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Abstract

CELESTEbegan systematidblazarobserationsin March 1999 with a 40-heliostatarray at the site of the
solararrayat Themisin the FrenchPyreneesDatais recordedusingl GHz FlashADC’s which allow faint
Cherenkv pulsesto be measured.The hybrid analog-logictrigger schemeprovides good hadronrejection
andhigh efficiengy for low-enegy shavers. A trigger thresholdbelov 50 GeV allows CELESTEto probe
theregion nearthe peakof the inversecomptonspectrunobsered in mary blazars.In this first obseration
campaigrnwe areconcentratinggn Mrk 421, Mrk 501,and1ES1426+428.

1 Intr oduction

At thebgginning of this decadeéwo breakthroughsevolutionizedvery high enegy astrophysicsGround-
basedatmosphericCherenkv detectordecamesensitve, reliablegammaray detectorsabove a few hundred
GeV, led by the Whippleimager[Quinn, 1996]. Also, the EGRETinstrumenton the Comptonsatellitemea-
suredthespectreof over 150pointsourcesn theenegy rangel.1 < E, < 10 GeV[Thompson1995].Since
then,anumberof Whipple-classmagershave begunoperation.

However, anenegy gapexistedbetweerdatafrom satellitesandCherenkv detectorsTheformerarelim-
ited by a quite smalldetectingarea thelatter by night-sky noisethatpushegheirthresholdsabore 250 GeV.
A largelight collectingsurfaceis neededo overcomethis problem.A really striking questioris why very few
of the EGRET sourcesveredetectedn the ground. For the extragalacticsourcespneof the possibleexpla-
nationsis thatthe cut-off comesrom the absorptiorof the gammaraysby the diffuseinfraredbackgroundn
theintergalacticmedium[Biller, 1998]. The otherexplanationconcernglirectly the acceleratiormechanism
in active galacticnucleiandthusis evenmoreappealingor the extragalacticastronomers.

In theblazarcateyory, thev F,, representatioof the spectraknegy distribution exhibits a two-peakstruc-
ture. Thelower-enegy peakis believedto originatefrom thesynchrotrorradiationof apopulationof enegetic
electrongn a magneticfield, while the sameelectrongproducea peakat high enegiesvia inverseCompton
scatteringof photonseitherfrom the synchrotrorradiation(SSCmodels)or of externalorigin (EC). Obsena-
tionsof Mrk 501 by the CAT imagerat Themisaredescribedn [Djannati,1999]. In the casethattheinverse
Comptonpeakis well-bellov theimagerenegy thresholdgroundobseration of suchblazarss not possible
without new instrumentsallowing eitherincreasedlux sensitvity or alower enegy threshold.

The explorationof the highly interestingenegy region 30 < E, < 300 GeVis thegoalof the CELESTE
detector{Parg, 1993. We adaptedhe wavefront-samplingechniquepioneeredy the ThemistoclgBaillon,
1993]andASGAT [Goret,1993]experimentgo thegeometryof thecentral-recefer solarpower plantbuilt by
Electricie de Franceat Thémisin the EasterrPyreneegN. 42.50, E. 1.97, 1650m. a.s.l.).Belov 100GeV,
theadwantage®f theimagingtechniqueor hadronrejectionarelesscompellingbecausén this enegy range
hadronshaversemitrelatively lessCherenkv light thangammashavers.

CELESTEIs approachinggs final form. In this papemwe describéts currentstatewith 40 heliostats Details
of the dataanalysisanddescriptionof gamma-rayeventsrecordedsimultaneoushpy bothCELESTEandthe
CAT imagerarepresentedn OG 4.3.06.0G 2.2.31describesvork undervay to searctfor pulsedemission.



2 Detectorstatus
For this stageof the experimentwe use 40

of the 160 heliostatsstill available on the site
(seefigure 1). Each of thesequasi-spherical
back-siheredmirrorswit 54 m? surfaceareawith
an alt-azimuthmountis guidedfrom the control
roomsituatedat thetop of the 100-metetall cen-
tral tower.

