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Observations of the supernova remnants Cas-A and Tycho
with the HEGRA stereoscopic IACT system
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Abstract

Recently, youngsupernovaremnants(SNR)from typeIa Supernovae(SNe)havebecometargetsof interest
for TeVgamma-rayastronomy. ThispromptedtheHEGRAcollaborationto extensivelyobserveTycho’sSNR
in 1997and1998with its stereoscopicIACT system.The HEGRA IACT systemwasalsousedto observe
theyoungSNRCas-A.Althoughconsideredto betheresultof a SN typeIb, thedetectedstrongnonthermal
X-ray emissionmakesthis SNRa promisingcandidatefor TeV gamma-rayemission.Giventhe

�������
spatial

resolutionof thesystem,bothsourcesarestill nearlypointlike. Therefore,thedatasamplesyield anemission
sensitivitycloseto a few percentof theCrabflux. TheCas-Aobservationsrevealevidencefor aTeV signal.

1 Introduction
Tycho’s SNRis currentlyconsideredto beoneof thebest’laboratories’to seeCosmicRayaccelerationin

Supernovashockwavesby thedetectionof nucleonicinducedTeVgamma-rays(Völk, 1997).It is ashell-type
remnantof aSNexplosionof typeIa whichtookplacein 1572,andissupposedto becurrentlyapproachingthe
endof thesweep-upphase.Theshockwaveis expandinginto a uniformenvironmentwith adensityof about�

cm�
	 . Therearenoknowncloudscloseto thesource.Thisdensityimpliesarathermoderate�� -decayflux,
theuniformityensuresarathertime-constantflux. Sincethedominanceof emissionlinesin theX-rayspectrum
is interpretedasevidencethat thenonthermalelectroncomponentis small, onecanbe ratherconfidentthat
eventuallydetectedTeV gamma-raysareof nucleonicorigin, andnot ’contaminated’with InverseCompton
(IC) gamma-rays.The predictedTeV flux level is ��� ��� � � 	 cm�
� s� � above500 GeV, which is below the
existingupperlimits of theWhippleexperiment(Buckleyetal., 1998).

The observationsof Cas-Aweretriggeredby recentobservationsof its hardX-ray continuum.Cas-Ais
assumedto be the remnantof a SN of type Ib, but not drivenby a pulsar. TheX-ray observationswerein-
terpretedasnon-thermalsynchrotronemissionfrom VHE electronswith energiesup to 100TeV (Allen etal.,
1997).This impliesanIC gamma-rayflux. Assumingdiffusiveshockaccelerationasthedominantaccelera-
tion mechanism,we alsoexpectnucleonsof thesameenergies,andthehigh ambientmatterdensityfavorsa
strong� � -decayflux. However, dueto thecomplexambientmatterconfiguration,theinterpretationof a TeV
detectionin termsof hadronicvs. leptonicemissionwouldbedifficult.

Tycho’s SNRandCas-Aarebothnearlypointlike in TeV gamma-rayobservations(
����� � � and

���������
in ra-

dius,respectively).Nevertheless,giventheexcellentangularresolutionof
���������

pereventof thestereoscopic
HEGRAImagingAtmosphericCherenkovTelescope(IACT) system,thedetectionsensitivityfor theseSNRs
is worsethanthecorrespondingexcellentpoint sourcesensitivityof thepresentsystemconfiguration,which
is betterthan

�����
Crab ��� t/25 h��� ��� � .

2 Observational Data
Tycho’s SNR andCas-Awereextensivelyobservedwith the HEGRA IACT stereoscopicsystemduring

summer1997andsummer1998(for ashortdetectordescriptionseeAharonianetal.,1999b,OG.2.1.16).The
dataweretakenwith 3 differentsystemconfigurations:in 1997with a 4-telescopesystem(CT3-6); later in
1997with a 3-telescopesystem(CT3,5,6);andin 1998with a 4-telescopesystem(CT3-6),havinga slightly
increasedenergy threshold(+15%)plusmostof thetimeanincreaseddetectordeadtime,which resultedin a
decreasedsystemtriggerrate.Foradetaileddescriptionof thedetectorperformanceseee.g.Aharonianetal.,
1999a.A furtherdataset,takenwith thefull system(CT 2-6) on Tycho’s SNRin theendof 1998,is not yet



includedin this analysis.Meantriggerrates,observationtimesafterrun quality selection,andzenithangles
aresummarizedin Table1.

Table1: Summaryof thedataof Tycho’s SNRandCas-Atakenwith theHEGRAIACT system.

systemtrigger[Hz] Tycho’s SNR Cas-A
Configuration: time [hrs] meanzenithangle time [hrs] meanzenithangle
1: 1997CT 3-6 13 20.8 ��� � 49.3 � ���
2: 1997CT 3,5,6 11 - 20.0 �� �
3: 1998CT 3-6 11.5 16.8 ��! � 58.6 ��� �
Total 37.6 127.9

All dataweretakenusingtheIACT systemstandardmodefor pointsourceobservations,thesocalledwob-
blemode.Hererunpairsof 20to 30min eacharetakenwith thesourcealternatinglydisplacedfrom thecenter
of thefield of view by " ���#��� in declination.Sincethe IACT systemhasa field of view (FOV) of  � diam-
eterwith a homogeneousacceptancefor gammaandcosmicrays(CR), theexpectedCR backgroundin the
sourceregioncanbedeterminedwith highstatisticalaccuracyfrom off-sourceregionsin theFOV; this is not
noticeablyaffectedby theslightly extendedsourceimagesof thetwo SNRs.

