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Abstract: On June 2, 2006, thBwiftBurst Alert Telescope (BAT) triggered a bursting event ia 15-
350 keV energy band. The burst position was being observitctia¢ H.E.S.S. array of IACTs before the
burst, throughout the duration of the burst, and after thietbin particular, the burst position accidentally
fell in the f.0.v. of the H.E.S.S. camera when the burst asmlrThis is the first completely simultaneous
observation of a soft gamma-ray bursting event with an IA@Erument. A search for VHE gamma-rays
coincident with the burst event as well as that during thergfow period was performed. No signal
was found during the period covered by the H.E.S.S. obsenafThe Swift X-ray Telescope, which
started observation 83 seconds after the BAT trigger, tlddean X-ray counterpart of the event. No
optical/infrared counterpart was found. Due to the very B&T spectrum (photon indek =~ 5) of the
burst compared to oth&wift GRBs and its proximity to the galactic center, the burst migve been
caused by a galactic X-ray burster (e.g. a low-mass X-ragrig)n However, the possibility of it being
a cosmological GRB cannot be ruled out. Since the natureeo&tent is still unclear, we discuss the
implications according to the two different bursting saéoa

Introduction above 175 GeV was obtained [1]; (2) To observ
large part of the sky continually, at the expense
The temporally and spatially unpredictable, and a much lower sensitivity at the GRB position th:
fast-fading nature of gamma-ray bursts (GRBs) the IACT technique. This technique is used, €
makes it operationally rather difficult to study the by the water Cherenkov detector Milagro [2].
prompt phase of GRBs simultaneously in other Here we report on the first completely simultar
wavelengths. There are two operational techniques ous observation of a soff-ray bursting event (¢
currently employed in the very-high-energy (VHE; possible GRB) with H.E.S.S., an IACT instrumer
100 GeV — 100 TeV) y-ray regime: (1) To slew  The burst position accidentally fell in the f.o.v. (&
quickly to the GRB position provided by a burst peit with a large offset from the center of the f.0.1

alert from satellites. This technique is suitable for of the H.E.S.S. camera when the burst occurrec
IACTs such as H.E.S.S. which have a field of view

(f.o.v.) of several degrees. However, there is al-

ways a delay in time for IACT operating in this GRB 060602B

GRB-follow-up mode, as long as the GRB posi-

tion lies outside the camera f.o.v. at the GRB on- At 23:54:33 UT on 2 June, 2006 (denoted
set. The MAGIC telescope, operating in this mode, t;), the Burst Alert Telescope (BAT) on boat
was able to slew to the position of GRB 050713a, Swift which operates in the 15-350 keV ener
40 seconds after the GRB onset, while the prompt band, triggered a bursting event. This ewve
keV emission was still active. A total of 37-minute  was announced as a gamma-ray burst (GF
observation was made and no evidence of emissionand designated GRB 060602B (e.g. [3,
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5]). The refined BAT position was (RA,Dec) =
(17P49™285.2, —28°7'15”.5) (J2000, [6]). The

The position of GRB 060602B was being obsery
with H.E.S.S. before the burst, throughout the ¢

BAT light curve showed a single-peaked structure ration of the burst, and after the burst. The sou

lasting fromty — 1.0s to tp + 12.0s. The peak was

the strongest in the 15-25 keV energy band among (up to ~

other bands and was absent above 50 Hgy/(de-

offsets from the observation positions were lal
2.8°) in the beginning. A total of 4.€
hours of observation was obtained during the ni

fined as the duration when 90% of the total fluence of 2-3 June, 2006. This includes 1. five-burst 9s

of the 15-350 keV was emitted) §s0 4 2 sec. The
time-averaged energy spectrum freg— 1.1s to

t, + 8.8s can best be fit by a simple power law
(PL), with a photon index 05.02 + 0.52 (one of
the softest amon8wift GRBs). The fluence in the
15-150 keV band wal.8+0.2) x 10~ “ergs cm 2
[6].

