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TheARGO-YBJexperimentisplannedto detectgammaraysourceswith anenergythresholdof afew hundreds
of GeV. The large field of view of the detectorandits high duty cycle allow the continuousmonitoringof a
large part of the sky, searchingfor both unknown stablesourcesandtransientemissionsasAGN flaresand
GammaRay Bursts. In this work we presentthe first dataobtainedwith a subsetof the detector(covering� 1900m

�
) concerningthesearchfor stableandtransientsourcesin thedeclinationrange�	��

����������
�� .

1. The ARGO-YBJ experiment

ARGO-YBJisa“full coverage”air showerdetectorunderconstructionattheYangbajingHighAltitude Cosmic
RayLaboratory(Tibet, China)at 4300m a.s.l. (lat=30.11� N, long=90.53� E). Oneof themaingoalsof the
experimentis thedetectionof � raysfrom galacticandextragalacticsourceswith anenergy thresholdof a few
hundredsof GeV. Theextremealtitudeof the detectorandtheuseof a large full coveragelayerof counters,
allow thedetectionof showersin theprimaryenergyrangetypicalof theCherenkov technique.However, unlike
Cherenkov telescopes,ARGO-YBJhasa largefield of view ( � 2.2sr) anda duty cycle � 100� , allowing the
continuousandsimultaneousobservation of a large fraction of the sky, making thuseasierthe detectionof
previouslyunknown � rayemittersandtransienteventslike GammaRayBurstsandAGN flares.

ARGO-YBJconsistsof a74 � 78m
�

“carpet” realizedwith asinglelayerof ResistivePlateCounters(RPCs),
surroundedby apartially instrumented“ guardring”, for a totalactiveareaof 6400m

�
. Thedetectoris divided

into 18480basicelements,of dimensions56 � 62 cm
�
, the “pads”, providing the space-timepatternof the

shower front. Thetime resolutionis � 1 ns. Thedetectorwill becoveredby a 0.5 cm thick layerof lead,in
orderto converta fractionof thesecondarygammaraysin chargedparticles,andto reducethetime spreadof
theshower front, increasingtheangularresolution.A detaileddescriptionof theexperimentis givenin [1].

A subsetof thedetector(1900m
�

of RPCs,� 30� of thecompletelayout)is takingdatasinceDecember2004.
In this paperwe presentour first sky survey resultssearchingfor stablegammaray sourcesandshorttransient
eventsashighenergy GRBs.

2. The data

Thedatausedin thisanalysishavebeenrecordedby adetectorsubsetconsistingof a � 47x 41m
�

RPCcarpet,
without theleadconverterlayer. Theminimumnumberof firedpads������� requiredto triggerthedetectoris 60.
This temporarytriggerconfiguration(usedto debugthedetector)correspondsto anenergy thresholdrelatively
high: accordingto simulations,givena � raysourcewith apowerlaw spectrumof index  =2.5(2.0)extending
up to 50 TeV andzenithangle !#"���

� , themedianenergy of thedetected� raysis � 4 ( � 8) TeV.

Thearrival directionof theprimaryparticleshavebeenreconstructedby fitting theshowerfront with aconical
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Figure 1. Preliminarysky mapobtainedin 1.010% hoursof datataking.
Thethreesmallcirclesindicatethepositionsof theCrabNebula,Mrk 421
andMrk 501(from left to right).

Figure 2. Distribution of theexcessesin the
26670binsof themapin unit of standardde-
viations,with theGaussianfit overlapped.

shapeof slope0.03nsm &(' . Thepositionof theshower corehasbeencalculatedby meansof theMaximun
LikelihoodMethodappliedto thelateraldensityprofileof theshower[2]. Accordingto simulations,theangular
resolutiondependson the numberof fired pads:for �������*) 60, a circularwindow aroundthe sourcewith a
half openingangle +,".-0/ 1�� contains� 70� of theeventsinducedby a gammaray of energy 1-10TeV and
zenithangle !2"3��
�� .
Thedatasetof thisanalysishasbeenrecordedfrom 2004Dec24to 2005Mar 23,for atotal runtimeof 1006.5
hours.Theeventrateis � 160Hz. Sincein thiswork weconsidertheeventswith zenithangle!2431�

� , weare
monitoringthedeclinationband �	��

���5�6�7��

� , correspondingto 8.3 sr (66� of thecelestialsphere).No
gamma-hadrondiscriminationis performedon thesepreliminarydata.

