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Abstract. We report results of the search for high energy has been also performed. We considered 189 GRBs occurred
GRBs and high energy radiation in correlation with GRBs. in the field of view of "Andyrchy” array with a zenith angle
The search has been performed at "Andyrchy” EAS array,0 <50°. Using epoch folding method around trigger time
for this purpose the single particle counting rate of the arrayof bursts the upper limits on the fluence during the prompt
has been used. The data were collected during 1996 - 200émission were obtained.

years with a live time 2290 days.

2 The experiment

1 Introduction The Andyrchy array is located at altitude of 2060 m above
sea level (the atmospheric depth is 800 géjrand consists
Emission of gamma ray bursts (GRBs) with photon energyof 37 scintillation detectorsRetkov et al.2006. A plas-
more than a few GeV can be registered by ground basegc scintillator 1 n? in area and 5cm in thickness is viewed
air shower arrays operating in the “single particle” operationpy one photomultiplier tube. The most probable energy re-
mode @Aglietta et al, 1996 S. Vernetto, 2000. In such ex-  |ease in a detector from single particlesis0 MeV, the de-
periments the total count rate of all detectors of the arraytector triggering threshold is 5 MeV. To detect a single cos-
is measured. With single particle technique, the energy anghjc ray component, the total count rate of all array detectors
arrival direction of the primary gamma-rays cannot be mea-is measured every second. The search for GRBs based on
sured. The GRBs can be detected only, if the secondary pafis technique is conducted against a high cosmic ray back-
ticles generated by the primary gamma-rays give a statisticaground ¢ = 11390 s over the observing period), which re-
significant excess of event over all-sky background due togujres a highly stable and reliable operation of the equip-
cosmic rays. In this case the study of the temporal behavioumpent. The monitoring is performed through simultaneous
of the high energy emission can be possible . measurements (also every second) of the count rates in four
A search for high energy GRBs and high energy emissionparts of the array containing 10, 9, 9, and 9 detectors. Using
in correlation with GRBs has been performed by “Andyrchy” sych information allows us to eliminate the 1s points with
air shower array. For this purpose the single particle countingnreasonably large deviations of the count rate between the

rate of the array has been uséatkov et al.2004. The data  (different parts of the arrayPetkov et al.2010).
were collected during 1996 — 2006 years with the total live

time of 2290 days. In the sky survey the high energy GRBs

were searched as short duration increages<(1s) in the 3 Array’s response

flux of secondary charged particles. The limits on the rate

of GRBs with different fluences have been obtained. TheMost of the shower particles generated in the atmosphere by
search for high energy radiation in correlation with GRBs Primary gamma-rays with energies less thah TeV are ab-

detected by space-born experiments operated in 1996 — 200¥rbed before reaching the array level. The detection prob-
abilities P(E,0) of the secondary particles produced by pri-

mary gamma-ray photons with energyincident on infinite
Correspondence tdv. B. Petkov area array at zenith angtewere determined by simulating
BY (vpetkov@yandex.ru) electromagnetic cascades in the atmosphere and on the array
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Fig. 1. Median energy as a function of zenith angle for different z.
Fig. 2. Experimental distribution ot;. Line - Gaussian distribu-
tion with the mear¥/ = (0.00254+0.0004 ando = 1.01.
detectors. The CORSIKA codéléck et al, 1998 was used
to simulate electromagnetic cascades in the atmosphere. The

characteristics of the secondary particles that reached the 3facorded on April 17, 2002, at 17:31:29 UT; no GRBs were

ray level were the input parameters of the code for calculatyhgeryved by spacecrafts at this time. This eventis, most prob-

ing the detector response, in which the energy release in thg{ble, due to the synchronous electromagnetic noise emerg-
detectors was calculated. ing in the power cables of the recording system or that in-

We will take the median energy of the primary gamma- g,ced on the signal cables of all array detect@rstiov et
ray photons recorded by the array as their effective energyy| 2010.

