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SETHI@Berkeley—A Piggyback21-cmSky Surveyat Arecibo
Eric Korpela,Paul DemorestEric Heien,Carl Heiles,DanWerthimer
. University of California,Berkeley )
The time domaindatafor the sky suney is recordedasfol- _
[ Abstract j lows: first, a 30 MHz bandfrom the recever Is corvertedto Figure 6 shovs 54 spectraaccumulatedover 272 sec-
SETI@N 5 > 5MHz bandwidthe Bn1420 basebandisinga pair of mixersandlow passfilters. The re- onds. During the accumulationof these spectrathe tele-
N r%arotrr?e@ZlS-%r‘rﬁﬁﬁe'usin ‘ gﬁoytvllinte feegtgget A?ecibo sultingcomple signalis digitizedandthenfilteredto 2.6MHz ~ scopebeamwas maving at nearlythe siderealrate (~1.1 de-
hich . 5 b Th'gf dsit CarriageH usinga pairof 192tapFIR filtersin the SERENDIPIV instru-  greesover this duration). Significantchangesare seenin the
L e ot it ol astromomicabhaaratione  ment.(Werthimeretal. 1097)Onebit samplesarerecordecbn  spectraare seenon scalesapproximatingthe beamwidth.
with the new Gregorian dogmethefeed scansacrossthe sky at 35 GBIyte DLT| taq_ehs(ogte it real %nd or:j? bg |r?(aP|n1g Iypet
twice the sidereakate. We areusingthe SETI@homeaecever icnomg Se(Egralerp@%g%%qoreongr%e% yrsefgr It%%esygter%rse?gyK oruse
to obtainabout4.4 x 1P spectrgperyearwith integrationtime ' '
of 5 secondper spectrum.We have accumulate®.6 yearsof The SETHI@Berleley programanalyzeshesetapesto ex-
datacovering mostof the sky obserablefrom Arecibo. This tracét rglytdrogenspecttra The228 le\gHz tlrtngé_lgrleAsdatlazazrg I(ilon' 738
suney hasmuchbetterresolutionthanprevioussingledisksur ~ YSTI€A0 Taw Spectrausing poin S (Av= 2) 4 What is SETI@home? ™
6144 FFTs are accumulatednto a single power spectrumof atls ome:

veys andmuchbettersensitvity thanexisting or plannednter-
ferometricsurweys.

[ Observing Methodology j

TheUCB SETIsearchesisethe 1420MHz line feedon Car
rlageHousel atthe NationalAstronomyandlonosphericCen-

ter's 305 meterradio telescopan Arecibo, PuertoRico. (See
Figure 1) This uniquearrangemenéallows obsenationsto be

conductedvithoutinterferenceavith otherusef thetelescope.

This resultsin two main modesof obsenration. If the primary
obsenrersfeedis stationaryor stovedthebeamscansacrosshe
sky atthesiderealrate. If the primaryobsenrer’s feedis track-
Ing a positionon the sky, the beamscansthe sky at twice the

siderealrate. At twice the siderealrate,the beamwidth corre-
spondgo a 12 seconcbeamtransittime. (Korpelaetal. 2001)

Figures2 and 3 showv the path of the telescopebeamover
the courseof 1 day and the entire program respectrely

Figurel. A photoof the NAIC 305 metertelescopeat Arecibo. The insetat right shavs the detailsof the “carriage
house”structure.The feedusedby this projectis the line feedextendingdonvnward from the carriagehouse.(Photos
courtesyof NAIC—AreciboObsenratory afacility of the NSF)

Figure3. Sky coveragefor entireproject.

5.033secondntegrationtime. Theresultingpower spectrums
correctedor 1 bit samplingeffectsby usingtheVanVleck cor
rection. Thespectrumits startandandendcoordinatesandits

time arestoredin a databasédor future use. This databasaeuvill
be queriedto develop spectralmapsof the neutral hydrogen

distribution.

