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ip line of the light-est atom, namely positronium, at 203GHz. Most of the17 targets are mature stars with excess infrared radiation,which might be the waste heat of a power-rich technolog-ical civilisation. The rest frame of the cosmic backgroundradiation was chosen as the velocity frame. The spectralresolution used was 9.7kHz. From the noise level, whichwas determined by the limited telescope time and weatherconditions, the upper limit for the power of arti�cial omni-directional transmitters at the positronium line frequencyis of order 1015W. The relevance of this non-detection isdiscussed.Key words: search for extraterrestrial intelligence |mm-lines| cosmic background radiation | spectral lines1. IntroductionFrom the Drake equation, one can deduce that the searchfor extraterrestrial intelligence (SETI) is promising onlyif the typical lifetime of an intelligent, technologically ad-vanced civilization is very long (i.e. > millions of years). Abeacon being broadcast for communication with extrater-restrial intelligences (CETI) by such a civilization shouldhave signal properties which make it easy for a primitivetechnological civilization (i.e. us) to detect. It would prob-ably be very narrow in bandwidth. Further it would be atSend o�print requests to: R. Mauersberger, StewardObservatory

a frequency which is easy for us to guess. This kind of rea-soning motivated Cocconi & Morrison (1959) to �rst sug-gest SETI, and Drake (1960) to carry out the �rst of � 50subsequent searches (see e.g. the compilation by Tarter1985).A number of \magic frequences" have been proposedfor SETI. Most of these are at frequencies where radiotele-scopes of the 1960s and 1970s would operate well, namelyat centimetric and decimetric wavelengths (e.g. in the so-called water hole between the OH and H I lines at 18and 21 cm). The maximum of the distribution of the cos-mic background radiation has been proposed as a searchfrequency (Gott 1982, Vall�ee 1990). This will, however,probably never be determined as accurately as atomicor molecular spectral lines and therefore requires a largesearch bandwidth. One speci�c advantage of using nar-rowband radiation for broadcasting is that this need notbe modulated in a sophisticated way to be detectable, aswould be the case for a broadband broadcasting signal.One disadvantage of most magic frequency searches doneto date is that they have been at frequencies broadly usefulto radio astronomy, particularly OH and H I. Just as thesefrequencies are in protected bands here, the ET radio as-tronomers would �ght to prevent broadcasts. (Any readerdoubting this should propose with a straight face a 1012W1420GHz transmitter to a group of radio astronomers.)Kardashev (1979) proposed as a beacon the hyper�ne lineof the lightest atom, positronium, at 203.385GHz. Whilethis line is the analog of the 21 cm line of H I, no strongnarrow line emission from natural sources is expected toblend with the signal or to raise the ire of local radio as-tronomers. Kardashev (1979) and Ste�es (1993) point outthe merits of searches at mm-wavelengths. The spin 
iplines of 3He+ (Bania & Rood 1993) or muonium (Rood
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ip line frequency of positronium& Bania 1995) are also possible beacon frequencies withlimited or no interest to radio astronomers.One factor that has made many previous beaconsearches less attractive is that we had no knowledge ofthe reference frame in which the signals were being broad-cast. Either one had to guess a frame or to sacri�cesensitivity by searching in frequency. We (and presum-ably \they") know now a universal frame, namely thatof the cosmic background radiation (Smoot et al. 1992).We have adopted the suggestion of Rood & Bania (1995)who propose that SETI searches be conducted in thatframe, to which they refer as the \Frame of God" or FOG.This nomenclature followed the precedent established byCOBE investigator G. Smoot in describing structures inthe microwave background, e.g., Wilford (1992). The largemotion of the Earth relative to the FOG (� 360 km s�1)assures that many earlier searches, e.g. the search for sig-nals at 203GHz conducted by Ste�es & DeBoer (1994),would have failed purely on this basis. The band widthof the META survey (Horowitz & Sagan 1993), the now-defunct NASA SETI project and its successor ProjectPhoenix are the only examples of which we are awarewhich allowed an investigation in the FOG.For our survey we have made the transformation to theFOG using the dipole anisotropy direction and amplitudegiven by Kogut et al. (1993). The error in the measure-ment produces an error of � 2 � 3 km s�1 depending ondirection and our total bandwidth easily covers the errorin computing vFOG.2. The targetsA beam transmitting an omnidirectional signal is very en-ergy consuming. Directed beacons would be much less ex-pensive, but could only be employed by nearby ETI whoknow or strongly suspect our presence. There is certainlya tradeo� between numbers of directions, number of po-tential targets, beacon duty cycles etc., but on the wholewe feel more comfortable contemplating omnidirectionalbeacons than wondering why a civilization has picked justus as a broadcast target.Our detection limits below are in the range of 1015W,not that di�erent from many earlier searches. FollowingRood & Bania (1995) we note that such a broadcast powershould be compared to the total current power use onEarth (in all forms) of 4 � 1012W and the 2 � 1017Wrate that Solar energy falls on the Earth. It is clear thatSETI broadcasts which we could detect are vastly beyondthe resources of a civilization similar to ours and probablybeyond the capabilities of any planetary civilization. Theonly civilisations which might �nd a detectable omnidirec-tional beacon to be \cheap" are those which have spreadthroughout their planetary system and are making use of alarge portion of their central star's luminosity as suggestedby Dyson (1960). Rood & Bania (1995) hypothesize thatsuch 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 theinfrared. They hypothesize that the preferred materials ofsuch a civilization will be hydrocarbon polymers and thelike, and thus that the civilizations will reside in the coolerparts of their planetary system where the appropriate rawmaterials are most abundant. These Dyson/O'Neill