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This paper reports on an ongoing search for extra-
(adiO
terrestrialAbeacons at the 22.2-GHz (1.35-cm) frequency
of water vapour, using the 46-metre radio telescope of the

Algonquin Radio Observatory.*
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commonplace:throughout .the:cosmos:canr

otwyet.be excluded

on _the~basisrofany experimentald-esidence.
We believe that even ¥ remote possibility that our

galaxy 1is teeming with technically advanced, communicative
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LAWKI should be investigated as appropriate technology
becomes available. In early 1974 we therefore began an
exploratory search for "beacon'" radio signals at the

nt
#-GHz frequency of water vapour. This frequency meets

*Operated as a National Radio hstronomy Ffacility by the
National Research Council of Canada.
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hal we consides Vo be three i«\\amfm\\'
eiir—threompaeie criteria for rational selection of a
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beacon beLAWKI. (& j

These tisee=—se=deetteonw criteria are: 1) astronomical
nalural Sewnes emithng at e freguensey of e freguency
anomalyA 2) biological significance /|(for LAWKI),

3) {reedom from natural confusion, &:ﬁq&n==hﬁmg

02
ASTRONOMICAL ANOMALY OF @B-GHz LINE SOURCES

The 1.35-cm 616-—‘;'523 rotational transition of HZO
was first detected in interstellar sources in late 1968
by—the—Berketey—group (Cheung et al.). Subsequently
this line has been observed in H,O0 gas clouds found in
association with a number of compact galactic HII regions
(regions—of donized hydrogen—and—dust) where stars are
believed to be forming. Following the work of Knowles
et al. ( ) the water line has also been found
associated with certain types of stars. These are typically
heavily reddened late-M stars which also exhibit 18-cm OH
line emission and excited-state Si0O maser emission.
According to Dickinson ( )y, all H,0 stars with
optical identifications are long-period optical variables,
generally Mira variables but sometimes semi-regular
variables. Eh:::::;ézgémﬁ stars are believed to be in
the final stages of stellar life, having evolved from the
main sequence of core hydrogen burning onto the giant branch.

They possess circumstellar envelopes rich in dust and are

believed to be losing mass rapidly. The HZO emission pre-



-7 3

sumably arises from this oxygen-rich stellar atmosphere

of gas and dust.
aafucal . .
ThqAHZO emission is characterized by very high in-
and LGY\E\"\LM e ©

tensity (toNlO32 erg/s in some cases),
regions of very small physical dimensions (£ 1 A.U.).
The lines often show rapid time variability and very

yeloutg
narroyAwidth (~ 1 km/s). The high brightness temperatures,
narrow line widths, and rapid variability are believed to
be best explained by a maser mechanism. HZO is unusual
among molecules which have been detected by radio astronomers
in that the radiating states lie at 450 em™ L or 4$ég—ev
above the ground rotational state, a factor of 4 or 5 more
excitation than is usually found.

The naturel 22-GHz line emitters are thus 54(J6k317
unusual systems likely to attract the interest of civil-
izations interested in astronomy ggédk have developed radio
technology comparable to our own. The water-vapour fre-
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quencies should therefore bgApart of the astronomical

experience of precisely the class of LAWKI with which
5 infelgences

recognizable contact may be most achievable - i.e.

e ufng LAYt thele enviienment

omers ﬁiha-n-lﬁ.-n-g-m/'like terrestrial cummm : =
adVonsemes . i :









BIOLOGICAL SIGNIFICANCE

Water is wemsssmmeds the elixir of LAWKI. It provides
an ionizing fluid solvent for biochemical processes; it

facilitates these processes by providing hydrogen bonding

between molecules; <Sts—ltarge specific heat provides-a

thermostat for organisms—econtaining—iti—its—expansion—umix
2 Sl
O\VLT - i .
freezinglprotects wateQ\hpdlqufrom freezing through,

g

. : e
extending the temperature shelter—eof—aquatic—Tife.

Although other substances,

suitably—tew—temperatiress- could conceivably (J&j these
and similar ;&Xg, , it is messsm@reasonable to expectALAWKI

to view radio frequencies emitted by the water molecule

g
itself asAof special significance in the beacon context.

NATURAL CONFUSION AT 222GHZ

E=-===- Although the anomalous natural water sources
222G

could focus attention on thq&water line as a possible

beacon frequency, they are not so abundant as to create a
stronszzgiéround\Gﬁﬁ%&&%ﬁh In comparison with the |'4-GHa-
neutral hydrogen line, which is i-i over a wide range of

radial velocities in any direction by @ reasonably

sensitive radio telescopes (ref to bt =porshaess cf PGZ, Diken

Yersdwil b (R etena
DGSP, {he_sgﬁgses of the H,0 line are sharply localised discrete

sources which MM Create enehmens SErionsS

problems of confusion for beacon searches.



