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Search for TeV burst-like events coincident with the BAT SE bur sts
using the Tibet air shower array data
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Abstract. Searchfor TeV cowunterpartsto GRBs obsered 1 Introduction
by BATSE hasbeenmadeusingthe Tibet II/HD air-shaver
dataset. BATSE on boad the Comptm GRO, a wide field
instrumenm sensitve to ganma-raysfrom 20keV to 600keV,
detected2704 burstsfrom 1991to 200. The analysedTi-
bet datawere taken during the period from October1995
throudh Septembe1999 BATSE detecteds7 GRBswithin
thefield of view of the Tibetarrayduringthis period ¢ From
our analysisGRB97111%5 wasfound to be the mostpromi-
nentGRB counteparthavingthe Power of 6.05 Probaldity
greaterthanthis valueexpectedby the statisticalfluctuation
wasestimatedy theMonte Carlosimulation andwasfound
to be 2 x 10~!. Therefae, no significantTeV ganma-ray
burstsassociatedvith the BATSE GRBs were detectedby
TibetlI/HD air shoverarrayfrom the presentinalysis.

Gammaray bursts(GRBs)are short flashesof high-enegy
phaons which appear on averageabou once a day at an
unpredictabletime from unpedictabledirectinsin the sky.
GRBshave beenthemostmysterios astronontal pheromenm
in the universefor abou 30 yearsafter the discovery. The
discovery of X-ray afterglows and optical and radio coun-
terpats to GRBshasenablededshiftmeasurema of GRB
sour@sandhosts therebyconfirming the hypothesighatthe
origins of GRBsarecosmdogically distant.[1 Oneleading
mockl for the origin of GRBsinvolvesa neutra starmeig-
ing with anotrer neutra staror with a black hole, but the
productionmechaism of gamma-raysin GRBsarenot yet
known at all. Currerily GRBsarewidely believed asdissi-
pation of kinetic enegy of relativistic motion producedby
an expandingfireball with a Lorertz factorof ~ 10%2-2.[2]
The possibility of very strongemissionof TeV ganma-ray
is consideredo be synchotronradiationof protmmsacceler
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2 Experiment

The Tibet experimentlocatedat Yanghajing in Tibet (4,300
m a.s.l.) corsistsof two overap air shaver arrays(Tibet I
andHD)[5]. Thesearrays measue timing and densityin-
formation of chagedparticlesin an air shaver inducel by
primary cosmic-rg andgammaray in the atmosere,and
thenrecorstructthe showver front to deternine the arrival di-
rectionof primary particleinto the celestialsphere.The Ti-
betll arrayis anarrayof 185scintillationdetectos of 0.5m?
eachinstalledatlatticespacingf 15m with anenclsedarea
of 36900m? andis designedo detectgamma-rayinduced
shaversin theenepgy range above 10 TeV. The high-density
(HD) arrayis installedat lattice spacingof 7.5m onthein-
ward side of Tibet Il arrayand consistsof 109 scintillation
detectorssharedsomeof detectos of Tibet Il arraywith an
enclosedareaof 5,175 m2. This arrayis designedo be cov-
eredgamna-rayinduced shavers in the enegy rangeabore
multi-TeV. Eachscintillation detectorshasa leadplate of 5
mm thicknesson the top sideto improved fasttiming data
by convertinggammaraysin the shaversinto electronpairs.
This device is beingincreasedthe shaver sizeby a factorof
about2 andbeingimprovedthe angula resolution by abou
30%[6].

The performarce of thesearrayswasexanmined usingob-
servingthe shadav of the cosmicray flux masled by the
Moon[7]. ¢Fromthis result,the modeenegies of primary
protors to be detectecareabout8 TeV andabout3 TeV for
theTibetll andHD arraysrespectiely, andtheanguar res-
olutionis estimatedo be betterthan0.9° for all events. The
angularesolutions alsopropational to thesumof thenum-
berof shaverparticlesperm? detectedn eachdetector(Zp),
as0.8° x ((> £p)/20)7%3(15 < p < 300). Theseresult
wasalsocorfirmedthattheparameteof ¥ p is indegendently
of primaryparticleby the Monte Carlosimulation[§.

