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Abstract: The search for Gamma Ray Bursts (GRB) emission in coincigevith the satellite detection has
been carried out since December 2004 by the ARGO-YBJ expeatiim both shower and scaler modes. For
the latter, a total of 143 events (up to February 7, 2013, édenARGO-YBJ data taking) has been analyzed,
being up to now the largest sample of GRBs investigated wiftoand-based detector. No significant excess has
been found, and the resulting fluence upper limits betweemd1180 GeV can be set as low as 2Grg/cn?,
comparable at least in one case with the Fermi/LAT measursm&he analysis of a subset of 24 GRBs with
known redshift has been used to constrain the fluence exatégoto the very high energy (VHE) region.
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1 Introduction from December 17, 2004 to February 7, 2013. In this pe-
The energy density spectrum of GRBs shows different feg10d @ total of 143 GRBs (selected from the GCN Circu-
tures, the most important being a peak around a few huri@s archivé) in the field of view of the detector was inves-

dred keV. Nevertheless, EGRET! [1] and more recentlyidated searching for an increase in the detector counting
Fermi [2] and AGILE [3] satellites, have observed photons'at€: No significant excess has been found and the corre-
in theMeV — GeV energy range. At time of writing this pa- sponding upper limits to the fluence are presented and dis-
per, the highest energy 94 GeV has been observed by the €USSed-

LAT instrument on Fermi satellite in GRBl;gg%?A. Pre-

viously, the maximum observed energy was433< GeV

in GRB090902B, which had also a distinct spé%tral com—2 The detector

ponent showing a clear deviation from the generally exARGO-YBJ is an extensive air shower detector located at
pected Band function, creating a challenge for GRB modan altitude of 4300 m a.s.I. (atmospheric depth 606 g9m

els [4]. The current models include emission in both in-at the Yangbajing Cosmic Ray Laboratory (30M1
ternal [5, 6] and external [7, 8, 9] shock scenarios, with90.53E) in Tibet, P.R. China. The detector was made by
y-rays produced by leptonic or hadronic processes via ima single layer of Resistive Plate Chambers (RPCs), oper-
verse Compton or neutral pion decay. The spectral slope iated in streamer mode and grouped into 153 units called
the GeV energy region could be of great help in discrim“clusters” (5.7<7.6 n?) [10]. Each cluster is made by 12
inating between different models, in particular the detecRPCs (1.2%2.85 nf) and each RPC was read out by 10
tion of a cutoff energy which has not yet been seen. pads, with dimensions 55@1.8 cn?, representing the

At present experimental data in tideV — GeV energy  space-time pixels of the detector. The clusters are dispose
range come only from satellite experiments. For groundn a central full coverage carpet (130 clusters <728 n?,
detectors, both Extensive Air Shower (EAS) array and~93% of active surface) and a sampling guard ring 0%
Cherenkov telescopes, the requirement of a sufficient nunof coverage) to increase the effective area and improve the
ber of secondary particles (electrons or photons), in ordecore location reconstruction in shower mode.

to reconstruct the shower arrival direction and primary enin scaler mode the total counts are measured every 0.5 s:
ergy, leads to an energy threshold of at least 100 GeV. Aor each cluster the signal coming from 120 pads is added
possible technique to reduce the energy threshold of EA8p and put in coincidence in a narrow time window (150
detectors is to work in scaler mode instead of shower mod@s), giving the counting rates of 1, > 2, > 3, and>

The counting rates of the detector are recorded looking fo# pads, which are read by four independent scaler chan-
an increase in coincidence with a burst detected by a differels. These counting rates are referred in the following as
ent experiment. Even if this technique does not allow theC>1, C>2, C>3, andC-4 respectively, and the correspond-
reconstruction of the arrival direction and thus an indepening rates are- 40 kHz, ~ 2 kHz, ~ 300 Hz, and~ 120

dent search, it benefits of the wide effective area and fieldHz. With four measurement channels sensitive to different
of view and very low dead time with an energy thresholdmean energies, in case of positive detection valuable in-
typically around 1 GeV, overlapping the highest energy information on the high energy spectrum slope and possible
vestigated by satellites experiments. The sensitivitinis | cutoff may be directly obtained. Since for the GRB search
ited but for GRBs observed at low zenith angles is compain scaler mode the authentication is only given by the satel-
rable to the highest flux measured by satellites.
The ARGO-YBJ detector has been operated in scaler mode http://gcn.gsfc.nasa.gov/gcaBchive.html
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lite detection, the stability of the detector and the prabab Details on quality cuts, background, significance calcula-
lity that it mimics a true signal are crucial and have to betion and on the analysis technique itself are carefully dis-
deeply investigated. cussed in[10, 13].