In this work we use array’s response function defined as ,
R(E.6,7) = P(E,6) x 1(E) x exp(—t(E, 7)) with energy It should be noted that event like ours was detected at

EAS-TOP array (1086) on 15 July 1992, at 13:22:26 UT
The optical depth of/-rays with energyE and redshiftz, (Aglietta et al, 1993. Because no GRBs were observed by
spacecrafts at this time, it may be assumed that this event

t(E,z), was taken fromKranceschini et §l2008. < also d h I ) X tis |
The dependencies of the median energy on zenith angléS also due to synchronous electromagnetic noise. [tis im-

for different z are presented in Fig. 1. One can see the inpossible to rule out completely the GRB nature of this event,

crease of the median energy with zenith angle as result OEecause the most of space-bom experiments have the FOV

atmospheric depth increase, but this effect is less importan S5 4.

at large redshifts. The absence of large deviations can be interpreted as the
absence of GRBs with the emission corresponding to energy
fluence in the energy rang@min < E < Emax here Emin =

4 Sky survey 1GeV andEmax= 100 GeV.

spectrum of the primary (in the sourgeyays! (E) ~ E~29.

Energy fluenceV (F;,0,z) corresponding to deviatioR;
The parameteF; that is the deviation in units ef (the Pois-  ¢an be calculated as:

son standard deviation of the number of counts thei-th
second of a 15-min interval from the mean over this interval

k), F; = (k; —E)/\/?, is used to search for deviations in the Emax

Andyrchy count rate. In a first approximation the cosmic- N [ I(E)EdE

ray intensity variations within 15 min are negligible and the w (f;,0,7) = Em; (1)
mean count rate is fairly high, therefore one may expect the Scod [R(E,0,z)dE

parameterF; to have a Gaussian distribution with a zero 0

meanV = 0 and an rms deviatiost = 1.0. Figure 2 shows an

experimental distribution irF; over the data collection time

from day 79 of 1996 to day 68 of 2006 (2290.1 days of purewhereN = F; \/ﬁ S =37n?. Fluences for theF; =6 are
time). The experimental data are well fitted by a Gaussiarpresented in Fig. 3 for different redshifts as a function of
distribution with the mearV = (0.0025+0.0004 and rms  zenith angle. The limit on the frequency of shatt £ 1)
deviationo = 1.01 approximately up tod. The only event  gamma-ray bursts with corresponding fluences is 0.73year
with a large excess in the Andyrchy count rate §7).9vas at 99%c.l.
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Fig. 3. Energy fluenciesK; = 6) as a function of zenith angle for o ] ) o

different z. Fig. 4. Distribution of the excesses, in unit of standard deviations,
observed in coincidence with 29 short (solid line) and 160 long
(dashed line) GRBs.

5 Search for correlations with space-born experiments
1

In this work the GRBs occurred only in the field of view . .
(i.e. with & < 50°) of “Andyrchy” array were taken into ac- 0 - ‘;‘,;-Vz:
count. During the observing period (1996 — 2006) the total v, ,ﬁ"" T
count rate of all array detectors was measured in the inter-_ | : ;;,v:;-‘",'v' 7
val [-650, +900] seconds around trigger time of bursts for g - ol -
the 189 such GRBs. The signal from GRBs was searched in f ] e AL A .

the 350 s interval (between -50 s and +300s), for background g | "~~~ "% ) o
measurements two 600 s intervals around it was used. Sincez . . oo
the primary cosmic ray spectrum is steep, the background3 ) R
consists of secondary particles generated by primary low en-< 3 | )

ergy cosmic rays. Because all sources of background modu- | R

lation have typical time scales about hours, the linear fit have t

been used for background. 4 ! T

.. L Zenith angle, deg.
5.1 Prompt emission - individual events

. . . Fig. 5. Upper limits on the 1 GeV — 100 GeV energy fluence for
The light curve for each studied GRB WaS_Obta'ned as t0yq prompt emission obtained for 160 long (triangles) and 29 short
tal count rate of the array around trigger time after back—(stars) GRBs events as a function of the zenith angle.
ground substraction. For each light curve the counts during

