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Abstract

Recently youngsupernovaemnantgSNR) from type la Supernova€SNe)havebecomeargetsof interest
for TeV gamma-rayastronomyThis promptedheHEGRA collaboratiorto extensivelyobservelycho's SNR
in 1997and 1998 with its stereoscopitACT system.The HEGRAIACT systemwasalsousedto observe
theyoungSNR Cas-A. Although consideredo betheresultof a SN type Ib, the detectedstrongnonthermal
X-ray emissionrmakesthis SNR a promisingcandidatdor TeV gamma-rayemission.Giventhe0.1° spatial
resolutionof the systempothsourcesrestill nearlypointlike. Thereforethe datasamplegield anemission
sensitivitycloseto afew percenof the Crabflux. The Cas-Aobservationsevealevidencefor a TeV signal.

1 Introduction

Tycho's SNRis currentlyconsideredo be oneof thebest'laboratories’to seeCosmicRayacceleratiorin
Supernovahockwaveshy thedetectiorof nucleonianducedTeV gamma-ray$Volk, 1997).1t is ashell-type
remnanbf a SNexplosionof typelawhichtookplacein 1572 ,andis supposedo becurrentlyapproachinghe
endof the sweep-uphase Theshockwaveis expandingnto a uniform environmentvith a densityof about
1 cm~3. Thereareno knowncloudscloseto thesource This densityimpliesarathermoderater’-decayflux,
theuniformity ensuresrathertime-constanfiux. Sincethedominancef emissiorlinesin theX-ray spectrum
is interpretedas evidencethat the nonthermalklectroncomponenis small, one canbe ratherconfidentthat
eventuallydetectedlTeV gamma-raysre of nucleonicorigin, andnot ’contaminatedwith InverseCompton
(IC) gamma-rays.The predictedTeV flux levelis 8 x 10~ 13cm~2s~! above500 GeV, which is below the
existingupperlimits of the Whippleexperimen{Buckleyetal., 1998).

The observation®f Cas-Aweretriggeredby recentobservation®f its hard X-ray continuum. Cas-Ais
assumedo be theremnantof a SN of type Ib, but not drivenby a pulsar The X-ray observationsverein-
terpretedasnon-thermabkynchrotroremissiorfrom VHE electronswith enegiesupto 100TeV (Allen etal.,
1997). ThisimpliesanIC gamma-rayflux. Assumingdiffusive shockacceleratiorasthe dominantaccelera-
tion mechanismyve alsoexpectnucleonof the sameenegies,andthe high ambientmatterdensityfavorsa
strongn®-decayflux. However dueto the complexambientmatterconfigurationtheinterpretatiorof a TeV
detectionin termsof hadronicvs. leptonicemissiorwould bedifficult.

Tycho's SNRandCas-Aarebothnearlypointlikein TeV gamma-raybservation$0.08° and0.05° in ra-
dius,respectively) Neverthelesgjiventhe excellentangularesolutionof 0.09° pereventof the stereoscopic
HEGRA ImagingAtmosphericCherenkovlelescopdlACT) systemthedetectionsensitivityfor theseSNRs
is worsethanthe correspondingxcellentpoint sourcesensitivity of the presensystemconfigurationwhich
is betterthan0.1Crabx (t/25h)~1/2,

2 Observational Data

Tycho's SNR and Cas-Awereextensivelyobservedwith the HEGRA IACT stereoscopisystemduring
summerl997andsummerl998(for ashortdetectordescriptiorseeAharonianetal., 1999b,0G.2.1.16).The
dataweretakenwith 3 differentsystemconfigurations:in 1997 with a 4-telescopesystem(CT3-6); laterin
1997with a 3-telescopesystem(CT3,5,6);andin 1998with a 4-telescopeystem(CT3-6),havinga slightly
increasednepgy threshold+15%)plus mostof thetime anincreasedietectordeadtime, whichresultedn a
decreasedystentriggerrate. Foradetaileddescriptiorof the detectomperformanceeee.g. Aharoniaretal.,
1999a.A furtherdataset,takenwith thefull system(CT 2-6) on Tycho’s SNRin theendof 1998,is not yet



includedin this analysis.Meantrigger rates,observatiortimesafter run quality selection andzenithangles
aresummarizedn Tablel.

Tablel: Summaryof thedataof Tycho's SNRandCas-Atakenwith the HEGRAIACT system.

systemtrigger[Hz] Tycho's SNR Cas-A
Configuration: time[hrs] | meanzenithangle | time[hrs] | meanzenithangle
1:1997CT3-6 | 13 20.8 37° 49.3 31°
2:1997CT3,56| 11 - 20.0 32°
3:1998CT3-6 | 115 16.8 36° 58.6 33°
Total 37.6 127.9

All dataweretakenusingthelACT systemstandardnodefor pointsourceobservationghesocalledwob-
ble mode.Hererun pairsof 20to 30 min eacharetakenwith thesourcealternatinglydisplacedrom thecenter
of the field of view by £0.5° in declination. Sincethe IACT systemhasa field of view (FOV) of 2° diam-
eterwith a homogeneouacceptancéor gammaandcosmicrays(CR), the expectedCR backgroundn the
sourceregioncanbedeterminedvith high statisticalaccuracyfrom off-sourceregionsin the FOV;, thisis not
noticeablyaffectedby theslightly extendedsourcemagesof thetwo SNRs.

