
Feasibility study of GRBs simultaneously observed by

MAXI/GSC and CALET Gamma-ray Burst Monitor

Yuta Kawakubo1, Takanori Sakamoto1, Atsumasa Yoshida1, Motoko Serino2, Satoshi Nakahira3

Kazutaka Yamaoka4, Ryota Inoue1, Shunsuke Terazawa1, Kazumasa Senuma1, Rie Fujioka1

and the CALET Collaboration

1 Department of Physics and Mathematics, Aoyama Gakuin University, Japan
2 MAXI team, Institute of Physical and Chemical Research (RIKEN), Japan

3 Institute of Space and Astronautical Science (ISAS), Japan Aerospace Expoloration Agency (JAXA), Japan
4 Solar Terestrial Laboratry, Nagoya University, Japan

E-mail(YK): ykawakubo@phys.aoyama.ac.jp

Abstract

MAXI/GSC on the International Space Station (ISS) has been observing ∼10 GRBs/yr thanks to its
excellent sensitivity in the 2-30 keV band. CALET Gamma-ray Burst Monitor (CGBM) is the secondary
scientific instrument of CALET mission on ISS, which is scheduled to be launched by H-IIB/HTV in
Japanese fiscal year 2014. Since MAXI and CALET are located at the same platform, CGBM field of view
overlaps to that of MAXI. Based on the spectral simulation study, we found that the most of the MAXI
GRBs are too weak to be able to detect by CGBM. However, about 20 % of the MAXI GRBs which have
the flux > 1.5× 10−8 erg cm−2 s−1 in the 2-20 keV band will be able to detect by CGBM in > 5σ level.
The CGBM detection rate of the MAXI GRBs is ∼1 GRB per year.
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1. Introduction
Since August 15, 2009, MAXI/GSC (Matsuoka et al.
2009) on the International Space Station (ISS) observed
35 GRBs in the 2-30 keV band. They include the classi-
cal hard spectrum GRBs whose Epeak are about 100 keV
and the X-ray Flashes (XRFs) which are subclass of
GRBs with Epeak less than 20 keV. The Epeak is the
peak energy of the νFν spectrum and it is widely used to
characterize individual GRBs. Therefore, MAXI/GSC
has been observing a wide spectral variety of GRBs.
However, MAXI/GSC can not observe GRB spectra in
the broad energy band. Also there is the case that
MAXI/GSC can not cover whole GRB episode because
MAXI is a scanning instrument and has a collimated field
of view. CALET Gamma ray Burst Monitor (CGBM) is
scheduled to be launched by H-IIB/HTV and attached to
Japanese Experimental Module (JEM) as the secondary
scientific instrument of CALET (Torii et al. 2011 ) mis-
sion in Japanese fiscal year 2014. CGBM will be able
to observe GRBs with two kinds of scintillation sensors.
The first one is Hard X-ray Monitor (HXM) which has
sensitivity in the 7-1000 keV range. The second one is
Soft Gamma ray Monitor (SGM) which has sensitivity
in the 100 keV-20 MeV range. Since the MAXI GRBs
are generally softer than typical GRBs, the probability
of simultaneously detecting MAXI GRBs is higher for

HXM which covers a softer energy range. In the case
assuming 30 deg off axis incident angle, one HXM unit
has 1 second sensitivity of 5.0× 10−7 ergs cm−2 s−1 (1-
1000 keV) for a GRB which has Epeak of 100 keV. Its
expected rate is about 25 GRBs par year (Sakamoto et
al. 2013).

Table 1. Specification of HXM and SGM

HXM SGM
Detector LaBr3(Ce) BGO
Diameter [mm] 61 102
Thickness [mm] 12.7 76
Effective Area [cm2] 68* 82
Energy range [keV] 7-1000 100-20000
Field of view ∼3 sr ∼4π sr
* with two identical detectors

2. Method

We performed spectral simulation of 30 MAXI GRBs
(Serino et al 2014, submitted to PASJ) with HXM pre-
liminary energy response function assuming an on axis
incident angle and the background model. The back-
ground model includes cosmic X-ray background and in-
ternal background of LaBr3(Ce) crystal. The cosmic X-
ray background (Mizuno et al. 2004) is integrated to
a solid angle between 0 to π sr. The internal back-
ground of LaBr3(Ce) crystal includes radioactive ele-
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Fig. 1. The image of CALET. CALET is equipped with two HXMs
and one SGM at the point which shown by the arrows.

