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Abstract

The Suzaku Wide-band All-sky Monitor (WAM)
can be a powerful Gamma Ray Burst (GRB) de-
tector with a broadband energy coverage of 50 –
5000 keV and a large effective area of 400 cm2 at
1 MeV. The WAM detected a long duration GRB
050904 which was at a high redshift of 6.29 and
hence the most distant GRB ever discovered. We
obtained a broadband spectrum of GRB 050904
up to near 1 MeV, and could find the νFν spec-
trum peak (Epeak) at 316 +269

−103 keV by the joint
spectral fitting with Swift/BAT data. In this
paper, we show the spectral analysis and Epeak-
Eiso correlation (so-called Amati relation) of this
GRB.

1 Introduction

Gamma-ray bursts (GRBs) are the most luminous
events known in the universe since the Big Bang.
The total radiated energy is estimated at ∼1051

erg. Thanks to their brightness and cosmological
distances, GRBs can be one of the best probes to
study the early universe (z>5). In the Swift Era,
its high sensitivity and rapid localizations have

brought us actual detections of four high redshift
GRBs (z>5) including GRB 050904. It is further
suggested that CGRO/BATSE already have de-
tected GRBs with z∼10 from infered spectral pa-
rameters, hence, such GRBs might be detected in
a near future.

On 2005 Sep. 4, long GRB 050904 was de-
tected by Swift/BAT at 1:51:44 UT [1]. The X-
ray counterpart of GRB 050904 was founded and
then located by Swift/XRT. The location is RA,
Dec 0h 54m 50.6s, +14d 05’ 04.5” (j2000) [2]. and
then many ground-based telescopes observed this
GRB following the Swift oberbation. With Subaru
observation, Kawai et al.[3] reported that GRB
050904 was a spectrographic redshift of 6.29. The
redshift of 6.29 was the highest redshift ever dis-
covered. This burst was also detected with the
Suzaku Wide-band All-sky Monitor covering the
energy range of 50–5000 keV[4]. In this paper,
we report on the first detection of peak energy
and precise measurement of the radiated energy
based on the WAM spectral analysis. In section 2
and 3, we describe the observations and analysis.
In section 4, we put derived spectral parameters
on known correlations (Amati and Ghirlanda rE-
lations) and discuss whether these relations are
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Figure 1: The WAM2+WAM3 light curves of
GRB 050904. A was a raw data in the 60 – 550
keV band. B, C, D and E was the background
subtracted light curve in each energy range

satisfied even for such distant GRBs.

2 WAM Observations

GRB 050904 was detected with the two of the
four WAM detectors (WAM 2 and 3) in the un-
trigger mode. The data of the un-trigger mode
(TRN data) has 1-sec time resolution and 55 en-
ergy channels. This burst came from the direction
of theta=81.51, phi=306.82 in the coordinate of
WAM[5]. The WAM light curve of GRB 050904 is
in figure 1. The WAM2 and WAM3 signals were
deadtime-corrected and summed. It shows long
duration and two humps. The standard indica-
tor of duration T90 which is the time region ac-
counting for 90 % of all photon is 202 sec that
is almost consistent with the Swift/BAT result
(225±10 sec).

3 Analysis

3.1 background subtractions

The WAM signal of GRB 050904 is very weak
as shown in Figure 1.A, hence, we need to per-
form careful background subtractions. For bright
or short-duration GRBs, we usually use the data
before and after the source time region of the GRB
as a background. However, since the WAM back-
ground changes with its orbit, this procedures can-
not be applied to weak or long-duration GRBs.
Thus, we constructed the background model in the
following ways. We performed the quadratic poly-
nomial fitting of the background time-variability
using the data 230 sec before and 700 sec after
time region of GRB. Then we estimated back-
ground counts in the source region by extrapolat-
ing from the fitting paramater(in figure 2). This
procedure was repeated for all the 55 channels,
and we made the background spectra.

To verify the reproducibility of this background
model, we compared the model counts with the
data counts in almost the same orbit. It is known
that the Suzaku goes through the same orbit with
the period of about fifty days due to the preces-
sions. Therefore we choose the data taken on
2005 October 24, 1:28:54 UT, which is just 50
days after, 2005 September 4, 01:51:44 UT. This
data would be expected to show similar variabil-
ity at the time in GRB 050904. Using this data,
we found that the reproducibility of background
model was within 2% for each channel in figure
3).