3. Search for stable gamma ray sources

Thesearchfor point gammaray sourcesconsistsin filling a sky mapwith all thedetectedshowersandcom-
paringeachbin contentwith the expectedbackgrounddueto cosmicrays. Taking into accountthe angular
resolutionof the detectorin the 1-10 TeV energy rangediscussedin the previoussection,we adoptsquared
binsof size 8
�#�98�� , i.e. 8
� in declination( � ) and 8
�;:�<;=0>?� in right ascension.Sincethepositionof possible
sourcesis unknownweoversamplethesky in orderto detectapossiblesourceneartheedgeof abin. Everybin
thusis shiftedby -�� in both � and  . Eachmapcontainsa total of 26670nonindependentbins. Thecontent
of eachbin �A@ is comparedwith the expectedbackground��B . The backgroundmaphasbeenbuilt usinga
methodsimilar to the“time swappingmethod”[3], randomlychangingthetimeof eachrealeventinsideatime
interval of a few hours,during which both the backgroundandthe responseof the detectorcanbe assumed
constant.Eachrealeventis usedto generate10 differentbackgroundevents,in orderto increasethestatistics
of thebackgroundmap.

Fig. 1 shows thesky mapobtainedwith thewholesetof data,correspondingto 5.7 -C
�D events.For eachbin
thevalueof thevariableEGFH",IJ��@K�L�ABNMJ:PO �AB is reported.Thedistribution of EGF is well fitted by a Gauss
distribution with Q =1.02(seeFig.2). No excesslarger than4.0 Q is observed. Given the limited run time of
thepresentdata,theCrabNebula is expectedto givea signalof � 0.8standarddeviations.Assuminga source
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Figure 3. GRB sky survey: distribution of the integral
probabilityobtainedin thesky mapsof duration RTS =10s.

Figure 4. GRBsky survey: distributionof theintegralprob-
ability obtainedin thesky mapsof duration R�S =300s.

with a Crab-like spectrum(i.e. spectralindex  =2.59)at a declination �U"78�

� , whereARGO-YBJ is most
sensitive, the gammaray flux correspondingto 4.0 Q is V�WCF � 5 Crabunits. The flux limit increseasasthe
declinationmovesfrom 30� , being VXWCF � 7( � 6) Crabsat �2"�-;
�� (50�YM and VXWCF � 10( � 12)Crabsat �#"3

�
(60� ).

4. Search for transient gamma ray sources

A very high energy GammaRay Burst is observableasa transientexcessof showerswith arrival directions
consistentwith apointsource.In orderto singleoutanexcesswithoutknowing thepositionin thesky, thetime
durationnor theoccurrencetime,for everyrunwebuilt asetof sky maps(asdescribedin theprevioussection)
eachonecharacterizedby astarttime Z�[ anda time duration\]Z consistentwith thepossibleGRB duration.In
this analysiswe choose\]Z = 10, 50, 100and300s. Thestarttime of the ^`_ba mapof duration\]Z is defined
as Z�[	"cZ�[ &d'fe \]Z�:�� , whereZ ' correspondto therun starttime. In this way themapsoversamplethetime, in
orderto detectmoreefficiently aGRBwith unknown timeoccurrence.In orderto singleoutpossibleexcesses,
eachmapmustbecomparedwith thecorresponding“backgroundmap” containingtheeventsexpectedfrom
the cosmicray background.To build the “background”mapsof soshorttime durationwe usethe following
procedure.Firstwebuild atotalmapin localequatorialcoordinates(declination� andhourangleg ) containing
all theeventsrecordedduringa time interval of a few hours.The“background”mapcorrespondingto asingle
mapof duration\]Z andstarttime Z [ , is thenobtainedtransformingthetotal localmapin acelestialcoordinate
map(in � and  ), via therelation  H"hZ @i[j� �Ug , whereZ @i[j� is thesiderealtimecorrespondingto themapcentral
time Z [ e \kZ�:Y� . Finally we projectthis transformedmapontothe“backgroundmap” andwe renormalizethe
bin contentsaccordingto the mapduration \]Z . After filling the “signal” map,thecontent �A@ of eachbin is
comparedto thecorrespondingvalue ��B of thebackgroundmapandthePoissonprobabilityof a background
fluctuationproducingabin contentlL��@ (when ��B is theexpectedvalue)is calculated.