The main sources of counting rate variations are the pres-

sure, acting on the shower development in the atmosphere,

and the ambient temperature, acting on the detector effd.1 Coincidence search

ciency. The time scale of both variations is much largerThe counting rates of the clusters surviving the qualitg cut
than the typical GRB duration (seconds to minutes), sq< g, >~ 87% average efficiency over the whole data set)
they can be neglected provided the behaviour of the simare added up and the normalized fluctuation function

gle cluster counting rates is Poissonian. A secondary lo-

cal effect is due to the radon contamination in the detector too[s]

hall. Electrons and-rays, from short lived radon daugh- f=(s—b)/o, a=1/b+b-ry 1)

ters (mainly23*Pb, 23%Bi, 214Po) produced in the radon

decay chain, are expected frofrdecay and isotope de- is used to give the coincident on-source cousts:the to-
excitation. It has been shown that they can influence theal number of counts in thio time window starting atp
cluster counting rates at a level of a few per cent of the(i.e. the trigger time) of the signal, both given by the satel
reference value. Even in this case the time variations aréite detector:b the number of counts in a fixed time inter-
larger (hours) than the typical GRB duration and they carval to + 300s around the signal normalized to thg dura-

be neglected in the data processing [11]. tion.

A very rapid variation can be induced by nearby light-Due to the correlation between the counting rates of dif-
ning. For this reason two electric field monit&EM-100  ferent clusters, given by the air shower lateral distritui
located at opposite sides of the experimental hall, and ge spectra of the sum of the counts are larger than Pois-
storm trackerLD-250 (both devices by Boltek industries sonian. This must be taken into account to calculate the
[12]) have been installed to check the electric field variatrue significance of a signal. The statistical significance o
tions. the on-source counts over the background is obtained by
Details of this study are widely discussedin [13], togetherstudying the fluctuatiorf in an interval of+12 h around
with the determination of the effective area, upper limitthe GRB trigger time and using equation (17) of [17]. The
calculation and expected sensitivity. A detailed desiipt  accurate description of the signal processing is discussed
of the analysis procedures can be found in [14] toghetemn [13]. The distribution of the resulting significance fdr a
with the results on the first sample of analized GRBs. the 143 GRBs is shown in figure 2.

The GRB search can be done in both shower and scaler No significant excess is measured, the most significant
modes; in this paper only the results obtained with the latevent being the GRB080727C with 3.521. and a post

ter are presented and discussed. Shower mode results ofirils chance probability of.2%.

reduced sample of GRBs have been discussed in [15].

3 Data selection and analysis

The ARGO-YBJ detector has been completed in spring )

2007 but due to its modularity the data taking started al3.2 Stacked analysis

ready in December 2004. It ended in February 2013, wheBesides the coincidence analysis, a stacked analysis has
the detector has been definitively switched off. In this pebeen done in order to search for common features of all
riod a total of 155 GRBs, triggered by satellite detectors,

occurred inside the ARGO-YBJ field of view (zenith an- : 3
gle 8 < 45°). The present analysis was performed on 143 L
of them, the missing GRBs belonging to periods when the
detector was inactive or not properly working. The distri-
bution of thetgg parameter, i.e. the GRB duration in which
90% of photons are observed, is shown in figure 1-a. For
84 of them -thesubset A the photon index of the spec-
trum in thekeV — MeV energy region has been measured
by satellite instruments, being o >= 1.6 the mean value.
For 24 events -theubset Bthe redshift is also known, be-
ing < z>= 2.1 the mean value of this subset. Thieand

z distribution for the 2 subsets are showr in 1-b and 1-c
respectively. The detailed list of GRBs in the subset B is
summarized in tablel1.

