0G.2.1.01

The energy spectrum of high energy gammarays from Mrk501
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Abstract

We have developedthe enegy measuremenmnethodwhich basedon stereoscopiobseration with multiple
telescopefor TeV gammarays. Enegy resolutionobtainedby this methodwas23%. Theenepgy spectrunof
thegamma-rayflaresof Markarian501in 1997wasalsoobtainedusingthis techniquesWe have confirmed
thebendingor the cutoff of theenegy spectrumaroundseveral TeV.

1 Introduction:

Precisemeasuremenof the gamma-rayenegy spectrumin the TeV region from nearbyextra-galactic
objectsis oneof the importantobjectives. We expectcutoff in their enegy spectrumby the interactionwith
theinfraredphotonsin theinter galacticspace.The cutoff enegy dependn the distanceof the objectsand
densityof infrared photons(Stecler and M.Salamon1997). If we canmeasurehe cutoff enegy precisely
asa function of redshiftz, we cangive constraintson the Hubble constantandthe infrared photondensity
experimentally The maximumenegy of the electronacceleratiorin the AGN jet is anotherinterestingtopic.



It will representhe physicsstateof thejet andthe supemmassve blackholewhichis supposedo exist atthe
centerof the AGN.

The mostpromisingway to measurghe gamma-rayenegy in the TeV region is the stereoscopiobser
vation of the Cherenkv light from the air shaverseventby event. With this method,the axis of air shawver,
thearrival direction, theintersectiorof the axisandthe ground(corelocation)andthe amountof Cherenkv
photonare detectedmore precisely Making useof theseadwantageswe tried to calculatethe differential
enegy spectrunof TeV gammarays.

Using the Monte Carlo Simulation,we derived the relation betweenthe primary enegy of gammarays
andseveral parametersADC value(ADCsum)the zenithangle,andthe coredistancewhich is the distance
betweenthe shaver axis andthe telescope.In this procedure we comparedparametedistributions of ex-
perimentaldatawith thoseof simulationdataand we found good agreement.Using this method,we have
determinedhedifferentialenegy spectrunof the gammaraysfrom Mrk501.

2 Experiment:

TheUtahSevenTelescopeéirray hasbeenin operatiorat CedarMountain(1,600m a.s.l.),Dugwayin Utah
(40.33° N, 113.02° W). Eachtelescopas arrangedat the grid of a regular hexagonandat the centerwith a
separatiorof 70m. We have startedthe operatiorwith threetelescopesinceMarch,1997.

Eachtelescopdnasa 3 m diameterdishwith nineteerhexagonalsggmentmirrorsandtotal effective mirror
areaof 6 m?. The256¢channetamerawith 0.25degreepixelsis mountedonthefocal planeof eachtelescope.
This cameras madeof multi-anodephotomultipliers(MAPMT)having 4 pixels.

Detailsof this experimentarereportedn 0G.4.3.25.

3 Analysis:

In orderto determingprimaryenegies,directionsandcorepositionsfrom imagesof Cherenkyv light of air
shaversgeneratedby TeV gammaraysandcosmicrays,we usedasimulationbasedf thecodeof CORSIKA.

Fromshaverimagesonthe camera®f multiple telescopesmageparameterarecalculatedanda shaver
axisis obtained.A detectorshaver planewhich includesthe positionof the telescopendthe shover axisis
determinedor eachtelescopeThenwe candetermingheintersectiorline of theseplaneswhich corresponds
to the three-dimensionahaver axis. Corelocationof the shaver is determinedasthe intersectiorpoint of
theshaver axisandthe groundplane.Figurel shavs theseproceduresindtheresolution.Positionresolution
obtainedby this methodis 12 m in which 50 % of thetotal eventsareincluded.

Therelationbetweerthetotal ADC countsandtheprimaryenegy of gammaraysis estimatedisafunction
of zenithangleandcorelocation.Basednthisrelation,theprimaryenegy of gammaraysis determinedvent
by event. The enegy resolutionobtainedfrom this analysisis estimatedo be 23 % (Figure2.a).

4 Energy spectrum:

For theanalysisin this paperwe useall of the eventsthatweredetectedy two telescopeslin the caseof
the obsenationusingthreetelescopegherearethreecombinationof two telescopeslt meangheefficiency
of theobserationusingthreetelescopess threetimeshigherthantwo telescopesThe datausedin this paper
wasacquiredirom the beginning of April to theendof the July 1997.In April, two telescopesvereoperated
andonemoretelescopgoinedto the obserationsinceMay. Total obsenationtime was137.6hours.

Figure 3.ashaws the primary enegy distribution of the detectedair shaversassuminghe primary par
ticles aregammarays. We calculatethe enegy distributionsin the on-sourceandin the off-sourceregion,
respectrely. With thisfigure,theenegy distribution of gammaraysfrom Mrk501 canbe estimated Subtract-
ing off-sourceeventsfrom on-sourceavents,the enegy distribution of the gammaraysis obtained. Taking
into accounthe effective areaandthe obsenationtime, differentialenegy spectrunof thegammaraysfrom
Mrk501is calculated Figure3.b)



5 Conclusion:

We have developedenegy determinatioimethodfor gammaraysusingstereoscopitechnique Accuracies
of corelocationdeterminatiorandenegy determinatiorare12mand23%,respectrely. Notethattheimage
parameterdke WIDTH andLENGTH arenot usedexceptto determinethe imageaxisin this analysis.We
have obtainedthe differentialenegy spectrumof the gamma-rayflare of Mrk501 in 1997. The flux of the
gammaraysis well representedy a differentialpower spectrumwith anindex of -2.5 between700GeV and
3 TeV andthesteepeningffect seemgo appeambore several TeV.
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Figurel: (a) ThelLeft topfigure shavstheimagesof air shaverinitiatedby gammaray madeby Monte Carlo
simulation. Left bottompanelshavs the arrangemendf thetelescopes;orelocationandline of intersection
of theshawver planeandground.Therealcorelocationis givenby thewhite circle. (b) Right panelshovs the
resolutionof corelocationcalculatedby the Monte Carlosimulation. The centerof eachpanelis thereal core
location. The estimatectorelocationfrom the showver planeareplottedin the areaof 200m and60 m. The
bottomright panelshavs the numberof the estimatedtorelocationsin eacharea.lt shovs boundaryin which

50% of thetotal eventsarecontaineds 12 m.
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Figure2: (a) Left panelshaws the relationbetweenprimary gamma-rayenegy and ADC sumin eachcore
distanceandeachzenithangle. (b) Right panelshows the enegy resolutionof this analysiscalculatedoy the
Monte Carlosimulation.Accordingto this figure,the enegy resolutionof this analysisis shovn to be 23 %.
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Figure3: (a) Left panelshavs the distribution of the primaryenegy of theair shaverswhich aredetectedy
morethantwo telescopesThe on sourceareaandthe off sourceareaarepresented(b) Right panelshovsthe
resultof the calculationof the differentialenegy spectrunof thegammaraysfrom Mrk501 obsenedin 1997
obtainedby the sterecanalysis.



