SEARCHING FOR INTERSTELLAR COMMUNICATIONS
By GIUSEPPE COCCONI*F and PHILIP MORR'SCNY

Carneli Universivy, Ithaea, New York

TU thuerios yoh oxisl which onable 2 rolinblo
j. ostimnte of the probabilities of (1) planct
fernbion ; 2y ovigin of Vil ; {3) ovolulion of societios
prossessing advanced sciondific cepabilitics,  In the
uhesnen of such theorios, our envirermnent supposta
that stnre of the main seqguonca with o Jifstims of
ity ballions of yoars can noasoss planots, that of
genall sot of sueh planota fwe (Borth and vory prola-
aldy Mars) seeppact lifo, thet life on ono such plonst
inveduedos o society rocontly oapoable of considorablo
sepctbifie vostigntion. The lifetime of aneh goniodios
is nod ey bid b sooms wawarranted to dony
that amongz such yovisties aomo miglht meintain
therselvea for times vory long comporod 48 4ha timo
of homaet history, npochaps for tines comparable with
geological tizne. It follows, thea, thet near gomo ghar
mihar lilke the Sun thore are civilizations with
seintilic imderosts and with tochnieal possibilitics
mmch presier Lwn those now available fo us -
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To the boings of such & socioty, our Bun et
apponr s & likely site for the ovolation of n now
pocioty. It is highly probable that for & long time
they will have beon oxpecting the developrent of
aeiongn near the Sun, 'Wa shall oasmme thas long nge
thay cstallishad a chanmel of communication tiat
would eno Jay bogomo known to ve, and that they

looke forward paticntly to the answering signels from
tho Bun which wonld maoke known to thom that oo new

sogioty hns ontored the communiby of intelligonee,
Wil zoet. of o channol would it bo *

The Qptimum Channel

Interstollir  commundeation across tho  galactic
pesma without digpersion in directfon and flight-dhne
is practical, 50 far ax wo know, only with elactro-
b WL,

Sinee tho ohjoet of thase whe oporata the goares
is to find » nowly ovolved society, = Tnay prosums
that the channmel usad will bo one that plaees a
winimum boeeden of fvonmeney and angolar diserini-
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ereen ort Mo dotoetor,  Maoreover, the channel must
aur Lo highly sttennnted in spage or in the ldavth’
atmwaphere, Radie fraquoncios below ~1 Me.fa., and
alk lveguaneies Mighor than molecuiar abzorption lines
pear  S$0,000 Me s, up to cosmic-ray
gantan erergics, ars suapast of abeorption divy
it planotary  atmospheros.  The band.  df
willlls which secin physically possible
in e noar-vigihle or pammaany domsing denend
pilier vory propt power 0k the sourcD or very com-
plicatsd toolmigues. Tho wide radie-band from, say,
1 Me b 104 Me.fs,, vomnaing As the rational choice.

1r tho tudic rogion, ihe soureo rnust compobe with
{wo buckygroonda : {13 the omission of ita own loenl
sl fwo asruimo that Lo detector’s angelar resalabion
‘i wnblo to saparate soures [rom slar sineo the sourco
is likely to lio within & sccond of are of its nearby
atary ; (%] tho palactic emiszion along the lina of
s,

tht us oxamine the froquonsy dependence of thess
hnckpronndg. A star similar to the gaict Sun would
vt o power which produces of o distance I {in
nwdres) a flux of :

Lo-sfand WomnoHe fr)

If this finx ia dolociod by & mitror of dismetor Lo
ihe rerpivelt power is the above flux muitiplied by
1

The more or loss {=stropic part of the galactic
behground yiolds o roesived power equal to
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hiros e firwt fuctor arises feonn £hio spoctrum of iho
galuetie vontinuum, the second {rom tho angulee
resalubion, and the third from tha aren of thae delactor,
Phus o pingonun in sporiows backgeoundd is delined
by crpupding thoso fwo bovmna, Tho minimam Jies st
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With He10 light yeurn=107 m, and I;=10'm.,
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Aowhing frogueney alud] we boode ¥ A Tong speetrum
cspelt Fowe noween g sipad o ke Teosmoney i il
el Tt st 3y s el Bevonraed v bo regiom Aore

e i nein e, odzjoetive shaalard of fiagneaey, which
e Lo Baeswnr ter avcery olvarver Dy Ahin aniverse s
e st lime malio cengssienn Hoe de 1,080 Mt
te. M oenn) of aeeteal hondvgen, Th i reasonabile

fo et Lt komaitive vocoivers far this froguoney
wifl b msnade nloan early piigEo of tho devalepment of
clisstramnenny. Fhad would be the sspoctation of
thie aperierg of (e nugormed woteen, andd thoe prosond;
=it of derresdrind instremotit s ndesd poatifios e
eaprriMion,  Fhoredpre wa thinle L most promising
toeweel in ihn nefahhoarhood of 1,020 Mo fn,