%webservers in the
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22.7&-GHz 1line have to deal with natural HZO

emissions which could masquerade as pseudo-intelligent

signaE?;”D
Figure 1 shows a spectrum obtained at the Algonquin cadlis
telescope of WE+«@agam irregular red variabley There is
evidence for a symmetric structure in its H,0 emission (Stide=m)-
spectrum, with & pairs of variable features separated by
approximately equal radial velocity displacements from a
central velocity where a strong central feature may be

(2. 1 (253 i e

T e e
present. ‘iiépééﬁhzz—also shows very narrow, extremely (STTas=or-
high intensity features of HZO emission at -3.5, +6.5, and

fle et HI ey Ton

-2.0 km/s inYW49 that come and go on time scales of less

D e e
than 10d.J If we did not smee the lower-level emission which
is spread over a wide range of velocitye |the W49 source might

e ———

ook rather interesting to an over-eager observer seeking

'intelligent' signal

ampes demonsi@ie 222 G waler
that although the usﬁﬁqA}ine is free

of confusion in most directions, one still has to be cautious
in looking for so-called intelligent signals at this fre-
quency. This possible confusion with natural galactic

sources should however be distinguished from an entirely

&

-GHWT
illusory problem associated with.ﬁhﬁ:iéﬁe beacons by some

designers of search strategies.



Figure:g appears in the Project Cyclops report (SE=de=3)
(ref) and in many subsequent papers dealing with the
frequency~selection problem. It shows the various contri-

butions that are expected to the noise in a radio receiver

W\}u - C10 N\Wa al m.a&}\we_ aua grossly euagqerales

located at ground level

. S
durime—a=heavyr—fog. The noise contribution &
a e ouex 0.1 Y
telbescopemsysssem due tofjwater-vapour Cm c

Figure shows, the absorption due to atmospheric water (Sd=sde=d.)
g p T €

vapour (and O ) at 22 GHz is typically 0. 1 db or about 2%

f\\(
at the zenith for much of the Ani;%QﬁuxNﬂrqmmmt&rL~w2\he¥e %4:0(

W lurn v
at the Algonquin Radio Observatory. Thlﬁnamounts to only

emassion
about 6° K of atmospherlc me@se at the zenlth. which makes -

L S—

Moreover, there are astronomical sites on earth such as

the 14, 000 ft summit of Mauna Kea in Hawaii above which

)

i L (
there is egiy ~1 mm of precipitable water,$for—most—of—=tire
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The

noise limits to the appropriate range of beacon frequencies

are th?se 1T309ed by the non-thermal galactic background,
osm

radiation and quantum noise. MM(OOK L“&W)

"
window is #eEsm approximately 1 to 30 GHz ".;:ﬁi" : k&&
A sl ;"‘-3’ LA S el = . &7 - \" " " ~ = av
points K C .\a—;:’,,“!gd-l—b.l. “\J%C;m,,_.h gl v KSR« u o s i
-

(.{H\:.‘m’ i‘»“ iv“'. ’" J‘ 8 ‘bil \—A“

the 3K




dvamtageous b » I we
a“'N‘.k ‘ % (M\‘ rog‘aoatlo E a@¢icates # Sf-ide—S5

duali

Wwha : &;&‘:t- 1nc ement observing copn- 1 .
"
. fmsM@o@
fions e water—13iney=— ﬂ-"ﬂ" hese conditionsVare rarely

! Nf\m btm 1. 4’@\/\3 \jc’\'H‘t uAm e Visualise e\l Lo mani (s
evalent at our nhcnrvn-t-nv-y EAV\M " Lo EromEnts “)UNQ ;

Ranusw i a keowy fg.
THE A.R.0. BEACON SEARCH

ptaton sllalemien, Won 6a 21700 130 (o Lind | ceppenit. dpucic

We have begun to implement a two-level search

¥e Rodio Obgervaleny:
program at Algonqu1n,\ (1) sensitive and repeated obser-
vations of ~ 15 nearby stars for which there is some
evidence, albeit controversial ( ), for unseen
planetary companions. We—hoepe—te—be able to observe these

bv\e:% ("'35“ "\)

stars—for a total of 1d]c.1':u;. (2) less—assiduous obser-

vations of a fairly complete list of several hundred single
stars out to a given limiting distance (45 1l.y.). Hexe

The 46-m telescope has a sensitivity of 15 Jy/ﬁvmwe-“‘(
O HITRDAS_Temperatuse at 22 GHz and a half-power beam-width

1
of 1.4 arc at that frequency. The receiver is a cooled

parametric amplifier with T *‘25@°K. “+Hmprovements are now

IS 2 Poew- s | 4+ P
LI 1mraaT cyU CIIT ::] D—cuul W1L.L\.«11 al U TKRpTeorvoe T

sys-tem—temperature—by=-b502%. Spectral information is pro-
vided by a dual-bank 100-channel spectrometer ( )

