0G.2.1.21

Detection of a new TeV gamma-ray source
of BL Lac object 1ES 1959+650
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Abstract

BL Lac object1ES 1959+650with small redshiftof z=0.048hasbeenobsered usingthe Utah Seven
TelescopéArray detectorwith 3 m diameterat Dugway, Utah. We have obsered 1ES 1959+650for 56.7
hoursin total from May, 1998until August,1998. We obtainedevidenceof VHE gamma-rayemissionfrom
1ES1959+650.Event excesswith a significanceof 5.3 o for the datafrom MJD 50956to MJD 50965and
of 5.0 from MJD 50996to MJD 51023from the directionof the objectwasobtained.Excessf 3.9 was
obtainedfrom the analysisof all datatakenin 1998. Variability of the VHE gamma-rayemissionwasseen
fromthelight cune.

1 Introduction:

More than 50 active galacticnuclei (AGN) have beendetectedas gamma-raysourceshy the EGRET
detectoron boardthe ComptonGammaRay Obseratorywith enegiesabose 100MeV Mrk 421(Macombet
al. 1995),Mrk 501(Quinnetal. 1996),and1ES2344+514(Catanest al. 1998)have beenidentifiedasTeV
gamma-raysourcenf AGNsfo far Thesesourcesareall BL Lacertag(BL Lac) objects,a subclasof the



blazarclassof AGN which arecloseBL Lacs.Redshiftsof Mrk 421,Mrk 501,and1ES2344+514are0.030,
0.034,and0.044 respectiely. TheseAGNsarebelievedto have relatistic beamgointedvery closelyto the
directionof the earth. Origin of TeV gamma-ray$rom theseobjectsmay be explainedby the Synchrotron
SelfCompton(S.S.C.)model.

The blazarsare characterizedy their violent actiities. Mrk 501 shaved strongvariability especially
in TeV gamma-rayegion in 1997.(Hayashidat al. 1998) Studiesof variabilities of gamma-rayflux will
contritute to understandccelerationmechanisnof particlesin AGNSs.

We have searchednary BL Lac objectswith low redshifts(z < 0.1)atenegiesaroundTeV by Cherenkv
telescopesn Utah. (Yamamotoet al., 1999) Beausethe effect of attenuationof the VHE gammarays by
interactionwith the backgroundntemalacticinfraredphotonds thoughtto be small. (Stecler etal. 1996)

TheobjectlES1959+650s oneof thenewly discoveredBL Lac objectsby anefficient X-ray/radio/optical
techniqueat @=19h59m59.9and§=+6508'55"(Schachteetal. 1993).

We reportthe resultsfrom the obseration aboutthe BL Lac object1ES 1959+650with redshiftof z =
0.048in this paper

2 Experiment:

The Utah Seven TelescopéArray detectoris locatedat 1600mabove sealevel, Dugway, Utah (40.33° N,
113.02° W). Seventelescopesire arrangedn a hexagonalgrid with a separatiorof 70m to maximizethe
detectionefficiengy of TeV gammarays. Obseration datausingthreetelescopesvith respectie separation
of 120m areusedin this paper(Aiso etal. 1997)Eachtelescopés the alt-azimuthmountwith a 6m? main
dishwhich consistf 19 hexagonalshapesegmentedmirrors. Absolutepointingaccurag of the telescopes
is obtainedo betypically 1 arcmin.

A high resolutionimaging cameraof 256chphotomultipliertubesis installedat the focal planewith the
field of view of +2° to measuraletailedimagesof the Cherenkv light from gammaraysandcosmicrays.
Thesignalsfrom the256chcameraareamplifiedjustbehindthe cameraandarefedto ADC andTDC modules
mountedat the telescopdaseto measurehe amplitudeandthe timing. Thetriggeringrequiremento record
theeventis four folds out of 256tubes.Thresholdevel of thediscriminatorsaresetat 5 photo-electronsThe
singlecountingratesin eachtubearesetto 3-5kHzin eachchannel. Thresholdenegy for detectablggamma
raysis estimatedo be 600 GeV for verticalshavers.

Theobserationof 1IES1959+650nvascarriedoutfrom May 18, 1998until August30,1998.We obsered
for 38 nightsresultinga total obserationtime of 56.7 hr. We obsered the objectby a trackingmodecalled
astherasterscanfor which the telescopédrackingcenterscanghe squareregion of +0.5° in right ascension
anddeclinationcoordinatecenteredn thetamget. Averageeventratewasabout9 Hz with threetelescopes.

We have obsered shaver eventsaround1ES1959+650which aremainly cosmicray protonsandhelium
nuclei. Rejectionof hugenumberof cosmic-raybackgroundeventsis very essentiato obtaina good S/N
ratio. Thereforewe usedthetechniqueoriginally developedby the Whipple group (Hillas 1985, Weeleset
al. 1989). Thegammaraysarevery efficiently distinguishedrom thebackgrounaosmicraysby this method.