civi-lizations could well have power resources of say 10�4L�,or 109 times the power resources of our civilization.Auman (1985) and Sakadane & Nishida (1986) havefound from the IRAS catalog a number of nearby starswith a strong 60�m excess radiation. Our target list wascompiled from the review by Backman & Paresce (1993).We have excluded stars thought to be \young" like � Pic.The bulk of these stars have spectral type G to A; theprototype is Vega (� Lyrae). While the more conservativeexplanation of the IR excess is that it is caused by a dustycircumstellar envelope or disk, our hope was that it maybe due to the waste heat of a Dyson/O'Neill civilization.Note, however, that in a recent survey, which includes sev-eral of our target stars, Jugaku et al. (1995) have not foundany candidates for stars surrounded by Dyson spheres. Inaddition to a�ording SETI beacons which we could detect,a Dyson/O'Neill civilization might �nd non-relativistic in-terstellar colonization not to be as ridiculously expensiveas conventionally thought (e.g., von Hoerner 1962). Hencewe do not restrict our target list to stars with lifetimeslong enough to have evolved an indigenous population.Our target list also includes conventional SETI tar-gets, nearby solar type stars with age comparable to theSun (all of the stars with HD catalog numbers). A fewsuch stars also have IR excesses (� Cet, � Eri). The whitedwarf, WD2326 (Giclas 29-38), was included because ofthe strange nature of its IR excess (Zuckerman & Becklin1987).3. The search and its resultsThe observations were carried out in June 1994 using theIRAM 30-mTelescope (Baars et al. 1987). At the observedfrequency of 203 GHz the telecope's beam is 1300 (FWHP)wide, and the beam-e�ciency is 0.48. The intensity cal-ibration was established using a chopper-wheel method.All intensities are given on a Rayleigh-Jeans main-beambrightness temperature scale. In this scale, 1Kelvin cor-responds to 4.9 Jy. The telescope was equipped with anSIS receiver, which was tuned so that the response to theimage sideband was suppressed by 7dB. In general, twobackends were used simultaneously, namely a �lterbank of512�1MHz wide channels and a three-level autocorrelatorwith 3584 channels and a channel spacing of 9.7kHz, yield-ing a total bandwidth of 35MHz, corresponding to a to-tal velocity coverage of 52 kms�1. From continuum scansthrough nearby pointing calibrators, we estimate that thepointing accuracy of our observations is correct within 300.For the spectral line observations, a nutating subre
ector
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� 3 km s�1, and it is very probable that any emission atvFOG = 0km s�1 is contained in our spectrometer band.The RMS noise as measured in the narrowband andin the broadband spectrometer are listed in Table 1. Withneither resolution was a signal detected at the positroniumfrequency stronger than expected from the system noise.Also in the Fourier transforms of the spectra, no featureswere detected.We have converted our RMS limits of the 
ux density,S, to 5� limits to the total emitted power of an omnidirec-tional broadcast beam at the distance of our target stars(Table 1) usingL = 1:2 108W SJy( dpc )2��Hz : (1)The limits we obtain, scatter by an order of magnitudearound a value of 1015W.4. DiscussionAlthough we present only upper limits to the ETI signals,we do not feel that this is discouraging. Our experimentwas limited to a short period of time. We may have just
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ip line frequency of positroniummissed the \on" cycle of the broadcast; this might be set-tled by regular monitoring. Further our observing periodshad modest weather conditions and used an instrumentdedicated to astronomical observations. Maybe we are ina similar situation as Sir Oliver Lodge, who just afterthe discovery of radio waves directed a receiver towardthe Sun, without detecting its radio emission (Hey 1973);maybe we are not sensitive enough. One speci�c disad-vantage was the coarse spectroscopic resolution, 104Hz.Most astronomers involved in SETI agree that a spectralresolution of 1Hz would be desirable. (At much lower res-olutions, signals may be widened in frequency due to in-terstellar plasma motions [Horowitz & Forster 1985]). Tocover the range of uncertainty of the FOG, such a high res-olution spectrometer would have to consist of � 107 spec-tral line channels, similar to the NASA MCSA (Backus1993) now being used in Project Phoenix. With such aspectrometer, observations such as those described herewould be very worthwhile.Although \they" might be able to a�ord the ener-gies necessary to broadcast interstellar signals, they willcertainly make an estimate about the required signalstrength. If they have experienced a technical evolutionwhich is about as rapid as ours, they might argue thatthe time from the discovery of radio waves to the devel-opment of optimum receivers which reach the quantumlimit is negligibly short compared to the lifetime of a civ-ilization. They might expect us a few decades ahead, pos-sessing 10K receivers, a SETI backend, and a space-born,dedicated, 30-m telescope. In that case they would expectus to be orders of magnitude more sensitive. Despite vastpower resources, their politicians, like ours, may be parsi-monious in manners such as SETI.A civilisation able to broadcast CETI beacons mighta�ord 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 telescopes could be employed for searches or,alternatively, 203Ghz receivers could be installed o�-axison an existing antenna and operated in parallel with as-tronomical projects. We also note that searches for verynarrow lines would not require such excellent weather con-ditions as e.g. mm-wave continuum measurements or ex-tragalactic studies. Monitoring a sample of targets wouldtherefore be an ideal backup program for astronomical ob-servations that are sensitive to weather conditions. Thus,future 203GHz searches need not adversely impact tradi-tional radio astronomical observations.Acknowledgements.We thank the IRAM sta� andmanagement for their support, Todd Henry for provid-ing a list of solar-type candidates and Dan Whitmire forpointing out the peculiar nature of WD2326. The referee,S. Shostak, has made several important comments.ReferencesAumann, H.H., 1985 PASP 97, 885
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