Tgo interval were summed and the significance of the sum for

each GRB was calculated in a standard way using two background counts for the long bursts (owing to difference in the

ground intervals. No significant excess has been observegyrst durations). And second one is due to difference in the
(Fig. 4) and the distribution of the excesses is fully explainedredshifts.

by statistical fluctuations of the cosmic-ray background. For

each event the upper limit on the energy fluence in the rang&.2  Prompt emission - epoch folding method

1GeV - 100GeV was obtained at the Bvel in the time

window Tgo. The median values of redshifts, 0.41 for short Selected events were divided into 5 groups under the five
and 1.61 for long GRBs, were taken into account. The me-=zenith angle ranges with 1Gstep. The number of events
dian values of z were obtained using all GRBs with avail- and mean zenith angle are presented in Table 1 for the each
able redshifts in the observing period (1996 — 2006). Fig. 5range. Individual light curves were summed for different
shows the obtained upper limits, for the 160 long and 29 shortzenith angle ranges separately. The significance of any de-
GRBs, as a function of zenith angle. The marked differenceviation in combined light curves was calculated in a standard
in the fluence limits between short and long bursts resultsvay using the same background intervals. Because search
from two reasons. The first one is due to the more back-for the prompt emission was performed for the GRBs with
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Table 1. The number of GRBs and mean zenith angle for different
zenith angle ranges. ~ ] *
—_ — NE *
orange  Nsport  Oshort Nlong Qlong é .
[}
0-10 0 — 8 6.6° . * v
5 "
10-20 4 152° 19 162° u
20-30 5 245° 30 249° 8 M
b
30-40 6 365° 47  359° £ M
3 v M
40 - 50 14 4%° 56 454° s
B
- -6 T T T T T T T T T 1
0 10 20 30 40 50
differentTgo, overall counts durind@yg interval were normal- Zenith angle, deg.

ized to Ty for each GRB and then summed for each zenith

angle range. No significant excess has been observed for theg. 6. Upper limits on the 1 GeV — 100 GeV energy fluence for the
summed signals. Fig. 6 shows the obtained upper limits orprompt emission (per second and per burst), obtained by epoch fold-
the energy fluence in range 1 GeV — 100 GeV at thde¥el, ing method for the long (triangles) and short (stars) GRBs events.
for the long and short GRBs. Owing to difference in the burst

durations and the number of summed events the normalized

fluence limits are appreciably better for the long GRBs. Aglietta, M., Alessandro, B., Antonioli_, P., et al.: Search for
gamma-ray bursts at photon energies> 10 GeV andE >

80 TeV, Astrophys. J., 469, 305-310, 1996.
6 Conclusions Aglietta, M., Alessandro, B., Antonioli, P., et al.: Search for high
energy GRBs with EASTOP, Astron. Astrophys. (Suppl. Ser.),
Using the single particle technique, the search for gamma ray 138,595 —596, 1999. .
bursts with photon energies higher than a few GeV has beefickermann, M., Asano, K., Atwood, W. B., et al.: Fermi Observa-
performed at “Andyrchy” EAS array. In the sky survey the tlons_ _of GRB 090510: A Short Hard Gamma-Ray Burst with an
constraints on frequency of the high energy gamma ray bursts ~4ditional, Hard Power-Law Component from 10 keV to Gev
have been obtained. No candidates have been observed | Energies, Astroph_ys. J. 716, 1178_1.190’ 2010.

L " ) B]ngus, B. L., Catelli, J. R., and Schneid, E. J.:. EGRET observa-
the CQIHCIdence W'th 189 GRBS recorded in the 3930_9 board tions of GeV emission from gamma-ray bursts, Proc. 25th ICRC
experiments in the field of view of our array. No significant ( Durban), 3, 29, 1997.
excess has been observed for the summed light curves to@yanceschini, A., Rodighiero, G., and Vaccari, M.: The extra-
The limits on the prompt high energy emission have been galactic optical-infrared background radiation, its time evolution
obtained taking into account median values of redshifts for and the cosmic photon-photon opacity, Astron. Astrophys., 487,

short and long GRBs. 837-852, 2008.
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