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Abstract: Gamma-ray bursts (GRBs) are among the potential very-aighrgy (VHE) gamma-ray
and cosmic-ray sources. Particles are accelerated toyhighitivistic speeds. This might give rise to
emission of VHE gamma-ray and/or cosmic-ray particles witra-high energy> 10'° eV. Despite its
generally fast-fading behavior seen in many longer waveddatie time evolution of any VHE radiation
is still not clear. In order to probe the largely unexplorefi/ spectra of GRBs, a GRB observing
program has been set up by the H.E.S.S. collaboration. Wathigh sensitivity of the H.E.S.S. array and
given favorable observational conditions, VHE flux levetedicted by GRB models are within reach.
Extra-galactic background light (EBL) absorption is calesied in cases where redshifts of the GRBs are
reported. We present the H.E.S.S. VHE gamma-ray obsenstiband results from some of the reported
GRB positions during the past few years, including receseolations in early 2007.

Introduction drawn a lot of attentions from the astrophysic
community.

Gamma-ray bursts (GRBs), being established as After the highly variable radiation seen in ke\
originating from highly-relativistic ejecta, are MeV gamma-ray energies (known as the pron
among potential VHE gamma-ray and cosmic-ray GRB phase), fast-fading behavior is generally st
sources. First detected in late 1960s [1], the ori- in counterparts in longer wavebands (known
gin of GRBs is still not well understood, espe- the afterglow phase). It is believed that dt
cially compared with other objects such as pul- ing the GRBs, particles are accelerated to higt
sars and quasars which were also detected in therelativistic speeds. Highly-relativistic particle
same era but the origins of which are much more mjght give rise to emission of VHE gamma-rz
understood nowadays than GRBs. The main rea- and/or cosmic-ray particles with ultra-high ener:
son is that to obtain multi-wavelength information > 10'%V (see e.g. [4]). Although VHE emis
other than gamma-rays proves to be operationally sion from GRBs during the prompt GRB phase
very difficult. Two breakthroughsin understanding the afterglow phase is predicted, its flux level a
GRBs include the establishment of the isotropic temporal behavior is not clear, given that no em
spatial distribution by the BATSE experiment on sjon in this energy range has ever been dete
board CGRO in the 1990s [2] and the discovery of unambiguously by now. With the high sensiti
longer-wavelength counterparts after the launch of ity of the H.E.S.S. array and given favorable o
BeppoSAX in Feb 1997 [3]. Since then not only servational conditions, VHE flux levels predicte
GRBs are confirmed to be of cosmological origin, by GRB models are within reach.

but the theories of GRBs and their modeling have
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VHE emission from GRBs tive VHE gamma-ray detectors. For a point soul

with integral flux ~ 1.4 x 107! ph cnr?s!
The highest energy radiation from GRBs ever de- above 1 TeV and spectral index 2.6, only a 2-hc
tected firmly by any instrument was~a 18 GeV H.E.S.S. observation is required for asbdetec-
photon coming from GRB 940217, detected us- tion.

ing EGRET about 1.5 hour after the onset of the We have been observing GRBs since early 20
GRB [5]. From the theoretical point of view, pho- At the beginning of 2005, a GRB coordinatic
tons with energies up te- 10 TeV from GRBs  team was set up and since then our GRB obse
are expected (for review, see e.g. [6] and refer- tion program has been fully established. An au
ences therein). In one case considered by [7] wheremated program is running on site to keep the sl
electron IC emission dominates, an energy flux of crew alerted of any new detected GRBs in re
about5 x 107 2ergem2s~! at 1 TeV one day  time.

after GRB onset is pre@ictédif One assumes a  \ye have followed on-board GRB triggers di
redshift of 0.15. This is within H.E.S.S. detec- tributed by the Swift satellite, as well as trig-

tion limit. The detection of VHE photons (and its gers from INTEGRAL and HETE Il confirme

