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

The Utah Seven Telescope Array collaboration
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Abstract

BL Lac object1ES1959+650with small redshift of z=0.048hasbeenobserved using the Utah Seven
TelescopeArray detectorwith 3 m diameterat Dugway, Utah. We have observed 1ES1959+650for 56.7
hoursin total from May, 1998until August,1998.We obtainedevidenceof VHE gamma-rayemissionfrom
1ES1959+650.Eventexcesswith a significanceof 5.3 � for thedatafrom MJD 50956to MJD 50965and
of 5.0 � from MJD 50996to MJD 51023from thedirectionof theobjectwasobtained.Excessof 3.9 � was
obtainedfrom theanalysisof all datataken in 1998. Variability of theVHE gamma-rayemissionwasseen
from thelight curve.

1 Introduction:
More than 50 active galacticnuclei (AGN) have beendetectedas gamma-raysourcesby the EGRET

detectoronboardtheComptonGammaRayObservatorywith energiesabove 100MeV. Mrk 421(Macombet
al. 1995),Mrk 501(Quinnet al. 1996),and1ES2344+514(Cataneseet al. 1998)have beenidentifiedasTeV
gamma-raysourcesof AGNs fo far. Thesesourcesareall BL Lacertae(BL Lac) objects,a subclassof the



blazarclassof AGN whicharecloseBL Lacs.Redshiftsof Mrk 421,Mrk 501,and1ES2344+514are0.030,
0.034,and0.044,respectively. TheseAGNsarebelievedto have relativistic beamspointedverycloselyto the
directionof the earth. Origin of TeV gamma-raysfrom theseobjectsmaybe explainedby the Synchrotron
SelfCompton(S.S.C.)model.

The blazarsare characterizedby their violent activities. Mrk 501 showed strongvariability especially
in TeV gamma-rayregion in 1997.(Hayashidaet al. 1998)Studiesof variabilitiesof gamma-rayflux will
contributeto understandaccelerationmechanismof particlesin AGNs.

Wehavesearchedmany BL Lacobjectswith low redshifts(z 
 0.1)atenergiesaroundTeV by Cherenkov
telescopesin Utah. (Yamamotoet al., 1999)Beausethe effect of attenuationof the VHE gammaraysby
interactionwith thebackgroundintergalacticinfraredphotonsis thoughtto besmall. (Stecker et al. 1996)

Theobject1ES1959+650is oneof thenewly discoveredBL Lacobjectsby anefficientX-ray/radio/optical
techniqueat � =19h59m59.9sand � =+65� 08’55”(Schachteretal. 1993).

We report the resultsfrom the observation aboutthe BL Lac object1ES1959+650with redshiftof z =
0.048in thispaper.

2 Experiment:
TheUtahSevenTelescopeArray detectoris locatedat 1600mabove sealevel, Dugway, Utah( ����������� N,��� ������� � W). Seven telescopesarearrangedin a hexagonalgrid with a separationof 70m to maximizethe

detectionefficiency of TeV gammarays. Observationdatausingthreetelescopeswith respective separation
of 120m areusedin this paper.(Aiso et al. 1997)Eachtelescopeis thealt-azimuthmountwith a 6m

�
main

dishwhich consistsof 19 hexagonalshapesegmentedmirrors. Absolutepointingaccuracy of thetelescopes
is obtainedto betypically 1 arcmin.

A high resolutionimagingcameraof 256chphotomultipliertubesis installedat the focal planewith the
field of view of ����� to measuredetailedimagesof theCherenkov light from gammaraysandcosmicrays.
Thesignalsfrom the256chcameraareamplifiedjustbehindthecameraandarefedto ADC andTDC modules
mountedat thetelescopebaseto measuretheamplitudeandthetiming. Thetriggeringrequirementto record
theeventis four foldsoutof 256tubes.Thresholdlevel of thediscriminatorsaresetat5 photo-electrons.The
singlecountingratesin eachtubearesetto 3-5kHzin eachchannel.Thresholdenergy for detectablegamma
raysis estimatedto be600GeVfor verticalshowers.

Theobservationof 1ES1959+650wascarriedout from May 18,1998until August30,1998.Weobserved
for 38 nightsresultinga total observation time of 56.7hr. We observed theobjectby a trackingmodecalled
astherasterscanfor which thetelescopetrackingcenterscansthesquareregion of ������ � in right ascension
anddeclinationcoordinatecenteredon thetarget.Averageeventratewasabout9 Hz with threetelescopes.

Wehave observedshower eventsaround1ES1959+650,whicharemainlycosmicrayprotonsandhelium
nuclei. Rejectionof hugenumberof cosmic-raybackgroundeventsis very essentialto obtaina goodS/N
ratio. Thereforewe usedthetechniquesoriginally developedby theWhipplegroup(Hillas 1985,Weekeset
al. 1989).Thegammaraysareveryefficiently distinguishedfrom thebackgroundcosmicraysby thismethod.

