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SETI at the spin-flip line frequency of positronium
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Abstract. A directed search for extraterrestrial intelligence
(SETI) has been carried out using the IRAM 30m telescope.
Following a suggestion by Kardashev (1979), the search was
conducted at the spin-flip line of the lightest atom, namely
positronium, at 203 GHz. Most of the 17 targets are mature stars
with excess infrared radiation, which might be the waste heat
of a power-rich technological civilisation. The rest frame of the
cosmic background radiation was chosen as the velocity frame.
The spectral resolution used was 9.7 kHz. From the noise level,
which was determined by the limited telescope time and weather
conditions, the upper limit for the power of artificial omnidirec-
tional transmitters at the positronium line frequency is of order
105 W. The relevance of this non-detection is discussed.

Key words: search for extraterrestrial intelligence — cosmic
background radiation — radio lines: stars

1. Introduction

From the Drake equation, one can deduce that the search for ex-
traterrestrial intelligence (SETT) is promising only if the typical
lifetime of an intelligent, technologically advanced civilization
is very long (i.e. > millions of years). A beacon being broadcast
for communication with extraterrestrial intelligences (CETI) by
such a civilization should have signal properties which make it
easy for a primitive technological civilization (i.e. us) to de-
tect. It would probably be very narrow in bandwidth. Further
it would be at a frequency which is easy for us to guess. This
kind of reasoning motivated Cocconi & Morrison (1959) to first
suggest SETI, and Drake (1960) to carry out the first of ~ 50
subsequent searches (see e.g. the compilation by Tarter 1985).
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A number of “magic frequences” have been proposed for
SETI. Most of these are at frequencies where radiotelescopes
of the 1960s and 1970s would operate well, namely at centimet-
ric and decimetric wavelengths (e.g. in the socalled water hole
between the OH and H I lines at 18 and 21 cm). The maximum
of the distribution of the cosmic background radiation has been
proposed as a search frequency (Gott 1982, Vallée 1990). This
will, however, probably never be determined as accurately as
atomic or molecular spectral lines and therefore requires a large
search bandwidth. One specific advantage of using narrowband
radiation for broadcasting is that this need not be modulated
in a sophisticated way to be detectable, as would be the case
for a broadband broadcasting signal. One disadvantage of most
magic frequency searches done to date is that they have been at
frequencies broadly useful to radio astronomy, particularly OH
and H1. Just as these frequencies are in protected bands here,
the ET radio astronomers would fight to prevent broadcasts.
(Any reader doubting this should propose with a straight face a
10'> W 1420 MHz transmitter to a group of radio astronomers.)
Kardashev (1979) proposed as a beacon the hyperfine line of
the lightest atom, positronium, at 203.385 GHz. While this line
is the analog of the 21cm line of H1, no strong narrow line
emission from natural sources is expected to blend with the sig-
nal or to raise the ire of local radio astronomers. Kardashev
(1979) and Steffes (1993) point out the merits of searches at
mm-wavelengths. The spin flip lines of >He* (Bania & Rood
1993) or muonium (Rood & Bania 1995) are also possible bea-
con frequencies with limited or no interest to radio astronomers.

One factor that has made many previous beacon searches
less attractive is that we had no knowledge of the reference
frame in which the signals were being broadcast. Either one
had to guess a frame or to sacrifice sensitivity by searching in
frequency. We (and presumably “they’) know now a universal
frame, namely that of the cosmic background radiation (Smoot
et al. 1992). We have adopted the suggestion of Rood & Bania
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(1995) who propose that SETI searches be conducted in that
frame, to which they refer as the “Frame of God” or FOG.
This nomenclature followed the precedent established by COBE
investigator G. Smoot in describing structures in the microwave
background, e.g., Wilford (1992). The large motion of the Earth
relative to the FOG (~ 360km s~') assures that many earlier
searches, e.g. the search for signals at 203 GHz conducted by
Steffes & DeBoer (1994), would have failed purely on this basis.
The band width of the META survey (Horowitz & Sagan 1993),
the now-defunct NASA SETI project and its successor Project
Phoenix are the only examples of which we are aware which
allowed an investigation in the FOG.

For our survey we have made the transformation to the FOG
using the dipole anisotropy direction and amplitude given by
Kogut et al. (1993). The error in the measurement produces an
error of ~ 2 — 3kms~! depending on direction and our total
bandwidth easily covers the error in computing Vege.