For each GRB the following standard procedure has
been adopted: check of the detector stability, clustercsele otz s 4 567
tion by quality cuts and significance calculation of the co-_ ) . . o
incident signal in the ARGO-YBJ detector. In order to ex-Figurel: Details of the GRB sample analized in coinci-
tract the maximum information from the the experimentaldence with ARGO-YBJ: atho durations of the whole sam-
data, two analyses have been implemented: ple (black line); b) Photon index values for the subset-A
(black line); c) redshift value for the subset-B. The dashed
red areas correspond to the GRBs with known redshift, the
e the cumulative search for stacked GRBs. subset-B.
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GRB Sat. too [¢] z y-index ng fsat fos Ecut

[s] [deq] [ergcm?] [ergcnm?] [GeV]

050408 HETE 15 204 1.24 CPL -2.12 - .1910°° -
050802 Swift 19 225 1.71 1.54 0.19 .01104 21-10% 8
060115 Swift 139.6 166  3.53 CPL  -1.02 - 671074
060526 Swift 298 317 321 201 -1.00 .8110% 2.7.10°3 -
060714 Swift 115 428 271 193  -0.61 .2410° 6.9.-10°3 -
060927 Swift 225 31.6 5.6 CPL -0.14 - 151074 -
061110A  Swift 40.7 373 0.76 1.67 0.01 .7610% 1.7-10°3 -
071112C  Swift 15 18.4  0.823 1.09 1.01 .5410° 1.4.-10°% <2
081028A  Swift 260 299 3.038 1.25 0.37 .1110°% 30-10°3 4
090424 Swift 48 33.1 0.544 1.19 0.60 41104 45.10% <2
090426  Swift 1.2 437 2.609 1.93 -1.08 .0810°° 1.3-10% -
090529A  Swift 100 199 2.625 200 -0.66 .7210% 4.0-10* -
090809A  Swift 54 342 2737 134 -1.12 5310° 88-10° 4
090902B  Fermi 25 23.1 1.822 1.94 1.09 41104 22.10%
100302A  Swift 17.9 446  4.813 1.72 0.04 .4110% 2.2-10%
100418A  Swift 70 187 0.6235 216 -1.33 .9210°° 4.2.10°° -
110106B  Swift 24.8 251 0.618 1.76 225 521004 5.6-10°% -
110128A  Swift  30.7 432  2.339 1.31 239 11103 29.10°3 16
111211A AGILE 15 20.3 0.478 2.77 0.78 .8t10%4 14.10% -
120326A  Swift 69.6 409 1.798 CPL  -0.80 - 221073 -
120716A  IPN 230 35.7 2.486 CPL  -0.57 - 171073 -
120722A  Swift 424 177 09586  1.90 123 81104 32.10% -
120907A  Swift 16.9 40.2 0.970 1.73 -1.55 42104 56-10% -
130131B  Swift 4.30 27.2 2539 1.15 0.85 .2510° 14.10% <2

Table 1: GRBs with measured redshift observed by ARGO-YBJ.

50 Mean= 0.02+0.10

for the scaler mode data acquisition). This analysis should

L rm.s= 1.15+0.07; . ;
r / evidence a common feature of all GRBs in case of a VHE

2 40 emission correlated with the GRB duration at lower energy.
o B Even in this case no excess is found: the most significant
% 30F bin, corresponding to the phafe5 : 0.6] of thetgo dura-
5 5 i : tion has a marginal significance oflls.d. .
£ 20
= r -
z - 4  Fluence upper limits
101