3 Analysis Methods
Foreachindividualshower, inducedby aTeV gammaor CR,thestereoscopicreconstructionis usedto de-

terminetheparticleorigin in celestialcoordinatesandtheprojectedparticleimpactpoint on theground(also
calledshowercore).Forprimarygammarays,theangularaccuracyis

������� �
perevent,with asystematicpoint-

ing accuracyof betterthan
�����$���

(Pühlhoferet al., 1997).
In orderto reducetheCRinducedbackground,theshowerimageshapesasmeasuredunderdifferentview-

ing angleswith differenttelescopes,arecomparedto expectedvalues,takinginto accountthemeasuredimage
amplitudes,thedistanceof thetelescopesto themeasuredshowercore,andthezenithangle.Thestandardim-
agecutparameterusedin theIACT systemobservationsis thesocalledmean scaled width parameter%'&(*)
(Aharonianet al., 1999a).This cut wasfound to bevery robust. A cut of % &(+) % �,���

providesoptimum
signalto noiseenhancement.In orderto reducethebackgroundfurther, moreimageparametersandthefluctu-
ationsin CR inducedshowerscanbetakeninto account,usinge.g. theprobabilitycut introducedin Daumet
al.,1997.Hereaprobabilityp- is calculatedfor theassumptionof agammarayinducedshower, asin equation
(1),

p-/.*0 1�24365 -7 � width
1�2�398

amp
1�2�3;:

dtc
1�243 :

zen� 5 - 3 � width
1�2�398

amp
1�2�3;:

dtc
1�243 :

zen� (1)

andsimilarly for the assumptionof a CR inducedshower. 5 - 7 is the probability that the measuredwidth is
dueto a primarygammaray, andsoon. p- mustexceedp<= by a certainvalue.This cut furtherreducesthe
background,but is currentlyfoundto benotasstableregardingthegammarayefficiency > - , comparedto the
meanscaledwidth cut. The probabilitycut is presentlyonly usedin the searchfor faint sources,but needs
furtherstudiesbeforeit canbeusedto determineflux limits.

In Table2theefficienciesof bothcutsatzenithangles� � ��?A@ � � areshownwheretheSNRobservationswere
made.Fordeterminationof thegammarayefficiencydatafromMrk501in ahighflux statein 1997(Aharonian
etal., 1999b,OG.2.1.16)wasused.

Thesignalregionusedhasaradiusof
����� � � . Thisis slightly largerthantheoptimumangularcutappliedfor

thesearchfor pointsources,in orderto accountfor theslightly extendedsourceimages.Backgroundestimates
comefrom control regionsin the FOV, eitherfrom a circle at the oppositesideof the FOV, or from a ring
segmentaroundthesourcelocation;botharein goodagreement,andtheirstatisticalerrorsaresmall.



Table2: GammarayandCRefficienciesof theimageshapecutsappliedin this analysis.

%'&(B) % �,���
p- comparedto p<=> - from ON-OFF > <= from OFF > - from ON-OFF > <= from OFF

Mrk-501
��� �,�C" ����� ! 0.068

���#�,� " ����� @ 0.025
Tycho’s SNR - 0.068 - 0.023
Cas-A - 0.066 - 0.024

4 Results
Table3 showsthemeasuredexcesscountsandtheirstatisticalsignificance.

Table3: Excesscountsafterimageandangularcuts.

configuration shapecut excesscounts expected excesssignificance
background abovebackground

in standarddeviations
Tychos’s 1 %D&(E) % �,���

36.3 �� �� � �F"G! ��� 1.9
SNR prob.cut -5.7

�����,� �F"G� �#� -0.5
3 %D&(E) % �,���

-13.9  �����#� " @ � � -0.9
prob.cut -10.0 !�� ��� "G � � -1.1

Cas-A 1 %D&(E) % �,���
33.8 ���, �  A" �H� @ 1.2

prob.cut 44.1  �� �H�#� " �H� ! 2.5
2 %D&(E) % �,���

29.7  �� ��� �A" �H� ! 1.7
prob.cut -1.7

� ! � �F"G� �  -0.2
3 %D&(E) % �,���

149.3 !�!�� � �F"G� � � 5.4
prob.cut 74.3  �� �,� �F" �H�  4.6

Table4: Combinedsignificancesin unitsof standarddeviations.

significanceabovebackground%'&(B) % �,���
prob.cut

Cas-A 4.9 4.5
Tycho’s SNR 0.9 -1.1

In Figure1 thesocalled I � -plotsof Cas-Ain 1997,configuration1, and1998,configuration3, afterprob-
ability cutsareshown.Herethecountsvs. thedistancesquaredto thesourcepositionareplotted;in this rep-
resentationtheexpectedbackgroundproducesaflat distribution,thesignalregionis centeredaround0.

Table4 givesthecombinedsignificances,ignoringsofar theslightly differentsensitivitiesof thethreecon-
figurations.Sofar no signalin theTycho’s SNRobservationcanbeseen,but a largerpartof datastill hasto
be includedin this analysis.TheCas-Aobservationsrevealevidencefor a TeV-signal. At thecurrentstatus
of theanalysis,resultsarestill preliminarily. Furtherinvestigationson detectorandcut efficienciesareunder
way, andwill bepresentedat theconference.
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Figure1: JLK -plot of theCas-Aobservationsof configuration1 (left) andconfiguration3 (right). Theoptimumangular
cutfor thegivensourceextentionsis indicatedby theverticaldashedlines.Theshadedhistogramshowsthebackground.
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