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Abstract. Searchfor TeV counterpartsto GRBs observed
by BATSEhasbeenmadeusingtheTibet II/HD air-shower
dataset.BATSE on board the Compton GRO, a wide field
instrument sensitiveto gamma-raysfrom 20keV to 600keV,
detected2704burstsfrom 1991to 2000. The analysedTi-
bet datawere taken during the period from October1995
through September 1999. BATSEdetected67 GRBswithin
thefield of view of theTibetarrayduringthisperiod. ¿From
our analysisGRB971115a wasfound to bethemostpromi-
nentGRBcounterparthaving the �����	��
 of 6.05. Probability
greaterthanthis valueexpectedby thestatisticalfluctuation
wasestimatedby theMonteCarlosimulation, andwasfound
to be ��
�������� . Therefore, no significantTeV gamma-ray
burstsassociatedwith the BATSE GRBs weredetectedby
Tibet II/HD air showerarrayfrom thepresentanalysis.
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1 Introduction

Gamma-ray bursts(GRBs)are short flashesof high-energy
photons which appear on averageabout oncea day at an
unpredictabletime from unpredictabledirections in thesky.
GRBshavebeenthemostmysteriousastronomicalphenomenon
in the universefor about 30 yearsafter the discovery. The
discovery of X-ray afterglows andoptical and radio coun-
terparts to GRBshasenabledredshiftmeasurement of GRB
sourcesandhosts,therebyconfirming thehypothesisthatthe
origins of GRBsarecosmologically distant.[1] Oneleading
model for theorigin of GRBsinvolvesa neutron starmerg-
ing with another neutron staror with a black hole, but the
productionmechanism of gamma-raysin GRBsarenot yet
known at all. Currently GRBsarewidely believedasdissi-
pationof kinetic energy of relativistic motion producedby
an expandingfireball with a Lorentz factorof ������� ��� .[2]
Thepossibilityof very strongemissionof TeV gamma-rays
is consideredto besynchrotronradiationof protonsacceler-
atedupto ��������� eV.[3,4]
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2 Experiment

TheTibet experimentlocatedat Yangbajing in Tibet (4,300
m a.s.l.) consistsof two overlap air shower arrays(Tibet II
and HD)[5]. Thesearrays measure timing anddensityin-
formation of chargedparticlesin an air shower induced by
primarycosmic-ray andgamma-ray in the atmosphere,and
thenreconstructtheshower front to determine thearrival di-
rectionof primaryparticleinto thecelestialsphere.TheTi-
betII arrayis anarrayof 185scintillationdetectorsof 0.5m �
eachinstalledatlatticespacingof 15m with anenclosedarea
of 36,900m � andis designedto detectgamma-rayinduced
showersin theenergy range above 10TeV. Thehigh-density
(HD) arrayis installedat latticespacingof 7.5m on the in-
ward sideof Tibet II arrayandconsistsof 109 scintillation
detectorssharedsomeof detectors of Tibet II arraywith an
enclosedareaof 5,175 m � . This arrayis designedto becov-
eredgamma-rayinducedshowers in theenergy rangeabove
multi-TeV. Eachscintillationdetectorshasa leadplateof 5
mm thicknesson the top sideto improved fast timing data
by convertinggammaraysin theshowersinto electronpairs.
This device is beingincreasedtheshowersizeby a factorof
about2 andbeingimprovedtheangular resolution by about
30%[6].

Theperformanceof thesearrayswasexaminedusingob-
serving the shadow of the cosmic-ray flux masked by the
Moon[7]. ¿Fromthis result, the modeenergies of primary
protons to bedetectedareabout8 TeV andabout3 TeV for
theTibet II andHD arrays,respectively, andtheangular res-
olution is estimatedto bebetterthan0.9 for all events. The
angularresolutionis alsoproportionalto thesumof thenum-
berof showerparticlesperm � detectedin eachdetector( !#" ),
as0.8 �
%$�$'&(!#"*)�+,�-�.) � ��/ � $'��021�!#"3154-�-�6) . Theseresult
wasalsoconfirmedthattheparameterof !#" is independently
of primaryparticleby theMonte Carlosimulation[8].

3 Observation and Analysis Method

The Tibet II andHigh Density(Tibet II/HD) air shower ar-
rayshavebeenoperatedfrom October1995until September
1999. Within the above observation period, 67 GRBswere
observed by BATSEonboardtheCGRO in thefield of view
of the Tibet II arrayand54 GRBs in that of the Tibet HD
array. Thefield of view of thearraywasassumedto beless
than40 in zenith.

