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Abstract

We have developedtheenergy measurementmethodwhich basedon stereoscopicobservationwith multiple
telescopesfor TeV gammarays.Energy resolutionobtainedby thismethodwas23%.Theenergy spectrumof
thegamma-rayflaresof Markarian501in 1997wasalsoobtainedusingthis techniques.We have confirmed
thebendingor thecutoff of theenergy spectrumaroundseveralTeV.

1 Introduction:
Precisemeasurementof the gamma-rayenergy spectrumin the TeV region from nearbyextra-galactic

objectsis oneof the importantobjectives. We expectcutoff in their energy spectrumby the interactionwith
theinfraredphotonsin theinter galacticspace.Thecutoff energy dependson thedistanceof theobjectsand
densityof infraredphotons(Stecker andM.Salamon1997). If we canmeasurethe cutoff energy precisely
asa function of redshiftz, we cangive constraintson the Hubbleconstantandthe infraredphotondensity
experimentally. Themaximumenergy of theelectronaccelerationin theAGN jet is anotherinterestingtopic.



It will representthephysicsstateof thejet andthesupermassive blackholewhich is supposedto exist at the
centerof theAGN.

The mostpromisingway to measurethe gamma-rayenergy in the TeV region is the stereoscopicobser-
vationof theCherenkov light from theair showerseventby event. With this method,theaxisof air shower,
thearrival direction,theintersectionof theaxisandtheground(corelocation)andtheamountof Cherenkov
photonaredetectedmoreprecisely. Making useof theseadvantages,we tried to calculatethe differential
energy spectrumof TeV gammarays.

Using the Monte Carlo Simulation,we derived the relationbetweenthe primary energy of gammarays
andseveralparameters,ADC value(ADCsum),thezenithangle,andthecoredistancewhich is thedistance
betweenthe shower axis andthe telescope.In this procedure,we comparedparameterdistributionsof ex-
perimentaldatawith thoseof simulationdataandwe found goodagreement.Using this method,we have
determinedthedifferentialenergy spectrumof thegammaraysfrom Mrk501.

2 Experiment:
TheUtahSevenTelescopeArray hasbeenin operationatCedarMountain(1,600m a.s.l.),Dugwayin Utah

(
�����������

N, ��� ��������� W). Eachtelescopeis arrangedat thegrid of a regularhexagonandat thecenterwith a
separationof 70m.Wehavestartedtheoperationwith threetelescopessinceMarch,1997.

Eachtelescopehasa3 m diameterdishwith nineteenhexagonalsegmentmirrorsandtotaleffectivemirror
areaof 6 � �

. The256channelcamerawith 0.25degreepixelsis mountedonthefocalplaneof eachtelescope.
Thiscamerais madeof multi-anodephotomultipliers(MAPMT)having 4 pixels.

Detailsof thisexperimentarereportedin OG.4.3.25.

3 Analysis:
In orderto determineprimaryenergies,directionsandcorepositionsfrom imagesof Cherenkov light of air

showersgeneratedby TeV gammaraysandcosmicrays,weusedasimulationbasedof thecodeof CORSIKA.
Fromshower imageson thecamerasof multiple telescopes,imageparametersarecalculatedandashower

axis is obtained.A detector-shower planewhich includesthepositionof thetelescopeandtheshower axis is
determinedfor eachtelescope.Thenwecandeterminetheintersectionline of theseplanes,whichcorresponds
to the three-dimensionalshower axis. Corelocationof theshower is determinedasthe intersectionpoint of
theshoweraxisandthegroundplane.Figure1 shows theseproceduresandtheresolution.Positionresolution
obtainedby this methodis 12 m in which50% of thetotal eventsareincluded.

TherelationbetweenthetotalADC countsandtheprimaryenergy of gammaraysis estimatedasafunction
of zenithangleandcorelocation.Basedonthisrelation,theprimaryenergy of gammaraysis determinedevent
by event.Theenergy resolutionobtainedfrom thisanalysisis estimatedto be23 % (Figure2.a).

4 Energy spectrum:
For theanalysisin this paper, we useall of theeventsthatweredetectedby two telescopes.In thecaseof

theobservationusingthreetelescopes,therearethreecombinationsof two telescopes.It meanstheefficiency
of theobservationusingthreetelescopesis threetimeshigherthantwo telescopes.Thedatausedin thispaper
wasacquiredfrom thebeginningof April to theendof theJuly 1997.In April, two telescopeswereoperated
andonemoretelescopejoinedto theobservationsinceMay. Totalobservationtimewas137.6hours.

Figure3.a shows the primary energy distribution of the detectedair showersassumingthe primary par-
ticles aregammarays. We calculatethe energy distributions in the on-sourceandin the off-sourceregion,
respectively. With thisfigure,theenergy distributionof gammaraysfrom Mrk501canbeestimated.Subtract-
ing off-sourceeventsfrom on-sourceevents,the energy distribution of the gammaraysis obtained.Taking
into accounttheeffectiveareaandtheobservationtime,differentialenergy spectrumof thegammaraysfrom
Mrk501 is calculated.Figure3.b)



5 Conclusion:
Wehavedevelopedenergy determinationmethodfor gammaraysusingstereoscopictechnique.Accuracies

of corelocationdeterminationandenergy determinationare12mand23%,respectively. Notethattheimage
parameterslike WIDTH andLENGTH arenot usedexceptto determinethe imageaxis in this analysis.We
have obtainedthe differentialenergy spectrumof the gamma-rayflare of Mrk501 in 1997. The flux of the
gammaraysis well representedby a differentialpower spectrumwith anindex of -2.5between700GeV and
3 TeV andthesteepeningeffect seemsto appearaboveseveralTeV.
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Figure1: (a)TheLeft topfigureshowstheimagesof air shower initiatedby gammaraymadeby MonteCarlo
simulation.Left bottompanelshows thearrangementof thetelescopes,corelocationandline of intersection
of theshowerplaneandground.Therealcorelocationis givenby thewhite circle. (b) Rightpanelshows the
resolutionof corelocationcalculatedby theMonteCarlosimulation.Thecenterof eachpanelis therealcore
location. Theestimatedcorelocationfrom theshower planeareplottedin theareaof 200m and60 m. The
bottomright panelshowsthenumberof theestimatedcorelocationsin eacharea.It showsboundaryin which
50%of thetotaleventsarecontainedis 12m.
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Figure2: (a) Left panelshows the relationbetweenprimary gamma-rayenergy andADC sumin eachcore
distanceandeachzenithangle.(b) Right panelshows theenergy resolutionof this analysiscalculatedby the
MonteCarlosimulation.Accordingto thisfigure,theenergy resolutionof thisanalysisis shown to be23 %.
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Figure3: (a)Left panelshows thedistributionof theprimaryenergy of theair showerswhicharedetectedby
morethantwo telescopes.Theonsourceareaandtheoff sourceareaarepresented.(b) Rightpanelshows the
resultof thecalculationof thedifferentialenergy spectrumof thegammaraysfrom Mrk501observedin 1997
obtainedby thestereoanalysis.


