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TheARGO-YBJexperiments plannedo detecgammaay sourcesvith anenegy thresholdof afew hundreds
of GeV. Thelargefield of view of the detectorandits high duty cycle allow the continuousmonitoringof a

large part of the sky, searchingor both unknown stablesourcesandtransientemissionsas AGN flaresand

GammaRay Bursts. In this work we presenthe first dataobtainedwith a subsetof the detector(covering

~1900m?) concerninghe searchor stableandtransientsourcesn thedeclinationrange—20° < § < 80°.

1. The ARGO-YBJ experiment

ARGO-YBJisa“full coverage™air shaverdetectounderconstructioratthe YangbajingHigh Altitude Cosmic
Ray Laboratory(Tibet, China)at 4300m a.s.l. (Iat=30.1T N, long=90.53 E). One of the maingoalsof the

experimentis the detectionof v raysfrom galacticandextragalacticsourcesvith anenegy thresholdof a few

hundredsof GeV. The extremealtitude of the detectorandthe useof a large full coveragelayer of counters,
allow thedetectiorof shaversin theprimaryenegy rangetypical of the Cherenlov technique However, unlike

Cherenlov telescopesARGO-YBJhasa largefield of view (~ 2.2 sr) anda duty cycle ~100%, allowing the

continuousand simultaneousbsenation of a large fraction of the sky, making thus easierthe detectionof

previously unknown ~ ray emittersandtransienteventslike GammaRay BurstsandAGN flares.

ARGO-YBJconsistof a74 x 78 m? “carpet” realizedwith asinglelayerof Resistve PlateCounter§RPCs),
surroundedy a partiallyinstrumented guardring”, for atotal active areaof 6400m?2. Thedetectoiis divided
into 18480basicelementspf dimensions6 x 62 cm?, the “pads”, providing the space-timepatternof the
shawer front. Thetime resolutionis ~ 1 ns. The detectowill be coveredby a 0.5 cm thick layer of lead,in
orderto corverta fractionof the secondarnggammaraysin chagedparticles,andto reducethetime spreacof
theshawer front, increasinghe angularresolution.A detaileddescriptionof the experimentis givenin [1].

A subsebf thedetector(1900m? of RPCs~30% of thecompletdayout)is takingdatasinceDecembef004.
In this paperwe presenbur first sky surwey resultssearchingor stablegammaray sourcesandshorttransient
eventsashigh enegy GRBs.

2. Thedata

Thedatausedin this analysishave beenrecordedy a detectorsubsetonsistingof a~47x 41 m? RPCcarpet,
withouttheleadcorverterlayer. Theminimumnumberof fired padsN,,.q requiredto triggerthedetectoiis 60.
Thistemporanytriggerconfiguration(usedto dehug thedetectorcorrespondso anenegy thresholdrelatively
high: accordingo simulationsgivena~ ray sourcewith apowerlaw spectrunof index «=2.5(2.0) extending
upto 50 TeV andzenithangled = 20°, themedianenepgy of the detectedy raysis ~4 (~8) TeV.

Thearrival directionof the primary particleshave beenreconstructedy fitting the shaver front with aconical
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Figure 1. Preliminarysky mapobtainedin 1.0 10> hoursof datataking. ~ Figure 2. Distribution of the excessesn the
Thethreesmallcirclesindicatethepositionsof the CrabNehula,Mrk 421  26670bins of the mapin unit of standardde-
andMrk 501 (from left to right). viations,with the Gaussiarfit overlapped.

shapeof slope0.03nsm~!. The positionof the shover corehhasbeencalculatedby meansof the Maximun
LikelihoodMethodappliedto thelateraldensityprofile of theshowver[2]. Accordingto simulationstheangular
resolutiondependson the numberof fired pads:for N,.q >60, a circularwindow aroundthe sourcewith a
half openingangle? = 1.5° contains~70% of the eventsinducedby a gammaray of enegy 1-10 TeV and
zenithangled = 20°.

Thedatasetof thisanalysishasbeenrecordedrom 2004Dec24to 2005Mar 23, for atotalruntime of 1006.5
hours.Theeventrateis ~160Hz. Sincein thiswork we considertheeventswith zenithangled < 50°, we are
monitoringthe declinationband—20° < § < 80°, correspondingo 8.3 sr (66% of the celestialsphere).No
gamma-hadrodiscriminationis performedon thesepreliminarydata.

3. Search for stable gamma ray sources

The searchfor point gammaray sourcesconsistdn filling a sky mapwith all the detectedshoversandcom-
paring eachbin contentwith the expectedbackgrounddueto cosmicrays. Taking into accountthe angular
resolutionof the detectorin the 1-10 TeV enegy rangediscussedn the previous section,we adoptsquared
bins of size3° x 3°, i.e. 3° in declination(§) and3°/cosé in right ascensionSincethe positionof possible
sourcess unknovnwe oversampldéhesky in orderto detecta possiblesourceneartheedgeof abin. Everybin
thusis shiftedby 1° in bothd and«. Eachmapcontainsa total of 26670nonindependenbins. The content
of eachbin N, is comparedwith the expectedbackgroundV,. The backgroundmaphasbeenbuilt usinga
methodsimilarto the“time swappingmethod”[3], randomlychanginghetime of eachrealeventinsideatime
interval of a few hours,during which both the backgrouncandthe responsef the detectorcanbe assumed
constantEachrealeventis usedto generatel O differentbackgroundevents,in orderto increasehe statistics
of thebackgroundnap.