3.2 spectral analysis

Using this background model, we performed the
WAM spectral analysis. The WAM spectra are ex-
tracted with the time interval of T0–2 to T0+200
using the mkhxdwamspec in the HEADAS pack-
age. We used only WAM2 data because the signal
of WAM3 was too weak to use for spectral anal-
ysis. The deadtime correction was made by 4 %.
The WAM energy response was constructed by the
Montecarlo simulation based on the geometry of
the Suzaku satellite using the GEANT4 [6]. We
have studied the uncertainty of the WAM response
in the way of the cross calibration with Swift/BAT
and Konus/Wind data. The current uncertainty
of the response is estimated at within 20 % among
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Figure 2: the quartic polynomial equation fit-
ting of the each channel light curves (this figure
is corresponding to 160 – 180 keV light curve).
above: We extrapolate the background counts of
the source region (the region is flamed by green
line) by fitting result (green dotted line) with use
background fitting region (the region is flamed by
red line).
below: the residual between the model and the
data.

the three instruments [7]. For specral fitting, we
used the XSPEC version 11.3 software package All
the errors are quoted at the 90% statistical confi-
dence level.

We fitted the WAM2 spectrum with a single
power law in the 100–1000 keV range because we
have calibration uncertainties below 100 keV. The
fit was acceptable (χ2/d.o.f =11.5/10), and the
photon index (α) was 2.06 ± 0.55. The fit was
not improved significantly by changing the model
to the powerlaw with an exponential cutoff (cut-
offp in XSPEC). The BAT spectral analysis are
performed in the standard manner. The spec-
tra are extracted by batbinevent, and the mask-
weighted response is calculated by batbinrsp. The
same time intervals as the WAM were applied to
the BAT data. We found that the best-fit model
of Swift/BAT spectra was power law with photon
index of 1.23 ± 0.07 (χ2/d.o.f = 31.8/25). De-
rived, BAT photon index is significantly smaller,
i.e. spectrum is harder, than WAM’s value.

In the next step, we performed the joint fitting
with WAM and Swift/BAT to determine the peak

Figure 3: The ratio between the data counts and
the model counts of the same orbit region with
GRB 050904.

Figure 4: The joint fit spectra with WAM and
Swift/BAT(black: Swift/BAT, Red: WAM2).
The fitting model is cutoff powerlaw.

energy (Epeak). The constant factor between the
BAT and the WAM normalization was introduced
(BAT’s value is fixed at 1), taking into account
the calibration uncertainties. We first fitted the
BAT and WAM2 spectra with a power law. The
fit was not acceptable, giving a large χ2 of 60.0
for 37 degrees of freedom. Hence, we appiled the
cutoff powerlaw model (and Band model) instead
of the powerlaw. The peak energy was determined
at 316 +269

−103 keV. The F value 11.3 shows that the
energy cutoff is required at the confidence level of
99.8%. The fitting results are summarized in table
1.
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Table 1: model fitting parameters of the joint fitting with WAM2 and Swift/BAT

Powerlaw Cutoff powerlaw Band function
photon index 1.27 ± 0.07 1.07 ± 0.14
Ecut [keV] 335.1+353.1

−134.0

α -1.07 ± 0.14
β < 4.80
E0 [keV] 339.3 +361.5

−129.0

Epeak [keV] 316.6 +269.4
−103.2 315.5 +336.2

−120.0

constant factor 0.98 ± 0.19 1.36 ± 0.29 1.34 ± 0.29
χ/d.o.f 60.0/37(1.62) 45.6/36(1.27) 45.6/35(1.30)

4 Correlation among spectral
parameters

From obtained best-fit parameters, we calulated
the isotropic energy over 1 keV – 10 MeV Eiso and
the intrinsic Epeak. The cosmological parameters
are assumed H0 = 70 km s −1 Mpc −1 , Ωm = 0.3
and Ω∆ = 0.7. The Eiso is 1.08 +0.41

−0.25 × 1054 erg
and the intrinsic Epeak is 2308 +1963

−752 . This result
is consistent with Amati relation (in figure 5).

Furthermore, the opening angle of the jet is es-
timated at 3.27 deg using the tj = 2.63 day [9] ,
the circumburst density n = 3 cm−3 and the en-
ergy conversion efficiency ηγ = 20 % [10]. The
collimated-corrected energy Eγ = (1 − cos θ)Eiso

is 1.98 +0.38
−0.41 × 10 51 erg. This result is also con-

sistent with the Ghirlanda relation [10] even for
the high redshift z > 6 GRB. We will check these
relations of GRB 050904 in more detail using also
Konus/Wind data.
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Figure 5: GRB 050904 on the Amati relation
[8]. green: the joint fit result with WAM and
Swift/BAT. The Eiso is based on the flux of BAT,
red: the Swift/BAT itself result in reference to [8].

Figure 6: GRB 050904 on the Ghirlanda relation
[10].
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