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SEARCH FOR INTERSTELLAR BEACONS AT THE 3HE+ HYPER-FINE TRANSITION FREQUENCYTHOMAS M. BANIADepartment of Astronomy, Boston University, 725 Commonwealth Ave.,Boston, MA 02215ROBERT T. ROODDepartment of Astronomy, University of Virginia, Box 3818 UniversityStation, Charlottesville, VA 22093ABSTRACT A search for narrow (>300 Hz) band interstellar beacons wasmade in the direction of a sample of seven stars showing excess 60 micron
uxes. These \Vega-like" objects may be surrounded by circumstellardisks of material. The stars were observed at their heliocentric velocitiesusing the 3He+ hyper�ne transition as the assumed beacon transmittingfrequency. The 3He+ line, the next simplest such transition after 21 cmH I, is a likely choice for an interstellar beacon since a strong, narrowline would be extremely easy to distinguish from naturally occurring 3He+emission. No 3He+ beacons were detected. For the narrowest bandwidthssampled, these beacons must have intensities less than 1 Jy (r.m.s.) perchannel.

Another `Magic' Frequency for Cosmic Beacons?A complete search of the the frequency dimension of the \cosmic haystack" is adaunting possibility for even a ground based SETI e�ort. Even the ambitiousNASA Microwave Observing Project (MOP) has compromises in possible fre-quency and bandwidth coverage. For the next few decades it seems reasonableto continue to make calculated guesses of \magic frequencies" which might beused as interstellar beacons by an ETI trying to make itself easy to be discoveredby emerging technologies such as ourselves. We propose a new beacon|the restfrequency of the \spin 
ip" transition of 3He+, and report our results of a limitedsearch at that frequency. 1



2 Bania and Rood: Search for 3He+ BeaconsThere are a variety of reasons why 3He+ might be an even better \magic"beacon frequency than the 21 cm hydrogen line. First, the singly ionized, lowmass isotope of helium, 3He+, has the next simplest ground state hyper�ne \spin
ip" transition after the 21 cm line of atomic hydrogen. Its frequency is easyto calculate (�0 = 8:665650GHz, �0 = 3:46 cm; Novick and Cummins 1958).Indeed, it is contained in the early list of Townes (1957) of potential microwavefrequency lines. Its abundance in the solar system, with a protosolar value ofthe 3He=H ratio roughly 2 � 10�5 by number, makes a search for 3He outsidethe solar system appear di�cult but possible (cf. Rood, Bania, and Wilson 1984[RBW]). Moreover, as we discuss below, 3He is astrophysically interesting. Anyintelligence that studies interstellar hydrogen would also study 3He.Beacons transmitting at the 3He+ frequency could be easy to identify forseveral reasons. (1) Although 3He is abundant as compared to heavier elements,it is not nearly as abundant as atomic hydrogen. Nor is it as ubiquitous: naturallyoccurring 3He+ is found only in interstellar plasmas. Thus contamination ormasking of beacons by natural emission should be minimal. That is, the 3He+cosmic background from natural processes will be extremely weak. (2) In fact, ifassociated with an even vaguely Earthlike planet, the beacons would not be insideH II regions! Any strong 3He+ signal detected away from an H II region wouldalmost certainly be arti�cial. (3) The observed properties of natural 3He+ lines,�1MHz widths and �a few milliKelvin intensities, imply that anything muchnarrower is likely to be arti�cially produced. Furthermore, for a 3He+ beacon`narrow' and `strong' are much wider and less intense by factors of hundredsto thousands than a comparable H I beacon needs to be. (4) Finally, becausenatural sources of 3He+ radiation are con�ned to a few directions in the sky8.665GHz does not necessarily have to be a protected frequency. Imagine theoutcry from radio astronomers if NASA proposed a 1012 watt SETI transmitterat 1.420GHz or 1.667GHz. Would not extraterrestrial radio astronomers do thesame? The lobby group for protecting the 8.665GHz band is likely to be muchsmaller than that, say for 21 cm, anywhere in the Milky Way. In this way 3He+ issimilar to the positronium hyper�ne line beacon suggested by Kardashev (1979).However, compared to the 203GHz positronium line, the 8.7GHz 3He+ line ismore easily accessible from the ground with more primitive receiver technology.The Astrophysical Importance of 3HeMeasurements of the cosmic abundance of 3He have important consequencesfor cosmology, the chemical evolution of galaxies, and the theory of low-massstars. The light isotopes 2H, 3He, 4He, and 7Li are all made in the Big Bang.According to the standard model of Big Bang nucleosynthesis, the amount ofeach of these nuclei produced depends on the average density of baryons in theuniverse, the rate of expansion of the universe just prior to the era of primordialnucleosynthesis, and details of particle physics such as the number of 
avors oflight neutrinos (cf. Steigman 1990).



