
OG.2.1.20

Initial Blazar Studieswith the CELESTE Cherenkov Telescope
F. Münz

�
, for the CELESTE Collaboration

�
�
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Abstract

CELESTEbegansystematicblazarobservationsin March 1999with a 40-heliostatarrayat the site of the
solararrayat Themisin theFrenchPyrenees.Datais recordedusing1 GHz FlashADC’s which allow faint
Cherenkov pulsesto be measured.The hybrid analog-logictrigger schemeprovidesgoodhadronrejection
andhigh efficiency for low-energy showers. A trigger thresholdbelow 50 GeV allows CELESTEto probe
theregion nearthepeakof the inversecomptonspectrumobserved in many blazars.In this first observation
campaignweareconcentratingonMrk 421,Mrk 501,and1ES1426+428.

1 Intr oduction
At thebeginningof thisdecadetwo breakthroughsrevolutionizedveryhighenergy astrophysics.Ground-

basedatmosphericCherenkov detectorsbecamesensitive, reliablegammaray detectorsabove a few hundred
GeV, led by theWhippleimager[Quinn, 1996]. Also, theEGRET instrumenton theComptonsatellitemea-
suredthespectraof over150pointsourcesin theenergy range

�������
	��
�����
GeV[Thompson,1995].Since

then,anumberof Whipple-classimagershave begunoperation.
However, anenergy gapexistedbetweendatafrom satellitesandCherenkov detectors.Theformerarelim-

ited by a quitesmalldetectingarea,thelatterby night-sky noisethatpushestheir thresholdsabove 250GeV.
A largelight collectingsurfaceis neededto overcomethisproblem.A reallystrikingquestionis why very few
of theEGRETsourcesweredetectedon theground.For theextragalacticsources,oneof thepossibleexpla-
nationsis thatthecut-off comesfrom theabsorptionof thegammaraysby thediffuseinfraredbackgroundin
theintergalacticmedium[Biller, 1998]. Theotherexplanationconcernsdirectly theaccelerationmechanism
in active galacticnucleiandthusis evenmoreappealingfor theextragalacticastronomers.

In theblazarcategory, the ����� representationof thespectralenergy distribution exhibitsa two-peakstruc-
ture.Thelower-energy peakis believedto originatefromthesynchrotronradiationof apopulationof energetic
electronsin a magneticfield, while thesameelectronsproducea peakat high energiesvia inverseCompton
scatteringof photonseitherfrom thesynchrotronradiation(SSCmodels)or of externalorigin (EC).Observa-
tionsof Mrk 501by theCAT imagerat Thémisaredescribedin [Djannati,1999]. In thecasethattheinverse
Comptonpeakis well-bellow theimagerenergy threshold,groundobservationof suchblazarsis not possible
withoutnew instrumentsallowing eitherincreasedflux sensitivity or a lowerenergy threshold.

Theexplorationof thehighly interestingenergy region � ����	 � � � ��� GeV is thegoalof theCELESTE
detector[Paŕe, 1993. We adaptedthewavefront-samplingtechniquepioneeredby theThemistocle[Baillon,
1993]andASGAT [Goret,1993]experimentsto thegeometryof thecentral-receiver solarpowerplantbuilt by
Electricit́e deFranceatThémisin theEasternPyrenees(N. 42.50� , E. 1.97� , 1650m. a.s.l.).Below 100GeV,
theadvantagesof theimagingtechniquefor hadronrejectionarelesscompellingbecausein thisenergy range
hadronshowersemit relatively lessCherenkov light thangammashowers.

CELESTEis approachingits final form. In thispaperwedescribeits currentstatewith 40heliostats.Details
of thedataanalysisanddescriptionof gamma-rayeventsrecordedsimultaneouslyby bothCELESTEandthe
CAT imagerarepresentedin OG4.3.06.OG2.2.31describeswork underway to searchfor pulsedemission.
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Figure1: Field of heliostatsin use. Numbersindicatedivi-
sioninto thetrigger groups,thin linesjoin thesubgroups.

For this stageof the experimentwe use 40
of the 160 heliostatsstill available on the site
(see figure 1). Each of thesequasi-spherical
back-silveredmirrorswit 54 # � surfaceareawith
an alt-azimuthmountis guidedfrom the control
roomsituatedat thetopof the100-metertall cen-
tral tower.