10 kHz;—30—kHz5—100—kHz—300—kHz5—and—9060—kHz—£filter banks
A wied 162 _yra

are—currently availabl€. We have t=e=m—msimy e and

30

ﬂ"*kHz banks simultaneously, so that the total bandwidth
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(n osingle sfecfum .
coveredAis equivalent to - & km/s centered on the stellar
radial velocity relative to the local standard of rest.
Observations are made in the total-power mode, each
. &

: s : : miets :
individual scan consisting of 10 integration on source

¥ i
followed by 10™'0ff source at the same declination and

& : -
WA er - over the same range of hour angles. Typically, a single
C[Laﬂ’:g’ : i ;" _m;,\m . . ) 5
ey 0 | 10 observation results in an rms noise level of 60 m°K
[ ;‘ ra? ;
7 S N i <
. ;g;;*) ~or slightly less than 1 Jy.
aan e

5 ; .
S0 c;fgﬁwmz\éﬁ In May 1974 we carried out an exploratory experi-
AL AL
—_— ment in which 13 stars of particular interest were ob-

served for times up to an hour. The list of these stars
is shown in Table 1. RMS 1levels of 25 m°K were achieved, (Slide 8)

so we might have been able to detect an isotropic beacon

offle14

W from one of these nearby stars ( 10-15 1.y.).
Equivalently, we would have been able to detect~ 10 MW

%&Waqhgfwv\0?3@&9&%Mﬁw0»ﬁd@ﬂb¥€
of directed emission from a =i

at these relag&xely close interstellar distances. Kedar axw~§ﬁfaﬁ
e cue vt e \mw erer—— abeely g lermaricl ansmatins .

We resumed observations in January and April 1976,
observing over fifty additional stars in what is the start
of the second stage of our program. Initially, we are

concentrating on stellar systems most likely to have

planets which might nurture LAWKI:JQﬁd are uﬂ:ﬁ:ﬁ%t% ex~

k&wgﬁ*“" cluding known spectroscopic binaries, regular optical
L 7

variables, and white-dwarf stars. e/ Yadee \L—g//
h to—be single/non-variable, non-degenerate stars

~

—
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out to'4s 1.?. at declinations above -20°. There are
several hundred such stars,éiz the project will probably
take a few years to complete.

The Sm‘“éﬁ which we intend to m is com- M“&(&
parable to the upper limits being set in searches foyAHZO
emission from likely stellar candidates Wil from IR
and OH star lists. A useful scientific by-product of
our work will be a much less biased survey for H,0 emission

from main-sequence stars than other workers have so far

attempted.

i A
\ The guiding principle of the experiment is that

it utilizes equipment which already exists for normal
s v'l-'rQ [ 450 't L»
astrophysical investigations, and comsTmes- only a small

no

,‘r‘[:n‘“’ >
portion of the’time available on the telescope;(

e

unambiguously intelligent signals have yet been detectedﬁa“”“%““saudﬁ)
it is clear already that quick successes are not to be

expected i—such—a—seaneds and that our Galaxy is not

teaming with LAWKI whose beacon philosophy exactly matches

conewt wat& Coceonn end Mlaiiiton (10SR)
that of the present authors. Wq4£==&7however that the

/]
probability of success in such experiments is zero only if
WA AR
they are not tried, and wi$h other radio astronomers to

consider the possibilities of similar modest explorations.
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MICROWAVE WATER VAPOR EMISSION 409

RADIAL VELOCITY (km/s)
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clearly visible or only inferred to exist from the presence of asymmetry, are individually
not shifting significantly in velocity. Figure 12 shows that when the —2 km s~? feature
flared up sometime between 1970 January and March, its width changed less than
0.1 km s~1. On the other hand, the width of the +6.5 km s~ feature (fig. 35 in Paper
I) decreased by 0.6 km s~* when it flared up between 1969 September and November,

- and subsequently increased by 0.2 km s~?! when the intensity dropped again. It should

be noted that while the intense phases of the —3.5 and +6.5 km s~ features were
ephemeral, lasting less than 4 months, the —2 km s~* feature remained quite intense




Sl 4 g

STARS OBSERVED IN MAY 1974 RUN

BD +5°1668

Epsilon Eridani (33“” “Veasbrac
Tau Ceti Erren Vischou ¢
BD +43°4305

61 Cygni ’\/o\’,-(«u,..
Barnard's Star L
Lalande 21185 b il
Tau Bootis

BD +20°2465

Groombridge 1618

Lalande 25372

Luyten 726-8 \V easchian

AOe 17415-6

n2les 82