The fluence upper limits can be derived in the—
100 GeV energy range starting from the significance val-
Y R R R S ues showed in figure]2 and with some assumptions on
Significance (s.d.) the GRB primary spectrum. Since the mean value of the
) o o o differential spectrum index measured by EGRET in the
Figure2: Distribution of the statistical significances of the Gev energy region i = —2, while the average value
143 GRBs with respect to background fluctuations (blackneasured by BATSE at lower energyds= ~2.367022
full line) compared with a free Gaussian fit (dotted red(see [18]) we used two extrapolations to estimate the ex-
line). Mean value and r.m.s. of the fit are shown. pected fluence for each GRB: a) the spectrg); index
measured by satellite detectors in tke/ — Mev energy
range (s fluence values in tablel 1) and b) the conserva-
GRBs both inTimeor Phase tive valuea = —2.5 (f, 5 fluence values in table 1). Due
In Timeanalysis the counting rates for all the GRBs, in 9to the absorption by the Extragalactic Background Light
time windows {t = 0.5,1,2,5,10,20,50,100 and 206s)  (EBL) modelled as in [19], an exponential cutoff is applied
starting attg, have been added up in order to investigateto the spectrum according to the measured redshift. Figure
a possible common duration of the high energy emissiof8 shows the 99% c.l. upper limits range for the subset-A
A positive observation at a fixefit could be used as an of GRBs with known redshift. For 5 of them, showing a
alternative value to the observég duration. It can also  spectrum better fitted by a Cutoff Power Law (CPL), only
help to test possible delayed high energy component as itthe upper limits of case b) are shown.
dicated by some experimental satellite observations (e.§or GRB090902B (i.e. the GRB in the ARGO-YBJ field of
GRB090510 [16]). The most significant exces9(4d.)  view with the highest energy photon) the integral flux mea-
is observed afit = 0.5s with ~ 26% chance probability .  sured by Fermi-LAT in the same energy range is shown.
In the Phaseanalysis only 119 GRBs with duratidgy >  According to our calculation, the extrapolated GRB flu-
5 shave been added up scaling their duration to a commoence was just a facter 3 lower than our expected sensiti-
phase plot (i.e. 10 bins each one sampling a 10% wide invity.
terval oftgg duration, being ®sthe minimum bin duration A comparison between the expected fluence, obtained ex-
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107 per limit to the cutoff energy. For these GRBs and the pre-
5 1 vious assumptions we can state, with a 99% c.l., that their
- 1 | !! spectra do not extend beyond this valueEf;. The ob-

.2]

tained B¢yt values are summarized in the last column of
table[1. For 3 of them (GRB071112C, GRB090424 and
GRB130113B) the estimatds,; upper limit is even be-

[
Q
[

L low 2 GeV. We can conclude that in these 3 cases the low
" energy spectrum can not be extended to the GeV region
- ﬂ and some additional features occur in #&/— MeV en-

1 ergy range.

=
Q
B

Fluence upper limit [erg cm

I Different models for the spectrum and/or different hy-
Ln n n o o . pothesis on the photon index spectrum in the VHE band

can be used. For a more realistic Band spectrum with an

GRB Redshift (z) Epreak Value of 230keV and o = —2,1, corresponding to

the mean peak energy and slope, the 7 GRBs go under

Figure3: Fluence upper limits of GRBs as a function of ! -
redshift. The rectangles represent the values obtainéd Witthreshold (i.e. the extrapolated fluence is always lower tha

; . ; . our calcultated upper limit).
differential spectral indexes ranging fraamm= —2.5 to the PP )
satellite measurementsy. The 5 arrows give the upper
limits for the former case only, these GRBs being bette's5 Conclusions

fitted at lower energies with a cutoff power law spectrumA search for GRBSs in coincidence with satellite detection

The red dot shows the integral fluence in the 1-100 Ge\,a5 heen carried out using the complete ARGO-YBJ data

range for GRB090902B as observed by LAT. set. During 8 years a total of 143 GRBs has been analyzed,

the largest GRB sample ever analyzed using this technique.

) ) No significant excess has been detected, even if for the
trapolating thekeV — MeV measured spectra and includ- GRB090902B the fluence upper limit is close to the LAT

ing the EBL absorbtion, and the fluence upper limit meameasurement. For 7 GRBs of subset-B an upper limit to
sured in the ARGO-YBJ scaler data has been done for thghe cutoff energy has been also set and the average Band

19 GRBs of subset-B with known SpeCtral index. For thiSSpectrum hypothesys has been also tested.

analysis the 5 events of subset-B showing a CPL spectrumihe expected rate of GRBs that can be observed by the
have been excluded. The result is shown in figure 4. ARGO-YBJ experiment, based on the Swift satellite detec-
The line Upper Limit (UL)= Expected Fluence (ER}  tion, was between 0.1 and Oygar 1[13] and it should
have doubled with the Fermi satellite launch. The value of
0.3 year ! obtained for our 90% c.l. upper limit is close

[y
Q
&
o
N
I
(e}

«— 1r to our lower expectation partially due to the fact that the
10" Fermi detection rate was overestimated and partially to the

§ | fact that the Fermi GRBs have a spectrum softer than ex-
§10_3'_ .- . pected, and a simple extrapolation from low energy is not
oy . e i always possible.
= C . & ¢ .
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