2. The targets

A beam transmitting an omnidirectional signal is very energy
consuming. Directed beacons would be much less expensive, but
could only be employed by nearby ETI who know or strongly
suspect our presence. There is certainly a tradeoff between num-
bers of directions, number of potential targets, beacon duty cy-
cles etc., but on the whole we feel more comfortable contemplat-
ing omnidirectional beacons than wondering why a civilization
has picked just us as a broadcast target.

Our detection limits below are in the range of 10'> W, not
that different from many earlier searches. Following Rood &
Bania (1995) we note that such a broadcast power should be
compared to the total current power use on Earth (in all forms)
of 4 x 1012 W and the 2 x 107 W rate that Solar energy falls on
the Earth. It is clear that SETI broadcasts which we could detect
are vastly beyond the resources of a civilization similar to ours
and probably beyond the capabilities of any planetary civiliza-
tion. The only civilisations which might find a detectable om-
nidirectional beacon to be “cheap” are those which have spread
throughout their planetary system and are making use of a large
portion of their central star’s luminosity as suggested by Dyson
(1960). Rood & Bania (1995) hypothesize that such civilizations
would be a hybrid of the Dyson model and the space colonies
proposed by O’Neill (1974, 1975) and producing a large amount
of waste heat emitted in the infrared. They hypothesize that the
preferred materials of such a civilization will be hydrocarbon
polymers and the like, and thus that the civilizations will reside
in the cooler parts of their planetary system where the appro-
priate raw materials are most abundant. These Dyson/O’Neill
civilizations could well have power resources of say 107* L,
or 10° times the power resources of our civilization.

Auman (1985) and Sakadane & Nishida (1986) have found
from the IRAS catalog a number of nearby stars with a strong
60 um excess radiation. Our target list was compiled from the
review by Backman & Paresce (1993). We have excluded stars
thought to be “young” like 3 Pic. The bulk of these stars have
spectral type G to A; the prototype is Vega (o Lyrae). While
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the more conservative explanation of the IR excess is that it
is caused by a dusty circumstellar envelope or disk, our hope
was that it may be due to the waste heat of a Dyson/O’Neill
civilization. Note, however, that in a recent survey, which in-
cludes several of our target stars, Jugaku et al. (1995) have not
found any candidates for stars surrounded by Dyson spheres.
In addition to affording SETI beacons which we could detect,
a Dyson/O’Neill civilization might find non-relativistic inter-
stellar colonization not to be as ridiculously expensive as con-
ventionally thought (e.g., von Hoerner 1962). Hence we do not
restrict our target list to stars with lifetimes long enough to have
evolved an indigenous population.

Our target list also includes conventional SETI targets,
nearby solar type stars with age comparable to the Sun (all of the
stars with HD catalog numbers). A few such stars also have IR
excesses (1 Cet, € Eri). The white dwarf, WD2326 (Giclas 29-
38), was included because of the strange nature of its IR excess
(Zuckerman & Becklin 1987).

3. The search and its results

The observations were carried out in June 1994 using the IRAM
30-m Telescope (Baars et al. 1987). At the observed frequency
of 203 GHz the telecope’s beam is 13" (FWHP) wide, and the
beam-efficiency is 0.48. The intensity calibration was estab-
lished using a chopper-wheel method. All intensities are given
on a Rayleigh-Jeans main-beam brightness temperature scale.
In this scale, 1 Kelvin corresponds to 4.9 Jy. The telescope was
equipped with an SIS receiver, which was tuned so that the re-
sponse to the image sideband was suppressed by 7dB. In general,
two backends were used simultaneously, namely a filterbank of
512 x 1 MHz wide channels and a three-level autocorrelator
with 3584 channels and a channel spacing of 9.7 kHz, yielding
a total bandwidth of 35 MHz, corresponding to a total velocity
coverage of 52kms~!. From continuum scans through nearby
pointing calibrators, we estimate that the pointing accuracy of
our observations is correct within 3”. For the spectral line ob-
servations, a nutating subreflector switched the telescope beam
between the source to be observed and positions 4’ in azimuth
on the sky. The time of either phase was 2 seconds.

This project served as a backup program for a regular astro-
nomical observing project when the astronomical sources were
below the horizon or when cloudy weather did not allow as-
tronomical observations. While a part of the observations were
done under very good weather conditions, with an effective sys-
tem temperature of around 600 K, some of the observations were
done under mediocre atmospheric conditions. In that case, the
system temperatures were much higher.