For any time duration \]Z the obtainedprobability distributionsfollow the expectedbehaviour of a uniform
background.As anexampleFig.3and4 show thedistributionsof theprobabilitiesobtainedfor all binsandall
mapsof duration\]Z =10 s and \]Z =300s. No excesseswith probabilitieslessthan m
n	[joH",-;
�&d'qp have been
observedfor any timescale.To evaluatethe sensitivity of this measurementwe calculatethe flux thatwould
produceanexcesswith probabilityequalto m
n	[jo , usingasimplemodelwheretheGRBhasaspectrumdN/dE
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Figure 5. Sensitivity to GRBsof thepresentARGO-YBJ
detectorsubset:the lines indicatethevalueof thenormal-
izationfactorK of theGRBspectrumK E xzy producingan
excessof Poissonprobability {G|~}������i� xX��� , asafunction
of thespectralindex � . TheGRB hasa duration R�S =10 s
anda zenithangle �h���i��� . K valuesaregiven for dif-
ferentcutoff energies.Thepointsrepresentthevaluesof K
and� of 14 EGRETGRBs.

= K E &X� extendingfrom 100GeVto acutoff energy En	�;� . Thecutoff canbeintrinsicat thesourceand/ordue
to ExtragalacticBackgroundLight (EBL) absorption.TheGRBsdurationis setto 10 s andthezenithangle
to 20� . Fig.5shows thevaluesof thenormalizationfactorK correspondingto m n�[jo "�-;
�&('�p asa functionof
thespectralindex  , for En	�;� = 0.5,1 and10TeV. For comparisonin thesamefigurethevaluesof K and  of
14 EGRETGRBsareshown [5]. TheseresultsindicatethatGRBscomparablewith themostenergeticevents
seenby EGRETcanbeobservedby thepresentdetectorconfiguration,if their thespectrumextendswith the
sameslopeat leastupto 500GeV. Thisassumptionimpliesthatonly relatively closeGRBsshouldbedetected,
sinceat larger redshiftsgammaraysof higherenergy areabsorbedby the EBL. Accordingto [6] the flux of
500GeVgammaraysdecreasesby afactor � 2 ( � 180)if thesourcedistanceis � =0.1(0.5),andtheabsorption
increaseswith thegammarayenergy.

5. Conclusions

The analysisof the first datataken by an ARGO-YBJ subsetof area � 1900m
�

shows that the detectoris
working properly. A preliminarysky survey searchingfor point sourcesandgammaray transientsof duration
between10 and300 s shows no statisticallysignificantexcessduring 1.0 10� hoursof measurementin the
declinationrange�	��

�����A�c��
�� . In particularnosourcewith anaverageflux largerthan � 5 Crabunitshas
beendetectedin thedeclinationband��
������A�c��

� duringtheperiodof observation.

We expectfor the final detectorconfiguration(with an areamorethan3 timeslarger andthe leadconverter
layer)animprovedangularresolution,a lower energy thresholdanda a significantincreasein thegammaray
detectionsensitivity.
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