From the shaver events, we selectedgammaray candidatesising the shapeparameter®f Cherenkv
imagesandtheir directionality We candeterminethe arrival directionof gammarays andthe cosmicrays
with anelliptical accurag of 0.1° x 0.3° in eachevent. Therefore 97% of the backgroundeventsaroundthe
targetcanberejected.

Imagesof the gammaraysaretypically thinnerthanthoseof the cosmicrays,thereforethey arerejected
with 95% efficiengy throughthe imageselection. Typically 99.85% of the backgroundeventsaroundthe
talget are rejectedwith the imageandthe arrival directionusingthe presentanalysismethod. 35% of the
gamma-rayeventsremainthroughthis process.
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Figurel: Left: ALP H A distributionsin two differentperiodsareshavn. Solidlinesshav thedistribution for
on-sourceventsanddotswith barsshaws for off-sourceevents. The excesseventsin the smallalpharegion
lessthan10° correspondso the gamma-raygventsfrom 1ES1959+650.Right: Map of significancevalue
of excesseventsin right ascensiomnddeclinationplaneof 4° x 4° centeredatthepositionof 1IES1959+650.

3 Analysis:

Cherenbkv light signalsfrom gammaraysand cosmicraysareknowvn from the Monte Carlo simulation
to be concentratedvithin a 10 nsecintenal. However backgrouncphotonsby starlight andthe air glow are
randomlydistributedin time andcamerapace Thereforeve requiredatime alignmentwith asoftwaretiming
gatesetat 40 nsecanda geometricaklusteringof hit tubesto obtaincleanCherenkv images. After these
imagingprocesschancecoincidenceventsdueto therandomcoincidenceverequite efficiently rejectedand
the pureCherenkv eventsinducedby gammaraysandcosmicraysremained.

Thenwe calculatedthe image parameters:SIZE, the centroid position of images(z,y), WIDTH,
LENGTH,CONC,DIRandALPH A. S1Z FE wascalculatedby summingADC countsof hit PMTs. The
eventswith imagedocatednearthe camergboundarywerecut by requiringtheconditionR = /(z? +¢?) <
1.8°, becauseheimagesnearthe camereéboundaryweredistorteddueto theboundary

Fromthe Monte Carlo simulationgammarays shaved more compactimagesthanthe hadronicshawvers,
thenwe selectedeventswhich hadasmallerW IDTH and LEN GT H region of the experimentaldata. We
tookWIDTH < W3 +0.10x (logio(SIZE)—2.6), andLENGTH < Lsy+0.16 x (log1o(SIZE) —2.6),
whereWs, andLLs, correspondetb 30%and50%pointsobtainedy integratingthedistribution of off-source
hadronicevents.

In addition,weimposedaconditionCONC > Csg, whereCs, correspondetb half eventsof the CONC
distribution, sincegamma-raynitiatedshavershadahigherlight concentratiothanhadroninitiatedshawvers.
After theseselections14-16%o0f eventsremained.

Thenwe selectedeventsto getgamma-rayshaversusing DI R which correspondedtb incidentdirection
of shawversobtainedby the asymmetryof shaverimages.

4 Resultsand Discussion:

ALPH A distributions centeredat the directionof the object IES 1959+650in two differentperiodsare
shavn in Fig.1(Left). Excessaventsin thesmall ALPH A lessthan10° in thefigure correspondo a signifi-
canceof 5.3 ¢ for thedatafrom MJD 50956to MJD 50965and5.0 o from MJD 50996to MJD 51023.The
excesseventswith asignificanceof 3.9 ¢ wasobtainedrom theanalysisof all datatakenin 1998.
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Figure2: Time variationof the excesseventratefor 1IES1959+650from May 18to Aug. 30,1998.

Significancemapof the excesseventsin right ascensioranddeclinationplaneof 4° x 4° centeredat the
positionof 1IES1959+650s shavn in Fig.1(Right)for thesummediatafrom MJD 50956to MJD 50965and
from MJD 50996to0 MJD 51023.

The excesseventrateis plotted as a function of Modified Julian Day(MJD) in Fig.2. Gamma-rayflux
variability of anorderof day scalecanbe seenfrom this figure. Time variationof the excesseventratefrom
the Crab Nelula was also obtainedby the sameprocesswhich was consistentwith having constantvalue
within error Averagevalueof theexcesseventratefor the CrabNelulawas0.081/min.Thevariationof VHE
gamma-rayemissionhasalsobeenobsered for Mrk 421 andMrk 501. The presentesultof suchnatureis
consistentvith the obserationsof theseBL Lac objects.
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