in the above specifications the fact that
the teeue must be incapable of extensive mtermnal
ropair if it s to refloct any post-irradistion changes

This isnmediately eliminateos tssucs with large populs.
thoss of mitotio colls and suggests erythrooytes as the
tissue component of choico, In man the erythrocyte
has a lifespan of 110-120 days®, in the rat this span
i 49-53 days', in other mwmnmals erythrocyte life.
spans are botween these values* y
orythrocytes are enucleatod, no resynthesss of pro
teins can coowur, anvd any radistion damago imearred
on the CILX Y TEw0- P tewns, such as demasturation or
rupture of peptide linkage, should be detectable by
changes in enzymio reactsons. This rationale suggowts
the erythrocyte onzymes for examination as a test
sysiemn

If the hypothesis is hold that any absorbed radia
tion willl affect enzymos in all cells, how is it that no
eneymee changos have been observed in erythroeytos
after moderate whole-body irmadiation ¥ This may
be explained on the basis that up to the present tin
fow erythrocyte emzymes have beem tested aftor
rediation teeatsnent l’:r_s".hnryh- u-nl_\‘rnnl-‘-,r_\' has
now been more thoroughly explored*’. With the
complete elucidation of glycolysis, the hexosernono-
phosphato sbunt, the transketolase and transaldolase
eneymes, and nacleoside phosphorylaso in erythrooyto
extracts, reexammation of the radistion offect on
thewe enzymo wystems i in order

Since mammalan

Nucleoside Metabolism

Investigators concerned with the preservation of
blood have found that when inosine or adenosine is
added 10 blood the integrity of the erythrooytes is
maintamned during storage and their survival follow
ing traswfusion is improved®. This was attributed
o the rewynthesss of metabolitos essontinl for nry
throoyte integrity.




Methods for searching for life

® Direct searches for microbial life in the solar system
= rovers, sample return missions to Mars, Europa, etc.

* Indirect searches for signs of life in the atmospheres of
extra-solar planets

® bjomarkers such as methane, ozone, etc.

= Detection of signals from intelligent civilisations
= the Search for Extraterrestrial Intelligence (SETI)



Where Should SETI Look?

" The Solar System?
= no signs of intelligent life elsewhere in the solar system

* Nearby Sun-like stars (with habitable planets?)

" The Milky Way Galaxy
m several hundred billion stars
m how far can we look?

= Beyond the Milky Way? , e
= much more difficult S , »




The Drake equation

= Approximately how many
civilisations capable of
sending signals are currently
present in the Milky Way?

*= While we dont know the
answer, Frank Drake
summarized the key factors
which go info estimating this
number, in what is called the
Drake Equation




A simplified version of the
Drake equation

“N = NHP X FliFe X Fciv X Fnow

" N = total # of detectable civilizations in Milky Way
= Ny = # of habitable planets in the Milky Way

= f;. = fraction of habitable planets which have life

= f,, = fraction of life-bearing planets upon which a
civilization capable of sending signals has arisen
m either in the past or at present

= f . = fraction of these planets which have the capability of
sending signals now



How can we improve our estimates of the
factors in the Drake equation?
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What should SETI look for?

® The primary method of searching for advanced civilizations is fo try
to detect signals

= while most people think of SETI listening for these signals, sound cannot
travel through empty space!

= instead, SETI watches for signals (often using radio telescopes)
= The goal is to look for light that changes with time (a variable
signal)
" otherwise, it is nearly impossible to discern between light from aliens vs. light
from stars, etc.

= Most SETI projects are carried out using the radio part of the
spectrum, though some is done in the optical too

= Confirmation that a signal is from an advanced civilization means
ruling out other possible sources

® human fransmissions, satellites, airplanes, etc.

® natural sources which vary with time
" e.g., pulsars, variable stars

® noise peaks



Parameter space to be searched

= Potential signals may have a wide variety of properties, and
therefore there are many factors to consider when
carrying out a SETI search
m | ocation on the sky

= One approach is to target individual nearby Sun-like stars
® Another approach is to sky large swaths of sky in less detail

® Frequency or wavelength

" The radio part of the spectrum is most popular, especially the 1420 MHz
(21 cm) frequency

= Width of frequency channel
= Signal strength

= Signal duration

= Etc.!



The radio spectrum and the water window
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The radio spectrum and the water window
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The Arecibo radio observatory: 300m
diameter radio dish

o o . - . : . .