From the shower events,we selectedgammaray candidatesusing the shapeparametersof Cherenkov
imagesandtheir directionality. We candeterminethe arrival directionof gammaraysandthe cosmicrays
with anelliptical accuracy of ��� � �"!#������� in eachevent. Therefore,97%of thebackgroundeventsaroundthe
targetcanberejected.

Imagesof thegammaraysaretypically thinnerthanthoseof thecosmicrays,thereforethey arerejected
with 95% efficiency throughthe imageselection. Typically 99.85% of the backgroundeventsaroundthe
target arerejectedwith the imageandthe arrival directionusing the presentanalysismethod. 35% of the
gamma-rayeventsremainthroughthisprocess.
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Figure1: Left : $&%('")*$ distributionsin two differentperiodsareshown. Solidlinesshow thedistribution for
on-sourceeventsanddotswith barsshows for off-sourceevents.Theexcesseventsin thesmallalpharegion
lessthan

� ��� correspondsto thegamma-rayseventsfrom 1ES1959+650.Right : Map of significancevalue
of excesseventsin right ascensionanddeclinationplaneof � � !+� � centeredat thepositionof 1ES1959+650.

3 Analysis:
Cherenkov light signalsfrom gammaraysandcosmicraysareknown from the Monte Carlo simulation

to beconcentratedwithin a 10 nsecinterval. However backgroundphotonsby starlight andtheair glow are
randomlydistributedin timeandcameraspace.Thereforewerequiredatimealignmentwith asoftwaretiming
gatesetat 40 nsecanda geometricalclusteringof hit tubesto obtaincleanCherenkov images.After these
imagingprocess,chancecoincidenceeventsdueto therandomcoincidencewerequiteefficiently rejectedand
thepureCherenkov eventsinducedby gammaraysandcosmicraysremained.

Then we calculatedthe imageparameters:,.-�/10 , the centroidposition of images 24365
798 , :;-=<+>&) ,
%(0@?BA�>1) , C@D�?EC , <F-HG and $1%I'")*$ . ,.-�/10 wascalculatedby summingADC countsof hit PMTs.The
eventswith imageslocatednearthecameraboundarywerecutby requiringthecondition G;JLK 243 �NM 7 � 8I
� ��O�� , becausetheimagesnearthecameraboundaryweredistorteddueto theboundary.

FromtheMonteCarlosimulationgammaraysshowedmorecompactimagesthanthehadronicshowers,
thenwe selectedeventswhich hada smaller :P-H<Q>1) and %(0R?EA&>&) region of theexperimentaldata.We
took :P-H<Q>1)S
T: �
� M ��� � �(!U2WVWXZY �	� 2[,\-�/10U8^]_����`�8 , and %(0@?BA�>1)S
a% �
� M ��� � `b!U2WVWXZY �	� 2[,\-�/10c8�]U����`�8 ,
where: �
� and % �
� correspondedto 30%and50%pointsobtainedby integratingthedistributionof off-source
hadronicevents.

In addition,weimposedacondition CRD"?BCLdTC �
� , whereC �
� correspondedto half eventsof the CRD"?BC
distribution,sincegamma-rayinitiatedshowershadahigherlight concentrationthanhadroninitiatedshowers.
After theseselections,14-16%of eventsremained.

Thenwe selectedeventsto getgamma-rayshowersusing <e-=G which correspondedto incidentdirection
of showersobtainedby theasymmetryof shower images.

4 Results and Discussion:
$&%('R)f$ distributionscenteredat thedirectionof theobject1ES1959+650in two differentperiodsare

shown in Fig.1(Left). Excesseventsin thesmall $1%I'")f$ lessthan
� � � in thefigurecorrespondto a signifi-

canceof 5.3 � for thedatafrom MJD 50956to MJD 50965and5.0 � from MJD 50996to MJD 51023.The
excesseventswith asignificanceof 3.9 � wasobtainedfrom theanalysisof all datatakenin 1998.
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Figure2: Timevariationof theexcesseventratefor 1ES1959+650from May 18 to Aug. 30,1998.

Significancemapof theexcesseventsin right ascensionanddeclinationplaneof �H�@!*�H� centeredat the
positionof 1ES1959+650is shown in Fig.1(Right)for thesummeddatafrom MJD 50956to MJD 50965and
from MJD 50996to MJD 51023.

The excessevent rate is plottedasa function of Modified JulianDay(MJD) in Fig.2. Gamma-rayflux
variability of anorderof dayscalecanbeseenfrom this figure. Time variationof theexcesseventratefrom
the CrabNebula wasalsoobtainedby the sameprocess,which wasconsistentwith having constantvalue
within error. Averagevalueof theexcesseventratefor theCrabNebulawas0.081/min.Thevariationof VHE
gamma-rayemissionhasalsobeenobserved for Mrk 421andMrk 501. Thepresentresultof suchnatureis
consistentwith theobservationsof theseBL Lacobjects.
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