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Abstract: ARGO-YBJis a "full coverage”air shaver detectorconsistingof a 6700 m? carpetof
Resistve Plate Chambers]ocatedat Yangbajing(Tibet, PR. China, 4300 m a.s.l.). Its large field of
view (~ 2 sr) makesARGO-YBJ particularly suitableto detectunpredictableandshortdurationevents
suchasGammaRay Bursts(GRBs). ARGO-YBJ cansearchfor GRBsusingtwo detectiontechniques:
the "Scaler Mode”, working in the GeV enepgy range,and the "Showver Mode”, at enepies above a
few hundredsof GeV. The resultsof the searchfor emissionfrom GRBsin coincidencewith satellite

detectionsarepresented.

I ntroduction

The study of GRBs hasbeendone mainly from
spacedetectingthe primary photons. Due to the
fastdecreasef the enegy spectrum the operat-
ing enegy is usuallyin the keV-MeV range,and
only EGRETin thepast(andnow AGILE) reached
the GeV region, with a maximumdetectableen-
ergy of 30 GeV. From ground,the searchcanbe
doneby meansof large areaextensve air shover
detectorsoperatingat high altitude, detectingthe
secondanparticlesgeneratedby theinteractionof
the primary photonswith the atmospherenuclei.
Thisresearctstartedseveralyearsago(seefor ex-
ample[1],[2],[3],[4] and[5]) andrequiresvery sta-
ble andreliable detectorsmoreover, at lower en-
ergies the number of secondaryparticlesreach-
ing the ground, often only one, doesnot allow
the measurementf the arrival direction, making
unfeasiblean independentdetection. Neverthe-
lessthis studyis usually doneas a particularre-
searchof an experimentthatinvestigatedifferent
physicsitems,anddueto thelimited surfaceof the
spacedetectorsthe minimum detectablefluences
arecloseto the valuesobtainedby satelliteobser
vationsin the sameenegy range.

The Detector

The ARGO-YBJ detectorhasbeencompletedin
spring2007andis now fully operationain Yang-

bajing (latitude30.1°N, longitude90.53’E, 4300
m a.s.l.,atmospheridepth606 g/cm?). It is made
by asinglelayerof Resistve PlateChambersgov-

ering an areaof 6700m2. Its modularstructure
(the basic module being a “cluster” of 5.7x7.6
m?) hasallowedto collectdataduring the mount-
ing, giving the possibility of startingsomephys-
ical searchessincethe beginning of the installa-
tion. The detectorcan operatein two different
ways,correspondindo two independenDAQs. In

shaver modethe arrival time and the location of

eachparticlearerecordedisingthe highestgranu-
larity of thedetectorthe“pad”, equalto 55.6x61.8
ecm?. Thecurrentthresholds setto >20fired pads,
correspondingo anenegy thresholdof afew hun-
dredsof GeV, with a trigger rate of ~ 4KHz. In

scalemodethe countsof eachclusterarerecorded
every 0.5 s for 4 differentlevels of coincidence:
>1, >2, >3 and >4, with a coincidencewindow

of 150 ns. In this casethe arrival directionis not

measuredindthe field of view is only limited by

the atmospheri@bsorption.The enegy threshold
is muchlower (aboutl GeV) andis closeto the
highestenegy detectedby satellite experiments.
A detaileddescriptionof the detectorcanbefound

in [6], [7], [8] andreferencesherein. Dueto the
longersetupand certificationof the shover mode
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DAQ, thesearchfor GRBscouldbe performedup
to now only with the scalermodetechnique.

GRB search

The datapresentedn this paperhave beencol-

lectedfrom November2004(correspondingo the
Swift satellitelaunch)to April 2007,with adetec-
tor active areaincreasingfrom 693 to 5632 m?2.

In orderto extractthe maximuminformationfrom

the data, several GRB searchehave beenimple-
mented:

e searchin coincidencewith the satellitede-
tection;

e searchor adelayedor anticipatedsignal of
fixedduration;

e phasepile up of all GRBs.

The searchfor a signal in coincidencewith the
eventsdetectedy satellitegmainly Swift) is done
for all GRBsin the ARGO field of view (i.e. with
zenithangle® < 45°). For eachevent, the total
numberof countsin the Atg time window given
by the satellitedetector(correspondingo the de-
tection of 90% of the photons)is comparedwith
thetotal numberof countsin atime interval corre-
spondingo 10-Atgq beforeandaftertheGRB.The
calculationis madefor the 4 multiplicity channels
of all theclusters.In this operationthe Poissonian
behaiour of all theclusterss checledfor aperiod
of +12 h aroundthe GRB time andall theanoma-
lous clustersare discarded. This guaranteeshat
our datafulfill the requirementson stability and
reliability of the detector Due to the correlation
betweerdifferentclusterg(givenby the air shover
lateraldistribution), thetrue statisticalsignificance
of anexcessds obtainedrom theexperimentadis-
tribution of the sumof all the clustercountsin the
sameinterval of +12 h aroundthe GRB time. Fig-
ure 1 shaws the distribution of thesesignificances
for the set of GRBs studiedwith this technique
comparedvith astandarchormaldistribution. The
fluenceupperimits areobtainedassumingpower
law spectrumup to E,,.. = 100GeV anda4 o
significance For this calculation two differentas-
sumptionsareusedfor the powerlaw spectrum:a)
extrapolationfrom the keV-MeV region usingthe
index measuredty thesatelliteexperimentsandb)
sameasbhefore but with asharpindex changeo «
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Figure 1: Distribution of the statistical signifi-

cancef the setof GRBsstudiedin coincidence
with the satellitedetectionscomparedvith a stan-
dardnormaldistribution.