[ Example Spectra ]

Below we presentan individual spectrum. This spectrum

wastaken alonga line of sightnear3C192(1,b)=(197.7,24.4).

The hydrogen column along this line of sight is ~ 4.2 x

10°° cm2 Figure 4 shows a single raw 5 secondintegra-
tion spectrumwith 1.22 kHz resolution. Figure 5 repre-
sentsthe sum of 5 adjacentspectra,and shows the typical
SNR that will be achieved in a 0.1 degree skymap pixel.
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Figure4. A 5 secondntegrationspectrum
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Figure5. A 25 secondntegrationalongthe sameine of sight.
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Figure6. Spectrageneratedrom 272 second®f data. This sweepextendsfrom (l,b)=(72.87,-22.99jo (I,b)=(73.96,-
23.52).Eachspectrunrepresent$ second®f dataandtransitof aboutl/5thebeamwidth. Notethesignificantchanges
in line shapeandvelocity on scales~ the beamwidth.

[ Program Status ]

Dataaccumulatiorfor SETI@homdeganin Decembed 998.
We currently have accumulatecbout58 Msecof obseration
time, whichwill translatanto 11.5million spectra.Thesuney
hascovered79.4%o0f theaccessiblesky. If mappednto pixels
1 beamwidth in size, the medianexposureper pixel is ~20
secondsWe anticipatethatdatacollectionwill continuefor at
leastl additionalyeat

Generationof the spectraldatabasas just beginning. We
ant|C|r|]3ateanalyS|sof the existing datato be completein 12
months.
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Data Info
From: 16 hr 297 42" RA + 24 dv:h‘ 127 0" Dec
Recorded on: Mon Aug 14 22 8 2000 GMT
Source: Arecibo Radm O J sE
Base Frequency: 1.41923 llH CH_

Data Analysis
Chirping data 0
Doppler drift rate: —45.0743 Hzfsec Resolution: 0.2940 Hz
Best Gausaan: power 1.20, fit 3940

User Info
MName: Eric Korpela
Data units completed: 1677
Total computer time: 49097 hr 29 min 29.5 sec

Creerall: 28 % done CPU tirme: 31 hr 19 min 058 sec
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Figure 8. SETI@homescreensaer client, version 3.03.

SETI@homas currentlytheworldslargestdistributedcomputingproject
iInvolving over threemillion volunteersin 226 countries. Radiotelescop
datafrom the Arecibo radio obsenratory covering a 2.5 MHz wide ban

centeredbn 1420MHz is divided into work units of 10 kHz bandwidthan
107 secondduration. Thesework units aredistributedover the Internett
the volunteersvho runthe SETI@homeclient program.On Windows an

Macintoshplatformsthis client presentstself asa screenseer (seeabove
which analyzeghe datawhenthe computeris not otherwisein use. A tex
basedversionis availablefor mostUNIX basedplatforms. This client ca
berunin the backgrouncdatlow priority.

Theclientsearche$or narrov bandsignalsover 14 octavesof bandwidt
betweerD.075and1221Hz. It performsthis searchat 24291Dopplerdrift
ratesbetween50 Hz/sand+50Hz/s. It performsGaussiarfitting to dete
faint signalsthat matchthe profile expectedasthe telescopebeammove
pastan objecton the sky. And it searchedor pulsedsignalsof the typ
describechere.Theentireprocessypically requiresa trillion floatingpoin
operationgo fully examinea singlework unit.

SETI@homevolunteershave collectively donated762,000CPU year

for a total of 10°! floating point operations. The resultsreturnedinclud
2.7 billion potentialsignalswhich arebeingprocessethroughdataqualit
checlersandRFI removal algorithms.

For moreinformationaboutSETI@homeseeKorpelaetal. (2001,Com-
puting in Science & Engineering, v3nl, ScientificProgrammingpr visit

h\ttp //setiathome.ssl.berkeley.edu/.