A list of the observed sources, with their coordinates, and
the heliocentric velocities at which the narrowband spectrometer
was centered, the distances and spectral types (see Hoffleit 1982)
as well as the observing dates, the system temperatures and
integration times is given in Table 1. The velocities correspond
to v = Okms~! in the FOG. From the error given by Kogut
et al. (1993) for the amplitude of the dipole anisotropy of the
cosmic background radiation, the uncertainty of the velocity
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Table 1. Observing log and results
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Q1950 61950 Ul d Spectr.  Date tie  Tsys Tous Le
type
hms o kms™! pc 6/94  min, K mK  10°W
HD004614  04603.0 573306 2155 59 GOV+dMO 15 4 2600 28007250 <29
20 4 550 590/62  <0.6
§Cas 122332 595832  190.5 19  ASHI-IVy 15 8 1710  1300/71 <14
19 8 980 730/80 <78
HD010307 138440 422148 2444 11 G1.5V 16 60 1700 48532 <1.7
20 4 52 580/59 <21
T Cet 141395 —161124 2654 3.6 G8V 20 4 650 710/59  <0.27
eEni 330315 93734 1449 33 K2v 20 4 560 600/66  <0.19
1h5-Aur 543080 433748 —-8.3 15 8 1010 770/52
19 8 690 520/53
DM-23 93959.0 —234124 3275 12 FIIV 15 4 2990 3100/151 <26
8 UMa 1058506 563904 —165.5 19 Alv 15 16 1240 665/42 <71
19 8 650 500/54 <53
G Leo 1146 29.1 145101 —339.2 12 A3V 15 4 1680 1850/114 <73
HD159222 1730130 341818 50.1 20 GVv 16 4 5440 5340/380 <63
Gal. Center 174226.6 —285500 23.7 8500 16 28 5590 5330/~ <10’
Vega 1835154 384422 1300 8.1 AOVa 15 12 520 330/36  <0.63
HD176051 185509.0 325012  158.8 17 FoV 17 12 1680  1030/78 <88
HD193664 2017020 664136  144.6 15 G3V 16 8 2490 1810/110  <I2
20 4 660 730/71 <48
8 Equ 2112029 94758  320.6 15 F5V+GOV 16 16 6000 3200/120 <21
HD217014 2255000 203000  356.7 13 K1 16 16 2310  1240/88  <6.0
20 4 700 760/73  <3.8
WD2326 2326 16.0 45830  367.0 14 DAvV4¢ 16 16 2360 133098 <77
20 4 694 760/70 <43

a) corresponding to vrog = Okms ™!

b) with 10 kHz wide channels/ with 1 MHz wide channels

c¢) From the 50 RMS in 10kHz wide channels and assuming an omnidirectional beam.

d) in the scheme of Sion et al. (1983)

is ~ 3kms™!, and it is very probable that any emission at
Urog = 0km s~! is contained in our spectrometer band.

The RMS noise as measured in the narrowband and in
the broadband spectrometer are listed in Table 1. With nei-
ther resolution was a signal detected at the positronium fre-
quency stronger than expected from the system noise. Also in
the Fourier transforms of the spectra, no features were detected.

We have converted our RMS limits of the flux density, S,
to 50 limits to the total emitted power of an omnidirectional
broadcast beam at the distance of our target stars (Table 1) using

S d,Av
8 —
L=1210W (c) =

1
The limits we obtain, scatter by an order of magnitude around
a value of 101> W.

4. Discussion

Although we present only upper limits to the ETI signals, we
do not feel that this is discouraging. Our experiment was lim-
ited to a short period of time. We may have just missed the
“on” cycle of the broadcast; this might be settled by regular

monitoring. Further our observing periods had modest weather
conditions and used an instrument dedicated to astronomical
observations. Maybe we are in a similar situation as Sir Oliver
Lodge, who just after the discovery of radio waves directed a re-
ceiver toward the Sun, without detecting its radio emission (Hey
1973); perhaps we are not sensitive enough. One specific disad-
vantage was the coarse spectroscopic resolution, 10* Hz. Most
astronomers involved in SETI agree that a spectral resolution
of 1 Hz would be desirable. (At much lower resolutions, signals
may be widened in frequency due to interstellar plasma motions
[Horowitz & Forster 1985]). To cover the range of uncertainty
of the FOG, such a high resolution spectrometer would have
to consist of ~ 107 spectral line channels, similar to the NASA
MCSA (Backus 1993) now being used in Project Phoenix. With
such a spectrometer, observations such as those described here
would be very worthwhile.