Fig. 1 shows the sky mapobtainedwith the whole setof data,correspondindo 5.7 10® events. For eachbin
the valueof thevariablen, = (N; — Ny)/+/N, is reported. The distribution of n,, is well fitted by a Gauss
distribution with 0=1.02 (seeFig.2). No excesslargerthan4.0 o is obsered. Giventhe limited run time of
thepresentata,the CrabNehulais expectedo give a signalof ~0.8 standarddeviations. Assuminga source
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Figure 3. GRB sky sunwey: distribution of the integral Figure4. GRB sky suney: distribution of theintegral prob-
probability obtainedin the sky mapsof durationA¢t=10s.  ability obtainedn the sky mapsof durationA¢=300s.

with a Crab-like spectrum(i.e. spectralindex a«=2.59)at a declinationd = 30°, whereARGO-YBJis most
sensitve, the gammaray flux correspondindo 4.0 o is Fy, ~ 5 Crabunits. Theflux limit increseassthe
declinationmovesfrom 30°, beingFy, ~ 7(~ 6) Crabsaté = 10° (50°) andFy, ~ 10(~ 12)Crabsatd = 0°
(60°).

4. Search for transient gammaray sources

A very high enegy GammaRay Burstis obsenableasa transientexcessof shaverswith arrival directions
consistentvith apointsource In orderto singleoutanexcesswithoutknowing the positionin thesky, thetime
durationnortheoccurrencdime, for everyrunwe built a setof sky maps(asdescribedn the previoussection)
eachonecharacterizethy a starttime ¢; andatime durationAt¢ consistentvith the possibleGRB duration.In
this analysiswe chooseAt = 10, 50, 100and300s. The starttime of the i** mapof durationAt is defined
ast; = t;—1 + At/2, wheret; correspondo therun starttime. In this way the mapsoversamplehetime, in
orderto detectmoreefficiently a GRB with unknavn time occurrenceln orderto singleout possibleexcesses,
eachmapmustbe comparedvith the correspondingbackgroundmap” containingthe eventsexpectedfrom
the cosmicray background.To build the “background”’mapsof so shorttime durationwe usethe following
procedureFirstwe build atotal mapin localequatoriakoordinategdeclinationy andhourangleh) containing
all theeventsrecordedduringatimeinterval of afew hours.The“background’mapcorrespondingo asingle
mapof durationA¢ andstarttime ¢;, is thenobtainedransformingthe total local mapin a celestialcoordinate
map(in § anda), viatherelationa = t,;5 — h, Wheret ;4 is thesidereatime correspondindgo themapcentral
timet; + At/2. Finally we projectthis transformednapontothe “backgroundmap” andwe renormalizethe
bin contentsaccordingto the mapdurationAt. After filling the “signal” map,the content/NVs of eachbin is
comparedo the correspondingalue N, of the backgroundnapandthe Poissorprobability of a background
fluctuationproducingabin content> N, (whenN, is theexpectedvalue)is calculated.

For ary time duration A¢ the obtainedprobability distributionsfollow the expectedbehaiour of a uniform
backgroundAs anexampleFig.3and4 show thedistributionsof the probabilitiesobtainedfor all binsandall
mapsof durationAt=10s and At=300s. No excessesvith probabilitieslessthan P,,;, = 1071 have been
obsenedfor ary timescale.To evaluatethe sensitvity of this measuremente calculatethe flux thatwould
produceanexcesswith probabilityequalto P,,;,, usingasimplemodelwherethe GRB hasa spectrundN/dE
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=K E~“ extendingfrom 100GeV to acutoff enegy E, ... Thecutoff canbeintrinsic atthesourceand/ordue
to ExtragalacticBackgroundLight (EBL) absorption.The GRBsdurationis setto 10 s andthe zenithangle
to 20°. Fig.5 shaws the valuesof the normalizationfactorK correspondindo P,.;, = 1072 asafunction of

thespectraindex «, for E,;,,,,= 0.5,1 and10 TeV. For comparisorin the samefigurethe valuesof K and« of

14 EGRETGRBsareshavn [5]. Theseresultsindicatethat GRBscomparablevith the mostenegeticevents
seenby EGRETcanbe obsenedby the presentdetectorconfiguration,f their the spectrumextendswith the

sameslopeatleastupto 500GeV. Thisassumptioimpliesthatonly relatively closeGRBsshouldbedetected,
sinceat largerredshiftsgammaraysof higherenegy areabsorbedy the EBL. Accordingto [6] the flux of

500GeV gammaraysdecreaseby afactor~2 (~180)if thesourcedistancds 2=0.1(0.5),andtheabsorption
increasesvith thegammaray enegy.

5. Conclusions

The analysisof the first datataken by an ARGO-YBJ subsetof area~1900m? shaws that the detectoris
working properly A preliminarysky surey searchingor point sourcesandgammaray transientof duration
between10 and 300 s shavs no statisticallysignificantexcessduring 1.0 10° hoursof measuremenin the
declinationrange—20° < ¢ < 80°. In particularno sourcewith anaverageflux largerthan~ 5 Crabunitshas
beendetectedn thedeclinationband20° < § < 40° duringthe periodof obsenation.

We expectfor the final detectorconfiguration(with an areamorethan3 timeslarger andthe lead corverter
layer) animprovedangularresolution,a lower enegy thresholdanda a significantincreasdn the gammaray
detectionsensitvity.
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