Bania and Rood: Search for 3He+ Beacons 3Unfortunately none of the crucial isotopes are easy to observe at thepresent epoch. To complicate matters, it is expected that the abundances of thelight isotopes have all evolved due to stellar processing or perhaps other moreexotic phenomena. Stars of mass comparable to the Sun should be a prodigioussource of 3He (Rood, Steigman, and Tinsley 1976 [RST]). 3He along with, pos-sibly, 13C, are the signi�cant nucleosynthesis products of such stars. Becausemass loss by these stars from various processes is the main source of stellar massinput into the ISM in a closed galaxy, a considerable enhancement of the 3Heabundance could be expected. Thus, determination of the 3He abundance at anumber of locations can give some information on the contribution to galacticchemical evolution of the lower stellar mass component. Finally, under somecircumstances 3He abundance patterns can check the canonical assumptions ofstellar interior theory (cf. Dearborn, Schramm, and Steigman 1986 [DSS]).Is Any 3He Out There Anyway?This seemingly straightforward detection experiment, originally proposed byTownes in the 1950's, has in fact required nearly a decade of e�ort (RBW;Bania, Rood, and Wilson 1987 [BRW]). Our observations to date push the limitsof single dish radio spectroscopy. Our work with the engineers at Green Bankhas led to improvements in the 140-ft telescope's spectroscopic capability. Forthe 140-ft telescope at least, it is now possible to measure the wide, weak 3He+spectral lines rather routinely, albeit with extremely long integration times. Suchlines can be observed with at least an order of magnitude more precision thanjust a few years ago.We now have excellent 3He+ measurements from a sample of nine galacticH II regions observed from Green Bank (RBW, BRW). The 3He abundanceswe measure for individual sources are generally a factor of two or more higherthan the protosolar value. This result is super�cially consistent with the generalpicture of stellar production of 3He since the formation of the solar system (RST,DSS). However, the fact that there is no apparent correlation of abundance withgalactocentric distance or with other indicators of stellar processing suggests thatwe do not yet fully understand the chemical evolution of 3He.As part of our ongoing program to study the cosmic abundance of 3He,we have recently begun to conduct 3He+ experiments using the 100m telescopeof the Max Planck Institut f�ur Radioastronomie in E�elsberg. In fact, we haveprobably detected 3He+ emission from the planetary nebula NGC3242 duringour March 1991 experiment at E�elsberg. The line shown in �gure 1 is extremelyconvincing!