Current Radio SETI Projects

TABLE 12.1 Current Radio SETI Projects

Width of Detectable Power for
Total Number Single 100-Meter Transmitter
Name Institution Telescope Type of Channels Channel Band Covered at 100 Light-Years

Inner Galactic SETI Institute Allen Telescope Survey 450 million | Hz 1,390-1,720 MHz 70 megawatts
Plane Survey™* Array

SERENDIP University Arecibo Radio SKy Survey 168 million 0.6 Hz 1,370-1,470 MHz I megawatt
of California, Telescope
Berkeley ™™ (305 m)
Southern SETI Australia Parkes Radio SKy Survey 58 million 0.6 Hz ,418-1,421 MHz | megawatt
SERENDIP Centre Telescope
(64 m)
SETI Italia Istituto di Medicina radio  SKy Survey 24 million 0.6 Hz Bands centered Typically

Radioastronomia, telescope at 1.4, 2.8, 6.4, and 30 megawatts
Bologna (32 m) 22.4 thousand MHz

* Values given here are for the Allen Telescope Array capabilities at the end of 2006, when it will have 42 of its 6-meter antennas in operation. As more antennas are added (eventually
reaching a total of 350), the sensitivity will increase and the observing mode will switch to a targeted search of stars within 1,000 light-years.

** About 2.5% of the data collected by the SERENDIP project is being distributed over the Internet for processing on a downloadable screen saver. This project (called SETI@home) has
involved more than five million home computer users.

Copyright © 2007 Pearson Education, Inc., publishing as Pearson Addison-Wesley.



What are the most distant signals we can
expect to detect?

The largest radio transmitter/receiver on Earth is the 300m
diameter Arecibo radio telescope.

The strongest signal it can produce is around 10’W.

Arecibo can detect a signal of this strength, produced using a
similar antenna, up to 1000 Ly away.

This corresponds to a signal strength at Earth of 103°W.

For comparison, the strongest terrestrial signals are of order 10°W
(TV antennae and military radar).

Note that the changeover fo digital signal transmission is making the
Earth radio "quiet” (signals are 100 times weaker).

Therefore, an alien Arecibo could detect our TV (broadcast today) at
100 Ly and our modern digital transmissions at 10 Ly.



The Search for e Press F1 for info Version 3.03
Extraterrestrial Intelligence at HOME hitp: #/setisthome berkeley edu

Data Analysis Data Info
Computing Fast Fourier Transform G879% From: 18 hr 45' 17" RA, + 13 deg 0' 36" Dec
Doppler drift rate: -19.4612 Hz/sec Resolution: 0149 Hz Recorded on: Wed Mar 07 12:47:29 2001 GMT
Best Triplet: power 9.33, period 0.7275 Source: Arecibo Radio Observatory
| I Base Frequency: 1.419707031 GHz

User Info

Name: Alan M. MacRobert

Overall: 93.929% done CPU time: 8 hr 28 min 41 1 sec Total computer time: 6327 hr 20 min 01.5 sec

Frequency (Hz) 9765620
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Any Detections Yet?

® There have been no
confirmed SETI detections
to date

= There have been a
number of possible
detections
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* Many “false positives”
occur due fo human
activity

m satellites, planes, radar, etc. el R Gk fer T




LGM-1

—— , =n " Detected as a periodic radio signal in
ulsar Mode E}ag:r:if:'a\rfsl :-, _:
Rotation Axis T":- ~ims 1967.
\ - Signal detected at 0.74 Hz.
R M Ao Labelled (playfully) as LGM (Little
Green Men) 1.

—
» Thousands of Lighl Years

euton i Upon announcing the signal as
arising from an unknown class of
astronomical object, Fred Hoyle
almost immediately identifies it as a
rapidly rotating neutron star -
dubbed a pulsar.

signal
strength




The Allen Telescope Array

= Will consist of 350 6-
metre radio telescopes in
Hat Creek, California

m 42 of these telescopes are
now active

® Primarily funded by Paul
Allen (co-founder of
Microsoft)

= Will be used for SETI
and for other radio
astronomy projects



First Image Taken by the Allen

Telescope Array

Optical
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Stephen Hawking and Russian Billionaire Launch $100
Million Search for Alien Life

) July 20,2015 & Mbiyimoh Ghogomu @m Leave a comment

> AdChoices » Space Launch » Russian in Russia » Space Program » NASA Space Center

>0 QD™

World-renowned astronomer and theoretical physicist Stephen Hawking has teamed up with Russian
billionaire Yuri Milner to launch a massive privately-funded hunt for alien life.