Power Demands of the Source

The pidaedfe Taekeround sesttnw] Lo 210 line
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for nlwn, two-thivds of the direckiong in the sy, In

the dipetions nene the pline of tho gedaxy thera s

6 laedegeonred np o Ny irmes highor. T6 da thus

cevtimicn] 10 oxaming fist thase noarby alars wiieh

ary jn divections Ine froon the galmnie plane.
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Ii ot tho soures & mirror is end & metros in dio-
mater, then the power roquired for it to generate in
pur dotooter a sipnal os Jurge o8 the galackio back-
ground ig .
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For sourco and receiver with mirrers like thoee ob
Jodrell Bank {==80m.}, and for a. distance K= 10
light yonra, the power at tho gouree required is 10%*
W.le a5 which would tax our prosont technicol
possibilitios, However, if the sixze of the two TIirreTs
iz that of tha telescepe alroady planned by the U.S.
Nnval Rescorch Laboratory [£=200 m.}), the power
neodad ia & fector of 40 lower, which would fall
within oven our limited eapabilities. -

Weo have assamed that the source is beaming
townrds all the sun-ike stare in its galactie npigh.
bourhood, The support of, say, 100 difforont boams
of tho kind we have described deos not scem an
impossible barden on o socioty more advanced than
one own., (Upon doteeting ono signal, aven wa would
guickly cotnblish many asarch beams.) We can thon
hopo to s s boam toword we from any suitablo
atar within soms tens of light yoars.

Signal Locatfon and Band-Width

In all dircetiona outside the plane of the golaxy
tho 21.gm. omission line doos pot omorge from the
gonornd backpround. For etars in diveetions far from
tho gulaetie pline search should then bo mada sraund
ihat woveJongth:. Howocor, tho tnknown Depplor
ghilts which nrise {rom tho motion of ungsen plansts
euggost that the observed omission might boe shifted
up or down from the notural co-moviog atomis
Troquency by 4= ~300 ke.fs. { 4 190k, 8.-%), Closor to
the gnisctic plane, whore the 21.em. line is strong, the
sourea froquonecy would prosumnbly move off 1o the
wing of tho natural line baclkground aa cbserved from
o dircetion of the Sun.

Ho lar na 1he duration of ths scanming is concorned,
tho rocaivar haned-witlh appears to ho unimportant.
Tho usml rivliomoator relation for flusloations in the
Iinrlegrenand applios horo, that Ja
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where A fy ix the bend-widil of tho detoctor and -+
the time conatani, of the post-detoetion recording
ofquipment.  On-the other hand, tho Dnelogroond
acceptrd by thy rocoiveor is ¢
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IF we sot AJE cqual 1o some fixed valuo, then tho
sonrch 4ime T roquiredd to oxamine the band F
within whiels wo postualniod the atgeal (o lic is given
[$1185
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indepondont of recoivar band-wiedth A
Of eonrsn, the zmaller the band-width chosen, the

=

~wetker the aimnl which ean be detoctoed, provided

Afre-Afy It looka ropscnablo for a first offort {o
olwoan a band-widtly Afy normel in 21 am. practics,
but an intogeation fime v longer than usanl, A fow
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actlings should cover tho freqnency range F ousing
nn intogeation tine of minutes or hooes,

Mature of the Signal and Possible Sourzes

No pussnworl hors is an gooed za finding the signal,
Wo sxpoet that the signnl will bo polas-madulated
with n sgaeed not very last or vory alow compared fo
& socond, on grounds of band-widtl atd of rotetiona,
A mosange e likely 40 continee for n iimo mensorod
N yenrk, KNGO N0 ANSWOT ¢an TR in ANy event for
song Lot veurs. 1t will then repeat, fram the bogin.
ning. Peasilly it will contain difforont. {y pey of signals
gltornabing throughout the yoars, For indirputable
ideniifiontion ue an artilicial signal, one signel might
contain, for exnmple, 8 saquonco of emall prime
nunbors o pulsos, or aimple arithmolioal saume,

Tho firgt ¢llorh alsonld be dovoted o exnmining the
gloscat likely stara. Among Lho atara within 15 light
yonrg, soven hnve lominosity and Mlotime aimiler to
thoro of oor Sun. Four of thoae lie in the directions
of low background. They are + Coti, §, Eridant,
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¢ Krideni, and e Indi.  All these happon to have
southern dechinations, Throe othors, o Centewri,
70 Ophiucus and 81 Cypmi, lin near the galactic plane
and thersfore atand against higher beckgrounds,
There aro sbout a hundred stars of the appropriste
lamincaity among the stars of known spectral type
within eomo fifty light yeara. Al main-segquence
dwarfs botwesn perhaps @0 end K2 with vignal
magnitudor less thoan ahout 6 are candidates.

Tho rowcdor mny sook Lo consign those spoculations
whoily 16 the domain of seienco-fiction. We submit,
rather, that the forogoing line of srgnmont demom.
stratos thot the prosense of intorstellar signale e
ontiroly consistont with all wa now know, and thad i
signals nra present tho means of detecting thom ia
now at hand., Fow will deny the profound import-
anep, practienl and philosophical, which the dotee.
tion ol mterstollar communications would hnve, We
thorefore foel that a diserimineting senrch for signals
dosorvoe o considerable effort. The prebabilily of
auecass i diffienlt to catimata 3 Int if wo navers soarch,
tho chinnes of aucecsr iR zero.