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Fig. 1. Probable detection of 3He+ emission from the planetary nebula NGC3242.Shown is the 100mspectrum obtained in March 1991. The brightness temperature intensityscale is in milliKelvins. Flags indicate the rest frequencies of 3He+ and the 171� (�n=7)and 213� (�n=14) recombination lines of hydrogen. Preliminary analysis gives a 3He+=H+abundance of 2 � 10�3, which is 100 times larger than the canonical protosolar abundanceratio. This seems to be the �rst direct measurement of 3He+ enrichment from stellar processing.Update: See Balser, D. S., Bania, T. M., Rood, R. T., & Wilson, T. L. 1997, ApJ, 483, 320The Search SampleStudies of the IRAS point-source catalog (Aumann 1985; Sadakane and Nishida1986) have identi�ed a sample of 24 nearby stars which are \Vega-like" in terms oftheir large 60-micron 
ux excess. These studies identi�ed a population of nearbystars which correlated in position with IRAS point sources. For the objects with60-micron 
ux excesses, it was found that spectral type A dominates: 60% ofthe objects have spectral types between A1 and A5. This may be a selectione�ect (Sadakane and Nishida 1986). The spectral distribution of these objectsis constrained, however. Only three stars have types earlier than A and none isearlier than B9. Altogether, seven stars are later than type G but none is laterthan K2.The analysis of these Vega-like sources shows that the data are consistentwith the assumption that the 60-micron excess is due to cold material distributedin a ring or toroid about the central star. This conclusion results from modeling(Aumann 1985) as well as observed darkenings in six objects which suggest thepresence of interstellar disks seen edge-on (Sadakane and Nishida 1986). Such



Bania and Rood: Search for 3He+ Beacons 5structures are of course evidence for proto-planetary disks. (However, see Au-mann [1985] for caveats concerning this interpretation.)Thus, the IR radiation is assumed to arise from circumstellar dust|basically protoplanetary material. This assumption along with the planetarychauvanism common in the SETI community, leads to the conclusion: no plan-ets, thus no ETI . One might wonder why we selected stars with an IR excess astargets of a search for beacons from an advanced civilization.Rood (1986) has pointed out that such radiation might arise from a trulyadvanced civilization which lives in space colonies such as those envisaged byGerald O'Neill (1989). Basically this is a generalization of the concept of \DysonSpheres" (Dyson 1960). The radiation from Vega could well arise from severalearth masses of material assembled into O'Neill colonies, photovoltaic arrays, andthe like. The low temperature arises because \HiTech" civilizations will likelybe based on hydrocarbons, graphite, etc., rather than the metals of primitive,planetary-bound civilizations. Such an advanced civilization would naturallygravitate (or more precisely antigravitate) toward the lower temperature partsof planetary systems where the volatile materials on which their civilization isbuilt will be found in largest abundance.The following argument leads us to believe that we are far more likely to�nd such a civilization rather than one bound to terrestrial planets. Considerdoing a search for a 1Hz bandwidth beacon with a sensitivity of 1 Jy (not allthat di�erent from our survey or that proposed in the NASA SETI MOP SkySurvey). We must remember that it costs the transmitting civilization somethingto send this message. Let us assume for the sake of an intuitive argument thattheir civilization is largely con�ned to a terrestrial planet (i.e., it is a TPC).The TPC buys its power from VEPCO (Vega Electric Power Company) at acost of $0.10 kwhr�1, that the transmitting e�ciency is 100%, and that it is ata distance of 100 pc. If they use a 100m antenna to broadcast a cm-wavelengthdirected beacon their annual power bill would be � 106 $. A message of a fewminutes costs a few dollars|we suppose a calculation similar to this launchedFrank Drake onto project OZMA.We get paranoid when considering directed beacons|why are they sendinga message to us? We feel that it is much more reasonable to consider omnidi-rectional beacons. The annual power bill in this case would be � 1012 $! Thatsounds pretty expensive, and we doubt that any TPC government would makesuch an appropriation to broadcast to \who knows what?". Indeed the power useof such a transmitter, >� 1012 watt, amounts to about 2% of our current globalgross power use|it is truly expensive for a mere TPC to do.We argue that any other TPC would reach the same conclusion. Solarenergy falls on the Earth at a rate of 1:76�1017 watts. We will refer to this unitof power as total wattage intercepted: terrestrial or the \twit". Now, no matterwhat pollutionless form of energy production might be invented, the secondlaw of thermodynamics demands that the ultimate pollution of waste heat bedumped into the planetary environment. Current thinking is that altering theEarth's energy input by a small fraction of a twit would place the climate insevere jeopardy. A Greenhouse warming of 3C, viewed as a crisis by many,



