
OG.2.4.11

A scan of the Galactic plane in the TeV-band
with the HEGRA stereoscopic IACT system
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Abstract

Usually, Cherenkovtelescopesareusedto observesourceswhich arewell establishedin otherwavelength
bands.Thelimited sensitivityof presentinstrumentsleadsto thefact thatmostof thesky hasneverbeenex-
aminedin theTeV band.TheHEGRAstereoscopicIACT systemis for thefirst timeableto performscansof
extendedsky regionswith a sensitivityfor point sourceswell belowtheCrabflux. As a first targetfor sucha
scan,partof theGalacticdisk wasexamined.Thecampaigntook � ���	�

hrsof observationtime in 1997/98.
Theobservationsextendedfrom theGalacticcenterto the local armof our Galaxy, wherethesunis located
(
��
��������������
	����������


). This regionwaschosenbecauseof thehigh concentrationof severaltypesof
sourcepopulations.A first dataanalysisrevealsnohintsfor strongTeV pointsources.

1 Introduction
A full sky surveyin theTeV wavelengthbandis still outof reachfor thepresentgenerationof Cherenkov

telescopes.However, with theHEGRA stereoscopicsystemof ImagingAtmosphericCherenkovTelescopes
(IACT), scansof extendedsky regionswith a sensitivityof well belowtheCrabflux havebecomepossible
within reasonabletime. Thescancapabilitiesareduetoanessentiallybackground-freedetectionof TeVgamma
ray point sourcesof downto 1/4Crabwithin onehour, andtheeffectivefield of view (FOV) of morethan

��

diameterwith nearlyhomogeneousacceptancefor TeV gammarays.

As a first target for sucha scan,partof theGalacticdisk wasstudied.Observationsweremainly centered
alongtheGalacticplane,runningfrom theGalacticcenter(

�! #"$�	��� 

) to theCygnusregion(

�%�&������� 

). The

observedregionscanbecharacterizedasfollows:
1. Theregionfrom theGalacticcenterto theedgeof theinnerpartof theGalaxy(

�'�#�)(*

). Thesearchaims

for absolutelybrightbutdistantsources(distanceto theGalacticcenteris 8.5kpc).
2. TheCygnusregion( + ������
,�&�!�-��������
 ). This is aview alongthelocalspiralarmof ourGalaxy. A length-
scaleof 1-2kpc is herebyscanned.In principlealsoour localsurroundingsareseenhere,butof courseonly a
smallpartof it; asthelocalareaextendsamajorpartof thehemisphere,a full scanis currentlyoutof reach.
3. Theregioninbetweenthesetwo (

�)( 
 �&�!� + ����� 
 ). This is aview betweenthelocalarmandtheinnerpart
of theGalaxy, with low HII andEGRET . -rayemissions.Herethescanbasicallyfollows apathof relatively
highdensityof sourcecandidatesmainlysupernovaremnants.

2 Observations
Regions1 and2 wereobservedduringsummer1997,thescanwascontinuedwith region3 duringsummer

1998.All observationsweretakenwith the4-telescopesetupof theHEGRAIACT system(for ashortdetector
descriptionseeAharonianetal.,1999b,OG.2.1.16,thedetectorperformanceis describede.g. in Aharonianet
al., 1999a).During the1998datatakingthesystemhada slightly increasedenergy threshold(+15%)plusan
increaseddetectordeadtime,which resultedin adecreasedsystemtriggerrate.

Thescanwasperformedsuchthateachpointwithin thesearchedareawasobservedfor atleast2hours.The
scanof region1 (innerpartof theGalaxy)follows basicallytheGalacticplane,producingabandof

���/�0��

.

Triggeredby a fastanalysis,reobservationsof somespotswithin thissearchwindowwereperformedalready
duringthisobservationcampaign.Region2 coversmostpartsof theCygnusregion,with

���
upto

��

. Region

3 againcoversa bandof
�1�2�3��


, leavingthe Galacticplanewhenapproachingthe Cygnusregion. The



observationalpositionsareshownin figure1. Eachcircle representstheacceptedFOV, duringeachdatarun
(30min) thetelescopesweretrackingtherespectivepositionof theGalacticplane.Thetotalobservationtime
underacceptedobservationconditionswas105hrs.

ForGalacticlongitudessmallerthan
�	��


, theGalacticdiskculminatesatzenithangleslargerthan
�	��


atLa
Palmasite.TheGalacticcentercanonly beobservedat 4 � 
 zenithangle.All observationsweremadecloseto
culminationin orderto ensureminimumzenithangle,andtherebyoptimumsensitivityandenergy threshold
(for thezenithangledependenceof the systemenergy thresholdseeKonopelkoet al., 1999,Konopelko,&
Pühlhofer, 1999).
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Figure1: (a) Observedregionsin Galacticcoordinates.Thecirclesindicatethefield of view of thetelescopesystem.
Thediagonallinesmarkculminationzenithangles(from left to right) CEDGF , H)IEF andJGDGF . (b)Meantriggerrates.(c) Zenith
anglesof theobservations.

