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Abstract

Suzaku Wideband All-Sky Monitor (WAM) is very powerful tool to investigate the properties of
the prompt emission of Gamma-ray Bursts (GRBs). The WAM has detected more than 160 GRBs
from August 2005 to November 2006. Thanks to its largest effective area above 300 keV with the
wide energy band covering 50 keV to 5000 keV, the WAM was able to detect the MeV emission from
many GRBs. We performed a wide band and high sensitive spectral analysis using the WAM data,
and we obtain consistent results with previous GRB observations such as the Amati relation, and the
differences between short and long GRBs like the hardness ratio and the spectral lag. Moreover, the
broad band analysis by the WAM implies some interesting properties of GRB prompt emission; 1) the
Epeak might be broader than BATSE results toward the MeV energy region, 2) there is no evidence of
very hard short GRBs, whose hardness ratio is larger than 8.0, whereas half of BATSE short GRBs
have, and 3) long GRBs might have the Epeak ∝ L0.5 correlation in the burst internally.

1. Introduction

Gamma-ray Bursts (GRBs) are intense pulses of
gamma-rays with brief durations. The duration of
GRBs exhibits a bimodal distribution (Mazets et al.
1981 ; Hurley 1992 ; Kouveliotou et al. 1993 ) and this
indicates that there are two distinct classes of event.
Thus GRBs are often classified into short and long
GRBs. Many GRBs also have an afterglow; delayed,
long lasting emission in the X-ray, optical, and radio
bands. In recent observations, thanks to the rapid po-
sition informations provided by HETE-2 and Swift, the
afterglow observations have been progressed dramati-
cally and some short GRB after glows have been found
to be associated with galaxies not undergoing star for-
mation, while some long GRBs have been found to be
associated with energetic supernovae. These results

support the hypothesis that long and short GRBs have
different progenitors.

From the point of view of the gamma-ray prompt
emission, although many observations by BeppoSAX
(Frontera et al. 2000 ), BATSE (Kaneko et al. 2006 ),
and HETE-2 (Sakamoto et al. 2005 ) have revealed nu-
merous properties of the prompt emission, its emission
mechanism is still under puzzling. For examples, the
distribution of peak energy in the νFν spectrum ;Epeak

obtained by BATSE exhibits a very narrow peak around
300 keV. It is difficult to explain such a narrow distribu-
tion, and indeed HETE-2 revealed that the Epeak dis-
tributes in lower energy band than BATSE (Sakamoto
et al. 2005 ). These results imply that the Epeak ex-
tends also in higher energy band than BATSE. There is
another complicating issue in the classification of short
and long GRBs. In addition to the duration, many



Fig. 1. Left panel: An example of the joint fitting with a Band model for the WAM (red-circle), Konus-Wind (black-square),
and Swift/BAT (blue-triangle) for GRB 051008. Right panel: The spectral parameter distribution (upper panel: Epeak, lower
panel:photon index (α)) obtained by the WAM data (black-solid line), compared with the BATSE results (red-dashed line).
The distributions are normalized by a total event number.

criteria for distinguishing between short and long class
have been proposed, such as differences of host galaxy,
spectral hardness, spectral lag, isotropic radiation en-
ergy, and the existence of a soft hump, or a combina-
tion of these and other criteria (Donaghy et al. 2006 ).
However, it is still complicated to classify them.

Here, we report some results of the spectral analysis
of the GRB prompt emission observed by the Suzaku
Wideband All-sky Monitor (WAM). The WAM has the
largest effective area above 300 keV of any previous
GRB monitors with spectral capability, and it cov-
ers a very wide energy band from 50 keV to 5 MeV
(Yamaoka et al. 2006 ). For some of our GRB sam-
ples, we also perform a joint spectral analysis with the
Swift/BAT and Konus-Wind in order to utilize a wider
energy range with higher sensitivity than any previ-
ous analysis. Therefore, we can investigate the spectral
properties of GRB prompt emission up to the MeV en-
ergy region in detail. We investigated the time averaged
spectral properties of the WAM data, and discuss about
the spectral parameter distribution and the differences
between short and long GRBs. Then we report the re-
sults of the time resolved spectroscopy for bright, hard
GRB 061007.