The $100 million project, called Breakthrough Listen, was announced during a press conference at the
Royal Society in London on Monday.




Can they detect us?

® Other civilizations may be

able to detect signals P e
from us (and reply!) CRTE

" We have been BN
broadcasting TV (and R g
other signals) outwards . A
from the Earth for about e e
80 years L HNH

= However, only the very 5.5
closest stars could receive |a=z:a
and reply to these BN
transmissions within our _
lifetime L]




The Arecibo message

® Beamed to the globular cluster M13 on 16 November 1974.
= M13 is 25,000 Ly away.

" The signal consisted of 1679 digits amounting to 210 bytes
of information.

® Transmitted at 2320 MHz with 1 MW of power.
" 1679 is a semi prime number equal to 23x79.

" Re-arranging the digit stream as a 23x79 rectangle reveals
the “message”



The numbers one (1) through ten (10)

The atomic numbers of the elements
hydrogen, carbon, nitrogen, oxygen, and
phosphorus, which make up
deoxyribonucleic acid (DNA)

The formulas for the sugars and bases
in the nucleotides of DNA

The number of nucleotides in DNA, and
a graphic of the double helix structure
of DNA

A graphic figure of a human, the
dimension (physical height) of an
average man, and the human population
of Earth

A graphic of the Solar System

A graphic of the Arecibo radio telescope
and the dimension (the physical
diameter) of the transmitting antenna
dish



http://en.wikipedia.org/wiki/Atomic_numbers
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Carbon
http://en.wikipedia.org/wiki/Nitrogen
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Phosphorus
http://en.wikipedia.org/wiki/Deoxyribonucleic_acid
http://en.wikipedia.org/wiki/Formula
http://en.wikipedia.org/wiki/Sugar
http://en.wikipedia.org/wiki/Base_(chemistry)
http://en.wikipedia.org/wiki/Nucleotides
http://en.wikipedia.org/wiki/Solar_System
http://en.wikipedia.org/wiki/Arecibo_Observatory

Our attempts at communication are
not always taken seriously.

The Arecibo reply message took the
form of a crop circle discovered
close to a UK radio telescope in
200L1.

It does raise the question though,
"why did we send the original
message”?

In the 25,000 years taken for the
signal to reach M13, the globular
cluster will have moved out of the
original beam and the signal will
miss the farget.

The 1974 message was more of a
demonstration of what is possible/
publicity stunt than a serious
attempt at communication.
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BREAKTHROUGH ARE WE ALONE? LEADERS NEWS EVENTS CONTACTS Search Q
MESSAGE

MESSAGE

If we or others succeed in discovering another civilization, what - if anything - should we say to them?

Breakthrough Message aims to encourage debate about how and what to communicate with possible intelligent beings beyond earth. It takes the form of an
international competition to create messages that could be read by an advanced civilization. The message must be in digital format, and should be

representative of humanity and planet Earth.
The pool of prizes for the best messages totals $1,000,000. The competition is open to everyone.

Developing a message that could both speak for us and be understood by alien intelligences is a hard problem. It may require insight in fields from

mathematics and physics to linguistics, psychology and art.

For the moment we have no plan to send these messages. The program is a way to learn about the possibilities and constraints associated with
interstellar correspondence. To encourage global discussion on the ethical and philosophical issues of sending messages into space, we pledge not to
transmit any message until there has been a wide-ranging debate at high levels of science and politics on the risks and rewards of contacting advanced

civilizations.

Details of the competition will be announced soon.



Have aliens been here already?




The context of SETI within the scientific
community

* "The probability of success is difficult to estimate; but if we
never search, the chance of success is zero.”
Morrison and Cocconi, Nature, 1959

= Should a SETI experiment detect an alien civilisation the
results will have a tremendous social and scientific impact.

= But what do we learn if SETI experiments continue fo discover
nothing?

® We learn that the number of civilisations within a given volume
broadcasting according to an anthropocentrically defined set of
criteria is zero, placing an upper limit on the density of such
civilisations.

= A number of scientist have questioned (some vehemently)
whether this is "worthwhile” science.