quantity) or upper limits (in cases of null detec- by ground-based analysis. Upon the receptior
tions) could be used to constrai.n GRB properties, a GRB Coordinates Network (GCN [14]) notic
eg. bulk Lorentz factor and ambient density [8, 9]. from one of these satellites (with good indicatio
Currently, the most sensitive detectors in the VHE that the source is a genuine GRB), we will 0
gamma-ray regime are air Cherenkov systems, in- serve the burst position as soon as possible, |
cluding H.E.S.S., MAGIC, VERITAS, and Whip-  jted toZA < 45° (to ensure a reasonably low el
ple. While still no detection using any of the instru-  ergy threshold) and HESS dark tifie We start
ments is established, results on upper limits have observing the burst position up to 24 hours af
been reported by the MAGIC collaboration [10] the burst time. The nominal observation time is
and the Whipple collaboration [11]. In general, hours (within the above observational constrain
their results are consistent with power-law extrap- |f there are tentative positive signals indicated b
olation of the keV spectra obtained with satellite quick analysis, further observations will be carri
data. out accordingly.
At cosmological distances, one has to take into ac- |n Table 1, we show 17 GRBs which we ha
count the absorption of VHE gamma-ray by extra- observed using H.E.S.S. during the period frc
galactic background light (EBL). For low-redshift  March 2003 to April 2007. For each burst, the st
GRBs and sub-TeV energies, the attenuation is observation time, live-time of the observation a
less significant. Moreover, there is evidence from the mean zenith angle (ZA) are presented.
distant blazar spectra that the Universe is more
transparent for VHE gamma-ray than previously )
thought [12]. Thus, current air Cherenkov systems Data Analysis and Results
are able to observe outto~ 1 at~ 100 GeV.
Calibration of data, the event reconstructi
. and rejection of the cosmic-ray background (i
H.E.S.S. GRB observing program gamma-ray event selection criteria) were p
formed as described in [15]. Except for the ce
The H.E.S.S. array is a system of four 13m- of GRB 030329, where a different analysis cut w
diameter Imaging Atmospheric Cherenkov Tele- used because only two telescopes were opera
scopes (IACTs) located in the Khomas Highland of standard analysis procedures as described in
Namibia [13]. Since the completion of the whole ——M
array in late 2003, H.E.S.S. has proven to be very 1. The attenuation factor du_e to EBL absorption
successful in VHE gamma-ray astronomy, thus 200ut0-1at1TeVifora GRB with=0.15 [12].
opening a new era in astronomy in this observa- 2. H.E.S.S. observations are taken in darkness

i . . ~ when the moon is below the horizon. The fraction
tional window. The array is one of the most sensi- H g s.s. dark time is aboat2.

1120



30TH INTERNATIONAL CosMIC RAY CONFERENCE

were applied to each GRB to search for any possi-

ble signal. The background was then estimated us-

ing the reflected-region model as described in [17].
The energy thresholdr,,) after analysis cuts of
each GRB observation (mainly depending on the
zenith angle) is shown in Table 1.

No evidence of excess events for any GRB ob-

served using H.E.S.S. was seen. The 99.9% confi-

dence level (c.l.) integral photon flux upper limits
aboveFEy,, using the method of [18] for each GRB
are included in Table 1. For GRBs with reported
redshifts< 1, the EBL-corrected values using the
P0.45 model as in [12] are also shown. For GRBs
with redshifts> 1, the attenuation of VHE gamma-
ray by EBL is large, thus the EBL-corrected values
are much higher (which are not shown here).
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Table 1: GRBs observed with H.E.S.S. from March 2003 to AR0i07. For each burst, start observati
time after GRB onsett(;.,;), live-time, mean zenith angle (ZA), energy threshalt,) and 99.9% c.l.
upper limit (UL) of the observation are presented.

GRB tstart  live time mean ZA En Flux ULs* redshift
(hrs) (deg) (GeV) (photon cr? s71)
070429A 64 min 0.4 23 290 1.06 x 10~ 12 -
070419B 15.1h 0.9 47 700 3.89 x 10~12 -
070209 15.4h 1.0 41 480 7.48 x 10712 -
060526 4.7h 1.9 25 200 5.90 x 10~12 3.21[19]
060505 19.4h 2.0 42 4506.29 x 10712(1.55 x 10~11)  0.089 [20]
060403 13.6h 0.9 39 310 9.37 x 1012 -
050922C 52 min 0.7 23 200 1.22 x 10~ 2.199[21]
050801 16 min 0.5 43 370 3.40 x 1012 1.56f
050726 10.8h 2.0 40 400 4.22 x 10712 -
050607 14.8 h 15 37 290 5.39 x 1012 -
050509C 21h 1.0 22 220 1.08 x 10~ -
050209 20.2h 25 48 520 3.32 x 10712 -
041211 9.5h 2.0 46 420 4.00 x 1012 -
041006 10.4h 1.4 27 220 1.01 x 107 (2.69 x 10~%)  0.716[22]
040425 26 h 0.4 28 230 2.37 x 1011 -
030821 18 h 1.0 28 290 1.52 x 10~ -
030329 11.5d 0.5 60 13602.58 x 10712(5.59 x 10~!1)  0.169 [23]

* Flux upper limits ¢ Eiy) are at the 99.9% c.l. using the method given in [18]. For GREk red-
shifts< 0.2, the EBL-corrected values in the energy rangig,[ 10 TeV] are also given in the brackets. F
GRB041006, the EBL-corrected value in the energy ratge,p.7 TeV] is given.

T Photometric redshift according to [24].
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