Error region of the BATSE GRBs with 90% confidence
level including statisticalandsystematicerrors is determined
to eachposition.Theerrorregionof the67GRBsselectedby
thepresent analysishasradius from 4  to 20 . We searched
for counterpartsof the BATSE GRBs in this region with a
view angleof radius1  , whichwecall ONsourcecirclehere-
after, byshiftingevery 0.5 in right ascensionanddeclination
plane.

Two kinds of time ranges of the searchwas usedin the
presentanalysis. One was T90 which was determined by
BATSEasa durationtime of theburst. T90 rangedfrom 0.1

secto 378secfor theselected67GRBs.Theotherwastime
ranges with 5, 10, 20, 30, 40 and 50 secstartedfrom the
BATSEbursttrigger.

Backgroundevent ratefor eachON sourcecircle wasob-
tainedby anequi-azimuth method in 240secfor eachtime
range. Poissonprobability for eachtime rangewas calcu-
latedusingtheON sourceeventsandthebackgroundevents.
Then �����	��
 was calculatedto evaluatethe probability of
occurrenceas �����	��
8759;:<��= � � $>����?'@�@���A*BC
��,DFE�DG?H:<?HIKJ*) .

4 Results

Themaximum power value �ML�E6N wascalculatedfrom the
analysis of T90 and the six kinds of the time intervals for
eachGRB.Figure1 shows �ML2E6N asafunctionof sequential
numbersof the BATSE GRBs for Tibet II andHD respec-
tively.

Themaximum powervaluelargerthan6 among thesewas
obtainedfor thecounterpartof GRB971115for whichthepo-
sition determinedby BATSEwas( O , P )=(84.6  , 41.7 ) with
anerrorcircle with radius17.1 at a 90% confidencelevel.
There wasnoT90datafor GRB971115.

This counterpart wasobtained for the time interval of 40
secmeasuredfromtheBATSEtriggerfor theTibetII data.In
theareaof ON circlewith aradius1  of theview angle, there
was14 air shower events, whereastheestimatednumberof
the background events was2.7. Therefore,the �����Q��
 was
calculatedto be6.05for this counterpart.

Thepositionwherethisvaluewasobtainedwas( O , P )=(86.6 ,
31.2  ), which was10.6 apartfrom theGRB positiondeter-
minedby BATSE.Thispositionis still within theerror circle
of 90%confidencelevel.

5 Conclusion

Wesearchedfor TeV counterpartsto BATSEGRBsusingthe
TibetII/HD airshowerarray. ¿FromouranalysisGRB971115a
wasfound to be the mostprominent GRB counterpart hav-
ing the �����Q��
 of 6.05. Probabilitygreaterthanthis value
expectedby the statisticalfluctuationwasestimatedby the
Monte Carlosimulation, andwasfound to be �R
%��� ��� . In
this simulation100 timesof oserved eventsweregenerated
to evaluatethesignificanceof thecandidatewherezenithan-
gle dependenceof the air shower event ratewastaken into
account.

Therefore,we conclude that no significantTeV gamma-
ray burstsassociatedwith the BATSE GRBsweredetected
by Tibet II andHD air showerarrays from thepresentanaly-
sis.

In futurewe will searchfor theTeV counterpartsfrom the
dataof theTibet III arraywhoseobservation periodis from
November1999to June2000. We will alsosearchin differ-
enttime intervalsfrom thoseusedin this analysis.
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Figure1. SUTWV,X distribution : Themaximumvaluesof the SUY�Z#[G\ obtainedfrom T90 andthesix time intervals is determinedas SUT]V,X .
Top panelshows SUT]V,X for theTibet II dataandthebottompanelshows for theTibet HD data.Sequentialnumbersof theBATSEGRBare
shown in abscissa.
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Figure2. Variationof eventrate: Toppanel ; lightcurve obtainedby BATSE,Middle panel; Numberof eventsin asecasa functionof time
for Tibet II, Bottompanel; Numberof events in 40 secbin in 1000secbeforeandaftertheBATSEtriggerfor Tibet II.
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Figure3. Integral power distribution obtainedfrom the observation andthe Monte Carlo simulation. Top panel: Tibet II. Bottom panel:
Tibet HD
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