3 Observation and AnalysisMethod

TheTibet Il andHigh Density (Tibet [I/HD) air shaver ar-
rayshave beenoperatedrom Octoberl995until September
1999 Within the above obsenation periad, 67 GRBswere
obsened by BATSE on boardthe CGRO in thefield of view
of the Tibet Il arrayand54 GRBsin that of the Tibet HD
array Thefield of view of thearraywasassumedo beless
than40° in zenith.

Error region of the BATSE GRBs with 90% conficence
levelincluding statisticalandsystemati@rrasis deternined
to eachposition. Theerrorregionof the67 GRBsselectedy
the presehanalysis hasradius from 4° to 20°. We searched
for courterpartsof the BATSE GRBsin this region with a
view angleof radius1®, whichwe call ON sourcecircle here-
after, by shiftingevery 0.5° in right ascensioanddeclination
plane.

Two kinds of time ranges of the searchwas usedin the
presentanalysis. One was T90 which was deternined by
BATSE asadurationtime of theburst. T90 rangedfrom 0.1

secto 378secfor theselected7 GRBs. The otherwastime
ranges with 5, 10, 20, 30, 40 and 50 secstartedfrom the
BATSEbursttrigger

Backgoundevert ratefor eachON sourcecircle wasob-
tainedby an equi-azinuth metha in 240 secfor eachtime
range. Poissonprobaility for eachtime rangewas calcu-
latedusingthe ON sourceaventsandthebackgoundeverts.
Then Power was calculatedto evaluatethe probability of
occurenceasPower = —logyo(Poissonprobability).

4 Results

The maximun power value Pmax was calculatedrom the
analysis of T90 andthe six kinds of the time intenals for
eachGRB. Figurel shavs Pmax asafunctionof sequetial
nunbersof the BATSE GRBsfor Tibet Il and HD respec-
tively.

Themaximun powervaluelargerthan6 amoryg thesewas
obtairedfor thecourterpartof GRB97115for whichthepo-
sition deternined by BATSE was («,§)=(84.6°, 41.7) with
anerror circle with radius17.1° at a 90% confidencelevel.
There wasno T90 datafor GRB97115.

This countepartwasobtainel for the time interval of 40
secmeasuedfromthe BATSEtriggerfor theTibetll data.ln
theareaof ON circlewith aradiusl® of theview angle there
was 14 air shaver everts, whereasthe estimatechurrber of
the baclgrourd everts was2.7. Therefore,the Power was
calculatedo be6.05for this courterpart.

Thepositionwherethisvaluewasobtairedwas(a,d)=(86.6°,
312°), whichwas10.6> apartfrom the GRB positiondeter
minedby BATSE.This positionis still within theerra circle
of 90%confidercelevel.

5 Conclusion

We searchedor TeV countepartsto BATSE GRBsusingthe
Tibetll/HD airshowverarray ¢ FromouranalysisGRB97115a
wasfound to be the mostprominent GRB countepart hav-
ing the Power of 6.06. Probability greaterthanthis value
expectedby the statisticalfluctuationwas estimatedoy the
Monte Carlo simulation andwasfound to be2 x 10~1. In
this simulation100 times of osened eventswere geneated
to evaluatethesignificarce of thecandidde wherezenithan-
gle depenenceof the air shaver evert rate wastaken into
account.

Therefore, we concluwe that no significantTeV ganmma-
ray burstsassociatedvith the BATSE GRBsweredetected
by TibetIl andHD air shover arrays from the presentinaly-
sis.

In futurewe will searcHor theTeV courterpartsfrom the
dataof the Tibet Il arraywhoseobseration periodis from
November1999to June20®. We will alsosearchin differ-
enttime intervalsfrom thoseusedin this analysis.
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Figurel. Pmax distribution : The maximumvaluesof the Power obtainedfrom T90 andthe six time intervalsis determinedas Pmaz.
Top panelshavs Pmaxz for theTibet Il dataandthe bottompanelshaws for the Tibet HD data.Sequentiahumbersof the BATSEGRB are
shavn in abscissa.
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Figure2. Variationof eventrate: Top pané ; lightcurve obtainedby BATSE,Middle panel; Numberof eventsin asecasa functionof time
for TibetIl, Bottompanel; Numberof evertsin 40 secbin in 1000secbeforeandafterthe BATSEtriggerfor Tibet .
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Figure3. Integral power distribution obtainedfrom the obsenation andthe Monte Carlo simulation. Top panel: TibetIl. Bottom panel:
TibetHD
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