Fig. 2. The example of simulated CGBM/HXM spectra of
GRB091120. Its SNR of 7-300 keV band is 60. Epeak = 82 ± 9
keV, α = −1.09± 0.06,β = −2.5± 0.3.

ments in the crystal and radioactivation which calcu-
lated based on the proton beam test which we performed
(Nakahira et al. 2009). The amount of the proton flux
is scaled to the ISS orbit. We simulated 1000 spectra
for each MAXI GRBs with assuming the Band func-
tion (Band et al. 1993) as an input spectral model of
a GRB. We use XSPEC “fakeit” command. And we cal-
culated signal to noise ratios (SNRs) of simulated spectra
in the 7-20 keV, 7-300 keV, 7-1000 keV and 20-300 keV
band to investigate the best energy band to maximize
the burst detection by HXM. The SNRs were calculated
from (Ntotal − NBG)/

√
NBG, where Ntotal and NBG are

total counts and background counts for 50 seconds in
the each energy bands. The Band function has four pa-
rameters, Epeak, a low energy photon index α, a high
energy photon index β and a normalization. The pho-
ton indices and normalization are randomly distributed
in the Gaussian function using their best fit values and
errors. The Epeak is assumed to be the measured value.
In the case that α and β are not constrained, we used
distributions by BATSE which are α = −0.87±0.33 and
β = −2.36 ± 0.31(Kaneko et al 2006; Sakamoto et al.
2009). In the case that Epeak is not constrained, we es-
timated Epeak from the hardness as described in Serino
et al 2014. When the averaged SNR of 1000 simulated
spectra is larger than 5σ, we determined the GRB is
observable by CGBM/HXM. We selected the 5σ detec-
tion threshold similar to the Fermi GBM (Meegan et al.
2009).

Fig. 3. The distribution of the GRBs on the SNR-Epeak plane. The
solid line show SNR equal to 5. The upper figure shows 7-20 keV
SNR, the middle upper shows 7-300 keV SNR, the middle lower
shows 7-1000 keV SNR, the lower shows 20-1000 keV SNR.

3. Results

The 7 GRBs out of 30 samples are detectable by
CGBM/HXM in the 7-300 keV band. The 2-20 keV
flux of GRBs that observable by CGBM/HXM needs
to be larger than ∼ 1.5 × 10−8 ergs cm−2 s−1. The
CGBM/HXM can detect ∼ 1 GRB per year simultane-
ously detected by MAXI/GSC (∼ 20 % of MAXI GRBs).
This result is consistent with the estimation from the
HXM expected GRB rate by taking into account the
defference in overlapping the field of view. (The MAXI
instantaneous field of view is 160 deg×1.5 deg in the
zenith direction. That of CGBM/HXM is ∼ 3 sr.) Fig.3
shows the distributions of 30 MAXI GRBs on the SNR-
Epeak plane for each bands. Numbers of observable
MAXI GRBs are same in the 7-20 keV,7-300 keV and
7-1000 keV bands. However, they decrease in the 20-
300 keV band. The most of observable GRBs have Epeak

higher than 20 keV in the samples. However, there are
two detectable GRBs whose Epeak are lower than 20 keV
if the SNR is calculated in the 7-300 keV band. Our re-
sults indicate that if the 2-20 keV flux of GRB is larger
than ∼ 3 × 10−8 ergs cm−2 s−1, CGBM/HXM can de-
tect GRBs with Epeak less than 20 keV. We also found
that hard GRBs with Epeak > 100 keV generally easier
to detect by CGBM/HXM.
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