Our secondanppticshasreplacedthe 30-ton 150
heatrecever in thefive-by-five meteropeningat
thetop of thetower. Thereflectingsurfaceis com-
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At the focus of the secondarymirrorsis one
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spondingto the sizesof the heliostatimagesin - gjqninto the trigger groups,thin linesjoin the subgoups.
the focal planeof the secondaryoptics (to mini-

mizethe albedophotonsenteringthe PM). The smallfield-of-view requiresusto aim thetelescopenot atthe
gamma-raysourceitself, but at the region in the atmospheravherethe Cherenkv light is generateqdabout
10km abore thesitewhentrackinga sourcenearthe zenith).

Theheliostatshave beenalignedby maximizingphototubecurrentswhile scanningoright stars.The com-
binedphototubeandelectronicgainsaresetto give 15mV perphotoelectroiin thecontrolroom. Theaverage
anodecurrentdueto night-sky light is typically 12 yA.

Thetriggeris designedo reachthe lowestpossibleenegy threshold:the signalsof photonsoriginating
from the pointingregion reflectedon differentheliostatsshouldsumup to a singlepeakwell abore the night-
sky noise. Programmableanalogdelaysare setto compensatdor the differencesof the optical pathsof
Cherenkv photondollowing thecelestiakrackof the source We assumea sphericalvavefrontof theshaver,
mostjustifiedin this rangeof enegies— mary less-rgular hadronicshaversarethusrejectedat the trigger
level. With the distanceaup to a few hundredmetersand analogdelayslimited to 255 ns, the field of the
heliostatshasto be dividedinto smallergroupstriggeringindividually with the thresholdproportionalto the
numberof heliostatsavailablein eachgroup. Thetriggersignalof all groupss putin time usingprogrammable
logic delaysandthefinal triggeris a coincidencenf a givennumberof groups(threeat present).

A larger numberof groupsmakesa larger part of the sky accessiblavith a givenrangeof analogdelays
but fewer heliostatsper groupalsomeansa reducedsignal-to-noiseatio in the analogsum,thusimposinga
higherthreshold We have chosertheminimumnumberof 5 groupsof 8 heliostat§asshavnin figure1) — our
delaymodulesallow upto 9 channelgergroupdividedinto 3 subgroupgindicatedby thin lines),thedelays
betweerchannelsn onesubgroumrelimited to 127 ns. With anumberof fixeddelays(roughlycompensating
the differencesn the distancegrom the tower of the heliostatsof onegroup)we areableto obsere tamgets
up to 30 degreesfrom the zenith,i.e. sourceswith declinationdrom 15to 70 degrees(however, for northern
directionsbeyondd = 55°, the projectedcollectingsurfaceof heliostatdhhecomesoo low).
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Figure 2: Trigger rate versusthresholdfor ead of the five groupsof 8 heliostats(left) and the three-fold
coincidencerigger (right). The breakpointbetweemight sky light inducedaccidentalsand air showes is
below3 photoelecions per heliostat. Theupperpart of the graphis fitted with a functionr = py x TP! (the
explanationof a differenceof the exponentfromthat of the powerlaw spectrunof infalling hadionsis given
in (Giebels Dumom)).

In the beginning of 1998, CELESTE madeits first obseration of the Crab Nehkula [de Naurois, 1998],
validatingthe principle of its trigger by measuringhe kneein the threshold-ratéunction. Sincethen,the
detectorhasnot only doubledits size, but hasalso muchimproved in timing of the trigger and heliostat
alignementAs seenn figure 2, thekneepositionnow correspondso thresholdof 9—10mV perheliostatand
rate25 Hz. With a conserative thresholdl3 mV perheliostatwe arewell above the noiseandobtaina rate
of Cherenkv eventsof about20 Hz. Thisratein the currentconfigurationresultsin anacquisitiondeadtime
of around25% due mainly to the readouttime of FADC describedbelawv (this will be reducedo lessthan
10%in thecomingmonths).Theattenuatiornn the analogdelaymodulesbeingalmostindependensf theset
delay athresholdof 13 mV perheliostatcorrespondso approximately3 photoelectronper hel. Assuming
the peaksare perfectlysummedn eachgroup,i.e. for agammashaver falling in the centerof thefield, we
getanenegy thresholdof about30 GeV.