Our secondaryopticshasreplacedthe 30-ton
heatreceiver in thefive-by-five meteropeningat
thetopof thetower. Thereflectingsurfaceiscom-
posedof 50cmmirrorsarrangedinto six sections
in orderto optimizelight collection: onesection
views the farthestheliostats;two view the inter-
mediateheliostats;andthreeview the heliostats
at thefoot of thetower.

At the focusof the secondarymirrors is one
Philips XP2282photomultiplierfor eachof the
heliostats(alsodivided into six cameras,reduc-
ing thus the shadowing effects). A solid Win-
stonconegluedto eachphototubedefinesafield-
of-view of 10 milliradians,their openingscorre-
spondingto the sizesof the heliostatimagesin
the focal planeof the secondaryoptics(to mini-
mizethealbedophotonsenteringthePM). Thesmallfield-of-view requiresusto aim thetelescopenot at the
gamma-raysourceitself, but at the region in the atmospherewheretheCherenkov light is generated(about
10km above thesitewhentrackingasourcenearthezenith).

Theheliostatshave beenalignedby maximizingphototubecurrentswhile scanningbrightstars.Thecom-
binedphototubeandelectronicgainsaresetto give15mV perphotoelectronin thecontrolroom.Theaverage
anodecurrentdueto night-sky light is typically 12 $ A.

The trigger is designedto reachthe lowestpossibleenergy threshold:the signalsof photonsoriginating
from thepointingregion reflectedondifferentheliostatsshouldsumup to asinglepeakwell above thenight-
sky noise. Programmableanalogdelaysare set to compensatefor the differencesof the optical pathsof
Cherenkov photonsfollowing thecelestialtrackof thesource.Weassumeasphericalwavefrontof theshower,
mostjustifiedin this rangeof energies— many less-regularhadronicshowersarethusrejectedat thetrigger
level. With the distancesup to a few hundredmetersandanalogdelayslimited to 255 ns, the field of the
heliostatshasto bedividedinto smallergroupstriggeringindividually with thethresholdproportionalto the
numberof heliostatsavailablein eachgroup.Thetriggersignalof all groupsis putin timeusingprogrammable
logic delays,andthefinal triggeris acoincidenceof agivennumberof groups(threeat present).

A larger numberof groupsmakesa larger part of thesky accessiblewith a given rangeof analogdelays
but fewer heliostatspergroupalsomeansa reducedsignal-to-noiseratio in theanalogsum,thusimposinga
higherthreshold.Wehavechosentheminimumnumberof 5groupsof 8heliostats(asshown in figure1)— our
delaymodulesallow up to 9 channelspergroupdividedinto 3 subgroups(indicatedby thin lines),thedelays
betweenchannelsin onesubgrouparelimited to 127ns.With anumberof fixeddelays(roughlycompensating
thedifferencesin thedistancesfrom the tower of theheliostatsof onegroup)we areableto observe targets
up to 30 degreesfrom thezenith,i.e. sourceswith declinationsfrom 15 to 70 degrees(however, for northern
directionsbeyond %�&('�'�� , theprojectedcollectingsurfaceof heliostatsbecomestoo low).
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Figure2: Trigger rate versusthresholdfor each of the five groupsof 8 heliostats(left) and the three-fold
coincidencetrigger (right). Thebreakpointbetweennight sky light inducedaccidentalsand air showers is
below3 photoelectronsper heliostat.Theupperpart of thegraphis fittedwith a function 67&
8:9<;>=>?�@ (the
explanationof a differenceof theexponentfromthat of thepower-law spectrumof infalling hadronsis given
in (Giebels,Dumora)).

In the beginning of 1998, CELESTEmadeits first observation of the CrabNebula [de Naurois,1998],
validatingthe principle of its trigger by measuringthe kneein the threshold-ratefunction. Sincethen, the
detectorhasnot only doubledits size, but hasalso much improved in timing of the trigger and heliostat
alignement.As seenin figure2, thekneepositionnow correspondsto thresholdof 9 A 10mV perheliostatand
rate25 Hz. With a conservative threshold13 mV perheliostat,we arewell above thenoiseandobtaina rate
of Cherenkov eventsof about20 Hz. This ratein thecurrentconfigurationresultsin anacquisitiondeadtime
of around25% duemainly to the readouttime of FADC describedbelow (this will be reducedto lessthan
10%in thecomingmonths).Theattenuationin theanalogdelaymodulesbeingalmostindependentof theset
delay, a thresholdof 13 mV perheliostatcorrespondsto approximately3 photoelectronsperhel. Assuming
thepeaksareperfectlysummedin eachgroup,i.e. for a gammashower falling in thecenterof thefield, we
getanenergy thresholdof about30GeV.