3 AnalysisMethods

Foreachindividual showerinducedby a TeV gammaor CR, thestereoscopiceconstructioris usedto de-
terminethe particleorigin in celestialcoordinateandthe projectedparticleimpactpoint on the ground(also
calledshowercore). Forprimarygammarays,theangularaccuracys 0.09° pereventwith asystematigoint-
ing accuracyof betterthan0.01° (Puhlhoferetal., 1997).

In orderto reducehe CRinducedbackgroundthe showerimageshapesasmeasuredinderdifferentview-
ing angleswith differenttelescopesarecomparedo expectedraluestakinginto accounthemeasuredmage
amplitudesthedistanceof thetelescopeto themeasuredhowercore,andthezenithangle. Thestandardm-
agecut parameteusedin the IACT systemobservationss the socalledmean scaled width parametek w >
(Aharonianet al., 1999a). This cut wasfoundto be very robust. A cutof < @ >< 1.1 providesoptimum
signalto noiseenhancementn orderto reducehebackgroundurther moreimageparameterandthefluctu-
ationsin CRinducedshowersanbetakeninto accountusinge.g. the probability cutintroducedn Daumet
al., 1997.Hereaprobabilityp, is calculatedor theassumptiomf agammaray inducedshoweyasin equation
1),

p, = H p (widthye; | amp,;, dtc.;, zen) p] (widthy; | amp,,, dtc.;, zen) (@D)
tel
andsimilarly for the assumptiorof a CR inducedshower p}, is the probability that the measuredvidth is
dueto a primarygammaray, andsoon. p, mustexceedd by a certainvalue. This cut furtherreduceshe
backgroundbutis currentlyfoundto be notasstableregardinghe gammaray efficiency x.,, comparedo the
meanscaledwidth cut. The probability cutis presentlyonly usedin the searchfor faint sourcesput needs
furtherstudiesbeforeit canbe usedto determindlux limits.

In Table2 theefficienciesof bothcutsatzenithangles30° —40° areshownwheretheSNRobservations/ere
made.Fordeterminatiorof thegammaay efficiencydatafrom Mrk501in ahighflux statein 1997(Aharonian
etal.,1999b,0G.2.1.16)wasused.

Thesignalregionusedhasaradiusof 0.17°. Thisis slightly largerthantheoptimumangularcutappliedfor
thesearcHor pointsourcesin orderto accounfor theslightly extendedourceémages.Backgrouncestimates
comefrom control regionsin the FOV, eitherfrom a circle at the oppositeside of the FOV, or from a ring
segmengroundthe sourcdocation;botharein goodagreementandtheir statisticalerrorsaresmall.



Table2: Gammaray andCR efficienciesof theimageshapecutsappliedin this analysis.

<w><1.1 p,comparedo p,p
k from ON-OFF | kcr from OFF | k, from ON-OFF | xcg from OFF
Mrk-501 0.73 +0.06 0.068 0.50 +0.04 0.025
Tycho'sSNR | - 0.068 - 0.023
Cas-A - 0.066 - 0.024

4 Results
Table3 showsthe measure@xcescountsandtheir statisticalsignificance.

Table3: Excessountsafterimageandangularcuts.

configuration| shapecut excesgounts| expected excessignificance
background| abovebackground
in standarddeviations
Tychoss | 1 <w><1.1 | 36.3 323.7+£6.1 | 1.9
SNR prob. cut -5.7 111.7+ 3.5 | -0.5
3 <w><1.1|-139 200.9 +4.8 | -0.9
prob. cut -10.0 68.0+28 |-1.1
Cas-A |1 <w><1.1]338 7722+94 1.2
prob. cut 44.1 275.9+5.6 | 2.5
2 <w><1.1|29.7 270.3+5.6 | 1.7
prob. cut -1.7 96.7+3.2 | -0.2
3 <w><1.1 | 149.3 668.7 + 8.8 | 5.4
prob. cut 74.3 231.7+5.2 | 4.6

Table4: Combinedsignificancesn unitsof standardieviations.

significanceabovebackground
< w >< 1.1 | prob.cut
Cas-A 4.9 4.5
TychosSNR | 0.9 1.1

In Figure1 thesocalled§?-plotsof Cas-Ain 1997,configurationl, and1998,configuratior3, after prob-
ability cutsareshown.Herethe countsvs. the distancesquaredo the sourcepositionareplotted;in this rep-
resentationtheexpectedackgroundgroducesa flat distribution,the signalregionis centerecaround0.

Table4 givesthecombinedsignificancesignoringsofar theslightly differentsensitivitiesof thethreecon-
figurations.Sofar no signalin the Tycho's SNR observatiorcanbe seenput a larger part of datastill hasto
beincludedin this analysis. The Cas-Aobservationsevealevidencefor a TeV-signal. At the currentstatus
of theanalysisyesultsarestill preliminarily Furtherinvestigationsn detectorandcut efficienciesareunder
way, andwill be presentecttheconference.
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Figurel: 2-plot of the Cas-Aobservation®f configurationl (left) andconfiguration3 (right). The optimumangular
cutfor thegivensourceextentionss indicatedby theverticaldashedines. Theshadedistogranshowsthebackground.
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