2. Observations and Data analysis

More than 160 GRBs have triggered the WAM be-
tween August 2005 to November 2006. This means a
GRB detection rate of the WAM is about 100 GRBs
per a year. We have selected 45 well localized GRBs
in this analysis. The position information of the GRBs
is very important in order to perform a spectral analy-
sis by the WAM data, because the detector response of
the WAM strongly depends on the incident direction of
gamma-rays (Ohno et al. 2005 ). There were 7 short
duration (T90 < 2 sec) GRBs in our sample. 29 GRBs
of our sample have been detected by the Swift/BAT

or Konus-Wind simultaneously, and we perform a joint
fit for them. We utilize three spectral models; simple
power law (PL), power law with an exponential cut-
off (CPL), and smoothly connected power law model;
Band model (Band et al. 1993 ). For the joint analysis,
at first, we performed fits for each instrument alone.
After confirming consistency between the WAM and
other instruments, we performed a joint fit. To account
for the uncertainties of the detector response and the
accumulation times, we introduced a constant factor in
the joint fits. The background spectra of the WAM
were extracted from both before and after the source
time regions.

We also examined the spectral lag using the cross-
correlation function (CCF) between the light curves in
two energy bands. If v1(t) and v2(t) are the light curves
in two different energy bands, the CCF is defined by

CCF(τlag) =

∑
t v1(t)v2(t + τlag)

N
√

σv1
σv2

(1)

,where σ2
v =

1

N

N∑

i=1

v2
i

where N is the number of data points in the light curve.
We used four energy bands for the WAM light curves:
50-110 keV, 110-240 keV, 240-520 keV, and 520-5000
keV. After calculating the CCF as a function of the lag
τlag , we obtained the peak value of τlag by fitting it with
a Gaussian profile (Norris 2002 ; Yi et al. 2006 ). in this
formula, positive spectral lag means that the spectrum
has hard to soft evolution.

3. Results and Discussion

3.1. Time averaged analysis

Figure 1 left shows an example of the spectra of joint
analysis with the WAM, Swift/BAT, and Konus-Wind
of GRB 051008. From these time averaged spectral



Fig. 2. Left panel: An example of relation of the T90 duration and the spectral lag obtained by some of WAM data for 50-110
keV to 520-5000 keV band. The black circles and red squares are correspond to short and long GRB samples, respectively.
Right panel: Relation between the duration and the hardness ratio of 100-300 keV to 50-100 keV. Dots show BATSE results.
The results of the WAM data are shown as red circles.

analysis, we succeeded to constrain the Epeak from 31
GRBs. For remains, the fit did not improve signifi-
cantly even when we use CPL or Band model. For
the joint spectral analysis, we found that the measured
spectral shapes agree quite well with other instruments
up to the MeV energy region, but the observed flux
fluctuates typically by 10-20 % and by 40% at most,
above 100 keV. This uncertainty is consistent with pre-
launch expectations. Below 100 keV, there are still
larger flux uncertainties of about 50 % and thus, we use
only above 100 keV for the WAM data. Figure 1 right
shows the spectral parameter distribution, compared
with the BATSE results (Kaneko et al. 2006 ). The
Epeak obtained by the WAM shows a slightly broader
distribution than BATSE towards higher energy band.
A Kolmogorov-Smirnov (K-S) test gives ∼ 15 % prob-
ability that two samples are drawn from same popu-
lation. It is hard to conclude that the Epeak distribu-
tion is different from BATSE or not, and larger sam-
ples are need to confirm this idea. On the other hand,
the power law photon index in low energy part, α, ex-
hibits a quite similar distribution between the WAM
and BATSE. The WAM also find the low energy photon
index larger than -2/3 from some GRBs like BATSE.
The simple synchrotron emission model can not be ap-
plied for such a flat low energy photon index and other
emission mechanisms, such as such as jitter radiation
(Medvedev 2000 ) are required. 6 of our samples have
been determined the redshift. Thus we investigated
whether these samples satisfy the Epeak-Eiso correlation
(Amati relation (Amati et al. 2002 )), and found that
all of our sample except for one short GRB 051221 sat-
isfy the Amati relation, in agreement with the previous
analysis (Amati 2006 ).