Thephototubesignalsaresampledusing1 GHz flashADC’s. In 1998theStruckDL515 weregradually
replacedwith 2-channelEtepmodel301c(seereference).SinceJanuary1999,wearerecordingall 40channels
by summingpairsof PM signals.This, however, increasesthenight-sky light fluctuationsin thedataby the
factorof B C , (by theFall wewill have installed10morecardsandthuswill abandonthesumming).

The dataacquisitionsystemis ratherelaborate.A HP workstationorchestratestasksamongstsecondary
computers:heliostattracking,measurementof phototubeanodecurrentsandweathermonitoringareeachon
aseparatePC.ThreeVME cratesarecontrolledby MotorolaprocessorsrunningtheLynx variantof real-time
Unix. All exchangesamongstthecomputersusestandardTCP/IPprotocolandthedatafiles arestoredon the
centralHP. Thedatais transferreddaily to centralcomputerfacilitiesin Lyon for subsequentanalysis.

3 Data sample
Out of our threeprincipal blazartargets,two, Mrk 421 andMrk 501, arewell establishedsources,de-

tectedby EGRETandfollowed regularly by groundbasedCherenkov detectors.Thechoiceof the lastone,
1ES1426+428,is anattemptto probeextremeblazars,with synchrotronpeaksin thehardX-ray range.We
follow thestrategy thatwassuccesfulfor Whipplein theirdiscovery of 1ES2344+514[Cataneseetal, 1998],
namely, to favour X-ray selectedBL Lacs[seetheROSAT catalogby Perlmanet al, 1996]. Moreover, with
a redshiftof

����� C�D its (non)detectionwould bea strongargumentin probingtheextragalacticinfraredback-



ground.Finally, at our lattitude,1ES1426+428passesnearZenith (allowing the longestobservation times)
andits Right Ascensionfalls betweenthoseof Mrk 421andMrk 501,filling thusthegapin our observation
schedule.

Theobservationstrategy insistsonrigorousfollowing of ON-OFFpairs,usually30minuteslong. Tracking
thesamepartof thesky, we thusassureequallight-collectingefficiency in both runs. However, underlying
starsandchangesin meteorologicalconditionsmaystill causethe variationof the night sky noise,that has
stronginfluenceoneventreconstructionandE � of thewavefrontfit (for detailsontheanalysis,seeOG4.3.06).
A moresophisticatedanalysisprocedurehasto bedeveloped,includingprobablysoftwarepaddingto equalize
thenoisebackground.

Our currentdatasamplefor blazarscanbesummarizedasfollows:F
Mrk 421: SinceJanuary1999we have spentalmost36 hoursobservingthis source,gettingabout15
hoursof ON-OFFpairs.Puttingasidethedataform January, whenonly 18channelswererecorded,and
February, whenabout7 to 10 heliostatsof 40 hadtrackingproblems,thereremainsabout9 hoursof
ON-OFFdata.Aboutonethird of theserunssuffersfrom instabilitiesin thecurrent,soweareleft with
about13 pairsof gooddata.About 5 of thehasbeenanalysedsofar, giving generallya smallnegative
signal,thatcanbeattributedto theinsufficient treatmentof thenightsky noiseexcessin ON data(astar
of 6G�H magnitudenearMrk 421).F
Mrk 501: For thissource,whichbecameobservablein March,wehavesofarcollected13hoursof raw
data,forming 9 pairsON-OFF(250minutes).Only about100min have sufficiently stableconditions,
but observation of this sourcewill continueintensively during May andJune,preferablyin common
runswith theCAT telescope,for whichMrk 501is alsoasourceof ahigh interest.F
1ES1426+428: During MarchandApril we have beenobservingthis sourcefor about12 hoursi.e.
11 ON-OFFpairs,6 of themof a sufficient quality (moreover, in thefirst half of May we have another
5 pairs,partly in commonrunswith CAT).

4 Conclusions:
TheCELESTEdetectorhasstartedto collectdataof goodstabilityandquality. Thetriggerefficiently selects

Cherenkov eventswith intrisic hadronrejection.A largeamountof observationaltimehasalreadybeenspent
on theblazarsources.More time will beneededto make theanalysisa reliabletool offering goodvariables
for the hadronrejectioninsensitive to the variationof the night-sky light. The resultsof this effort will be
presentedat theconference.
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