The phototubesignalsaresampledusingl GHz flashADC'’s. In 1998the StruckDL515 weregradually
replacedvith 2-channeEtepmodel301c(seereference)SinceJanuaryl 999 ,wearerecordingall 40 channels
by summingpairsof PM signals. This, however, increaseshe night-sly light fluctuationsin the databy the
factorof /2, (by theFall we will have installed10 morecardsandthuswill abandorthe summing).

The dataacquisitionsystemis ratherelaborate.A HP workstationorchestratetasksamongstsecondary
computersheliostattracking, measuremendf phototubeanodecurrentsandweathemonitoringareeachon
aseparaté®C.ThreeVME cratesarecontrolledby Motorolaprocessorsunningthe Lynx variantof real-time
Unix. All exchangesmongsthe computersisestandardl CP/IPprotocolandthe datafiles arestoredon the
centralHP. Thedatais transferredlaily to centralcomputeffacilitiesin Lyon for subsequerdnalysis.

3 Datasample

Out of our threeprincipal blazartamgets, two, Mrk 421 and Mrk 501, arewell establishedourcesde-
tectedby EGRET andfollowed regularly by groundbasedCherenkv detectors.The choiceof the lastone,
1ES1426+428js anattemptto probeextremeblazarswith synchrotrorpeaksin the hard X-ray range.We
follow thestratgy thatwassuccesfufor Whipplein theirdiscovery of 1IES2344+514Catanesetal, 1998],
namely to favour X-ray selectedBL Lacs[seethe ROSAT catalogby Perimanet al, 1996]. Moreover, with
aredshiftof 0.129 its (non) detectionwould be a strongargumentin probingthe extragalactianfraredback-



ground. Finally, at our lattitude, 1IES 1426+428passesiearZenith (allowing the longestobseration times)
andits Right Ascensiorfalls betweerthoseof Mrk 421 andMrk 501, filling thusthe gapin our obseration
schedule.

Theobserationstratey insistsonrigorousfollowing of ON-OFFpairs,usually30 minutedong. Tracking
the samepart of the sky, we thusassuresquallight-collectingefficiengy in bothruns. However, underlying
starsandchangesn meteorologicabonditionsmay still causethe variationof the night sky noise,thathas
stronginfluenceon eventreconstructiomndy? of thewavefrontfit (for detailsontheanalysissee0G4.3.06).
A moresophisticate@dnalysigprocedurénasto bedeveloped,ncludingprobablysoftwarepaddingto equalize
thenoisebackground.

Our currentdatasamplefor blazarscanbe summarizedsfollows:

® Mrk 421: SinceJanuaryl999we have spentalmost36 hoursobservingthis source gettingabout15
hoursof ON-OFFpairs.Puttingasidethedataform Januarywhenonly 18 channelsvererecordedand
Februarywhenabout? to 10 heliostatsof 40 hadtrackingproblems thereremainsabout9 hoursof
ON-OFFdata.Aboutonethird of theserunssuffersfrom instabilitiesin the current,sowe areleft with
about13 pairsof gooddata.About 5 of the hasbeenanalysedsofar, giving generallya smallnegative
signal,thatcanbeattributedto theinsuficienttreatmenbf thenight sky noiseexcessn ON data(a star
of 6» magnitudenearMrk 421).

® Mrk 501: Forthissourcewhichbecamebserablein March,we have sofar collectedl3 hoursof raw
data,forming 9 pairsON-OFF (250 minutes).Only about100 min have suficiently stableconditions,
but obsenration of this sourcewill continueintensvely during May and June,preferablyin common
runswith the CAT telescopefor which Mrk 501is alsoa sourceof a highinterest.

® 1ES1426+428. During MarchandApril we have beenobservingthis sourcefor about12 hoursi.e.
11 ON-OFFpairs,6 of themof a sufiicient quality (morewer, in thefirst half of May we have another
5 pairs,partly in commonrunswith CAT).

4 Conclusions:

TheCELESTEdetectohasstartedo collectdataof goodstabilityandquality. Thetriggerefficiently selects
Cherenkv eventswith intrisic hadronrejection.A large amountof obserationaltime hasalreadybeenspent
on theblazarsources.More time will be neededo malke the analysisa reliabletool offering goodvariables
for the hadronrejectioninsensitve to the variationof the night-sky light. The resultsof this effort will be
presentedttheconference.
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