3 Analysis Methods and Results
Theanalysispresentedherefocuseson thesearchfor point sources.An approachto a possiblesearchfor

diffusegamma-rayemissionis givenin Lampeitletal. 1999,OG.2.4.12.
Eachindividualevent,inducedbyaTeVgammaorCosmicray(CR),isstereoscopicallyreconstructed.The

directionof primarygammaraysis determinedwith anaccuracyof
�K�L��M�


perevent,with asystematicpointing
accuracyof betterthan

�K�L�N� 

(Pühlhoferet al., 1997). Theshowercore,which is theprojectedimpactpoint

of theprimaryonto theground,is reconstructedwith anaccuracyof 10-15m. All eventswithin a radiusofO �P�	��� 

from thecenterof theFOV wereaccepted.

In orderto eliminatethebackgroundproducedbyCRinducedevents,theshowerimageshapesasmeasured
underdifferentviewing angleswith differenttelescopes,arecomparedto expectationvalues,takinginto ac-



countthemeasuredimageamplitudes,thedistanceof thetelescopesto themeasuredshowercore,andzenith
angle.Two differentshapecutswereappliedin thisanalysis:
A: A combinedcut on thesocalledmean scaled width

� QR  
(Aharonianet al. 1999a)andtheanalogous

mean scaled length
� Q�$ 

(seealsoKonopelko,& Pühlhofer, 1999,OG 2.2.01). This cut ensureshomoge-
neousgammarayacceptanceoverthefull zenithanglerange.
B: A probabilitycut, that calculatesthe probability that the primary particlewasa gammaor CR, by com-
paringthe imageshapesto gammaandto CR expectations(Daumet al., 1997,Pühlhoferet al., 1999,OG
2.2.01).Studiesof systematicuncertaintiesof gammarayefficiencies,especiallyat largezenithangle,arestill
in progress.

Forbothmethods,theselectedgammaraycandidatesarefilled in binsof
�K�S� 
,T �K�S� 


in theGalacticcoor-
dinatesystem,which is theeventresolutionfor singlegammarayevents.

Theoptimumsearchwindowwith a radiusof
�K�S�U( 


is approximatedby summingup thebin contentsover
anareaof

�K����
 T �K����

into anewgrid of

�K�S��
 T �K�S��

spacing.
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Figure2: Fieldof view acceptanceasusedfor backgroundestimation:(1) triggeracceptance(no imageselection),(2)
aftercutsA (seetext), (3) aftercutsB. Acceptanceis givenin arbitraryunits.Notetheoffsetat they-axis.

The backgrounddistributionis computedby convolutingthebackgroundrateafter cutsof eachdatarun
with theslightly inhomogeneousbackgroundacceptance(seefigure2). In orderto minimizestatisticalerrors
on thebackgroundrates,andsystematiceffectsdueto possibleextendedTeV-emittingregions,theaccepted
FOV for backgroundcountingwasenlargedto O �V�	�W(*


. Theexpectedimpactof diffuseemissionis anyway
low, seeLampeitletal. 1999,OG.2.4.12.

Finally, for eachpoint thechanceprobabilityof thecountratebeingdueto backgroundfluctuation(using
Poissonstatistics)is calculated.Theresultingprobabilitydistributionsin the

�K�S��
 T �K�S��

binnedsamplesfor

bothshapecutswerefoundto beflat, i.e.in agreementwith thebackgroundexpectation.Thisprovidesacheck
of theanalysis,andhighly significantsourceswould alreadyshowup here.The

�K����
 T �K����

rebinneddistri-

butionsarenot flat asexpected,sincethe individual pointsarecorrelated.This doesnot basicallyaffect the
searchfor pointswith high excesssignificance:any’hot spots’would just showup a few timesin theproba-
bility distributionswith highstatisticalsignificance.

Thescanyieldednosourcecandidate,sincenopoint with excesssignificancebelow
� T �X��Y[Z

wasfound.
Giventhetotal numberof searchpointsof � �K�X�����

, this is in agreementwith statisticalbackgroundfluctua-



tions. Hencethescanyieldsanupperlimit on theexaminedregionsof 1/4 Crabat Galacticlongitudesabove�	� 

. Furtherstudiesondetectorandcutefficiencies,especiallyat largezenithangles,areunderway.
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