= -2.5 at the meanbreakenegy Ey = 230keV
obtainedby Band et al. usingthe BATSE data
[9]. Thissecondmodelis morerealisticin thefact
that from CGRO datawe know that most of the
GRBsshaov a changein the enegy spectrumbut
impliesacommonbehaiour thathasnotbeenver
ified. Figure 2(a,b)shows the fluenceupperlim-
its in theenegy rangel-100GeV obtainedfor the
two differenthypothesegsa function of the local
zenithangle. For thoseGRBsfor which the red-
shift is known, anexponentialcutoff is considered
to take into accountthe effects of the extragalac-
tic absorption.The extinction coeficientis calcu-
lated usingthe valuesgivenin [10], andthe cor-
respondingupperlimits are representedvith red
trianglesin Figure2. Usingthe sametwo models
of the GRBsspectrathe upperlimit to the cutoff
enegy canbedeterminedat leastfor someGRBs:
the expectedfluenceis plotted togetherwith our
fluenceupperlimit asa function of the cutoff en-
ergy. If thetwo curvescrossin the2-100GeV en-
ergy range theintersectiorgivestheupperlimit to
thecutoff enegy for theassumedpectrumFigure
3 shaws the distribution of thesecutoff upperlim-
its asa function of the measuredpectralindex in
the caseof the extrapolatedspectrum(if the bend
is appliedall thevaluesareoverthe100GeV cut-
off limit). For theseGRBswe obtainthat, if their
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Figure2: Fluenceupperlimits asa functionof the zenithanglein the 1-100GeV rangeobtainedextrapo-
lating the measuredkeV spectrgleft) or assumingachangeto aspectraindex o = -2.5atthemeanenegy
Ey = 230keV (right). For thoseGRBswith known redshiftthe upperlimits are calculatedtaking into
accountheextragalacticabsorptionredtriangles);otherwisez = 0 is assumedblack points).

spectrashouldhave extendedup to E..;, it would
have producedan increasein countscorrespond-
ing to 4 0. Sincethe high enegy emissioncould
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Figure 3: Cutoff upperlimits asa function of the
spectraindex obtainedextrapolatingthemeasured
keV spectra.Theredtrianglesareobtainedtaking
into accountheextragalacticabsorption.

happerwith featuresvery differentwith respecto
the low enegy signal, anothersearchis madein

time windows of fixed durationsA¢=0.5, 1, 2, 5,
10, 20, 50, 100, 200 s and Atg shiftedby steps
of At insidea + 3600 s interval aroundthe start
time Tj, recordedoy satellites.Thetime of 2 hours
hasbeenchosensincethe highestenegy photon
from GRBs (18 GeV, GRB940217[11]) wasde-
tected95 minutesafter the low enegy emission,
while the nggative delaywasincludedsincesome
modelspredicta high enegy emissionpreceding
the low enegy burst[12]. The distribution of all
theexcessegor all the GRBsis shaovnin Figure4,
comparedo the expectedstandardnormal distri-
bution. No statisticallysignificantexcessis found
in ary time window. For eachGRB, thetime du-
ration and shift with respectto 7, corresponding
to the maximumesignificanceareplottedto search
for possibleaggreyationsof values. This is done
to verify if a commonfeatureof the high enegy
emissioncan be identified even if not significant
for the single GRB dueto the high numberof tri-
als. The resultingdistributions (seeFigure 5) do
not show ary clustering. Finally, all the GRBsof
duration> 5 s (i.e. thoseof the long GRB pop-
ulation) have beenaddedup in phasetaking into
accounttheir duration Atgg. This searchis done
to testthe hypotesighat high enegy emissionoc-
cursat a certainphaseof the low enegy burst, is
presenfor thestackof GRBs,but is lowerthanthe
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Figure 4: Distribution of the statistical signifi-
cancesof the setof GRBsin a +2 hrs interval
aroundthe T given by satellite using different
timewindows At (seetext), comparedvith astan-
dardnormaldistribution.

sensitvity of our detectorfor eachGRB. Evenin
this case,no significantexcesshasbeenobtained,
the overall significanceof the GRBsstackwith re-
spectto the backgroundluctuationsbeingl.14¢.

Conclusions

The searchfor GRBsbothin coincidenceandde-
layed with respectto the satellite detectionhas
shavn no deviation from the statisticalbehaiour.
The fluencesderived from EGRET measurements
in the 1 MeV-1GeV enegy rangewere > 2 -
10 %erg/em?. ARGO-YBJis providing 4 o flu-
enceupperlimits < 10 %erg/cm? in the 1 Ge\-
100 GeV region. The directional capatibility of
the shaover mode at higher enegies (a few hun-
dredsof GeV),lowerthanthedramaticextragalac-
tic absorptioroccurringat £ 2 17V, allows the
ARGO-YBJexperimento studythe GRB highen-
ergy tail in thewhole1 Ge\*1 TeV rangewith the
samedetector
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