Although “they” might be able to afford the energies neces-
sary to broadcast interstellar signals, they will certainly make an
estimate about the required signal strength. If they have experi-
enced a technical evolution which is about as rapid as ours, they
might argue that the time from the discovery of radio waves to
the development of optimum receivers which reach the quantum
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'+ limit is negligibly short compared to the lifetime of a civiliza-
tion. They might expect us a few decades ahead, to possess 10 K
receivers, a SETI backend, and a space-born, dedicated, 30-m
telescope. In that case they would expect us to be orders of
magnitude more sensitive. Despite vast power resources, their
politicians, like ours, may be parsimonious in matters such as
SETL

A civilisation able to broadcast CETI beacons might also
engage in interstellar colonialisation making use of radio re-
lay stations. In that case, even serendipitous (i.e. non-directed)
searches might be promising, and small mm-wave radio tele-
scopes could be employed for searches or, alternatively, 203 Ghz
receivers could be installed off-axis on an existing antenna and
operated in parallel with astronomical projects. We also note that
searches for very narrow lines would not require such excellent
weather conditions as e.g. mm-wave continuum measurements
or extragalactic studies. Monitoring a sample of targets would
therefore be an ideal backup program for astronomical obser-
vations that are sensitive to weather conditions. Thus, future
203 GHz searches need not adversely impact traditional radio
astronomical observations.

Acknowledgements. We thank the IRAM staff and management for
their support, Todd Henry for providing a list of solar-type candidates
and Dan Whitmire for pointing out the peculiar nature of WD2326.
The referee, S. Shostak, has made several important comments.

References

Aumann, H.H., 1985 PASP 97, 885

Baars, J.W.M., Hooghoudt, B.G., Mezger, P.G., de Jonge, M.J., 1987,
A&A 174,319

Backman, D.E., Paresce, F., 1993, in Protostars and Planets III, eds.
E.H. Levy, J.I. Lunine, U. Arizona Press, Tucson, p. 1253

Backus, P.B, 1993, in Third Decennial US-USSR Conference on SETI,
ASP Conference Series 47, ed. G.S. Shostak, ASP, San Francisco,
p. 323

Bania, T.M., Rood, R.T., 1993, in Third Decennial US-USSR Confer-
ence on SETI, ASP Conference Series 47, ed. G.S. Shostak, ASP,
San Francisco, p. 357

Cocconi, G., Morrison, P., 1959, Nat 184, 844

Drake, F,, 1960, S&T 19, 140

Dyson, F, 1960, Sci 131, 1167

Gott, J.R., in: Extraterrestrials — Where Are They? eds.: M.H. Hart,
B. Zuckerman, Pergamon Press, New York, p. 122

Hey, J.S., 1973, The Evolution of Radio Astronomy, Scientific History
Publ., New York

von Hoerner, S., 1962, Sci 137, 18

Hoffleit, D., 1982, Catalog of Bright Stars, 4th edition, Yale Univ. Obs.,
New Haven

Horowitz, P., Forster, J., 1985, IAU-Symp. 112, 292

Horowitz, P., Sagan, C., 1993, ApJ 415, 218

Jukagu, J., Noguchi, K., Nishimura, S., 1995, in: Progess in the Search
for Extraterrestrial Life, ASP Conference Series 74, ed.: G.S.
Shostak, p. 381

Kardashev, N.S., 1979, Nat 278, 28

Kogut, A. etal. 1993, ApJ 419, 1

O’Neill, G.K., 1974, Phys. Today 27, 32

O’Neill, G.K., 1975, Sci 190, 943

R. Mauersberger et al.: SETI at the spin flip line frequency of positronium

Rood, R.T., Bania, T.M., 1995, in prep.

Sakadane, K, Nishida, M., 1986, PASP 98, 685

Sion, EM., Greenstein, J.L., Landstreet, J.D., Liebert, J., Shipman,
H.L., Wegner, G.A., 1983, ApJ 269, 253

Smoot, G.F, et al., 1992, ApJ 396, L1

Steffes, P.G., 1993, in Third Decennial US-USSR Conference on SETI,
ASP Conference Series 47, ed. G.S. Shostak, ASP, San Francisco,
p. 367

Steffes, P.G., DeBoer, D.R., 1994, Icarus 107, 215

Tarter, J., 1985, IAU-Symp. 112, 292

Vallée, J.P,, 1990, A&A 238, 1

Wilford, J.N., 1992, New York Times, 5 May, C1

Zuckerman, B., Becklin, E.E., 1987, Nat 330, 138

This article was processed by the author using Springer-Verlag IATgX
A&A style file version 3.

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1996A%26A...306..141M