6 Bania and Rood: Search for 3He+ Beaconsamounts to trapping 40 millitwits in the lower atmosphere. Basically, any TPCis forever doomed by thermodynamics to be a subtwit civilization. If we considera 5 microtwit SETI transmitter to be ridiculously expensive, so will they.For a civilization to play the SETI broadcast game they must have vastlymore energy resources than any TPC. By necessity they must be dispersed, andthe bulk of the enterprise of the civilization must be in space. Such a civilizationmight grow to use a substantial fraction of their star's output. (This fraction isargued by Dyson and Kardashev to be close to 1; we would argue for 10�5.) TheVegans are observed to be using power at a rate of 0.3 megatwit. Perhaps a 5microtwit SETI transmitter would be a frivolous expense to them.*For our search for 3He+ beacons, we observed a stellar sample taken fromthese objects with 60-micron excesses. Our hope is that some of these are ad-vanced civilizations rather than protoplanetary dust. Although our survey sam-ple was de�ned by the stars' infrared emission properties, we in fact chose ourtargets from this sample by the simple criterion that they �tted into availableLST slots during this epoch of our 3He+ experiments toward galactic H II regions.The properties of the stars in our sample are summarized in Table 1. Mostof these data are taken from the Catalog of Bright Stars (Ho�eit 1982). Listedare the star names, equatorial positions (epoch 1950.0), heliocentric stellar veloc-ities, spectral types, and distance from the Sun from trigonometric parallaxes.Several of our objects are in multiple star systems and four are either knownor suspected spectroscopic binaries. (Sadakane and Nishida conclude that thefrequency of multiple stars in the 60-micron excess sample is identical to thatfound for the general stellar population found within 5 pc of the Sun.)The SurveyThe survey was conducted 31 August and 1 September 1988 using the 140-fttelescope of the National Radio Astronomy Observatory in Green Bank, WestVirginia. For the beacon search, we used the two-channel (orthogonal linear po-larizations) maser/upconverter receivers which had typical system temperatureson cold sky of 50K. We observed in total power mode, taking spectra 6 min-utes on and 6 minutes o� source in the manner described in RBW. Except forVega which was observed twice (on 31 August and 1 September), each star wassurveyed for 3He+ emission with a single total power on/o� pair. Altogether,four frequency bands were sampled simultaneously with the autocorrelator, eachcentered at the heliocentric velocities listed in Table 1. Table 2 lists the totalbandwidths sampled, together with other survey information. Each bandwidthwas sampled with 256 correlator channels.* What a civilization considers frivolous is certainly a matter of conjecture. Acruising jumbojet uses power at a rate in the 100's of picotwit range. Our societytolerates astronomers 
ying around in the Kuiper Observatory or Presidential aides
ying around the world|activities many would consider frivolous. Hence for us thedi�erence between ridiculously expensive and frivolous is only about a factor of 10,000.



Bania and Rood: Search for 3He+ Beacons 7TABLE I Properties of Survey Target SourcesSource � (1950.) � (1950.) Va Spectral Db(hh:mm:ss.s) (dd:mm:ss) ( km sec�1) Type (pc)� UMa 10:58:50.3 +56:39:03 +0.00 AOVa 19(Merak)� Leo 11:46:29.5 +14:50:59 +0.00 A3V 12(Denebola)� CrB 15:32:34.0 +26:52:49 +2.00 AOV 22(Alphekka)
 Ser 15:54:08.5 +15:48:35 +7.00 F6V 12� Her 16:32:28.3 +42:32:17 {11.00 B9V 100� Her 16:39:21.6 +31:41:44 {70.00 GOIV 10� Lyr 18:35:13.9 +38:44:17 {14.00 AOVa 8(Vega)aHeliocentric stellar velocitybTrigonometric parallax
The bandwidths we sampled together span a very large range of instan-taneous velocity widths and frequency resolution per channel. This 
exibilityin the Green Bank correlator enhances the power of a SETI beacon survey agreat deal since we search a lot of parameter space at once. We believe thatwe have attained a reasonable compromise, searching for narrow-band beaconsignals (narrow in the sense discussed above) as well as covering an appreciablerange of velocities in the stellar rest frame (see below). In particular, the nar-rowest channel bandwidth sampled (305Hz) was �0.03% of the typical linewidthwe observe for natural 3He+ emission from galactic H II regions. The r.m.s. sen-sitivity we reached was 1,005mJy. The 2.5MHz total bandwidth spectra gave asensitivity of 126mJy for a frequency resolution that was �0.98% of the typicalH II region linewidth.No 3He+ emission was detected during our survey down to the r.m.s.limits listed in Table 2. (For Vega, these limits are a p2 lower since it wasobserved each day.)