Although no counterpart was found in the opti-

cal/IR bands [4, 7, 8, 9], an X-ray counterpart was

found usingSwiftXRT and was fading as a PL
with an index1.05 4+ 0.07 for at least 11 hours,
after a small rise beforg + 200 s [10].

prompt and 3.2hiafterglowepochs. An additiona
4.7 hours of observation at the burst position »
obtained during the next 3 nights. All data we
taken in good weather conditions and good ha
ware status. The observations were taken with
source position placed at different offsets relat
to the center of the f.o.v. of the telescopes. T
is because most observational runs were not d
cated to the position of the event GRB 060602E
The source position fell into the H.E.S.S. f.o.

during other H.E.S.S. observations (which targe
objects like Sgr A*) as well. This allows us t

The time-averaged X-ray energy spectrum during investigate a possible long-term emission of 1

100s — 11.4ks afterty can be fit equally well by

source at VHE energies. It is of particular inte

an absorbed PL or an absorbed blackbody (BB) €st in the X-ray burst (XRB) scenario, which v

model. A photon index o2.6" )2 and a hydro-

gen column density 0$.817} x 10?2cm~2 were
obtained for the PL model.
model, a temperature 6901533 keV and a col-

umn density ofl.87} 2 x 1022cm 2 were obtained.

The galactic coordinates of the source were (lon,

lat) = (1.15°, —0.30°). This position has raised up
a possibility of the event originating from a galactic

source (eg. an X-ray burster). The fact that the

BAT spectrum was one of the softeSwift GRBs

For an absorbed BB

will discuss later.

Data Analysis

Calibration of data, event reconstruction and rej
tion of the cosmic-ray background (i.g-ray event
selection criteria) were performed as descrik
in [12]. On-source data were taken from a circ
lar region of radiug..,.; centered at the source. Tt
background was then estimated using the reflec

could be used to argue for this scenario [6]. region model as described in [13], which mak
use of the off-source data obtained during the se

observation period.

Two sets of analysis cuts were applied to sea
for a signal. These include standard cuts (as
scribed in [12]) and soft cuts (with lower-energ
thresholds, as described in [14]). Furthermore,
the periods with large offsets, we also used lar
0..+'s to match the larger point spread functio

TheH.E.S.S. Observations

The H.E.S.S. array is a system of four 13m-
diameter imaging atmospheric Cherenkov tele-
scopes located in the Khomas Highland of
Namibia. The system has a point source sensitivity
above 100 GeV of 3.0 x 10~ Bem 2571 (1% of (PSFs)
the flux from the Crab nebula) forsr detection in '

a 25 h observation. Its has a f.0.v. of radius2.6° Figure 1 shows the independent events obsel
(at this radius the relative gamma-ray acceptance Within a circular region of radiug.,; = 0.32° (for
is about 10% of that at the targeting position of the ¢ < to + 500s) andf.; = 0.2° (for ¢y + 600s <
telescopes), thus enabling it to detect serendipitous? < to + 2050s) centered at the source. Thgy

sources, as have been demonstrated in the galactiyalues were chosen to match the different PSFs
scan survey [11]. observations with different source offsets.
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Figure 1: Shaded, red histogram: Events observed with EBEV@thin a circular region of radiu..;, =
0.32° (for t < tg + 500s) andf.,; = 0.2° (for t > tg + 600s) centered at th8wiffXRT position in
100-second bins. The dashed horizontal lines indicatetpeated number of background events in 1
circular regions, using the reflected-region backgroundehfil3]. The difference in event rates is due
the different offsets, zenith angles, ahgl; for different periods. The gap between 500s and 600s is dt
the transition of observation runs. Solid, black cur8iffBAT light curve in the 15-150 keV band.

Results firstly announced as a GRB by [3] and several ol

teams including [4, 5]. Thus the event has be
No evidence of excess events as observed withdesignated GRB 060602B. However, its very s
H.E.S.S. in any time before, during, or after the spectrum (photon indek ~ 5) in the 15-150 keV
soft-gamma-ray bursting event is seen. There wasband and its galactic position support a galactic ¢
no hint of radiation in the next 3 nights as well. gin of the event, as first suggested in [6]. A fai
We also looked into the H.E.S.S. observations XMM-Newton source was detected on 23 Septe
from 2004 to 2006 containing the XRT position in P€r 2000 in the proximity of th&wiffXRT posi-
the f.o.v. Again no emission was found and the 10N, as first noticed by [16]. Whether this sour
99% confidence level (c.l.) upper limits using the IS rélated to the bursting event on 2 June, 200f
method of Feldman & Cousins [15] derived from unclear. However, the possibility of the event a:

128.3 hours of observation using standard cuts is 0Smological GRB is not ruled out. Since the 1
1.06 x 1072 photonscm—2s~! above 200 GeV sults are still not conclusive, we briefly discuss t

(i.e. 0.5% of the Crab flux). ?mplications of the H.E_.S.S. observations acco
ing to these two scenarios.

Discussions The gamma-ray burst scenario

The nature of the bursting event that occurred at If GRB 060602B were a cosmological GRB,
23:54:33 UT on 2 June, 2006 is unclear. It was would be a GRB with a very steep keV spe
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