3.2. Differences between short and long GRBs

It is ambiguous in some cases to classify GRBs us-
ing the burst duration alone, because the observed long

and short duration distributions overlap around 1.0-2.0
sec. The dilation of the intrinsic duration of GRBs due
to cosmological distance, and the dependence of dura-
tion on energy, must also be considered. We examined
three criteria 1) spectral lag, 2) spectral hardness, and
3) spectral parameter, in order to investigate the clas-
sification between short and long class.

The properties of the spectral lag are reported to
differ between short and long duration GRBs. Short
GRBs exhibit lags which are consistent with zero, while
long GRBs have significantly non-zero positive spectral
lag (Norris 2002 ; Norris et al. 2006 ) . We have mea-
sured the spectral lag for 50-110 keV vs. 110-240 keV,
50-110 keV vs. 240-520 keV, 50-110 keV vs. 520-5000
keV. We can measure the spectral lag in higher than 500
keV band for some bright GRBs. Figure 2 left shows a
example of the relation between the duration and the
spectral lag obtained by the WAM data, for 50-110 keV
vs. 520-5000 keV. All of our short GRB have zero spec-
tral lag, while non-zero lag is seen for the long GRBs.
This behavior has been already reported by other ob-
servations and the WAM confirm this. Furthermore,
the WAM data revealed that short GRBs have no spec-
tral lag even above 520 keV band whereas long GRBs
strongly have.

The hardness ratio (HR) of short GRBs is reported
to be slightly harder than that of long GRBs from
BATSE results (Cline et al. 1999 ; Paciesas et al.
1999 ). We derived the hardness ratio between 50-100
and 100-300 keV fluence, and plot them against the T90

duration in figure 2 right. Short GRBs have slightly
harder hardness ratio (< HRshort >=4.46) than long
GRBs (< HRlong >=2.60), agreement with the BATSE
results. However, there is no evidence for very hard
(HR > 8.0) short GRBs in our samples whereas about
half of BATSE short GRBs have.

Finally, we have compared the spectral parameter
between short and long GRBs. Both the Epeak and



Fig. 3. Left panel: GRB061007 spectral evolution of the Band model parameters fitted to the time resolved spectra; Light
curve in 50-300 keV band (top), photon index in low energy part (middle), and the peak energy (bottom). Right panel: The
evolution of Epeak in the Epeak-Luminosity plane. Two empirical model of Epeak ∝ L0.5 with different normalization are also
shown by solid and dotted lines.

the photon index in low energy part, α of short GRBs
exhibit a harder distribution than that of long GRBs.
The harder spectrum of short GRBs have been reported
by BATSE (Ghirlanda et al. 2004 ), and our results
seems to support the previous analysis. However, our
short GRB sample is still limited and larger sample is
needed to discuss in detail.

These results are almost consistent with the previ-
ous analysis, mainly obtained by BATSE, however, the
WAM broad band, high sensitive data implies some in-
teresting properties of short GRBs such as the zero-
spectral lag even in the MeV energy band and there is
no evidence of the very hard short GRBs unlike BATSE
results.

3.3. Time resolved analysis

Most of long GRBs have very complicated time
profile with many pulses of milliseconds time scale.
Therefore, it is important to investigate not only time
averaged property of GRBs but also temporal prop-
erty in each pulses in order to understand the emis-
sion mechanism of the prompt emission. Long, hard
GRB 061007 is bright with the 1-sec peak flux of 14.3
photons s−1 cm−2 (Yamaoka et al. 2006b ) enough to
perform a time resolved spectroscopy. We investigated
the evolution of the spectral parameter with 1 sec time
resolution. Figure 3 left shows the light curve with the
spectral parameter evolution. We can clearly see that
the Epeak changes with the burst intensity. Thus, we
plot the Epeak in the Epeak-Luminosity plane as seen
in figure 3 right. We found that indeed the Epeak

evolves with the luminosity in proportion to Epeak ∝

L0.5. This is consistent with previous results (Yonetoku
et al. 2004 ; Liang et al. 2004 ). Furthermore, this fig-
ure implies that there are two populations which follow
the Epeak ∝ L0.5 correlation. This different populations
might correspond to the initial phase and decay phase
of the each pulse, respectively, and might indicate that

the physical condition or emission mechanism are dif-
ferent in the each pulse phase.
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