8 Bania and Rood: Search for 3He+ BeaconsTABLE II Sampled Bandwidths and Observed SensitivitiesBW (total) �� VW (total) � V S�(r.m.s.)(MHz) (kHz ch�1) ( km sec�1) ( km sec�1ch�1) (mJy)20.000000 78.125 691.910 2.703 62.82.500000 9.766 86.489 0.338 177.7a0.625000 2.441 21.622 0.084 355.30.078125 0.305 2.703 0.011 1,004.5aFor two receivers the r.m.s. sensitivity was 125.6 mJy.
Implications for SETILike any �nite SETI beacon targeted search, our survey is fraught with assump-tions, both known and unknown, concerning the nature of 3He+ beacons. In thecase of our sample, we can identify a few of these issues.Foremost of these is that an IR excess might be an indication of a powerrich civilization. If indeed the IR in all cases arises from dust, any beacons foundmust have been left there in all probability by the scienti�c survey expeditionsof some starfaring ETI . Perhaps they would hope to use the 60-micron excess
ux as a sort of natural beacon to draw attention to these stellar systems. The3He+ beacons would then be unambiguously arti�cial if for no other reason thanthat 3He+ cannot be naturally produced under the conditions that exist in thedisks. This alternative is less probable than �nding a power-rich civilization.Given this, then the velocity shift of a beacon with respect to the stellarvelocity might not be too important. Certainly our knowledge of the heliocentricstellar velocities is not very accurate at present. (In fact, the velocity we adoptedfor Merak was plain wrong by �13 km sec�1.) In any case, an ETI would notin general be tuning its beacon to the heliocentric frame of the solar system.The beacons need not be tuned even to the rest frame of the system. In factthey are probably in orbit and it would add extra information if a beacon wereto show an orbital doppler shift. For the solar system, a beacon on the Earthshows a �30 km sec�1 annual shift|our proposed Vegan civilization would havea shift � �5 km sec�1. This is why we sampled our two independent receiverswith 2.5MHz total bandwidths|these spectra covered over 86 km sec�1 totalvelocity width at, of course, a loss of sensitivity for detecting narrow bandwidthbeacons.



Bania and Rood: Search for 3He+ Beacons 9Finally, we note that the sensitivity achieved for our narrowest band mea-surements is roughly that expected for the MOP all sky survey for similar inte-gration times. Clearly, a search at this frequency is feasible.In conclusion, we urge that the 3He+ beacon search be conducted in anearly phase of the NASA SETI MOP. Further we suggest that the targeted surveybe expanded to include IR excess stars as well as solar stars.ReferencesAumann, H. H. 1985, PASP, 97, 885Bania, T. M., Rood, R. T., and Wilson, T. L. 1987, ApJ, 323, 30 (BRW)Dearborn, D. S. P., Schramm, D. N., and Steigman, G. 1986, ApJ, 302, 35(DSS)Dyson, F. J. 1960, Science, 131, 1167Ho�eit, D. 1982 Catalog of Bright Stars, 4th Edition, (New Haven: Yale Uni-versity Observatory).Kardashev, N. S. 1979, Nature, 278, 28Novick, R., and Cummins, E. D. 1958, Phys. Rev., 11, 822O'Neill, G. K. 1989, The High Frontier, (Princeton: Space Studies Inst. Press)Rood, R. T. 1986, in The Search for Extraterrestrial Intelligence, ed. K. I.Kellerman and G. A. Seielstad ( Green Bank: NRAO), p. 215.Rood, R. T., Bania, T. M., and Wilson, T. L. 1984, ApJ, 280, 629 (RBW)Rood, R. T., Steigman, G., and Tinsley, B. M. 1976, ApJ, 207, L57 (RST)Sadakane, K., and Nisida, M. 1986, PASP, ???, 685Steigman, G. 1990, in Proceedings of the Workshop on Primordial Nucleosynthe-sis, ed. W. J. Thompson, B. W. Carney, and H. J. Karwowski ( Singapore:World Scienti�c), p. 1.Townes, C. H. 1957, in IAU Symp. No. 4: Radio Astronomy, ed. H. C. van deHulst (Cambridge: Cambridge University Press), p. 92.


