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Abstract

An identification of X-ray and gamma-ray transients associated with gravitational wave sources will
contribute to realize early follow-up observations and identification of the electromagnetic counterparts
in multi-wavelength band by other telescopes to promote gravitational astronomy. We are developing a
50-kg-class micro-satellite, named Kanazawa-SAT3, to detect X-ray transients and to send alert messages
of the trigger time and coordinates of those transients. We will install two kinds of mission instruments.
The one is a wide-field X-ray imaging detector, named T-LEX, based on a coded aperture system with
a field-of-view of > 1 sr, a localization accuracy of 15 arcminutes, and an energy range of 2 – 20 keV
as a goal. The other instrument is a small scintillation gamma-ray detector, named KGD. We are now
developing the flight model of T-LEX. We performed an X-ray spectroscopic test to it in a thermostatic
chamber, and confirmed that it can detect X-rays of 6.4 - 25 keV.
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1. Introduction

Gravitational wave (GW) observation of neutron star
mergers (NSMs) provides unique information such as
their mass and inclination angles. As NSMs are also
thought to be progenitors of short-duration gamma-ray
bursts (sGRBs) (Paczynski 1986; Eichler et al. 1989) and
kilonovae (Li & Paczyński 1998), GW 170817 was accom-
panied by electromagnetic counterparts of weak sGRBs
(Goldstein et al. 2017) and kilonova (Covino et al. 2017).

Since sGRBs are earliest electromagnetic transient
events associated with GW and the localization accu-
racy of GW sources is as moderate as 10 - 100 degrees,
X-/gamma- ray monitoring with a wide field-of-view is
crucial to observe and investigate electromagnetic coun-
terparts of GW sources. Therefore, we are developing
an X-ray imaging detector onboard the Kanazawa-SAT3

satellite to localize X-ray transients to alert the trigger
time and coordinates (Kagawa et al. 2017). Figure 1
shows a schematic view of Kanazawa-SAT3 flight model
(FM). The satellite size is 50-cm cubic and weighs about
50 kg. We hope to launch it in a low-Earth orbit in about
2022 by using a piggyback launch opportunity. We will
install two kinds of mission instruments. The one is the

wide-field X-ray imaging detector, named T-LEX, based
on a coded aperture system with a field of view of > 1
sr, an accuracy of 15 arcminutes, and an energy range
of 2 – 20 keV as a goal. The other instrument is a small
scintillation gamma-ray detector, named KGD.
This paper is organized as follows. Section 2 describes

a basic design of the FM T-LEX. Section 3 describes
the result of a spectroscopic performance test of the FM
T-LEX. Section 4 describes the current status of the
development of the bus system and the future work as
prospects.

2. Transient Localization EXperiment (T-LEX)

T-LEX consists of a pair of X/Y one-dimensional X-ray
imaging system based on random coded aperture masks
made of tungsten plate and silicon strip detector (SSD).
A field of view and a localization accuracy are deter-
mined by geometrical conditions of the coded aperture
system, such as sizes of mask and sensor, the distance
L between them, and a pitch d of coded-aperture ele-
ments and sensors. For example, the on-axis localization
accuracy ∆θ yields,

∆θ = tan−1(d/L). (1)



Fig. 1. schematic view of Kanazawa-SAT3 satellite.

In the FM of T-LEX has the four SSDs in X/Y total
(two for X and Y, respectively). Each SSD has a sensitive
area of 76.8 × 16 mm2 and a thickness of 0.5 mm. Thus,
the total sensitive area of the SSDs is about 100 cm2.
The pitch of the electrode of the SSD is 0.3 mm. The
tungsten mask in the FM has a random aperture size of
162.6 × 162.6 mm2, a 1-d aperture element pitch of 0.3
mm, and a thickness of 50 µm. The distance between the
mask and the SSD is set to be 7 cm. Then, the required
localization accuracy of 15 arcminutes can be satisfied
by Eq. 1. The fully coded field of view is a half opening
angle of > 30 degrees, which corresponds ∼ 1 steradian.

Mixed analog-digital ASICs (Application Specific In-
tegrated Circuits) are connected to the SSDs for sig-
nal readout (Yonetoku et al. 2014; Yoshida et al. 2016).
Since the ASIC has 64-channel analog inputs and there
are 1024 channels in the T-LEX FM, 16 ASIC chips are
used in the system. The ASIC has charge-sensitive am-
plifiers, shaping amplifiers, sample-and-hold circuits, and
analog-to-digital converters, and is controlled by an ex-
ternal digital circuit. We use two FPGAs (Field Pro-
grammable Gate Arrays) to handle the 16 ASIC chips.
These two FPGAs are controlled by another FPGA with
a CPU core, which manages the communication to the
host on-board computer in the satellite bus system.

3. Spectroscopic performance of T-LEX

We investigated a spectroscopic performance of the T-
LEX FM. It was irradiated with X-rays from radioactive
isotopes (RI) in a thermostatic chamber with a constant
temperature of -10 degC. Figure 2 shows an example of
energy spectra of Co-57 (blue line) and Cd-109 (red line)
obtained with one channel of the SSD in the T-LEX FM.
One can clearly see photoelectric peaks of 6.4 keV (Fe
Kα), 14.4 keV (Co-57), 22 keV (Ag Kα), 25 keV (Ag
Kβ). The energy resolution is about 1.6 keV at FWHM
for 14.4 keV.

Fig. 2. X-ray spectra of radioactive sources obtained with the flight

model T-LEX.

4. Prospects

We will continue to investigate the energy dependence
on the X-ray detection efficiency of the T-LEX FM, by
performing the spectroscopic experiment with RI and nu-
merical calculation of physics process to compare them.
From the view point of the development of the satel-
lite bus system, we finished environmental experiments
with the structural and thermal model (STM) of the bus
system. Based on the experiment with the STM, we
manufactured the satellite bus structure panels for the
FM. We successfully integrated those panels and also
checked that mechanical interfaces of the bus fit the FM
mission instruments. For the future work, we need to
confirm the verification of the electrical and communica-
tion interfaces between the mission instruments and bus
system with the FMs. If Kanazawa-SAT3 is successfully
launched in the future, T-LEX will localize X-ray tran-
sients nearby our Galaxy within 200 Mpc in 2020s to
promote GW astronomy.
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